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ABSTRACT

This report is Part 1 of the final report for the research project titled
"Evaluation of Asphalt Properties and Their Relationship to Pavement Perfor-
mance." The overall objective of the research was to implement an analytical
chemical procedure that could be used to characterize asphalt pavement
materials. Results from the chemical analysis were subsequently used for the
evaluation of pavement performance.

The chemical test procedure used corresponded to that developed by
Corbett and Swarbrick. Fractional compositions were statistically related to
a number of physical tests and asphalt temperature susceptibility indices.

This report also presents the evaluation of four different asphalt
extraction/recovery procedures and the evaluation of a pressure oxygen bomb
device used for asphalt laboratory aging.

Significant findings include:

. Fractional compositional analysis of asphalt showed that

recovered asphalt is different than laboratory aged asphalt.

o Some physical properties of asphalt showed a good correlation

to asphalt composition in the higher testing temperature range.
At lower temperatures, however, relationships are more
scattered.

o Different temperature susceptibility parameters have different

relationships with chemical fractional composition.

o Different extraction/recovery procedures yielded different

chemical fractional composition for the same asphalt.

e Pavement performance statistically relates to groups of asphalt

and asphalt mix properties, but the group of variables that may

viii



enter the correlation depends on which parameters are used to
evaluate pavement conditions.
Part 2 of this final report presents a microcomputer inventory for

routine asphalt data.
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1. INTRODUCTION

1.1 Scope

This report is Part 1 of the final report for the research project
titled "Evaluation of Asphalt Properties and their Relationship to Pavement
Performance." The overall objective of the research was to implement an
analytical chemical procedure that could be used to characterize asphalt
pavement materials. Results from the chemical analysis were subsequently used
for the evaluation of pavement performance.

A detailed description of the research project was presented in an
interim report (1), which included the following:

a) Literature review on asphalt chemistry and on test methods

employed for chemical composition analysis.

b) Description of the research program and laboratory research
work.

c) A detailed analysis and recommendations for the Corbett-
Swarbrick chemical testing procedure (2), also ASTM-D4124. This
test was the final test adopted for all the chemical analysis
performed in the present research.

d) A computer inventory for routine asphalt data developed for a

microcomputer.

1.2 Objectives

The objectives of this part of the final report are to:
a) Present laboratory testing results of asphalt pavement materials
used in the research project. This includes results from tests

on physical properties and chemical composition, as well as



results from mathematical calculation of various property
indices.

b) Evaluate possible relationships between:
o physical properties and chemical composition and,
° property indices and chemical composition

c) Evaluate the results obtained on recovered asphalt samples from
four different extraction procedures,

d) Evaluate the results obtained on Fraass samples aged on Pressure
Oxygen Bomb (POB) and its relationship to the Rolling Thin Film
Oven Test (RTFO).

e) Analyze pavement performance as related to asphalt chemical
composition.

A second and separate part of this final report presents a microcomputer

inventory for routine asphalt data.

1.3 Organization of This Report

The results of the laboratory testing are presented in Chapter 2. The
analysis and discussion of results (objectives b, ¢, and d above) are given in
Chapter 3. The relationship of asphalt composition to pavement performance is
discussed in Chapter 4. Conclusions and Recommendations are given in Chapter

5. Finally, a summary of all major findings is presented in Chapter 6.



2. REVIEW OF THE RESEARCH PROGRAM AND RESULTS

The research program was organized in five different parts. Each part is

described briefly in this chapter.

2.1 Project Selection

Eight different highway projects throughout Oregon were selected for the
study. These projects were chosen to represent a range of performance and
highway environments. Figure 2.1, shows the approximate location of the
projects and Table 2.1 a general description of the present conditions of the

highways segments under study.

2.2 Core Sampling

Core samples were taken from the travel lanes on each of the eight
projects. Also, core samples were taken from the shoulders in Project-5 and
Project-7 (locations 5s and 7s, respectively in Table 2.2). At Project-3, a
city street with no shoulders, core samples were also taken from a location
away from the traffic path (location 3a in Table 2.2).

Core samples were cut in two halves; a top layer of approximately 1.5 to
2 inches and a bottom layer ranging from 2 to 4 inches. Separate testing was
performed on each of the two layers. The reason for separating a top and
bottom layer was to differentiate the environmental effects between the
exposed and unexposed part of the pavement.

Table 2.2 presents the following information obtained from the top layers
of the core sampling: thickness, maximum specific gravity, air voids, asphalt
cement content, asphalt supplier and asphalt type, mix type, resilient modulus

and fatigue life for 100 microstrains. This information was taken from



reference (3) which was for a parallel research study on asphalt mixture

properties which used the same eight projects chosen for this study.

2.3 Implementation of the Corbett-Swarbrick Procedure

This part of the project was reported extensively in reference (1). The
Corbett-Swarbrick procedure (current ASTM-D4124) was submitted for revision by
the ASTM committee DO4.47 and a new small scale test was proposed. Although
the proposed procedure is not yet an official standard, it was decided to use
it in this study as the laboratory test for the evaluation of asphalt

composition.

2.4 Laboratory Testing Program

Figure 2.2 summarizes the laboratory testing program. This program does
not include the Rostler analysis, which was originally considered as a
candidate for asphalt composition analysis for this study (1). The Corbett-
Swarbrick procedure was considered to be the only analysis procedure necessary
following a review of both methods.

The laboratory test results for all eight projects are presented in three

major groups.

2.4.1 Asphalt Physical Properties of Original Samples and After Rolling

Thin Film Oven Test (RTFO)

a) Asphalt Original Properties: asphalt original physical properties were
available from date of construction. Nevertheless, since the data was
not complete, asphalt physical properties were measured again using
original asphalt that had been stored in sealed cans. The repetition of

the physical tests on asphalt samples served a second purpose which was



to determine whether the stored asphalt did undergo changes during the
storage period.

b) Asphalt after RTFO: the stored asphalt was artificially aged in the RTFO
and tested for physical properties. As above, RTFO data was available
from date of construction but was also incomplete.

Table 2.3 shows the results obtained for original asphalts and after RTFO

together with the results already available from date of construction.

2.4,2 Physical Properties from Core Recovered Asphalt

Asphalt samples were extracted and recovered separately from the top and
bottom layer of each core. The current extraction and recovery procedure used
by Oregon State Highway Division (OSHD) was used to obtain asphalt samples
from cores in all eight projects (extraction-recovery procedure Method-A) (4).
Experimentally, three other methods were also used to extract and recover
asphalt from projects 3, 3a, 5, and 7. Figure 2.3 shows the general scheme
for the extraction and recovery procedures used.

Table 2.4 shows physical test results for asphalt samples obtained using
Method-A for all eight projects. Table 2.5 shows physical test results for
projects 3, 3a, 5 and 7, using all four methods of asphalt extraction-
recovery. Tables 2.4 and 2.5 have some missing values which correspond to
samples that were either initially contaminated or unavailable for experi-

mental laboratory procedures.

2.4.3 Asphalt Chemical Fractionation Test Results

The Corbett-Swarbrick chemical analysis yields four distinect fractions:
asphaltenes, saturates, naphthene-aromatics, and polar-aromatics. The

procedure is summarized in Figure 2.4.



Table 2.6 shows the asphalt chemical composition for original samples and
after RTFO. Table 2.7 shows chemical composition for recovered asphalt in all
eight projects using Method-A. Table 2.8 shows asphalt chemical composition
of projects 3, 5 and 7 after having been recovered by using all four methods
of recovery-extraction.

All chemical test results shown in Tables 2.6 through 2.8 correspond to
the average of two separate and independent tests. Table 2.9 shows the
standard deviation and range for each fraction obtained during the present

research together with the proposed criteria given by ASTM-D4124.

2.4.4 Fraass Test Results Before and After Pressure Oxygen Bomb Aging

Test (POB

This part of the research involved the use of the Fraass samples, which
were aged in a POB device for 2 and 5 days and subsequently tested for Fraass
Breaking Point and chemical composition analysis. The purpose of this part of
the research was to assess the chemical changes undergone by the asphalt
samples after being subjected to the POB aging test. The chemical composition
undergone during POB tests were compared with changes in Fraass temperature
and to the changes undergone by asphalt after RTFO. Only projects 3, 5, and 7
were used as a preliminary part of this research.

The use of the Fraass test sample for aging studies and its advantages
are reported in references (5) and (6). The characteristics of the POB device
were reported in reference (3) and the aging conditions of the test could be
summarized as follow: 100 psi Oxygen Pressure, 60°C (140°F) and, 2 and 5 days
aging.

Since the amount of materials obtained from the aged Fraass sample is
relatively small, only one physical property was measured (Fraass Brittle

6



Point) and the chemical analysis was run only once. Table 2.10 shows the
results of Fraass test and chemical compositional analysis for original, POB

(2 and 5 days), and RTFO.

2.5 Asphalt Property Indices

In order to correlate chemical composition analysis with temperature
susceptibility, the following indices were calculated as follows:

a) Penetration Index (PI) (7, 8):
PI = (20-50A)/(1 + 504) (2.1)

where:

A = (log P(T1) - log P (T2))/(T1-T2)

Tl = 25°C
T2 = 60°C
P(Tl) = Penetration measured at 25°C

P(T2) Penetration calculated at 60°C using the following

relationship

p(T2) = |2:42 log (V60/13000)
8.5 + log (V60/13000)

] - log 800 (2.2)

where:

V60 = Absolute Viscosity

(Large negative values of PI indicates greater temperature
susceptibility. Typical asphalts have values between +2 and

-2).



b) Viscosity Temperature Susceptibility (VTS) (9):

VIS = (log log V(T2) - log log V(T1l))/(log Tl - log T2) (2.3)

Tl = 333 K (60°GC)

T2 = 408 K (135°C)

V(T1l) = Absolute viscosity at 60°C, in poises

V(T2) = Kinematic viscosity at 135°C, in poises where:

1 cStoke * (.95/100) = 1 poise

(greater VTS indicates greater temperature susceptibility)

c) Penetration Viscosity Number (PVN) (10):

_ (£.258-0.7967 log P25 - log KVis) , .
PN = [ 0.7951-0.1858 log P25 J * (-1.5) (2.4)

where:

P25 = Penetration at 25°C

KVis = Kinematic Viscosity at 135°C, cStoke

(Lower PVN indicates greater temperature susceptibility)

d) Penetration Ratio (PR):

_ Pen @ 4°C, 200 g, 60 sec
PR = Pen @ 25°C, 100 g, 5 sec (2.5)

(Lower PR indicates greater temperature susceptibility.)
Table 2.11 presents the results of the above indices for original and
RTFO samples and Table 2.12 for recovered asphalt in all eight projects using
Method A. Table 2.13 presents results for samples 3, 5 and 7 using all four

recovery procedures,
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Table 2.4: Physical Test Results of Recovered Asphalt

Using Method-A. Projects 1 to 8.

Sample Pen-4 Pen-25 Vis-60 KVis-135
# (poises) {cStokes)

1-Top 2 11 59284 1933
2-Top 4 15 13299 572
3-Top 9 10 225129 3952
3a-Top 6 12 100000 3802
4-Top 26 51 3403 399
5-Top 14 22 13584 885
5s-Top 12 26 11755 853
6-Top 11 27 4440 330
7-Top 32 63 5524 745
7s-Top 31 80 3611 616
8-Top 6 11 25104 665
1-Base 5 12 74152 1953
2-Base 6 14 12571 569
3-Base 6 16 106328 2798
3a-Base 9 22 45564 1916
4-Base - 51 3194 401
5-Base * * * *
5s-Base 15 47 4360 531
6-Base - 42 2565 268
7-Base - 80 1769 466
7s-Base - 114 1752 465
8-Base 13 45 2845 318

Sample Contaminated

12




Table 2.5: Physical Test Results of Asphalts from Projects 3, 5 & 7
Obtained Using all four Methods of Extraction/Recovery.

