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1.0 INTRODUCTION

Problem Definition

Several changes have occurred in recent years in highway materials,
and in asphalt paving technology. New asphalt sources have been brought
on line, introducing changes in asphalt properties. New equipment has also
been developed, affecting mixing (drum mixers, more efficient dust collec-
tor systems), storage (mix storage silos) and compaction (vibratory compactors).
In the same period, economic constraints have resulted in increasing use of
lower quality aggregate. As a result, there has been an increase in con-
struction or short-term performance problems throughout the Pacific Northwest
(1). The impact of such changes on the mix properties is, however, difficult
to evaluate. Table 1 summarizes the main changes observed and their expected
influence on the mix behavior.

One recent project, located on Interstate 5 between the North Oakland
interchange and the Sutherlin interchange, was paved in October through
December 1978, using an aggregate of borderline quality that resulted in
reduced pavement serviceability. Evaluation of the reduction in pavement
life resulting from changes in mix properties (e.g., aggregate quality,
gradation, density, asphalt content) required a study of the mix properties

under controlled conditions.

PurEose

The purpose of this report is to provide a better understanding of the
causes of the pavement problems found in recent years, and to develop re-
lationships between pavement performance and mix variables. Such information
will be useful in developing pay-adjustment factors for projects not complying

fully with specifications.
Table 2 illustrates a flow chart of the approach followed for the study

of the North Oakland-Sutherlin project. Four primary mix variables were con-
sidered in the study:

(1) Mix density.
(2) Percent Passing No. 200 sieve (.074 mm).

— (3) Asphalt content.
(4) Aggregate Quality.
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Table 2. Flow Chart of Study.

Original Mix
Design

Core
Sampling

Core Data
A/C, Voids,
Gradation, MR

(A/C, Passing No. 200,

Range of Values for Variables Considered

..

Original
Materials
Sample Preparation

Improved Tests

aElastic Modulus
¢ Fatigue Life
*Permanent Deformation

Conventional Tests
eStabilometer
e Viscosity
s Rice Gravity

Comparative Effect of Each
Variable on Mix Performance

® Estimated Reduction in
Pavement Life

©® Pay Adjustment Factor




The range of values selected for each of the above variables was determined
from project sampling and from cores taken in the spring of 1980. These are
as follows:

(1) Mix Level of Compaction: 100% - 96%* - 92% - 91%

(2) Percent Passing No. 200: 2% - 6%* - 10%

(3) Asphalt Content: 5% - 6%* - 7%

(4) Percent Passing No. 10: 25%* - 30% - 35%

Following the standard ODOT procedure, 4 inches (10 cm) in diameter by 2-1/2
inches (7 cm) high samples were fabricated, for each set of conditions, using
the same materials (asphalt and aggregate) as used during construction of

the North Oakland-Sutherlin project.

The two types of pavement failure considered during the test program
include fatigue cracking and rutting. All samples were tested in the
diametral mode for elastic modulus, fatigue life and permanent deformation.
To obtain complete characterization of the mixture, conventional tests were
also run for Hveem stabilometer, void content, and index of retained
strengths (2).

To identify the potential for stripping and ravelling, elastic modulus,
fatigue life and permanent deformation tests are performed both before and
after conditioning of the samples (vacuum saturation followed by a freeze-thaw

cycle), using the procedure developed by Lottman (3).

Scope of Report
After a description of the North Oakland-Sutherlin project (Chapter 2),

the test results are presented in Chapter 3 (ODOT research) and in Chapter

4 (0SU research). Tests performed by Oregon Department of Transportation
include conventional tests. Most dynamic tests were performed at Oregon
State University. Analysis of data includes the development of fatigue life
and permanent deformation criteria for the as-compacted samples and the
conditioned samples. Finally, pay adjustment factors are developed in

Chapter 5 using the fatigue and permanent deformation models presented in

Chapter 4.

*Reference—values—for this project. -

4



2.0 PROJECT DESCRIPTION

Location

The North Oakland-Sutherlin project is a section of the Interstate 5
located approximately 12 miles (19 km) north of Roseburg (see Figure 1).
The precise location of the project is shown in Figure 2. The project over-

all length is 3.21 miles (5.14 km).

Cross Section

The pavement cross section is illustrated in Figure 3. The original
pavement, constructed in 1959, was composed of a 3-1/2 inch (9 cm) asphalt
concrete layer over a 15-1/2 inch (39 cm) stone base layer. The new section
of the pavement was built in 1978 and 1979. The 1978 1ift was Class B
asphalt concrete base built with a borderline aggregate, which caused pavement
distress (e.g. ravelling) soon after construction. Patching of the first life
of base course was required prior to construction of the second 2 inch (5 cm)
lift of asphalt concrete in 1979. A 1 inch (2.5 cm) Class E open graded

friction course was placed as the wearing surface.

