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1.0 INTRODUCTION

Problem Definition

Several changes have occurred in recent years, in the type of highway
materials, and in the asphalt paving technology. New asphalt sources have
been brought on line, introducing changes in asphalt properties. New equip-
ment have also been developed, affecting mixing (dryer drum mixers, more effi-
cient dust collector systems), storage (mix storage silos) and compaction
(vibratory compactors). In the same period, economical constraints have re-
sulted in increasing use of lower quality aggregate. As a result, there has
been an increase in construction 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 ob-
served and their expected influence on the mix behavior.

A Tecent project is located on the Columbia River Highway between Warren
and Scappoose. The base course was constructed in 1979 and the wearing surface
in 1980. Progressive pavement raveling and potholing were noticed in the base
course during the months following construction. Evaluation of the reduction
in pavement life resulting from the variations in mix and pavement properties
(e.g., aggregate quality, gradation, density, asphalt content) resulted in a
study of the mix dynamic properties under controlled conditions. A new ap-

proach was used to assess the effects of these mix variables on pavement life.

Pugpose

The purpose of this report is to obtain a better understanding of the
causes of the pavement problems noticed in recent years, and to develop re-
lationships between pavement performance and the different mix variables.
Such information will be useful in developing pay-adjustment factors for pro-
jects not complying fully with specifications.

Table 2 illustrates a flow chart of the approach followed for the study
of the Warren-Scappoose project. Five mix variables were considered in the
study:

(1) Asphalt content.

(2) Percent Passing No. 200 sieve (.074 mm).

(3) Percent Passing No. 10 sieve (2.00 mm).

{4) Mix density.

The range of values selected for each of the above variables was determined
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Tabte 1. Recent Changes in Asphualt Technoloyy Affecting Mix Behavior,

ITEM CHANGES OBSERVED EXPECTED IMPACT ON MIX
Wide difference between asphalt Incompatible mixes
temperature-viscosity curves from Slow setting mixes
various suppliers

ASPHALT
Compatibitity betwcen asphalt low mix cohesion
and aggregate )
Reduced aggregate quatity L%# mix cohesion from water
AGGREGATE sriect
Single stockpile Non-uniformity of mix gradation
Elimination of Plunt Screens
Efficient dust collection systems Low ‘'mix cohesion
High mix production rate Uniformity of mix reduced
EQUIPMENT Lower mixing and laydown Effect on asphale viscosity re-
temperatures duced excess moisture reduces
asphalt hond
Vibratory compactor Breakage Of,“KETEKHL?S
Low _comiiction from imoroper use
Drum mixers - mix storage silos Incomnlete coating of aggregate
Mix segregation from improper
use
Table 2. Flow Chart of Study.
Original Original Mix Core
Materials Design Sampiing
Core Data ¥
A/C, Voids,

Gradation, ”1
I

Range of Values for Variables Considered
(A/C, Pa;sing No.

200, ...)

l

Sample Preparation

[mproved Tests

Fatigue Life
Permanent Deformation

Conventional Tests

Viscosity
Rice Cravity ...

Elastic Modules " Stabilometer

|

Comparative Effect of Each
Variable on Mix Performance

® Estimated Reduction in
Pavement Life

@ Pay Adjustment Factor




from construction records and from cores taken in the Fall of 1980. These are
as follows:
(1) Asphalt content: 4.5% - 5.5% - 6.5%

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

(3) Percent Passing No. 10: 25% - 30% - 35
(4) Mix Level of Compaction: 100% - 97

=SS

e

SN

0w

3% - 90%

Following the standard ODOT procedure, 4 inches (10 cm) in diameter by 2.5
inches (6.5 cm) high samples were prepared, for each set of conditions, using
the same materials (asphalt and aggregate) as used during construction of the
Warren-Scappoose project.

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

To identify the potential for stripping and ravelling, elastic modulus,
fatigue life and permanent deformation tests are performed both before and

after vacuum saturation of the samples, followed by a freeze-thaw cycle.