Sample | Method Pen-4 Pen-25 Vis-60 KVis-135
# {poises) (cStokes)
3-Top A 2 11 59284 1933
B 4 11 160000 3472
C 134 140 3213 493
D 14 21 46179 1969
3a-Top A 6 12 100000 3802
B 5 10 185999 6509
C 16 23 56593 2242
D 7 16 44869 2872
5-Top A 14 22 13584 885
B 3 21 17253 896
C 8 20 15284 985
D 32 80 19444 451
7-Top A 32 63 5524 745
B - “ & x
C 22 54 6392 764
D 22 48 7507 819
3-Base A 6 16 106328 2798
B 6 16 85619 2413
C 16 123 1228 407
D 6 15 102308 2187
3a-Base A 9 22 45564 1916
B 6 20 42937 1926
C 18 43 18040 1222
D 10 22 10799 1797
5-Base A * * * *
B 9 36 7630 717
Cc 12 36 6681 657
D 11 32 8036 718
7-Base A - 80 1769 466
B 38 89 3060 545
C 27 80 3002 560
D - . - -

Sample Contaminated

13
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Table 2.8: Fractional Composition of Asphalt Obtained Using all Four

Extraction/Recovery Methods. Projects 3, 5 & 7.

Sample | Method| Asph. Sat. |N-Arom.[P-Arom.| Total
# % % % % %
3-Top A 36.8 5.6 20.0 36.4 98.8
B 37.6 6.3 20.0 35.3 99.2
C 33.7 7.0 18.8 39.5 99.0
D 38.8 6.6 17.4 35.7 98.5
3a-Top A 39.1 6.1 19.1 35.5 99.8
B 39.6 6.2 17.4 36.3 99.5
C 38.1 6.5 16.6 36.7 97.9
D 35.4 6.7 18.7 38.4 99.2
5-Top A 25.4 8.0 22.2 42.2 97.8
B 27.4 6.6 24.3 41.5 99.8
C 25.1 7.2 21.5 44.9 98.7
D 27.3 7.4 20.0 43.7 98.4
7-Top A 28.5 8.4 20.7 41.8 99.4
B 30.9 7.9 20.4 40.0 99.2
C 30.3 7.6 21.9 39.2 99.0
D 31.4 7.6 19.7 39.8 98.5
3-Base A 36.1 5.8 20.1 37.2 99.2
B 39.3 6.1 19.8 34.6 99.8
C 31.5 7.0 19.6 40.1 98.2
D 37.2 6.4 17.1 38.0 98.7
3a-Base A 34.3 6.9 20.2 38.3 99.7
B 34.1 7.3 19.3 38.8 99.5
Cc 35.7 6.2 17.4 38.5 97.8
D 34.2 6.1 19.4 38.7 98.4
5-Base A - - - - -
B 27.7 6.9 23.6 41.6 99.8
C 24.9 7.3 22.6 43.7 98.5
D 27.1 7.9 21.2 41.9 98.1
7-Base A 25.2 8.6 22.2 43.1 99.1
B 29.3 7.5 22.0 39.6 98.4
C 29.7 7.2 23.4 38.7 99.0
D - = - - =

16
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Table 2.11: Property Indices of Original Asphalt Samples and after

Rolling Thin Film Oven Test.

Sample P.l. V.T.S. P.V.N. P.R.
1-Orig. -1.127 3.567 -0.684 0.319
2-Orig. -1.115 3.565 -0.656 0.338
3-Orig. -0.694 3.429 -0.014 0.367
4-Orig. -0.752 3.457 -0.075 0.375
5-Orig. -1.224 3.568 -0.733 0.297
6-Orig. -1.446 3.941 -1.465 0.193
7-Orig. -1.292 3.571 -0.616 0.242
8-Orig. -1.597 3.913 -1.514 0.179
1-RTFO -0.872 3.588 -0.671 0.372
2-RTFO -0.910 3.539 -0.696 0.364
3-RTFO -0.138 3.466 -0.007 0.500
4-RTFO -0.107 3.486 -0.012 0.492
5-RTFO -0.694 3.602 -0.549 0.385
6-RTFO -1.311 3.891 -1.360 0.227
7-RTFO -0.785 3.653 -0.669 0.455
8-RTFO -1.367 3.906 -1.442 0.259

P.l. (Pen 25 C & Abs. Vis. 60 C)
V.T.S. ( Abs. Vis. 60 C & Kin. Vis. 135 C)

P.V.N. (Pen 25 C & Kin. Vis. 135 C)

P.R. (Pen 4 C & Pen 25 C)
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Table 2.12: Property Indices of Recovered Asphalt Using Method-A.
Projects 1 to 8.

SAMPLE P.l. V.T.S. P.V.N. P.R.
1-Top -0.330 3.594 -0.426 0.182
2-Top -1.325 3.977 -1.550 0.267
3-Top +0.973 3.550 +0.271 0.900
3a-Top -0.436 3.332 +0.410 0.500
4-Top -0.846 3.757 -0.928 0.510
5-Top -0.661 3.645 -0.706 0.636
5s-Top -0.524 3.622 -0.592 0.462
6-Top -1.554 4.019 -0.100 0.407
7-Top +0.241 3.450 +0.222 0.508
7s-Top +0.098 3.433 +0.2583 0.387
8-Top -1.196 4.068 -1.607 0.545
1-Base +0.091 3.657 -0.337 0.417
2-Base -1.485 3.952 -1.607 0.429
3-Base +1.209 3.538 +0.356 0.375
3a-Base -0.857 3.516 +0.243 0.409
4-Base -0.926 3.729 -0.920 -

5-Base - - - -

5s-Base -0.673 3.621 -1.086 0.319
6-Base -1.498 3.988 -1.667 -

7-Base -0.929 3.371 -0.178 -

7s-Base -0.298 3.369 +0.307 -

8-Base -1.272 3.879 -1.369 0.289

P.l. (Pen 25 C & Abs. Vis. 60 C)

V.T.S. ( Abs. Vis. 60 C & Kin. Vis. 135 C)
P.V.N. ( Pen. 25 C & Kin. Vis. 135 C)
P.R. (Pen 4 C & Pen 25 C)
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Table 2.13: Property Indices of Asphalt Samples from Projects 3, 5 & 7
Using all Four Extraction Procedures.

Sample Method P.l. V.T.S. P.V.N. P.R.
3-Top A +0.937 3.550 +0.271 0.900
B +0.794 3.528 +0.222 0.364
C +1.207 3.563 +0.728 0.957
D +0.763 3.502 +0.226 0.667
3a-Top A +0.436 3.332 +0.410 0.500
B +0.745 3.205 +0.817 0.500
C +1.275 3.483 +0.486 0.696
D +0.114 3.252 -0.387 0.438
5-Top A -0.661 3.645 -0.706 0.636
B -1.801 3.558 -0.734 0.143
C -0.698 3.609 -0.665 4.4
D -0.801 3.435 -0.228 0.508
7-Top A +0.241 3.450 -0.222 -
B . - . N
C +0.122 3.484 -0.063 0.407
D +0.104 3.491 -0.018 0.458
3-Base A +1.209 3.538 +0.356 0.375
B +0.921 3.560 +0.138 0.375
C +0.692 3.330 +0.197 0.130
D +0.994 3.683 +0.003 0.400
3a-Base A +0.857 3.517 +0.243 0.409
B +0.552 3.493 +0.147 0.300
C -1.168 3.513 +0.439 0.419
D -0.921 3.072 +0.164 0.455
5-Base A - - - -
B -0.470 3.719 -0.487 0.250
C -0.615 3.614 -0.603 0.333
D -0.602 3.614 -0.607 0.344
7-Base A -0.929 3.371 -0.178 -
B +0.066 3.460 +0.209 0.427
C +0.104 3.491 +0.106 0.338
D . - - s

P.l. (Pen 25 C & Abs. Vis. 60 C)
V.T.S. ( Abs. Vis. 60 C & Kin. Vis. 135 C)
P.V.N. ( Pen. 25 C & Kin. Vis. 135 C)

P.R. (Pen 4 C & Pen 25 C)
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Figure 2.4: Adsorption / Desorption Chromatography by
Corbett - Swarbrick Procedure, ASTM D-4124
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3. ANALYSTS OF THE RESULTS AND DISCUSSION

3.1 Data from Date of Construction versus Data from Stored Asphalt

Table 2.3 shows results of physical properties of original samples before
and after the storage period. Some minor variations of physical properties
were noticed. These variations are attributed to variation in testing over a
period of five to eleven years rather than aging which may have occurred
during the storage period. By looking at changes in penetration at 25°C,
absolute viscosity and kinematic viscosity, it can be observed that there is
no general trend in the changes undergone by each asphalt sample; i.e., some
tests indicate that the material has hardened while others show that the
material has become softer or not changed at all. The average variation was

around 5% in both directions (hardening or softening).

3.2 Relationship Between Chemical Fractions

Six possible relationships between the four chemical fractions obtained
through the Corbett-Swarbrick analysis were studied. Figures 3.1 through 3.6
show these relationships and include results from original samples, RTFO, and
recovered asphalt using Method-A.

Initially, the relationship analysis was going to be studied, using only
results of original samples. Some trends were noticed using results from the
chemical analysis performed on original samples, but these were insufficient
to extrapolate beyond the range shown by the asphalt type used.

To increase the range variation, the results from asphalt samples after
RTFO aging test were included. With the above increase in fraction range,
more clear trends were observed. The inclusion of results from samples after

RTFO may be considered as adding asphalt in a higher range of consistency,
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since the RTFO test involves the use of heat and oxygen to age the asphalt and
this is one technique used in refinery to produce some type of high consisten-
cy asphalt. Plotting the results of original samples together with the RTFO
results, the range variation of chemical fractions was increased and the
trends found when plotting original results alone were improved.

Results from recovered asphalt using Method-A, cover an even higher range
of asphalt fraction proportions. These results were also added to the
analysis but as seen from Figures 3.1 through 3.6, a different trend is
observed for the recovered asphalt as compared with the original plus RTFO
samples.

The fact that recovered asphalt does not show the same relationships
observed for original plus RTFO samples may be explained as follows:

a) Recovered asphalt, after going through the extraction and

recovery procedure may be chemically altered and no longer
represents the in-place asphalt.

b) The RTFO accelerated aging procedure may not duplicate the

chemical changes undergone by asphalt under natural weathering.

Based only on the results of this study, it is difficult to differ-
entiate how the above two factors are contributing to the differences in rela-
tionships observed in Figures 3.1 through 3.10.

For either the original plus RTFO or recovered asphalt, relatively good
linear relationships were observed between any two chemical fractions.
Statistical relationships were developed in terms of linear equations in which
the proportion of one component was expressed as a function of the other

(Table 3.1).
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From Table 3.1 it can be observed that the relatively good relationships
(R-squared greater than 0.8) were those where the asphaltene fraction is the
independent variable and the saturates, naphthene-aromatics and polar-
aromatics were the dependent variables, respectively. Since the asphaltene
fraction is the first component obtained during the chemical separation (prior
to the chromatographic analysis) knowing the percentage of asphaltenes the
proportion of the other three fractions may be estimated.

The relationships given in Table 3.1 were obtained based on a relative
small population, i.e., the asphalt samples obtained from the eight projects
were from five different suppliers in which three of the projects constructed
in 1980 used the same supplier (Chevron). Considering that asphalt may be
very different depending upon their origin, supplier, and year of production,
the population of asphalt used should be considered small. Nevertheless, by
combining results of original samples with the RTFO samples, it was possible
to cover almost the entire range variation on the percentage of all four
generic fractions, although this does not imply that all types of asphalts
were represented.

The relationships obtained for recovered asphalt may be considered to
represent a larger sample since the recovered asphalt represents samples aged
in twenty-two different environment and traffic conditions, i.e., samples from
eight different environments, samples from the road surface and bottom layer,

samples from travel lanes and samples from shoulders.