Mix Design

A summary of the original mix design for the 1978 asphalt concrete
base 1ift is presented in Table 3. To achieve an Index of Retained Strength
greater than 70%, 6.9% of an AR8000 asphalt cement treated with .85% '"Pave-
bond" (an anti-strip agent) was recommended. The need for the anti-strip
agent was related to the low quality of the aggregate. The aggregate sound-
ness test (AASHTO T-104) indicated a percentage loss between 6.62 and 24.09
for the 3/4 inch - 1/4 inch (19.1 mm - 6.4 mm) fraction and between 17.7
and 45.15 for the 1/4 inch (6.4 mm) minus fractionm.

The aggregate gradation used for the base layer corresponds to a Class
B mix. Details of the mix formula gradation, tolerance and specification

broad band are shown in Table 4. A Class E open graded mix was used for the

wearing surface.

Project_Data
Problems were experienced during the 1978 paving on the North Oakland-

Sutherlin project from the use of paving aggregates containing unsound
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Resilient Modulus, X103 psi

Aspnolt Concrete - Ciass £ Mix

1979 Base and pe
Wearing Surface

Asphalt Concrete |
Base Course Class B Mix

{poor aggregate)

Asphalt Concrete
Base Caurse Class B- Mix

1978 Base Lift {

35" Asphalt Concrete

Existing Pavement
(November, 1959)

15.5" Stone Bose

s

VISUSTSIE GGG

Subgrade

Figure 3. North Oakland - Sutherlin Project Pavement
Cross-Section

300 T
A Test results not included in
regression analysis [0} /
400 & 4
300 - -
)
M‘l a 11,517 (S) - 86,131
(r? = 0.913)
200 f- -
100 L . :

30 40

Stability, First Compaction

Figure *. Relationship Resilient Modulus - Stabilizty

(from Table S)
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Table 4.

Mix Design: Aggregate Gradation, Ciass B.

| _
TARGET MTX ’ SPECIFICATION |
SIEVE S1ZE VALUE i TOLERANCES  (Broad Band)
3/4" 100 95-100 [ 95-100
/2" 86 80 - 92 - :
f
1/4" 60 54 - 66 52-72
#10 25 21 -29 21 -41
#40 12 8-16 8 - 24
#200 5.0 3.0-7.0 2 -7 :
1 !
Table 5. Summary of Construction Daily Plant Report -

1978 Base Lift - Bituminous Mix Class "B"

In Place Mix Average Standard Maximum and Minimum
Data Value Deviation Values |
- |
Core Bulk 2.28 +.07 2.15 - 2.36

Specific Gravity

(24 tests)

Asphalt Content 7.17 *.61 5.1 - 8.9

(72 tests)
Percent 6.72 +1.16 4.2 - 10.1
Passing No. 200 (72 tests)
Percent 25.66 +3.55 16.00 - 35.00
Passing No. 10 (72 tests)

10



materials and excess variation in mix gradation and asphalt content. Also,
some problems from improper construction practices were reported.

Aggregates used in this project were from the Oak Creek Quarry, located
in the western foothills of the Cascade Range. Rock from this quarry is a
submarine basalt containing seams of sulfate compounds of calcium, sodium
and magnesium. Such salts are almost nonwater soluble, but highly water
absorptive (up to 7% by weight). Aggregate contamination by such salts
results in asphalt coating problems and increases susceptibility of the mix
to water. Sections of the quarry containing sulfate salts were avoided as
much as possible; however, it is possible that part of the aggregate used
for the construction of the 1978 base 1ift was partially coated with sulfate
compounds.

Aggregate qualifying test results, field control testing and investi-
gation of mix properties done by ODOT also showed that the reduced quality
of the paving is basically the result of using varying amounts of mmsound
and nondurable aggregate in the mix. Soundness test results for produced
aggregate used in the paving range from 4.16 to 38.94% loss for coarse
aggregate and 11.56 to 48.23% loss for fine aggregate. With the amount of
aggregate found containing material having a soundness loss (AASHTO T-104)
greater than the 18% maximum now specified, aggregate breakdown problems
would be expected.

Table 5 summarizes the field test results run during pavement construc-
tion. The variables considered are the mix bulk specific gravity, asphalt
content and percent passing No. 200 and No. 10. Compared to the core data
(Table 6) and the specified job mix tolerances (Table 4), it appears that
much of the paving was far beyond the expected production tolerances, with
the amount passing No. 200 being the most severe.