Scope of Report

After a description of the Warren-Scappoose project (Chapter 2), the test
results will be presented in Chapter 3 (ODOT research) and in Chapter 4 (OSU
research). Tests performed by Oregon Department of Transportation include
conventional tests. All dynamic tests were performed at Oregon State Univer-
sity. Analysis of data include the development of fatigue life and permanent
deformation criteria for the as-compacted samples and the conditioned samples.
Finally, pay adjustment factors are determined in Chapter 5 using the fatigue

and permanent deformation models developed in Chapter 4.



2.0 PROJECT DESCRIPTION

Location

The Warren-Scappoose project is a section of the Columbia River Highway,
located in Columbia counties (Figure 1). Precise location of the project is

shown on Figure 2. The project overall length is 5.05 miles (8.13 km).

Cross-Section

This section of the Columbia River highway includes an asphalt concrete
base course and an asphalt concrete wearing surface, on top of a lime treated
subgrade and a cement treated base. Both asphalt concrete layers were built
using a class B mix. A typical cross-section of the pavement is shown on

Figure 3.

Mix Design

A summary of the original mix design is presented in Table 3. This mix
design was used for both the base and the top layers. The aggregate gradation
was also the same for both layers, and correspond to a type B mix (Table 4).
The recommended asphalt content was 5.1 percent for the wearing surface and
5.7 percent for the base course. The asphalt grade recommended was an AR 4000,
from Shell. The recommended mix temperature at time of placement was 270°F

(132°C).

Project Data

The base course asphalt content constructed in 1979 contained numerous
sections with deficiencies of five aggregate and/or asphalt content. Consider-
able ravelling of the pavement occurred during the winter prior to placement
of the wearing surface. Several sections of base course paving were removed and
replaced with suitable mix prior to wearing course construction.

Table 5 summarizes the field test results run during pavement construction.
The variables considered are the mix bulk specific gravity, asphalt content and
percent passing No. 200 and No. 10. Compared to the core data and the specified
job mix tolerances (Table 6), it appears from the average field data that the
asphalt content and the amount passing No. 200 sieve were low and the amount
passing No. 10 was high but reasonably within specifications.

Table 5 also indicates 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 corrob-

orated by the ODOT inspector's report who noted that the contractors quality

control was nonexistent, production erratic and workmanship sloppy.
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Table 4. Mix Design: Aggregate Gradation, Class 8

SIEVE srze | ORY STEVE | WASHED SIEVE |  JoB MIX SPECIFICATION
AASHTO-T-27 | AASHTO-T-11 |  TOLERANCE
1 100 100 100 E 100
3740 98 98 92-100 | 95-100
12 98 ! 88 82- o4 -
3/8" 79 [ 79 73- 85 -
1/4m 60 60 $4- 66 52- 72
'y 51 51 a6- 56 .
* 10 i 30 30 26~ 34 5 21- 41
140 | 12 12 8- 16 8- 24
4200 4.6 4.8 2.6- 6.6 | 3.7

Table 5. Summary of Daily Plant Report - 1980 Base and Top Lift

Bikuminous Mix Class "B"

IN PLACE TOP LIFT RASE LIFT
MTX) DATA Average Max. and Min. Average Max. and Min.
Value Values Value Values
LS R 2.08 - 2.27 |22 2.0 2.18 - 2.29
=P ’ Y] (29 tests) (25 tests)
5.15 + .11 5.65 + .40
Asphalt Content (36 tests) 4.90 - 5.50 (20 tests) 4.5 - 6.90
Percent $5.25 + .62 5.22 + .62
Passing No. 200 (38 tests) 4.2 - 6.5 (29 tests) 3.6 - 6.5
Percent
30.9 + 2.5 29.6 + 3.4
assi - 25 - 3% = :
Passing No. 10 {38 tSsts) 25 3 (29 Tests) 20 34




Table 6.