3.3 Comparison with Other Studies - Relationship Between Chemical Fractions

To find out whether the results of the relationships obtained (Table 3.1)
can be extrapolated to other asphalts, results from the Michigan Road Test
(11) were analyzed. The Michigan Road Test was the first large-scale program
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where the Corbett-Swarbrick analysis was used to chemically characterize the
asphalt,

Table 3.2 summarizes the results and shows comparisons with the actual
results given in reference (1l1). The values shown in Table 3.2 are for
saturates, n-aromatics, and p-aromatics based on the actual asphaltene content
as measured in the Michigan Road Test. The following paragraphs present the
major trends indicated in Table 3.2, which are also depicted in Figures 3.7,
3.8, and 3.9:

a) As seen in Table 3.2, there were some important deviations in
which the asphalt samples do not fit the linear regression
established. Figures 3.7 through 3.9 show that, although
results from the Michigan Road Test deviate from the sta-
tistical relationships given in Table 3.1, the general trends
established in the present research are still valid. There
could be several reasons for the above deviation; one of these
may be that multilaboratory precision range is very high (ASTM-
D4124), these values are given in Table 2.9. A second reason
for some of the large deviations could be that some asphalts
may exhibit inexplicable anomalies during repeated trials of
the test, this was true when using original samples from
Project-7 and also, similar cases have been reported in the
literature (12).

b) Recovered asphalt data from reference (1l1) are closer to the
trends given by the linear equations than the original asphalt
data. However, some deviations were expected since the Abson

asphalt recovery procedure used in the present research is a

29



modified version of the original ASTM procedure in the Michigan
road test.

One of the objectives of the Michigan Road Test was to relate the
compositional changes to pavement durability (wear and weathering qualities).
The test was conducted on a six-mile test section where meticulous care was
exercised in controlling mix and construction variables (e.g., aggregate
gradation, binder content, temperatures, placing and compaction, and so
forth). Although considered a well controlled experiment, the Michigan test
did not result in any definition of a "desirable" asphalt as related to

fractional composition.

3.4 Relationship Between Chemical Composition and Physical Properties

Four physical properties were measured for all samples:
Penetration at 4°C (ASTM-D5, AASHTO-T49)
Penetration at 25°C (ASTM-D5, AASHTO-T49)
Absolute Viscosity at 60°C (ASTM-D2171, AASHTO-T202)
Kinematic Viscosity at 135°C (ASTM-D2170, AASHTO-T201)

With the amount of data gathered during the research, it was possible to
look for relationships among individual chemical fractions with each of the
physical properties measured. The study of these relationships was done in
two different groups:

a) Group 1, original samples combined with RTFO samples (Figures

3.10 through 3.13) and,
b) Group 2, recovered asphalt using Method-A (Figures 3.14 through
3.17).

The analysis made in Section 3.2 indicates that compositional profile of

recovered asphalt is different to that of original and/or RTFO samples
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(Figures 3.1 through 3.6); for this reason the study of relationships between
physical properties versus chemical fractions should be treated separately.
The relationships for each physical property versus chemical composition
for both groups of asphalt are shown in Figures 3.7 through 3.14. Each figure
shows two graphs in two separate "windows" to depict more clearly the relation

of each physical property against each of the four chemical fractions.

3.4.1 Penetration at 4°C versus Chemical Composition

Figure 3.10 shows the relationships for original and RTFO samples.
Figure 3.14 shows the relationships for recovered asphalt. The approximate
vertical distribution of the saturates, naphthene-aromatics, and polar-
aromatics data points indicates that penetration at 4°C is independent from
the percentage of these three fractions or very sensitive to changes in the
percentage of any of these fractions. The variable distribution of the
asphaltene fraction may indicate the following two effects:

° The asphaltene fraction does have an impact on the penetration

at 4°C, but the data are scattered and, therefore, some other
physico-chemical property of the asphaltenes may be sig-
nificant.

° The test for penetration, in general, may not be sensitive

enough and/or because of its empirical nature, the test does
not measure the effect of other variables such as: shear rate,

shear stresses, and changes in volume (13).
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3.4.2 Penetration at 25°C versus Chemical Composition

Figure 3.11 shows the relationships for original and RTFO samples.
Figure 3.15 shows the relationships for recovered asphalt.

The relationships between chemical fractions and penetration at 25°C were
found to be similar to those found for penetration at 4°C. The same reasoning
given in section 3.4.1 may be applied here, since the same principles applied
for penetration at 25°C could be applied to penetration at 25°C.

Although the relationships for penetration (both at 4°C and 25°C) versus
chemical fractions look similar for both groups of samples (original plus RTFO
and recovered asphalt), it was observed that the naphthene-aromatics and
polar-aromatics showed "opposite" behavior in both groups of samples, i.e.,
for original plus RTFO samples the naphthene-aromatics show a larger variabil-
ity than the polar aromatics. For recovered asphalt the larger variability
was found for the polar-aromatics rather than for the naphthene-aromatics.

The observed phenomena above indicate again that the recovered asphalt
may not necessarily represent the material that was in place in the road. The
same reasoning given in 3.2 may be applied here to partially explain these

differences in behavior between recovered asphalt and original asphalt.

3.4.3 Absolute Viscosity at 60°C versus Chemical Composition

Figure 3.12 shows the relationships for original and RTFO samples.
Figure 3.16 shows the relationships for recovered asphalt. The relationships
for viscosity at 60°C look very similar to those observed for the penetration
tests. Nevertheless, for viscosity at 60°C, there were more noticeable trends
for the relationships in all four fractions.

The relationship of asphaltenes content was more pronounced than for the
penetration tests. Viscosity at 60°C showed some type of dependency to the
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percent concentration of the asphaltene fraction, but with a large variability
in the lower viscosity range. This variability may be attributed to the
capillary viscometer since, recording lower viscosity values manually may be
subject to more imprecision than in the higher range of viscosity.

The general trend for the relationship between viscosity at 60°C and
asphaltenes indicates that the higher the asphaltene content the higher the
viscosity. For the other three fractions the relationship is opposite.

Comparing results of original plus RTFO samples with recovered asphalt it
can be observed that the relationships plotted are similar. The same
phenomenon with naphthene and polar aromatics observed in the penetration test
were observed with viscosity at 60°C, i.e., the naphthene-aromatic fractions
show a larger variability for original samples rather than for recovered

asphalt and vice versa for the polar-aromatics fraction.

3.4.4 Kinematic Viscosity versus Chemical Composition

Figure 3.13 shows the relationships for original plus RTFO samples.
Figure 3.17 shows the relationships for recovered asphalt. Both figures show
the kinematic viscosity axis in logarithmic scale.

The logarithmic viscosity at 135°C shows a very good relationship to all
four fractions for both original asphalt and recovered asphalt. The greater
the percent content of asphaltenes and the lower the percent content of the
other three fractions, the higher the viscosity at 135°C.

The reason for having a better relationship between a physical flow
property measured in the higher temperature range (viscosity at 135°GC) and
chemical fractions, may be explained by the following extract from a paper by

Petersen (14):
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At higher temperatures (Newtonian flow region) the polar interac-

tions between molecules dominate in influencing the flow behavior

and the effect of molecular shape or geometry are minimized. At

lower temperatures, the kinetic energy of the molecules is lowered

and the molecules tend to associate or agglomerate into immobilized

entities with a more or less ordered spatial arrangement which is

influenced by the geometry of the molecule and its polar functional-

ity.

Thus, at lower temperatures the flow property of asphalt may not only be
influenced by the percent concentration of certain type of molecules but also

by its polar functionality, spatial arrangement and geometry.

3.5 Relationship Between Chemical Composition and Temperature Susceptibility

The temperature susceptibility parameters considered in this study were
those described in section 2.5. Temperature susceptibility can be defined as
the rate of change of viscosity (or other measure of asphalt consistency) with
temperature. Asphalt temperature susceptibility is highly dependent on the
temperature range considered and directly related to the type of equipment
used to determine asphalt consistency (12).
As in the evaluation of chemical composition versus physical properties
(section 3.4), the study between chemical composition versus viscosity
temperature susceptibility indices was done in two separate groups:
a) Group 1, original samples combined with RTFO samples (Figures
3.18 through 3.21) and,

b) Group 2, recovered asphalt using Method-A (Figures 3.22 through
3.25).

The reason for treating original samples separate from recovered asphalt

was discussed in sections 3.2 and 3.4.
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3.5.1 Penetration Index (PI) versus Chemical Composition

The penetration index values were calculated using penetration at 25°C
(Pen 25) and viscosity at 60°C (Vis 60)(15). Figure 3.18 shows the relation
for original and RTFO samples and Figure 3.22 shows the relation for recovered
asphalt. It appears that by combining Pen 25 and Vis 60 into index the
relationships to each of the four fractions were improved. Since Pen 25 did
not show a good relationship to asphaltene content, the penetration index
showed a clear dependency to the percent content of asphaltene. The other

three fractions also showed a better correlation to penetration index.

3.5.2 Viscosity Temperature Susceptibility (VTS) versus Chemical

Fractions

The VTS parameter was obtained using the viscosity values measured at
60°C and 135°C. Figure 3.19 shows the relation for original and RTFO samples
and Figure 3.23 shows the relation for recovered asphalt.

For both original plus RTFO samples there is a correlation between VTS
and asphaltene content, although the data is scattered. The percent content
of the other three fractions showed little deviations to changes in the VTS
values for both original and recovered asphalt.

Although there was some type of correlation between the viscosity values
measured at 60°C and 135°C and each of the four generic fraction it appears
that the viscosity temperature susceptibility of asphalt within the above

range of temperature was not clearly dependent on the fractional composition

of asphalt.
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3.5.3 Penetration Ratio (PR) versus Chemical Fractions

The Penetration Ratio relationships are shown in Figure 3.20 for original
asphalt and Figure 3.24 for recovered asphalt. The penetration ratio
parameter used here measures temperature susceptibility of asphalt in the
temperature range of 4°C and 25°C.

There was a very clear correlation between all four chemical fractions
and penetration ratio for original plus RTFO samples but poor correlation was
observed for recovered asphalt. This big difference among both groups of
samples may be explained partially with the same arguments given in section
3.2. Nevertheless, in the author’s opinion, this phenomenon may show that the
differences observed between original and recovered asphalt may be due to the
recovery procedure where some kind of preferential molecules arrangement are
destroyed, thus reducing any chance of common behavior within the range of

temperature where penetration values were measured.

3.5.4 Penetration Viscosity Number (PVN) versus Chemical Composition

The PVN parameter calculated here uses the penetration value measured at
25°C and the kinematic viscosity measured at 135°C. Figure 3.21 shows the
relation for original plus RTFO samples and Figure 3.25 shows the relation for
recovered asphalt. This viscosity temperature parameter covers a larger range
of temperature when compared to the other three parameters analyzed. Within
this temperature range asphalt materials exhibit a wide range of consistency;
thus, a poor relation was expected between the PVN values and chemical
fractions.

Although, as seen from Figures 3.21 and 3.25, there was a poor relation
for the PVN values, the relation with the PI values determined using a
narrower temperature range were similarly bad. The authors have no reasonable
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explanation for this phenomenon other than to remind the reader that both of
these temperature susceptibility parameters (PI and PVN) are based on
empirical relationships between the different physical properties measured.
Thus, these parameters are not fundamental equations for describing material

behavior.

3.5.5 Comparison with Other Research - Relationship Between Chemical

Composition and Temperature Susceptibility

Values of asphaltene content and temperature susceptibility for 70

asphalts were tabulated by Anderson and Dukatz (16) and later plotted by
Button et al. (12). The viscosity temperature susceptibility index used in
the study were: Penetration Index, Viscosity Temperature Susceptibility, and
Penetration Viscosity Number. Button et al., did not observe any relation
between any temperature susceptibility parameter and asphaltene content. The
reason for the differences in these two studies (Button et al. and Thenoux et
al.) may be explained as follows:
. The asphaltene fraction reported by Button et al. was obtained
using the Rostler analysis (ASTM-D2006) where the asphaltene
has been precipitated in n-pentane. The asphaltene fraction
measured in this study, using the Corbett-Swarbrick procedure
(ASTM-D4124), was precipitated in n-heptane. The amount of
asphaltene precipitated with each of these two procedures are
different (17).
. Button et al. (12) have plotted all seventy asphalts in one
figure where laboratory asphalt and field asphalt are combined
as one set of data. As reported earlier in this report
(section 3.2), field asphalt shows a very different chemical
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profile than "original" or laboratory asphalt thus, this should
be treated separately.

o This research study used a limited number of asphalts and the
data range was artificially increased by using laboratory aged
asphalt together with original materials. Nevertheless, this
was not done with the field asphalt and the same kind of

correlation was found.