The construction reports (Table 5) also indicate that the mix variables
were ranging within a very wide band, indicating quality control problems
during mixing (asphalt content, gradation) and during compaction (mix bulk
specific gravity). This is corroborated by the field inspection reports

indicating problems with production control and workmanship.

11



Table 6. Comparison Between Construction Informatiom,
Core Data and Mix Specification for Base Lift

Daily Plant Average Job Mix
Test Results Core Data* Tolerance
Mix Bulk
Specific Gravity 2.28 2.25 -
Asphalt
Content, % 7.17 7.14 6.4 - 7.4
Percent Passing 6.72 6.33 3 -7
No. 200
Percent Passing 25.66 31.58 27 - 35

No. 10

* For follow-up core data, see Appendix A

12




Consequently, the pavement quality was largely reduced. ODOT field tests
for production control of the mix indicated that the pavement deficiencies

found were mainly the result of excess passing No. 200 sieve.

13






3.0 TEST RESULTS - ODOT

The Oregon Department of Transportation testing program included con-
ventional tests such as standard Hveem mix design, AASHTO T-165, index of
retained strength and diametral modulus over a range of asphalt contents,
gradations, and mix densities. Samples of pavement were tested for grada-
tion, asphalt content, void content, percent compaction and recovered asphalt

properties. This chapter presents the results of this work.

Mix Design Data

The results of the mix design tests are presented in Table 7. For each
set of variables, standard samples were tested to determine mix characteris-
tics. The percent voids of all samples prepared for this project were deter-
mined using the Rice gravities indicated in Tabie 7. Modulus and bulk spe-
cific gravities shown in this table were used as reference values during
sample preparation at Oregon State University. A good correlation was found
between the stability at first compaction and resilient modulus values, as

indicated in Figure 4,

Core Data
Two core sampling sites were selected on the North Oakland-Sutherlin

project. For each site, layer thicknesses were recorded and core samples

of the top and the two base lifts were collected. Five cores were taken at
2 foot intervals across the pavement panel at each sampling site. Table 8
summarizes the results of the tests run on the core samples (See Appendix A
for details). Shown in Figures 5 and 6 are the construction and core
aggregate gradation for the top and base mixes. The recommended gradation
shown along with the wearing course aggregate gradation (Figure 5) is the
Oregon specification for Class E mixes. For the base 1lift, the recommended
gradation shown corresponds to the job mix tolerance reported in Table 4.
Figure 6 shows that the base lift mix is not entirely within the specifica-
tions. From Tables 5 and 6, it is possible to compare the laboratory samples
with the field cores. For the B mix, the bulk specific gravity of the cores

ranges between 2.15 and 2.36 for the 1978 paving with an asphalt content

between 5.1 and 8.9% and the percent passing No. 200 between 4.2 and 10.1%.

14
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Table 8. Core Data for North Oakland-Sutherlin
(Mean + Standard Deviation)

Core Data
Top Layer Base Layer-1979 Base Layer-1978
Thickness 1.37" £ .18 3.74" + 1,13 =
Bulk S.G. 2.09 + .03 2,25 + .06 2.23 + 0.08
% Voids In Place 17.22 + 1.22 9.32 * 2.69 9.95 £ 3.68
Modulus (x 10° PSI) 218.0 + 41.0 424.0 £ 92.0 331 o+ 77
3/4n 100 100
= / N/A*
o
o 1/2" 1= . 2 - .
5 / 90.1 - 100.0 79.2 - 95.0 N/A
[a®)
- 3/8" 74.3 - 91.4 65.1 - 88.5 N/A
g’; 1/4n 51.4 - 68.3 53.1 - 73.1 N/A
=]
S No. 4 44.5 - 53.1 48.1 - 57.0 N/A
=
o No. 10 13.0 - 18.8 27.2 - 34.9 N/A
]
[3+
3 No. 40 4.9 - 7.5 12.4 - 15.4 N/A
5 |
INo. 200 3.3 - 5.1 5.5 - 7.0 N/A
% A.C. 6.1 - 8.3 6.4 - 8.0 N/A
Penetration
e at 77°F (25°C) 15 + 2 14 £ 2 i 3
= (cm/100)
= (@]
o n D~
279 : Kinematic
! Viscosity
E,‘ §g at 275°F 836 + 7 814 + 43 -
\ —_— o
¢ oL | (135°C) (CS)
@] O..é
Q
g Absolute
Viscosity at 16,100 13,650 . .
140°F (60°C) +880 +3,492 1

*Not Available
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This shows an extreme variation from the laboratory design. From Tables 7
and 8, the resilient modulus of the laboratory compacted samples is in the
range of 127,000 to 466,000 psi, while the core samples showed an average
resilient modulus of 331,000 to 424,000 psi. This is reasonably good agree-
ment when considering the effect of sample densities and asphalt properties.
Also, differentiation between the 1978 and 1979 base lifts was not easy
during core sampling. It is likely that the 2.5 inch (6.4 cm) thick samples
used for testing were partially trimmed off from the 1979 base layer. This
would certainly result in a substantial increase in mix resilient modulus
since the 1979 base layer was built using good quality aggregate.