3.6 Response of Individual Asphalts

Up to this point, the asphalt analyses from all eight projects have been
grouped as one set of data. This permits, to a certain extent, generalization
of some of the findings. However, each asphalt used may be studied indepen-
dently to find out how the aging effect (as measured by increases in harden-
ing) relates to asphalt composition.

For each asphalt sample there are four data points that may be con-
sidered. These are original sample, sample after RTFO, sample recovered from
the top of the core, and sample recovered from the bottom of the core.
Unfortunately, the number of points is too small to use some statistical
tools. Thus, a descriptive analysis was made in order to complement the
discussion presented in sections 3.4 and 3.5.

To examine the relationship of each chemical fraction to all the physical
properties and temperature susceptibility parameters used in the present study
and for all eight projects, 256 plots were created and analyzed. These plots
are not included in the report because they may unbalance the relative
importance of the topics which have been discussed.

From the analysis of all 256 plots, the following general observations

may be made:
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1) All asphalt experienced changes in physical properties and
fractional composition with aging. However, asphalts from
projects 2, 4, and 5 experienced relatively small changes in
chemical composition while their physical properties showed
significant changes. Asphalt from project 6 showed the
opposite behavior, i.e., relatively small changes in physical
properties but significant changes in fractional composition.
For asphalts from projects 1, 3, 7, and 8, there were sig-
nificant changes in physical properties and fractional
composition.

2) For all eight projects, the proportion of asphaltene fraction
increased with asphalt consistency as measured by penetration
at 4°C and 25°C and viscosity at 60°C and 135°C. At the same
time, the proportion of the other three fractions were reduced.

3) The temperature susceptibility parameters showed very distinct
behavior in all eight asphalts and among all four parameters
used.

Asphalt samples 1, 3, and 5 showed no variation in VTS and
PVN with asphalt composition while PR and PI showed significant
variations. Asphalt samples 2, 4, 6, and 8 showed erratic
behavior in all four temperature susceptibility parameters.
Sample 7 showed some type of correlation between chemical
fractions and all four temperature susceptibility parameters.

From the above analysis, the only observation that can be made is that

different asphalts behave differently and age differently.
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The different types of behavior shown by all of the samples when changing
from original to aged material suggests that, to better characterize asphalt
properties after aging, more than one aging condition should be studied. For
example, asphalt samples should be aged at three or four different RTFO
conditions and, after measuring physical and/or chemical properties, the rate
of changes in measured properties should be compared among the different
asphalts subjected to study. Measuring absolute changes of asphalt properties

based on one aging condition may not reflect the overall aging behavior of

this material.

3.7 Comparison of Recovered Asphalt Using Four Different Extraction

Procedures

Four methods were used to extract and recover asphalt samples from cores
for projects 3, 5, and 7. The laboratory procedures for these four methods
(A, B, G, and D) are summarized in Figure 2.3.

The physical properties and chemical composition analysis of the above
samples are given in Tables 2.5 and 2.8, respectively. The results showed
that all four methods of extraction and recovery did not give consistent
results. Figure 3.26 shows the composition for each extraction method and
clearly shows the differences encountered among the techniques used.

There may be a number of factors that contributed to the differences
between extraction/recovery methods. Some of these reasons are:

e The extraction procedure of methods A and C uses high tempera-

tures 104°C for a relatively long period of time (up to 2

hours), while for methods B and D the extraction procedure is
done at room temperature. Another difference between the two
major extraction procedures was in the filtering devices used;
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the samples were centrifuged in all four methods to decant fine
particles that were not filtered properly.

[ The recovery procedure for methods A and B uses a completely
different technique than that employed in methods C and D, the
major difference being the gas environment employed to
concentrate the asphalt from the solvent used. Methods A and
B use carbon dioxide at a rate of 2000 mL/min while methods C
and D use nitrogen at an unspecified rate. These differences
are considered to be important as, from laboratory experience
at Oregon State Highway Division (OSHD), it has been observed
that variation of the flow rate of the inert gas used in the
concentration causes differences in asphalt extracted from the
same cores.

° A third difference to be considered in the present analysis is
related to the familiarity of the laboratory technicians with
the procedures used. Method A is the only procedure that has
been used in routine work for a number of years while the other
three methods were used in this research study for the first

time.

3.8 Analysis of the Fraass Test Results and POB Aping Test

This part of the study constitutes an extension of the overall objectives
of the research. The POB test was used together with the RTFO test to
produce accelerated aging in asphalt binders.

The POB device was used in conjunction with the Fraass test to evaluate
oxidative aging. Samples were prepared on Fraass plates and tested for
"Fraass Breaking Point" (Institute of Petroleum IP-80/53) before and after
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aging. Changes in Fraass temperature and in fractional composition were
analyzed.
Figure 3.27 shows the relationships between the Fraass temperature and
all four fractional components for results from three projects studied
(Projects 3, 5, and 7) before and after aging. Figure 3.27 shows that the
asphaltene content is the only fraction that has a relationship with the
Fraass temperature while the other three fractions are more independent.
Figure 3.28 shows a similar relationship to the one above but is arranged
so that each project can be analyzed separately and the effects of each of the
aging procedures used can be compared. Based on the three samples used (a
small sample size), the following effects can be observed:
a) The POB 5-day test was the most severe aging test, i.e., it
caused much greater changes in composition than the RTFO.

b) The asphaltene content increases with aging but the initial
asphaltene content of any of the original samples was not
related to the total amount of aging after RTFO and POB tests.

c) Project 5 was the most susceptible to aging based on laboratory

"performance."

The relationship of these results with field performance is discussed in

Chapter 4.

42



2L'0 | Vd%6L£0+50°9 - = VN% = ¢L’0 |Vd%IvE L+SEPE - = YN% [PONBWOIY-d SA SONBWOIY-N | 9
L8°0 | Vd%9Py 0+6€0L- = VS% - SL'0 (Vd%695°0+E9°9) - = ¥S% | sSONewoly-4 SA sajeinjes | §
8S°0 | YN%808'0+2'6 - = VS% - 18°0 | VN%9LE0+8L'0 - = VS% | sSonewoly-N sA sajenjes | p
16°0 | dsvoo05'0-9Gs = v | 651 | 2370 | doveessz0s08 - va | souoneudey on somwonra | &
18°0 [ dSV%902'0-9V'22 = YN% | +9'2 | S6'0 | dsv%68t'0-v2'SE = YN% |ssusieydsy sa sonewoiry-N | z
68°0 | dSY%l€20-6V'vL = ¥S% | €60 | 280 | dsv%/61°0-69°2L = VS% seudjjeydsy sa sajeinjeg | |
(- 10 +)
H uonejey Jiesul abuey H uonejoy l1eaul

V-poylow Aq J1ono0oay

041y + [euibug

diysuonejay

"suonoeld [eojwsy) Joj suoilenb3 diysuonejey : |1°¢ s|qe

43



‘v1-81qel ul uaalb suonenba wols sanep (q)
(11) 8ousiayal woly sanjea 1sa) (e)

" 0y | eSE | viv | SOV | 6Ly | SOv |62y | 21y | 6'sv | 8ev | 6°9Y | 6°Ep | Sonewoiy-4
% vée |2ve | eve | v'82 | vee | L22 | 2ve | 652 | 822 | 202 | o'v2 | 652 | sonewoiy-N
. 88 | 66 | 80L | 96 69 | 2st | 2z | L6 2’6 L'2 | 901 | 86 sajenjeg
oseg (x=) | zv2 | (x=) | 65t | (x=) | ost | (x=) | 95t | (x=) | 82z | (x=) | 691 | seuereydsy

" 60V | ¢’SE | 0°EY | SOF | eSy | SOF | oSy | 2w | ¥ iv | 8'ev | 'Sy | 6cp | sonewory-g
" S'le |eve | 2Se | v'ee | 822 | L2z | see| 662 | 81z | 202 | scz | 652 | sonewoiy-N
" 8L | 66 L6 9'6 ve | L'SL|ooL]| 26 '8 1L g8 8'6 sejeinieg

doy (x=) | 882 | (x=) | 202 | (x €0c | (x=) | v6L | (x=) | 27z2 | (x=) | €61 | seusieydsy

Il
N

A by | ¥'2E | V'vy | S9E | v'vp | 60 | 8bp | 29y | €1v | 'Sy | 8'2v | 271p | sonewory-g
" 9'Ge | L'88 | L'82 | 0ev | 062 | €1 | 62 | 926 | 652 | 882 | vz | g2e | sonewory-N
" 88 | 98 | 1oL | 62 2oL | ecL |coL]| 98 6'8 0'9 s6 | 86 sejeinieg
[euibuo [ (x=) [ £61 | (x=) | ee1 | (x=) | g2t | (x=) | ozt | (x=) | 261 (x=) | 0791 | seusjeydsy

(a) (e)
‘b3 [i1sa1 | ‘b3 1so] ‘b3 1sel | b3 1sa1 | b3 1sa1 | ‘b3 | 1so1

0oojeL lanoyoewsg Bpjuim Bjonzouap
a|dweg| sexa] sesueyly sexa] g-buiwoip uedsog v-BuiwoApm suoljoel

"(11) 1581 peoy uebyoiy 8y "SaIPNIS JAYIO YIIM UONEISY :2'S 8|qeL

44




Saturates %

12

11

10

Figure 3.1: Saturates vs Asphaltenes

Asphaltenes %

45

¢ Original |_____ aRecoveredTop |
o RTFO A Recovered Bottom
\\.\ '\.
i N d\,\
L ] \\ [m] -\.
\\\ \.\ A
\\ = A '\_
- \\\ \.‘
AN
\\{ _\ M
o N o0}
B \\ \.
\\ \»‘\
\\\0 NOA
[ N M
- o \\DA N
o N N
N \
\\D \‘\
a N Q i
\-
N\,
N
I A \, A
N
A.A-\‘
\.
\
1 1 1 1 1 1
1) I 1 1 1] 1]
= 10 15 20 25 30 35 40



Naphthene Aromatics &

33

31

29

27

25

23

21

19

17

15

¢ Original ]_____ a Recovered Top ] _________
o RTFO A Recovered Bottom
e
@,
\\
AN
—p N
Rt
.
N,
EI\\
Y
s hY
N
S
O \\
i s 5
b4 \\
~ 0
akl o~
- A 'D':’\
=, \
S N
~—a S
T YL
SN
Bl A\.\'\“‘\
K-
4 a
: : } } } }
5 10 15 20 25 30 35 40

Asphaltenes ¥

Figure 3.2 : Naphthene-Aromatics vs Asphaltenes

46



Polar-Aromatics g

e Original | _____ aRecoveredTop |

o RTFO A Recovered Bottom
50

\,
~ Fa
\\ \.
48 +¢°* AN
\\ \,
N = | N\,
Z \\\\ 02 \_
46 —+ AN
N A
SN
AN
44 mpe ® LD\\E\F
® A\‘
\\\
42T RSN
\
\
40 + \,\‘
A,
\
)
38 + N
\
l\‘
36 =
a

34 } } : : I i

5 10 15 20 25 30 I35 40

Asphaltenes %

Figure 3.3: Polar-Aromatics vs Asphaltenes

47



Saturates §

¢ Original ]_____ a Recovered Top
o RTFO A Recovered Bottom

11 4

10

(8]
|

I/‘
Al /
/ v
/ o L4
A / s
/ s
/. A o &
A . /
./ //
a / VA
A g Py //0
/ O, e
/ ///
A ,
A / 0
/
/ L ]
J / o
/7
! g
/a” o
A
/
/
A/ A
/A
/ A

1 ] | l ] | l I !

1S 17 19 21 23 25 27 29 31 33

Naphthene-Aromatics 8

Figure 3.4: Saturates vs Naphthene-Aromatics

48




Saturates g

¢ Original | _

a Recovered Top

o RTFO A Recovered Bottom
12
/
/
/
11 /'
o,” e
A A4
./ ,/
7 ag
10 T _‘ ///
/
Y-\ QA/’/ R
/ // ®
4 O
9+ oS ®
/ /
./. A //
A .///
/7
8 + 7 a S &
7 /0 al
% /
e e
/ //
A /0
Vi o A’
e
7
A # A
4 7
6 /
7 A
./‘ a
7
5 ——
4 i { } } } } i

40 42 44 46 48

Polar-Aromatics %

Figure 3.5: Saturates vs Polar-Aromatics

49

350



Naphthene-Aromatics €

33

31

29

27

ST

23

21

19

17

15

e Original | _ _ aRecovered Top ]
o RTFO A Recovered Bottom

—+ L
® 7
/
g
s
-+ s
4
/
//
o
- /
/
Vs
o /
/
/
- /" oD
s
/// %
o v
- O s
‘O a Pias
® / L A
/ L
/ Pt
7/ -
/ A -~
o o i
i A
././//
- L Q/‘ ,/, A
A_AT A
./"
-
wila /'/‘
1 1 [l 1 1 1 1
] I i 1 I I I

34 36 38 40 42 44 46 48
Polar-Aromatics %

Figure 3.6: Naphthene-Aromatics vs Polar-Aromatics

50

50



Saturates ¥

e Original — | & Recovered — — — —

12+

10+

4 : : : : : :
5 10 15 20 25 30 35
Asphaltenes ¥

Figure 3.7: Saturates vs Asphaltenes.
The Michigan Road Test.

51

40



Naphthene-Aromatics &

® Original

A Recovered

45

40 A

35

30

25 4

20

15

1 } 1

10

15

20

25 30

Asphaltenes &

35 40

Figure 3.8: Naphthene-Aromatics vs Asphaltenes.
The Michigan Road Test.

52



Polar—-Aromatics &

¢ Original —— | & Recovered — — — — —

N
N
1

AN
(@
1

W
(0)}
|

W
§iN
i

32 4

30

S 10 15 20 25 30 35 40

Asphaltenes 8

Figure 3.9: Polar-Aromatics vs Asphaltenes.
The Michigan Road Test.

53



S0

* i
45 1 ¢
L 40 +
MEEE!
: 30 + e o ° IS a ?:P
.° 25 4 ® a
= $
P 204 ° o
e ® a
® oo
2 15+ * o, go
& 104
5 i t i { f t f t t
0 5 10 15 20 25 30 35 40 45 50
% Fractions
® Asphaltenes © N-Aromatics
O P-Aromatics A Saturates
50
'y &
45 +
Q
< 40 +
® 357 A )
S 30 A2 co ©
= 254 A o
e 2 Q
-q-; 20 + A o
A o
S 154 A s @, 00
o
10 +
5 } f } t t : f 1 t
5 10 15 20 25 30 35 40 45 50
& Fractions
Figure 3.10: Penetration at 4 9C vs Chemical Fractions

Original and RTFO Samples

54



Penetration at 25 C

Penetration at 25 C

Figure 3.11: Penetration at 25 OC vs Chemical Fractions

140

120 +

100 +

@
o
1

)]
o
i

AN
o
1

N
o
o

® O o im)m]
® =]
® a

[ )
s B
@ ® o M a
® [m]
® ® DE]
* o
1

S 10 15 20 25 30 35 40 45 50
& Fractions

© N-Aromatics
A Saturates

® Asphaltenes
O P-Aromatics

140

120 +

100 +

80 +

60 +

40 4

20

Py © °
A &
i g
AA A o X o
A )
Ad 0 ©
A Q

0

5 10 15 20 25 30 35 40 45 50
X Fractions

Original and RTFO Samples

55



5000
4500 + * o
4000 + LR oo
3500 +
3000 +
2500 + ® =
2000 + g a
1500 + * & g
1000+ & .9 T g
500 ¢
0] t f 1 f } t } f f
0 S 10 15 20 25 30 35 40 45 50
X Fractions

Viscosity at 60 C (poises)

® Asphaltenes O N-Aromatics
O P-Aromatics A Saturates

o 5000
@ 4500 1 A °

'S 0 A o 0

= 4000 + & &

~ 3500+

(4]

o 30001

© 25004 A o

=

© 2000+ : .

< 1500 | as o °

€ 10004 4 A ® &
(X} A o

(2 500 +

> 0 : t }

0 5 10 15 20 25 30 35 40 45 50
& Fractions

Figure 3.12: Viscosity at 60 °C vs Chemical Fractions
Original and RTFO Samples

56



: 1000
M
..; ° ® DI:I
= % Ho
= 500 + P o
2 & € o o g
S
ga ® . ® DE
Q
QO [ - ] ]
=
@
s
()
£ 100 } } f t t } t 4 i
AV 0 5 10 15 20 25 30 35 40 45 50
& Fractions
¢ Asphaltenes o N-Aromatics
O P-Aromatics A Saturates
o 1000
Ty}
M
-E! ‘A °O
Ep 500 + & §
|—? A
g o g 32
QO =£
n O A 1)
..>_ Zo-' AA (o X
1]
QO F <D
=
®
s
Q
.E 100 } f f t t t t + }
AV 0 S5 10 15 20 25 30 35 40 45 50

& Fractions

Figure 3.13: Kinematic Viscosity vs Chemical Fractions
Original and RTFO Samples

57



35

° u]
) 30 +
< 25 | . o
=/
o
e 20
=
= 154
g I’ ® 0 g
& o
2 10 1 e OO
@
o J o o oo e oo
5 . ® (@] o
® O
0 } t } *—aeeo + t —oo
0 S5 10 15 20 25 30 35 40 45 50
% Fraction
® Asphaltenes © N-Aromatics
O P-Aromatics A Saturates
35
A o
O 30 +
< o5 1 A o
L=
©
= 20
=
= 1541
E AL %5
A o
= 10 ¢ AA o
)
o 1 A A 0O ®
5 & A 00
A o
0 +——+—ada t =00 t t } }
0 5 10 15 20 25 30 35 4 45 50
& Fraction

Figure 3.14: Penetration at 4 °C vs Chemical Fractions.
Recovery Method-A.

58



Penetretation at 25 C

Penetretation at 25 C

90

80 4
70 4
60 4
50 4
40 4
30 4
204

10 ¢

® [m]
® [m]
[ ] [m]
® O
® ]
® ]
® ® O O
o
o e Lo oY

0

90

S

10 15 20 25 30 35 40 45 50
& Fractions

¢ Asphaltenes o N-Aromatics

O P-Aromatics 4 Saturates

80 1
70 4
60 +
50
40 +
30 4
20 4
10 4

A (¢}
A [}
A [
A o
A (o]
A [o]
AdA (o2 e)
A (o]
A 2 oS
t t t

0

5

10 15 20 25 30 45 50

& Fractions

35 4

Figure 3.15: Penetration at 25 °C vs Chemical Fractions.

Recovery Method-A.

59



~ 10E+5

7

@

2

g_ D
~ 1 0o e
o 10E+4 o h
o ®e O
O

rer) L O
@

o
> 10E+3 | “° :
g . °® o "
[A] ® ® > %D
9 ° o
> 10E+2 t : } } : } —t :

S 10 15 20 25 30 35 40 45 50
& Fractions
¢ Asphaltepes © N-Aromatics
O P-Aromatics 4 Ssaturates
B 10E+5
o
a
g_ A 1)
L4
O 10E+4+ & ®©
o 4 3
o A o)
) A (o]
it AL )
:3’ 10E+3 +
& ‘_A ° o
I a e
@ A o
> 10E+2 —— ——t —t

5 10 15 20 25 30 35 40 45 50
& Fractions

Figure 3.16: Viscosity at 60 °C vs Chemical Fractions.
Recovery Method-A.

60



10000

=
) PN
o X <«
8 3 e OO
- m
::3 1000 + R o
- ) ® u]
'5' o “ ® O
E M »’ B
Q - ® 9 o O
- - ® a
'Q (-]

100 t t t f } i } } f

0 S5 10 15 20 25 30 35 40 45 50
X Fractions

¢ Asphaltenes © N-Aromatics
O P-Aromatics 4 Saturates
10000
=]
! N
I g a oo
8 RV A o)
mi% A o
>
L = 10001 o
- < A %%
® " N o
EM A 8
-V ol Al o3
£ o A o
Q @
100 t f i f } } } : }
0 S5 10 15 20 25 30 35 40 45 50

& Fractions

Figure 3.17: Kinematic Viscosity vs Chemical Fractions.
Recovery Method-A.

61



Penetration Index

Penetration Index

0.00
-0.20 ¢
-0.40 +
-0.60 +
-0.80 +
-1.00 ¢
-1.20 +
-1.40 +
-1.60 ¢
-1.80 ¢

-2.00
0

S

10

1S 20 25 30 35 40 45 50
X Fractions

® Asphailtenes
O P-Aromatics

© N-Aromatics
4 Saturates

0.00
-0.20 1
-0.40 4
-0.60 1
-0.80
-1.00 1
-1.20 1
-1.40 4
-1.60 1
-1.80 1

FTYY

A

%

2
A
i

A
A

-2.00
0

S

10

3 1 i
L] L} L

35 40 45 50

15 20 25 30
& Fractions

Figure 3.18: Penetratio Index vs Chemical Fractions
Original and RTFO Samples

62



Viscosity Temperature

Viscosity Temperature

4.20

410 +
4.00 +
3.90 +
3.80 ¢
3.70 +
3.60 T
3.50 +
3.40 +
3.30 ¢

Susceptibility

3.20

0

4.20

5

10 15 20 25 30 35 40 45 50
& Fractions

¢ Asphaltenes
O P-Aromatics

O N-Aromatics
A Saturates

4.10 +
4.00 +
3.90 +
3.80 ¢
3.70 +
3.60 ¢
3.50 ¢
3.40 1
3.30

Susceptibility

3.20

0

5

10 15 20 25 30 35 40 45 50

% Fractions

Figure 3.19: Viscosity Temperature Susceptibility vs
Chemical Fractions. Original and RTFO Samples

63



0.50 et O
0.45 ¢ * o

0.40 + 'y g

0.35 ¢

oe?