The results presented in this chapter indicate there was considerable
variation in mix properties on this project. To evaluate the effects of
these variations on pavement life, a laboratory program was developed.

It, together with the results, are described in the next chapter.

18






4.0 TEST RESULTS - 0OSU

The purpose of the tests performed at Oregon State University was to
determine the fatigue life and permanent deformation characteristics of the
asphalt mix. All tests were performed over the selected range of variables
on standard laboratory samples using the repeated load indirect tensile test.
The samples were prepafed according to the Oregon State Highway Division
standard procedure (2). The materials used are the same as used for the mix

design reported in Section 3.0,

Test Program

A minimum of 16 samples were prepared for each condition. Eight samples
were tested as compacted, and eight samples tested after conditioning.*
Table 9 gives the flow chart for the test program followed. Results of the
indirect tensile tests run for each set of conditions on two as-compacted
samples and two conditioned samples are presented at the end of this chapter.
These data are useful to compare the dynamic tests results with a standard
mix design test. The principal variables studied included:

(1) Mix density: 100-96-92-91%

(2) Percent passing No. 200 sieve: 2-6-10%

(3) Percent asphalt content: 5-6-7%

(4) Aggregate quality
Two secondary variables were also studied: the percent passing No. 10 and
use of Pavebond (anti-strip agent). Each of the above variables was studied
relative to a standard mix, consisting of 6% passing No. 200 sieve and 6%
asphalt content. When studying the influence of the mix density, the standard

mix was compacted at 96%, while a 92% compaction standard mix was selected to

*
The sample conditioning procedure followed was based on the moisture damage
test defined by Lottman (3). The following are the main steps:

1. Determine the resilient modulus of the as-compacted samples, after
overnight cure. Mark along which samples axis the modulus was
measured.

2. Vacuum saturate the samples for two hours.

3. Place the saturated samples in a freezer at -18°C for 15 hours.

—— ————-4, Placethe-frozen,; saturated specimen-in-a warm water-bath for-24-hours-
) 5. Place the specimen in a water bath at room temperature for 3 hours.
6. Run the mechanical property tests, along the same sample axis as the
as-compacted modulus was measured (Step 1).

19



Table 9. Experimental Test Program

16 Samples - Laboratory Compacted

8 Samples
Vacuum Saturation 8 Samples
Freeze and As-Compacted
Heat Soak
T
r r
2 Samples 6 Samples 2 Samples 6 Samples
Conditioned Conditioned As-Compacted As-Compacted
®Tensile ® Modulus ®@Tensile ® Modulus
Strength ® Fatigue Life Strength ®Fatigue Life
® Permanent ®Permanent
Deformation Deformation

20




study the influence of the amount of fines, asphalt content and aggregate
quality. Details of the combination of variables used in this analysis are

shown in Table 10.

Test Equipment

Figure 7 shows the testing equipment used to determine the resilient mod-
ulus, fatigue life and permanent deformation characteristics of the specimens.
Testing conditions werc kept constant, and are summarized as follows:

(1) A static load of 10 1bs. was applied to hold the sample in place.

(2) The dynamic load duration was fixed at 0.1 seconds and the load

frequency at 60 cycles per minute.

(3) Test temperature was defined as the average sample temperature

during testing (normally 22°C * 2°C).

(4) Load platens are 1/2 inch (1.3 cm) wide.

Test Procedure and Calculations

All tests were run for mix tensile strain ranging between 50 and 150
microstrain. The parameters recorded during the dynamic diametral test are
the maximum load applied, the sample horizontal elastic deformation and the
sample vertical permanent deformation (Figure 8).

Dynamic diametral tests were run using the following procedure:

(1) Place the sample in the dynamic diametral test apparatus.

(2) Apply approximately 100 load applications until the permanent

deformation recorded is negligible compared to the sample
elastic response.

(3) Adjust the dynamic load to achieve the desired initial mix tensile

strain.

(4) Maintain the control set at the load level required and start the

fatigue life tests (also monitor permanent deformation).

(5) Record the number of repetitions to failure.