0.30 ¢+
0.25 ¢ ® e &

020+ o

Penetration Ratio

0.15 7

0.10 t } : 3 : t t t :
0 5 10 15 20 25 30 35 40 45 50
& Fractions

® Asphaltenes © N-Aromatics
O P-Aromatics A Saturates

0.50 Ap S
0.45 & °
0.40 + .
2
0.35+ A
A
0.30 + A
0.25 + 'y

A
0.20 1 A "
A

Penetration Ratio

0.15 ¢

0.10 t i i } t t i i f
0 S 10 15 20 25 30 35 40 45 50
& Fractions

Figure 3.20: Penetration Ratio vs Chemical Fractions
Original and RTFO Samples

64



0.00 : ®o—o c:%
= -0.20 +
o=
w  -0.40+
=]
8 L -0.60 + o ; .%’n:u
S & -0.80+ ¢ a
: a2
S g -1.00 +
- Z -1.20+
g 1.40 . B
L4 -1 T ® [ ]
e 1604+ &
)
o -1.80 +

-2.00 f { i t t } : } +

0 5 10 15 20 25 30 35 40 45 50
& Fractions
¢ Asphaltenes © N-Aromatics
O P-Aromatics A Saturates

0.00 ‘5‘ o0
= -0.20 1
[r)
I -0.40 +
8 -0.60 + A o
&L ok &®
i\ m —0_80 = [} A O
Z‘: 1.00
o g |
- Z -1.20+
E 1.40 + 4 ©
g s ° 8
= -1.60 4
Q
o -1.80 +

-2.00 t } f } f + : t 1

0 5 10 15 20 25 30 35 40 45 50

¥ Fractions

Figure 3. 21: Penetration Viscosity Number vs
Chemical Fractions. Original and RTFO Samples

65



Penetration Index

Penetration Index

Figure 3.22: Penetration Index vs Chemical Fractions

1.50

aa
1.00 + -
0.50 1 o e
° (u]
0.00 - ¢ o
° o
-0.50 +
°
-1.00 + %o d
e o ° DEF'
‘150 T ® .’ Eﬂ [m]
-2.00 } } i } f t i { }
0 5 10 15 20 25 30 35 40 45 50
& Fractions
® Asphaltenes O N-Aromatics
O P-Aromatics A Saturates
1.50
A 7o)
1.00 1 A, ?
050 T A o
A o
0oo+ 4 ©
A o
-0.50 +
A o
-1.00 + ak |
A %0
_150 T ‘& wo
-2.00 ! + t f . t t ¢ i
0 5 10 15 20 25 30 35 40 45 50

X Fractions

Recovery Method-A

66



Viscosity Temperature

Viscosity Temperature

4.20
410 +
4.00 +
3.90 +
3.80 +
3.70 +
3.60 +
3.50 ¢
3.40 +
3.30 +

Susceptibility

3.20
0

S

10 15 20 25 30 35 40 45 50
& Fractions

4
O

© N-Aromatics
4 Saturates

Asphaltenes
P-Aromatics

4.20
410 +
4.00 +
3.90 +
3.80 +
3.70 +
3.60 +
3.50 +
3.40 +
3.30 +

Susceptibility

3.20
0

Figure 3.23: Viscosity Temperature Susceptibility vs

5

10 15 20 25 30 35 40 45 50
& Fractions

Chemical Fractions. Recovery Method-A

67



Penetration Ratio

Penetration Ratio

1.00

0.90 + o
0.80 T
0.70 +
0.60 4 ¢ H
0.50 + o. °® O e OO
0.40 + . ¢ *e o0 B oo
0.30 1 * o e
0.20 + ® o
0.10 +
0.00 t : ——o—+— +—0o
0 S5 10 15 20 25 30 35 40 45 50
& Fractions
¢ Asphaltenes o N-Aromatics
O P-Aromatics 4 Saturates
1.00
0.90 + A o
0.80 T
0.70 +
0.60 4 4 °
050+  a Ak 003
040+ A “4a §°o
0.30 + A 0 ©
0.20 + A o
0.10 ¢+
0.00 +—dobk——+ 00+ t : t t
0 5 10 15 20 25 30 35 40 45 50

% Fractions

Figure 3.24: Penetration Ratio vs Chemical Fractions.

Recovery Method-A.

68



0.50
°®
/] ) ¢ 0 g
= 0.00 -
§ ® - & o
® m]
2 -0.50 - ¢ 0
> o
=_§ ® a
=5 -1.00- o o
o=
-
'; 1.50 ¢ .
S ' S o
o
_200 } L 1 1 1 1 1 L

0 S 10 15 20 25 30 35

40 45 50

& Fractions

& Asphaltenes
O P-Aromatics

© N-Aromatics
A Saturates

0.50
= £ %
= AA (o)
‘0 0.00 -
5 a4 0 °
n A o
S & -0.50- 4 ©
Q A o
SE . o
..; > -1.00 +
o
A o
)
= —150 T i
) A ]
a
-2.00 f } t } f f 1 } }
0 5 10 15 20 25 30 35 4 45 50

& Fractions

Figure 3.25: Penetration Viscosity Number vs
Chemical Fractions. Recovery Method-A.

69



sadnpadodd AuaA02ay/uo(}oBIIXT dn0JuUsamiag uosiiedwo) :9z's aunbi

fiueAoday/ uo1328UIXT Jo poylaly
J g v d J g v d 3 g \4

Ob
0S
09
0L
08
06
00!

L Y20[0ud Ga }20[0ud S« ¥008[0ud

salBwoly-d fE  So11BWody-N $3184MBS [] sauai|eydsy g

70



-4
ou -6 - ® o
(-] ® a]
S -8
=
e
2-10-- ® o
® (]
E. 4 ® (n]
5 12 °® ]
e ) (u]
w-147 ® o
3 ° (u]
@~16 T
ol ° o
u-'18 = 1 1 1 . 1 ¢ 1 1 1 DlD
0 S5 10 15 20 25 30 35 40 45 50
& Fractions
¢ Asphaltenes © N-Aromatics
O P-Aromatics A Saturstes
-4
ou -6 - A o
Q A o)
5 -8-
=
E -10 -
5 A o
a A o
s -124 A o°
1)
- A Te)
0w ~147 A o
g A °
B ~161 A o
u- ‘18" 1 “: L 1 °| o L 1 1 L
0 S 10 15 20 25 30 35 40 45 50

& Fractions

Figure 3.27: Fraass Brittle Temperature vs Chemical
Fractions. Projects 3,5 & 7.

71



¥ 1U98jU0] Baua}|eydsy

o 1p] o
-— -— N
]

o
M

Fraass Brittle
Temperature °C

@ Asphaltenes

i sfiep 5 god]|

7 041

H 1suiblio

sfiep Z god
041y
leutbrug

H sfep g god]

5 sfiep z god

S 041

B [ 1suiBiig

-18

(@]
1 | 1
Jp 94njeuadwa] sseed

1
< N

—

.m..
I
o
1

Project-6

sfiep 5 god |

Project-S

Proiect—3

Figure 3.28: Comparison of Results from Aging Tests.

72



4. CHEMICAL COMPOSITION AS RELATED TO PAVEMENT PERFORMANCE

4.1 Introduction

Pavement performance is a term given to the quality of service that a
pavement structure gives during its service life. There are numerous factors
that contribute to the deterioration of a pavement structure and the sub-
sequent reduction in its performance. In summary, the following factors
determine the overall performance characteristics of an asphalt pavement and
its life expectancy:

a) Materials

° Asphalt initial properties and asphalt types
o Aggregates and asphalt-aggregate affinity
° Additives

b) Mixing

° Cold, hot
e Mixing plants
c) Construction
° Transportation and compaction
o Quality control
d) Mix Design
° Dense, open-graded, Macadam
° Asphalt content, air voids, film thickness
e) Pavement Structure
° Pavement thickness
° Base, subbase, and subgrade strength
£) Traffic
° Loads, number of load repetitions, and type of loads
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o Speed
° Tire characteristics

g) Environment

° Extreme temperatures
° Water and oxidative agents
. Spring thaw

h) Time

i) Maintenance techniques and frequency of maintenance

All eight projects chosen in the present research combined many of the
above factors in a rather random arrangement where it is almost impossible to
isolate any detrimental element and subsequently to relate performance to the
composition of the asphalt used. Further, a pavement structure may show
different types of distress at the same time and each distress mode may be
caused by the same or a different factor. Another problem in relating
pavement performance to any of the above factors is the difficulty in
compiling all the construction and field data, particularly when an asphalt
pavement has been in service for a long period of time and it has been exposed

to a wide range of traffic and environmental conditions (Table 2.1).

4.2 Relation to Pavement Performance

To search for any relationship between chemical composition and pavement
performance, the following observations were considered:
a) Most types of distress that shorten the life of an asphalt
pavement are related to an increase in hardening of the asphalt
material, reducing its ability to absorb energy (brittleness)

and causing it to become more sensitive to failure at low
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temperatures and/or normal highway strains and stresses
(aging).
b) In all eight asphalts studied in the present research, an
increase in hardening was associated with an increase in
asphaltene content. Further, from the analysis made in
sections 3.4 and 3.5, it was observed that the asphaltene
content was the only chemical component that consistently
showed some type of deviation with changes in physical
properties in all eight projects. Thus, as a preliminary
attempt to relate asphalt composition to pavement performance,
only the asphaltene fraction was used in the present analysis.
Another reason for choosing the asphaltene fraction was that
there appears to be more consensus among researchers in this
area on the characteristics of this generic fraction than for
the other three fractions (17,18,19).
With these observations in mind, relative aging parameters were developed
before attempting an analysis of the data. The relative aging of asphalt was
expressed in terms of asphaltene ratio between original asphalt and aged

asphalt (Table 3.3). The following ratios were calculated:

RAL — % Asphaltene Content Original Sample 4.1)
% Asphaltene Content After RTFO )

RAD — % Asphaltene Content Original Sample (4.2)
% Asphaltene Content Recovered Asphalt from Surface )

% Asphaltene Content Original Sample (4.3)
% Asphaltene Content Recovered Asphalt from Base '

RA3

A fourth ratio was also calculated to determine the relative aging between the

surface and base:
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RA4 =

For

relative

RA6 =

The

_ _*% Asphaltene Content Recovered Asphalt from Base
% Asphaltene Content Recovered Asphalt from Surface

projects 3, 5, and 7, two more ratios were calculated to compare

aging of the pressure oxygen bomb with the RTFO and field aging.

_ _* Asphaltene Content Original Sample
% Asphaltene Content After POB - 2 Days

% Asphaltene Content Original Sample
% Asphaltene Content After POB - 5 Days

(4.4)

the

(4.5)

(4.6)

aging ratios for all projects are summarized in Table 4.1. Several

important aspects of the aging undergone by the asphalt in service and in the

laboratory are shown as related to chemical compositional changes:

a)

b)

The Rolling Thin Film Oven Test (RTFO) was always less severe
than field conditions when compared to the exposed section of
the pavement structure but was not always less severe when
compared to the base section of the same pavement structure.
This is an important aspect to consider since some structural
design procedures are based on the stresses and strain
developed in the bottom part of the structural section of
pavement and should use an asphalt stiffness based on the
consistency of the asphalt as it ages in the pavement. Without
better information, the asphalt could be assumed to have
similar properties to those obtained after RTFO.

Table 4.1 also includes the POB asphaltene aging ratios of
projects 3, 5, and 7. Comparing these ratios with field ratios
shows that the POB, in general, does not simulate field aging

in terms of the percent change of asphaltenes.
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Projects 3, 5, and 7 have different ages and are located
in different environments. Thus, it is doubtful that one aging
procedure would simulate all types of field aging. However,
the POB test may be adjusted (temperature, oxygen pressure, and
aging time) so that if the state (or any other large area) is
subdivided into appropriate zones, the POB test may be
"calibrated" to represent field aging conditions of zones of
similar enviromment and traffic conditions. Similarly, the POB
could be used to cycle oxygen and moisture conditioning, if the
environment was to cause such moisture damage (3).

The relative aging between surface and base was given as RA4
(Table 4.1). Low ratios may indicate some type of severe aging
on the surface of the pavement due to extreme environment and
traffic conditions. A low ratio may also indicate that the
type of asphalt used in the surface may not be the same as the
one in the base (overlaid pavement structure).

The lowest relative ratios were those for projects 6 and
8. These projects are located in areas where the average
annual temperature range is the highest (20); thus, for Oregon
this means that they are exposed to lower temperatures in
winter and higher temperatures in summer. This may indicate a
correlation between aging and temperature, but this should not
be regarded as a a definitive finding, since, as explained
earlier, there may be other factors that could induce changes

in asphalt composition.
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d) Laboratory aging ratios and field aging ratios may be corre-
lated to some measurable characteristics of the pavement mix,
such as asphalt content, mix air voids, resilient modulus,
fatigue life, specific gravity, and others.

In general, very poor correlations were found, indicating
again that there are several factors interacting to produce
pavement compositional changes. In order to give a more clear
picture of the type of relationship found, Figures 4.1 and 4.2
show the "correlation" found between aging ratios (RAl, RA2)
versus mix air voids and core resilient modulus, respectively.

Since there are a number of factors influencing pavement performance and
in the eight projects under study all these factors are "randomly" presented,
a stepwise multi-regression analysis was used to determine which measurable
factors have the highest relative contribution in the resilient modulus
observed in the field.

For this purpose, NCSS (Number Crunching Statistical System), a statisti-
cal package for microcomputers, was used. The measurable dependent variable
chosen was the value of resilient modulus (M) obtained by testing the top
section of core samples in all eight projects. Resilient modulus was used
because it was the mixture performance parameter measured for laboratory and
field mixture samples. The measurable independent variables included in the
analysis were:

1) Air Voids (%)
2) Asphalt Content (%)
3) Thickness of Core (in.)

4) Average Daily Traffic, ADT (#)
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5)
6)
7)
8)
9)
10)
11)
12)
13)
14)
15)

16)

Percent Trucks (%)

Initial Asphaltene Content (%)

Asphaltene Aging Ratio, RAl

Penetration at 4°C

Penetration at 25°C

Absolute Viscosity at 60°C (Poises)

Kinematic Viscosity at 135°C (cStoke)
Penetration Index (Pen 25, Vis 60)

Viscosity Temperature Susceptibility (Vis 60, kVis 135)
Penetration Viscosity Number (Pen 25, kVis 135)
Penetration Ratio (Pen 4, Pen 25)

Penetration Aging Ratio (Pen 25, Pen 25 after RTFO)

There are a number of other variables that can be used in the analysis,

but the present study will be constrained to the above variables.

Since the computer program can work with seven independent variables at

one time, an iterative process was followed to select those groups of

variables which gave the highest sequential R-squared and the lowest root mean

square (RMSE) and at the same time kept within the selected group only the

uncorrelated variables. In using this statistical approach the group with the

most significant variables affecting the field resilient modulus can be

identified.

The set of variables with the highest relative importance to the others

were:
1
2)

3)

Thickness of Core

Air Voids

Penetration at 25°C

79



4) Asphaltene Aging Ratio (RAl)

5) Asphaltene Content

6) Penetration Index

7) Penetration at 4°C
Using these variables, a stepwise forward regression analysis was carried out.
The stepwise regression analysis produces a multi-regression equation with the
highest R-squared by adding one by one the independent variables that
contribute best to the correlation. The addition of variables is stopped when
R-squared is close or equal to one and/or the RMSE does not decrease more.

Two multi-regression equations were finally obtained. These are given in
Tables 4.2 and 4.3. As seen in both tables, an R-squared equal to one was
obtained in both cases but the set of independent variables added differed
slightly. Both equations may be regarded as correct as there is empirical
evidence, for all the variables added, for their contribution to the mechani-
cal properties of asphalt mixes.

In both cases (Tables 4.2 and 4.3) variables were added until R-squared
was equal to one; however, an R-squared value equal to 0.99 is still very
good. If both selections were to be stopped at that value, both multiregres-
sion equations will agree, recognizing thickness, air voids, and penetration
at 25°C.

Note: The resilient modulus was measured at 21.5°C using 60 cycles

per minute frequency. If the resilient modulus were to be obtained

at other temperatures and/or other load frequencies, the multi-

regression analysis may have resulted in somewhat different

equations.
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In both of the regression analyses made above the thickness of the cores
(z) has a strong contribution in all of the relationships established for
resilient modulus (My). The thickness of the core represents a nominal
thickness of the top layer of the pavement. The purpose of including the
thickness value is that the levels of stresses and strains developed in the
pavement structural layer, for the same load, are directly related to the
thickness of the pavement. However, the structural capacity of the top layer
is also influenced by the structural capacity of the base, subbase, and
subgrade.

Measuring resilient modulus (My) values of cores in the laboratory
ignores the effect of the under layers. The resilient modulus is obtained
from Eq. (4.7) where the core thickness (layer thickness = z) has a strong

contribution to the final value of Mg,

M_ - % (4.7)
where:

¢ = coefficient function for diameter of core

P = load

A = deformation

z = thickness.

Thus, to eliminate the effect of thickness, it may be better to use
relative changes of field resilient modulus. Nevertheless, resilient modulus
values from the first year of pavement service should be available to compare
the data with actual changes in field resilient modulus.

By dropping the thickness variable in the present analysis, it becomes

very difficult to select the set of independent variables to arrive at a model
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which fits the data well. Some difficulties arise due to the fact that no
single variable has such strong correlation with resilient modulus as the
thickness value. The number of possible regression equations with all the
variables included in the present analysis is 216 (two to the power of
sixteen). If a stepwise statistical analysis is used, without judgment,
important variables might be omitted if they occurred in the sample within a
narrow range of values and, therefore, turned out to be statistically not
significant.

A new set of regression equations were developed without including the
thickness of the pavement to see how other variables may enter into the model.
Table 4.4 includes three different regression models for resilient modulus.
All these models were built to obtain the highest R? possible by including
only uncorrelated variables.

The regression models built in the present research are valid only for
the eight projects selected in the present research. These models may well
represent a large number of pavements, but this cannot be proven because the
equations given in Tables 4.2 through 4.4 were built with a relatively small
sample population.

To improve the construction of future prediction models, it would be
desirable to quantify the pavement conditions by using parameters other than
the "absolute" value of the field resilient modulus. Present conditions of
the pavement should be expressed in measurable quantities of distress (e.g.,
Present Serviceability Index, PSI) or present pavement condition should be
expressed in terms of relative changes of physical and mechanical properties

(e.g., My first year/M, year "n"), as was mentioned earlier. Once a good
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parameter is selected to represent actual pavement conditions, selection of

variables may be made with more confidence.

4.3 Temperature Susceptibility/Fractional Composition as Predictors of Pave-

ment Performance

The analysis presented in the last section underlines the difficulty in
relating chemical fractional composition to pavement performance, especially
when the projects selected for the study covered a wide range of environments
and different construction and highway characteristics.

As a primary attempt to find more direct application of chemical
fractional composition and asphalt behavior, the temperature susceptibility
parameters may be used since they cover various ranges of temperatures and
asphalt physical properties. It has been noted for years that temperature
susceptibility of asphalt is associated with possible good or bad behavior of
asphalt materials in the field and during construction. For example, asphalts
with high temperature susceptibility are more prone to show failures such as
cracking or rutting.

The fact that the temperature susceptibility is recognized as a good
indicator of asphalt behavior makes it important to visualize how chemical
fractionations are related to these temperature susceptibility parameters.

In chapter 3, the relation of each generic fraction to four different
temperature susceptibility parameters were discussed and it was observed that
all of the susceptibility parameters have some level of sensitivity to the
percent change of asphalt fractions. Although this type of approach was more
descriptive, it is known that the actual relationship between the parameters

studied and fractional composition is more complex. The additive effect of
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the four generic fractions on temperature susceptibility of asphalt may be
better understood by using a nonlinear regression analysis.

Before presenting the regression analysis, two major considerations have
to be made in order to understand the limitations of the present analysis.
a) Early work from Corbett (21) in which asphalt fractions were
separated and subsequently recombined in different groups gave

a good insight into how the interaction of fractions are
related to the rheological characteristics of asphalt.
The main conclusions reported in this work (21) may be
summarized as follows:
i) The physical properties of each of the four generic
fractions are distinctly different from each other.
ii) The fluidity of an asphalt increases by the plasticizing
effect of the liquid fractions (saturates and n-aromatics)
on the solid fractions (p-aromatics and asphaltenes).

The combination of either the saturates or the n-aromatics

[ Y
[=N
[
~

with asphaltenes improves the temperature susceptibility
and the combination of p-aromatics with asphaltenes makes
the temperature susceptibility worse.

iv) Flow resistance is increased by the combination of
saturates or n-aromatics with asphaltenes and is decreased
by the combination of saturates with polar aromatics.
Further, work presented by Hattingh (22) showed that

asphaltene content alone does not provide sufficient data for
the evaluation of the quality of asphalt and that it must be

used in conjunction with the molecular mass distribution. (See
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Interim Report for this study (1) for information on this type
of analysis.) This type of approach has also been reported by
Jennings et al. (23) and Jennings (24) where it was shown that
not only the percentage of asphaltenes but also the size and
amount of the large molecular materials which are not neces-
sarily concentrated in the asphaltene fractions play a major
role in the performance of an asphalt.

All of these findings underline the importance of
recognizing the physico-chemical interactions among different
components in order to adequately explain flow properties of
asphalt materials.

The second consideration to be made is related to the actual
temperature susceptibility parameters presently used. The four
temperature susceptibility parameters used in the present
research have been used in asphalt technology for a number of
years despite some controversy among researchers of the
appropriate validity of some of them.

When attempting to correlate asphalt composition to
temperature susceptibility parameters, it is important to
recognize that the four parameters used in the present research
are distinctly different. The differences arise from their
original derivations and the range of temperature considered in
each of them:

1) Penetration Ratio - 4°C to 25°C
2) Penetration Index - 25°C to 60°C (in this research)

3) Viscosity Temperature Susceptibility - 60°C to 135°C
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4) Penetration Viscosity Number - 25°C to 135°C (in this
research)
Thus, it is expected that the influence of fraction
distribution should affect each parameter differently.

The effect of all four generic fractions on temperature susceptibility
cannot be studied by using a stepwise regression analysis since, as was shown
in section 3.2, all four fractions are correlated to each other. However,
generic fractions may be combined together by using various mathematical
arrangements (Table 4.5) and the effect of two or more fractions may be
represented in a regression equation.

Table 4.5 shows a large number of possible correlations for each
temperature susceptibility parameter. Table 4.5 shows the R-squared values
for each mathematical combination of generic fractions. The best combination
for each temperature susceptibility parameter is printed in bold numbers, but
it should be noticed that there are other correlations which also showed
higher R-squared values. This suggests that a final model should be adopted
based on a larger set of samples since both physical tests (used to calculate
temperature susceptibility parameters) and chemical tests (used to obtain the
generic fractions) are subject to experimental variations. Thus, a correla-
tion established with a relatively small number of samples may be significant-

ly affected by some outlier results.
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Table 4.5: Regression Analysis for Asphalt Temperature Susceptibility.
R-squared Values.

REGRESSION PR PI VTS PVN
VARIABLES
ASP 0.861 0.825 0.723 0.792
SA 0.739 0.700 0.716 0.679
NA 0.859 0.767 0.698 0.743
PA 0.720 0.789 0.578 0.734
ASP/SA 0.846 0.854 0.667 0.742
ASP/NA * 0.899 0.888 0.658 0.791
ASP/PA * 0.861 0.849 0.702 0.794
SAxXNA * 0.813 0.728 0.755 0.736
NAxPA 0.861 0.802 0.712 0.781
ASP/(SA+NA) 0.889 0.884 0.685 0.783
ASPxPA/(SA+NA) 0.892 0.864 0.705 0.782
1/ASP 0.618 0.503 0.670 0.615
1/SA 0.721 0.719 0.629 0.623
1/NA * 0.910 0.853 0.676 0.765
1/PA 0.714 0.792 0.563 0.725
(ASP+PA)/(SA+NA) 0.897 0.857 0.701 0.763
SA+NA 0.858 0.779 0.734 0.755
ASPxPA 0.850 0.786 0.739 0.778
ASP+PA 0.854 0.771 0.730 0.751
Best Model * Regression Equation
PR = -0.550 + 23.23(1/NA)
Pl = -1.943 + 1.399(ASP/NA)
VTS = +3.026 + 2.46E-3(SAxNA)
PVN = -1.947 + 3.146(ASP/PA)
PR = Penetration Ratio

PI Penetration Index
VTS = Viscosity Temperature Susceptibility
PVN = Penetration Viscosity Number
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5. CONCLUSTONS AND RECOMMENDATIONS

There were a number of different topics studied and discussed in this
report. The main objective was to make use of asphalt chemical composition
results obtained through the Corbett-Swarbrick analysis, in conjunction with
other laboratory techniques (asphalt physical properties measurement,
laboratory aging procedures, and extraction-recovery procedures), and
subsequently give an insight into how chemical analysis may be understood and
incorporated into the evaluation of asphalt pavement performance.

The conclusions and recommendations are presented here in the same order

in which the subjects were presented throughout the report.