The maximum load applied and the horizontal elastic tensile deformation

were recorded to determine the modulus using the following equation (4):

P

M= i (12692 4+ .9974v) (1)
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Table 10,

(Crossed Boxes)
North Oakland - Sutherlin Project

Range of Mix Variables Considered in This Study

-

Level
of
Compaction

2% Passing No. 200

6% Passing No. 200

Asphalt Content

Asphalt Content

10% Passing No. 200

Asphalt Content

[

6

2nd
Compaction

Ist
Compaction

Qo

AN
\/

95 Blows
at 100 psi
500 psi
Leveling Load

30 Blows
at 100 psi
300 psi

| Leveling Load
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Figure 7. Diametral Test Apparatus,

P = Load (1b)

h 4
Load Platen —
Sample
AH = Horizontal -— —_— yT = Vertical
Elastic Deform- Permanent
ation (inches) Deformation
(inches)

4

Figure 8. Diametral Test - Variables PRecorded
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where AH = Horizontal elastic tensile deformation, inches
= dynamic load, pounds
= sample thickness, inches
v = Poisson's ratio

Poisson's ratio was assumed constant and equal to .35, which simplifies

equation (1) to:

_ P x .6183
MR = R h (2)

Fatigue life is characterized by the number of load applications required
to cause failure of the sample. Attempts to relate the number of load appli-
cations to the sample state of stress and strain showed that the best corre-
lation exists between the tensile strain and the number of load applications,

according to the following model (5,6,7,8):

1 .m
Ne = K() (3)
E
t
where: Nf = Number of load repetitions to failure
K,m = Regression constants
et = Horizontal elastic tensile strain

The fatigue life of a specific mix is therefore defined by the constants K
and m. For each set of mix variables, six samples were tested at different
values of the initial tensile strain. The number of load repetitions to
failure was then measured and recorded. The constants K and m are determined
using linear regression by the method of least squares. The tensile strain

€, is calculated from the following equation (3):

) .03896 + .1185v | . .
e = M [.0673 2494y | (4)
where e = Horizontal elastic tensile strain
AH = Horizontal elastic tensile deformation, inches

Poisson's ratio

A\

Assuming the Poisson's ratio is constant and equal to .35, equation (4)

becomes:
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e, = AH x .5203 (5)

The number of load repetitions to fatigue failure was defined as the
number of repetitions required to get a vertical crack approximately 1/4
inch (.64 cm) wide in the samples. To stop the test at the specified level
of sample deformation, a thin aluminum strip was attached to the sides of
the samples, along a plane perpendicular to the plane formed by the load
platen (see Figure 9). The aluminum strip is connected to a normally closed
relay, which controls the dynamic load system. As the sample deforms, the
aluminum strip is stressed. When the sample deformation exceeds a certain
level, the aluminum strip breaks and opens the relay, which shuts off the
test. Proper calibration of the length of the aluminum strip will cause the
test to stop for a specific sample crack width (Figure 10).

The vertical permanent strain is also recorded during the fatigue
test as a function of the number of load repetitions. The permanent defor-

mation strain is given by (3):

. [l.03896v - 1185 ] )

c t{ .0156v - .8954

where e. = Vertical permanent compressive strain
My = Vertical permanent compressive deformation, inches
v = Poisson's ratio
If the Poisson's ratio is assumed constant and equal to .35, equation (6)

becomes:

€. = Hy x .1485 (7)

Resilient modulus, fatigue and permanent deformation models and tensile
strength values have been determined for each set of variables considered
in this study. The significance of these results and their correlation

with other mix properties are developed later in this chapter.

Resilient Modulus Data

The resilient modulus of the as-compacted samples are presented in Table

lla.  The_influence of the bulk specific gravity on the mix resilient modulus,

independent of the other variables, can be observed for the 6% asphalt
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content and 6% passing No. 200 conditions. The relationship between modulus
and bulk specific gravity appears to be almost linear and is by changes in
asphalt content and percent passing the No. 200 sieve as shown in Figure 11.
The nonlinearity of the curves joining the points of equal asphalt content
indicate the interaction of the asphalt content and fines on the mix stiff-
ness. Figure 12 illustrates the relationship between the mix resilient
modulus and the amount of fines at a constant level of compaction and for 5,
6 and 7% asphalt content. The rapid increase in stiffness for increasing
percentage of fines is particularly important at higher percentaces of asphalt
content. Figures 11 and 12 show a decrease in the mix resilient modulus when
the asphalt content increases,

Moduli values of conditioned samples are presented in Table 11b together
with their percentage of retained stiffness (compared with the samples
modulus measured before conditioning). These data indicate that higher
retained strengths are obtained at high asphalt contents and/or mix densities.
The relationship between conditioned modulus and the mix bulk specific
gravity (Figure 13) appears less affected by asphalt content and percent
fines than in the case of as-compacted samples. Figure 14 indicates that
mix stiffness is relatively independent of asphalt content for low percent
fines (2%). However, at higher percent fines (10%), increasing amount of
asphalt does increase the mix stiffness.

Average resilient modulus determined for samples prepared with good
and low quality aggregate are compared in Table 12. All other mix variables
being kept constant for both mixes: 6% passing No. 200, 25% passing No. 10,
6% asphalt content and 97% compaction. The slight increase in the as-
compacted moduli values of the good quality aggregate mix shows that
aggregate quality affects directly the aggregate-asphalt bond in the mix,
even before any weathering action occurred. The difference between the two
mixes is emphasized after conditioning. A 45% reduction in modulus can be
observed for the low quality aggregate, whereas the stiffness lost after
conditioning does not exceed 30% of the initial modulus for the samples
prepared with good quality aggregate.

The influence of the two secondary variables, Pavebond and percent
passing No. 10, is shown in Tables 13 and 14. Two test series were prepared
with the anti-strip agent. The first series consisted of adding asphalt and

Pavebond to the aggregate without pre-blending, while the second consisted
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Table 1la.
- Resilient Modulus, (PSI)
- Percent Voids
- Bulk Specific Gravity

Resilient Modulus Data, ns Compacted Samples

2% Passing No. 200 6% Passing No, 200 10% Passing No. 200
Level o
of Asphalt Content, % Asphalt Content, % Asphalt Content, %
Compaction
5 6 7 5, 6 7 5 6 7
2nd 488,000
Compaction 3.28
2.41
1st 389,000
Compaction 7.33
- 2.31
95 Blows
at 100 psi 200,000 143,000 (270,000 |220,000| 180,000| 381,000 343,000
500 psi 14,23 10.46 11.46 10.85 8.45 10.47 6.00
Leveling lLoad 2.17 2.19 2,24 | 2.22 2.24 2.27 2.30
30 Blows
at 100 psi 191,000
300 psi 11.95
Leveling lLoad = . - AL e Sy ey .
Table 11, Resilient Modulus Data - Conditioned Samples

- Resilient Modulus, PSI

- % Retained Stiffness (

Conditioned Modulus

As Compacted Modulus

x 100)

% Passing No. 200 6% Passing No. 200 10% Passing No. 200
Level - o T
of Asphalt Content, % Asphalt Content, % Asphalt Content, %
Compaction o I
5 6 7 5 O 7 5 6 7
2nd 435,000
Compaction 89.1%
Ist 214,000
Compaction 56.0%
95 Blows ] T
at 100 psi 93,000 93,000 [136,000 | 126,000/ 103,000| 176,000 279,000
500 psi 46.5% 65,0% 50.4% 57.3% 57.2% 46.2% 81.3%
Leveling Load -
30 Blows - N i T
at 100 psi 109,000
300 psi S§7.1%
Leveling lLoad -
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Table 12. Influence of Aggregate Quality on Resilient Modulus.

Aggregate Resilient Modulus, PSI |

Quality As Compacted Conditioned |
Good 444,000 311,000

i

Low 389,000 ! 214,000 i

I 1

All Samples Prepared With:

6% Passing No. 200 - 25% Passing No. 10 - 6% Asphalt Content -
96% Compaction

Table 13. Effect of Pave-Bond on Resilient Modulus

Resilient Modulus, psi
Type of Mix
As-Compacted Condi tioned
*
Standard 389,000 214,000
Standard with 412,000 292,000
Pave-Bond Added
During Mixing
Standard With 464,000 443,000
Pave-Bond Added
To Asphalt

*6% Passing No. 200 - 25% Passing No. 10 - 6% Asphalt - 96% Compaction



Table 14. Influence of Percent Passing No. 10 on
Mix Resilient Modulus

i T I
! Resilient Modulus, psi
Type of Mix , —= . Percent !
As-Compacted Conditioned Voids |
Standard* i 220,000 126,000 10.85
|
Mix With 30% ; 230,000 129,000 10.69

Passing No. 10 ! i

Mix With 35% I 204,000 129,000 11.32
Passing No. 10

* 6% Passing No. 200 - 25% Passing No. 10 - 6% Asphalt -

92% Compaction
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of thoroughly blending the Pavebond with the asphalt before mixing. A
comparison between the results from the two methods used to add the Pavebond
shows the importance of proper dilution of the Pavebond in the asphalt before
mixing. A reduction of 45% of the standard mix modulus was noted after
sample conditioning. This stiffness reduction dropped to 29% when the Pave-
bond was directly added to the mix and dropped to 4.5% when the Pavebond was
added to the asphalt before the mixing process. Also to be noted is the 16%
increase in the as-compacted modulus between the standard mix and the mix
prepared with Pavebond added to the asphalt.