5.1 Stored Asphalt

Conclusion. Asphalt samples stored in sealed cans did not show signif-
icant variations in their physical properties. Minor variations did not give
a clear indication that physical changes were due to aging and these varia-
tions were attributed to the reproducibility of the test results,

Recommendation. It would be desirable to write some standard recom-

mendations for the storage of original asphalt samples. These may include,
for example, storage conditions such as:
a) Room temperature: 20°C
b) Room conditions: dry
c) Container type: aluminum (to prevent rust)
d) Container size: e.g., one gallon minimum, filled to the top
and sealed with the same asphalt to prevent
the inclusion of oxygen.

e) Other: such as sampling, initial testing, etec.
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These may help to minimize the minor variations which different asphalts

may show after long periods of storage.

5.2 Relationship Between Chemical Fractions

Conclusion. The analysis of relationships between chemical components
showed that the recovered asphalt did not have the same profile relationships
as original plus RTFO samples, indicating that recovered asphalt, after going
through the extraction and recovery procedure may be chemically altered and no
longer represents the in-place asphalt and/or that the RTFO aging test may not
duplicate the chemical changes made by the asphalt under natural weathering
and in contact with mineral aggregates.

Recommendation. It is recommended that fractional composition analysis
of original and laboratory aged asphalt should be analyzed separately from
recovered asphalt when studying relationships between physical properties of

asphalt versus chemical composition.

5.3 Relationship Between Chemical Composition and Physical Properties

Conclusion. All physical properties did show some correlation with all
four fractions. Better correlations were found at higher temperatures
(kinematic viscosity) rather than at lower testing temperature (penetration at
4°C). This may be due to the effect of molecular shape and geometry which are
minimized in the higher temperature range. Also, it could be due to the
effect of the testing procedures used for different temperatures. At higher
temperatures (60 and 135°C) physical properties were measured with a capillary
viscometer while at lower temperatures (4 and 25°C) physical properties were
measured with a penetrometer. Penetrometers are regarded as less accurate

instruments and do not measure fundamental properties of non-Newtonian
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liquids. There is no control over the shear rate and shear stress applica-
tions which are two important variables which affect asphalt physical response
in the non-Newtonian region of flow (approximately below 60°C).

Recommendation. It was considered difficult to arrive at recommendations

with regard to requirements of chemical composition and asphalt physical
properties. It was found from the literature and actual experience that the
interaction of two or more components, as well as other molecular properties,
greatly influenced the rheological behavior of asphalt. Nevertheless, this
research showed consistently that for individual asphalts or groups of
different asphalts, increases in viscosity in the higher temperature range

(Newtonian flow range) were associated with increases in asphaltene fractions.

5.4 Relationship Between Chemical Composition and Temperature Susceptibility

Parameters

Conclusion. Relatively good relations were found between fractional
composition and temperature susceptibility. Temperature susceptibility index
was categorized between those which measured susceptibility at lower tempera-
tures (PR and PI) and those which measured susceptibility at higher tempera-
tures (VTS and PVN). Better correlations were found for the PR and PI indexes
(penetration ratio and penetration index) than for VIS and PVN (viscosity
temperature susceptibility and penetration viscosity number). A statistical
regression analysis showed that the four susceptibility indexes used were
distinctly different and that fractional composition had entirely different
effects on all four indices used.

Recommendations. The above temperature susceptibility parameters are not

comparable because they measured property indices in a different range of
temperature where the chemical components of asphalt have different influence.
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Regression models may be built, based on fractional composition, to
predict temperature susceptibility but a larger set of samples is needed to

account for laboratory testing variations.

5.5 Response of Individual Asphalts

Conclusion. This research showed that a certain level of generalization
of rheological and chemical behavior on original and aged asphalt may be made
by studying a relatively small group of asphalts. However, analysis of
individual asphalts showed that different asphalts do behave differently and
do age differently. The different types of behavior shown by all the samples
when changing from original to aged materials suggest that, to better
characterize asphalt properties after aging, more than one aging condition
should be studied. For example, asphalt samples should be aged at three or
four different RTFO conditions and after measuring physical and/or chemical
properties, the rate of changes in measured properties should be compared
among the different asphalts subjected to study. Measuring absolute changes
of asphalt properties based on one aging condition may not reflect the overall

aging behavior of this material.

5.6 Extraction and Recovery Procedure

Conclusion. Asphalt extracted and recovered from core samples did show a
different chemical profile than the original asphalt. Thus, care is advised
when using data from recovered and original asphalts together.

The four methods that were used to extract and recover asphalt samples
did not give consistent results and both physical and chemical properties

measured after recovery were significantly different.
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Recommendation. It is recommended, for consistency, that the Oregon

State Highway Division Laboratory continue to use the same extraction/recovery
procedure (Method-A) which they have used to date.

If interest persists in using the cold vacuum extractor and/or a Roto-
evaporator for recovery, more research is recommended to produce compatible

results or to establish correlations.

5.7 Fraass Test and POB

Conclusjon. Insufficient data was gathered for meaningful conclusions
regarding asphalt low temperature behavior and its relation to asphalt
composition. With the little data available (from projects 3, 5, and 7), it
was observed that generally asphalt composition did not show great dependency
with the Fraass brittle temperature, suggesting that other molecular proper-
ties (e.g., molecular size, molecular structuring, and molecule geometry) may
be more important than fraction composition as related to low temperature
behavior.

Analyzing by individual asphalts (3, 5, and 7), it was observed that
asphaltene content increases with aging in a relatively similar proportion to
the increase in Fraass temperature. However, the initial proportion of
asphaltenes on all three projects was not related to the total amount of
laboratory aging.

The POB test, in general, did not simulate field aging test in terms of
the percent change of asphaltenes. However, the POB showed enough flexibility
that it may be adjusted to simulate asphalt aging conditions of zones with

different types of environments. The POB did cause greater change than RTFO.

98



Recommendation. More testing is recommended for the POB device with a
larger number of samples. This will permit the following of a statistical

analysis rather than a descriptive discussion of results.

5.8 Field Performance

Conclusjon. It was difficult to relate field performance to asphalt
composition. The eight projects chosen in the present research combined many
of the detrimental aging factors in a rather "random" arrangement and it was
impossible to isolate any detrimental element and subsequently relate
performance to the composition of the asphalt used.

Four chemical aging ratios were defined to describe aging susceptibility.
Relative aging between laboratory and field environment was compared and none
of the aging laboratory procedures used were found to be more severe than
field conditions.

Relative aging from top and base of core samples was different. However,
future studies may be improved if, instead of cutting the top surface to a
depth of 1.5 to 2.0 inches, this is done to a depth of half of an inch so that
the aging experienced by the wearing surface is distinguished from the aging
experienced by the structural section.

Very poor correlation was found between chemical aging ratios and mixture
resilient modulus, suggesting that pavement mix performance is dependent upon
a number of other factors (listed in Chapter 4).

All the environmental factors listed in Chapter 4 were used in a stepwise
statistical regression analysis and correlated to resilient modulus of core
samples taken from the field. Three multi-regression equations were obtained

with sequential R-squared greater than 0.9. The combined effect of the set of

99



variables given in Table 4.5 represents a prediction model of the resilient
modulus for the group of projects studied.

Recommendations. To improve the construction of future prediction
models, it would be desirable to quantify pavement conditions by using
parameters other than the "absolute" value of the field resilient modulus.
Present conditions of the pavement should be expressed in measurable quan-
tities of distress (e.g., Present Serviceability Index, PSI) or by measuring
relative changes of physical and/or mechanical properties of pavement
immediately after construction and after being in service a number of years
(e.g., My first year/M, year "n"). Once a good parameter is selected and used
consistently, selection of independent variables to predict pavement perfor-

mance may be made with more confidence.
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6. SUMMARY

This research study included eight different highway projects. An
analytical chemical test procedure was used to determine fractional composi-
tion of asphalt pavement materials before and after construction. The test
procedure was similar to that developed by Corbett and Swarbrick. The
application of this test in conjunction with several standard physical tests
provided much insight into the behavior and properties of asphalt pavement
materials.

Major findings were:

1) Asphalt samples stored in sealed cans did not show significant
variations in their physical properties. Minor variations did
not give a clear indication that physical changes were due to
aging and these variations were attributed to the reproducibil-
ity of the test results.

2) The analysis of relationships between fractional components
showed that the recovered asphalt did not have the same profile
as original plus RTFO samples, indicating that recovered
asphalt, after going through the extraction and recovery
procedure may be chemically altered and no longer represents
the in-place asphalt and/or that the RTFO aging test may not
duplicate the changes made by the asphalt under natural
weathering and in contact with mineral aggregates.

3) All physical properties did show some correlation with all four
fractions. Better correlations were found at higher tempera-
tures (kinematic viscosity) rather than at lower temperatures
(penetration at 4°C). This may be due to the effect of
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4)

5)

molecular shape and geometry which are minimized in the higher
temperature range, and due to the effect of the testing
procedures used for different temperatures.

Relatively good relations were found between fractional
composition and temperature susceptibility. Better correla-
tions were found for the PR and PI indices (penetration ratio
and penetration index, low temperature range) than for VTS and
PVN (viscosity temperature susceptibility and penetration
viscosity number, high temperature range). Regression analyses
showed that the four indices used were distinctly different and
that fractional composition had entirely different effects on
all four.

A certain level of generalization of rheological and chemical
behavior on original and aged asphalt was possible by studying
a relatively small group of asphalts. However, analysis of
individual asphalts showed that different asphalts do behave
differently and do age differently. The different types of
behavior shown by all samples when changing from original to
aged materials suggest that, more than one aging condition
could be studied. For example, asphalt samples should be aged
at three or four different RTFO conditions and the rate of
changes in measured properties compared among the different
asphalts. Measuring absolute changes of asphalt properties
based on one aging condition may not reflect the overall aging

behavior.
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6)

7)

8)

Asphalt extracted and recovered from cores showed a different
composition profile than the original asphalt. Thus, care is
advised when using data from recovered and original asphalts
together. The four methods used to extract and recover asphalt
samples did not give consistent results and both physical
properties and composition measured after recovery were
significantly different.

Insufficient data was gathered for meaningful conclusions
regarding asphalt low temperature behavior and its relation to
asphalt composition. With the little data available (from
projects 3, 5, and 7), it was observed that generally asphalt
composition did not show great dependency with the Fraass
brittle temperature, suggesting that other molecular properties
(e.g., molecular size, molecular structuring, and molecule
geometry) may be more important than fractional composition as
related to low temperature behavior. It was observed that
asphaltene content increases with aging in a relatively similar
proportion to the increase in Fraass temperature. However, the
initial proportion of asphaltenes on all three projects was not
related to the total amount of laboratory aging.

The POB test, in general, did not simulate field aging, in
terms of the percent change of asphaltenes. However, the POB
showed enough flexibility that it may be adjusted to simulate
asphalt aging conditions of zones with different types of
environments. The POB did cause greater change in composition

than RTFO.
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9)

There was not a strong correlation of pavement performance with
an individual property. Rather, pavement performance statisti-
cally relates to many physical and chemical properties of
asphalt. However, the physical and chemical properties that
may enter into the correlation depend on which parameters are

used to evaluate pavement conditions.

The most significant recommendations of this study are:

iy

2)

3)

It is recommended that fractional composition analysis of
original and laboratory aged asphalt should be analyzed
separately from recovered asphalt when studying relationships
between physical properties of asphalt versus chemical
composition.

The temperature susceptibility parameters were not comparable
because they measured property indices in a different range of
temperature where the components of asphalt have different
influences. Regression models may be built, based on fraction-
al composition, to predict temperature susceptibility but a
larger set of samples is needed to account for laboratory
testing variations.

It is recommended, for consistency, that the Oregon State
Highway Division Laboratory continue to use the same extrac-
tion/recovery procedure (Method-A) which they have used to
date. 1If interest persists in using the cold vacuum extractor
and/or a Roto-evaporator for recovery, more research is
recommended to produce compatible results or to establish

correlations.
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4) More testing is recommended for the POB device with a larger
number of samples. This will permit a statistical analysis

rather than a descriptive discussion of results.
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