From the results presented in Table 14, variations of plus or minus
5% from the optimum percent passing the No. 10 sieve do not affect sub-
stantially the mix resilient modulus.

In summary, the as-compacted mix stiffness increases with increasing per-
cent fines and decreases with increasing asphalt content, whereas the con-
ditioned sample modulus behave in a more complex way depending on the

relative amount of fines and asphalt in the mix.

Fatigue Data

The fatigue life of asphalt mixes is a function of initial tensile

strain and follows the equation:

_ m
N = K(et) (8)
where Nf = Number of load repetitions to failure
e, = Initial tensile strain

K,m = Regression constants

Both K and m are affected by the mix variables. For each set of mix
conditions, six samples were tested'at the following initial temnsile strains:
50, 65, 85, 100, 125 and 150 microstrains. The coefficients K and m were
then determined by linear regression analysis. Table 15a shows the K and m
values found for different percentages of asphalt, amount of fines and level
of compaction. From this data, the relationship between -m and log (K) was

plotted in Figure 15. The relationship m versus #n(K) follows the equation:

m= AL n(K) + A (9)
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fahle 15a. Fatigue Data - As Compacted Samples
= m
(N = K(e)™)*
2% Passing No. 200 6% Passing No. 200 10% Passing No. 200
Level
of Asphalt Content Asphalt Content Asphalt Content
Compact bon
5 [ 7 5 6 ? 5 6 7
- K=2.58x10" |
me-5.44
Compaction log Ka-16.59)
it Ke2.13x10""
" m=-5,32
Compaction log K=-16.67
9 3 - = " - = - =
atslg;““:i X=.131 el 45x107° kel 181077 [K=1.51x0078 ket 16x10°° [k=1.58x107 =6.25x10"°
500 ps? m=-1.24 m=-1,49 na=-2.80 me-2,52 m=-2,44 m=-2.81 n=-2.21
Loveling E5ua log K=-.88 log K=-1.84 |log K= 6.93|log K=-5.82 [log K=-5.38|log K=-6.80 log K=-4.20
|~ 30 Blows E]
at 100 psi K-I;ngag
300 psi A ek
Leveling Load tog Ke--02
- NF ¢ Number of luad repetitions to failure
£y ¢ Mix elastic tensile strain
K,m: Regression constants
Table 15h. Fatigue Datn - Conditloned Samples
= mye
(N = K(ep)™
2% Passing No. 200 6% Passing No. 200 10% Passing No. 200
Level
uf Asphalt Content Asphalt Content Asphalt Content
1
Compaction
—
s 6 7 H 6 H 5 6 7
2nd K=3.80x10"3
Compaction m=-3.08
log K=-7,42
et K=1.02x10°°
% m==2,65
Compaction log K=-5.99
N k=194 K»2.085107 " [K=1.02x107| k=1.55x10"" [ke5.16x10"3| ka1, 56210~ K=1.55x10""
500 sg m==,64 m=-1.16 me-| .84 m=-2,33 ma-|.96 m=-2,35 ma-2,42
P log K=1.29 log K=-0.57|log k=-12.90( log K=-4.81 [log X=-3.29] log X=-4.81 log K=-d4,81
Leveling Load
30 Blows s |
at 100 psi k230010
300 pal log K=-2.44
Leveling Load O R=-2.

N

: Number of load repetitions to failure

e ¢ Mix elastic tensile strain
K,m: Regression constants
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Linear regression run on the as compacted data give:

A = 114

A = -1.03
0]

r? = .999

It can be deduced from this relationship between m and 2n(K) that the fatigue
curves, expressed in Number of Load Repetitions versus Mix Tensile Strain,
should intercept at a common point, called the focus point (4,12,13). The
coordinates of this focus point (so,No) can be deduced from equations-(Sl

and (9):

m A0 + A, an(K) : (10)

1

Ng

Ke)" <= an(Ny) = n(K) + m &n(e) (11)
(11) is also true at the focus point

ln(No) = ¢n(K) + m 2n(eo)

Rn(Ng) )
ln(eo) - Zn(eo)

m = x n(K) (12)

Comparison between equations (10) and (12) gives:

ln(No) 1
Ao - ln(eo) and A1 = zn(eo)

Coordinates of the as compacted samples focus point gave:

151 x 10'6

£
[0}

N =8.21 x 10°

0

Knowing the coordinates of the focus point, linear regression analysis
were rerun for each set of samples, and fitted through the focus point.
Table 16a gives the new K and m values, noted K' and m'.

The same approach was followed for the conditioned test results. Table

15b gives the K and m values computed from the test results. The relationship

found between K and m is :
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Table 16a. Corrected Fatipue Data - A« Compacted Samples
m .
(Ne = X (rd 7
2% Passing 1200 i 6% Passing #20n 100% Passing F200
I.eov;-l Asphalt Content i i Asphalt Content - Asphalt Content
Conipact lon 5 6 7 | s TR ¢ 7 5 6 7
nd K=1.41x10°2
Compaction =-6.74
Ist K= 236x1n 7
Compaction m=-2,72
95 Rlows
& : : . _ - -
200 o ™S [ k=328 107! K=4.96x1077 k=112 x 10 [ k=157 5| k= 1.5 x 10| k= 5.70 x 107 k=2.,23x107"
Leveling =-1.15 m=-1.37 =-2.32 m=-2.28 m= -2.55 m=-2.92 =-3.03
Load
30 Blows
at 100 PSI Ll
500 rst K-1.47x )10
. =-2.03%
Leveling
TLoad
*Ng = Number of Load Repetitions to Fai lurc
Ce = Mix Elastle Tensile Strain
K M = Corrected Regression Constraints (m = 11369 LN(K) - 1.0247)
Takle 16h. Corrected Fatigue Data  Condi thoned Samples
I ml »
(Ne = K (¢ )7)
2% Passlng P00 6% Passlng F200 . 10% Passing #2090
“‘nvfﬂ Asphalt Contont Asphalt Content Asphalt Contont
Compactlion ] o 7 7 5 6 ?
[ —_— - STTRIEE SR —— e
Ind
Compaction
Ist
Compactlon
95 NDlows 7
- . - - .5 1 -
s mr | <203 510" R RS Ee [AHTPTIPRTALY EPURTPTRRTILY FUPPISRTE. ) PP X|=3.59x 10
= nl= -~ 597 wt= _1.08 ml= _1.82 w20 nls 210 mle .2.35 n' = -2.81
Loveling
Load
3 Mlows
at 100 PS1 1 ; -1
=307
300 ps1 K 2317 x 10
mi= -1 I8
leveling
Lead J
“Np = Number of load, Repetitions to Falture
Fy = Mix Elnstic Tensile Strain .
K, m = Corrected Regresslon Constrafnts (m = ,1200 I.N[K ) - L.008)
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m= .1216 2n(K) - 1.008 (13)
The coordinates of the focus point for the conditioned samples are €, =
269.1 x 10_6 microstrain and NO = 3.96 x 103 load repetitions. The corrected
fatigue parameters (K', m') for the conditioned samples are given in Table
16b.

The effect of asphalt content, percent passing No. 200 and level of
compaction on fatigue life can be estimated directly by plotting for each
set of conditions, mix tensile strain versus the number of repetitions to
failure. The level of compaction fatigue curves for 6% asphalt content and
6% passing the No. 200 sieve are presented in Figure 16a for the as-compacted
samples and Figure 16b for the conditioned samples. The as-compacted mix
shows a gradual decrease in fatigue life as the mix density drops from 96% to
91%, whereas conditioned samples fatigue life dropped slightly from 96% to 92%
and considerably from 92% to 91% compaction. At this time,there is no explana-
tion for the differences noted. The influence of the asphalt content is illus-
trated in Figure 17. As indicated, asphalt content has very little influence
on the fatigue life of the as-compacted samples. Conditioned samples were more
sensitive to changes in asphalt content, and indicate that fatigue life in-
creases when the asphalt content increases as found by others.

The influence of the percent passing No. 200 sieve on the mix fatigue
life is shown in Figure 18 for 5% asphalt content and in Figure 19 for 7%
asphalt content. These figures show the importance of the percent of fines
in the mix on fatigue performance. The fatigue life increases with increasing
percent of passing No. 200, independent of the asphalt content. Sample con-
ditioning emphasizes the importance of the fines and indicates that a mix with
10% passing No. 200 performs better in the fatigue mode than a mix with 6%
(or 2%) passing No. 200 sieve due to increased binder stiffness.

A comparison between fatigue life of samples prepared with good and
low quality aggregate is developed in Figure 20, from the data presented in
Table 17. Test results of as-compacted samples show that good quality aggre-
gate samples perform better than the samples prepared with low quality aggre-
gate, Similar results were found with the conditioned samples (Figure 20b).
The difference in fatigue life between good and low quality aggregate samples
is, however, slight in both cases (Figure 20b). The influence of aggregate
quality is therefore more important on the mix resilient modulus than on the

mix fatigue life.
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