Comparison Between Construction Information,

Core Data and Mix Specification

TOP LIFT BASE LIFT
Daily Plant Job Mix Daily Plant Job Mix
Test Results |Core Data |Tolerance Test Results | Core Data [Tolerance
Mix Bulk
Specific Gravity 2.17 2.19 - 2.24 2.28 #
Asphalt =
Cement 5.15 5.4 4.6 = 5.6 5.65 5.8 5.2 - 6.2
Percent Passing 5.25 6.35 5.7 5.22 /ot 3 -7
No. 200
Percent Passing
30.9 29.95 26 - 34 29.6 31.5 26 - 34
No. 10
Table 7. Summary of Testing for Mix Design Properties - Warren-Scappoose
|
| MIX TYPE % PASSING NO. 200 6% PASSING NO. 200 10% PASSING NO. 200
1
| i |
j Asphalt 4.5 | s.5 | 6.5 4.5 | s.5 | 6.5 4.5 | s.5 | 8.5
| Content | |
Rice Grav | ! i
*t ) 2.52 2.48 1 2.46 2.53 2.49 2.45 2.52| 2.49 2.47
T 209 ; |
1st Bulk | i <l o < . ) i <all -
Spe. Grav. | 28| 232! 2.36 2.54 ! 238 240 2.39) zd1| 243
1]
j Voids, % 9.5 6.3 ! 4.1 7.5 4.4 0.2 50 32 1.6
i
| 2nd Bulk 5 51| 2057 2.4 | 2,39 2.43| z.as| 2.43| 2.45| 2.47
iSpe. Grav.
Voids, % 3.3 4.4 .8 SL.S) 2.4 Q0.0 3.6 1.6 0.0
Hodufug: s32 | 424 | 309 815 | e85 | 597 274 | 630 | s14
x 10% psi | | |
[
Stal;;.tlt}' 44 1% 13 43 43 45| 41 | 41[ 4
Stabilic o . . .
o 4 49 13 J 51 [ 50 30 46 52 19 12




3.0 TEST RESULTS - ODOT

The Oregon State Highway Division testing program included the conven-
tional tests such as standard mix design, recovered aggregate gradationm,
asphalt content and asphalt properties. This chapter presents the results
of their work for the evaluation of the effect of mix variations on mix design

properties.

Mix Design Data

The results of tests for mix design properties are presented in Table 7.
For each set of variables, standard samples were tested to determine mix char-
acteristics. The percent voids of all samples prepared for this project were
determined using the Rice gravities indicated on Table 7. Modulus and bulk
specific gravities shown on this table were used as reference values during

sample preparation at Oregon State University.

Core Data

At two locations, 5 asphalt concrete cores were sampled across the panel.
Table 8 summarizes the results of the tests run on a total of 20 core samples
(10 surface and 10 base). The gradation limits shown for each aggregate size
are average values, plus and minus the standard deviation. Shown on Figures 4
and 5 are the aggregate gradation for the surfacing and the base mixes, along
with the job mix tolerances. The base course contains excess passing No. 200
and both mixes contain excess passing the 1/4-inch sieve for a considerable

amount of the paving.



| (Poise)

Table 8. Core Data - Average Values
TJOB MIX TOLERANCE
CORE DATA | (Class '"8" Mix)
1 ToP 1 3ASE
TOP LAYER | BASE LAYER | ,\veo | [iver
Rice Gravity | 5
T 200 2.50 + .02 | 2.49 + .02 -
Bulk §.G. 2.19 » .03 2.28 + .05 - |-
% Voids |
In Place 12.2 + 2.4 8.3 + 2.5 - =
Modulus |
£ 107 osi | 262 + 38 356 + 71 S
2 !
z
2 3/4 +| 96.3-99.9 | 95.4-99.1 | 92 - 100
<
= /2 ; 84.0-92.7 | s2.7-91.0 ! 81 - 93
ot {
s 174 : $7.5-71.5 ' 58.7-67.7 L 54 - 66
§ 10 i 26.7-33.2 29.1-33.9 ' 2 - 34 |
Z 40 ! 11.9-16.0 14.2-15.7 : 8 - 16 !
s | ! |
s | 200 I 5.9-.6.8 6.8- 7.4 | 3. 7 !
2 | I | ]
[ ' i
1 )
% ALC. ERE | 5.8 .3 |4.6-5.6 | s5.2-6.2
Penetration |
5 At 70°F(21°C) ‘ 28 | 29 |
2 . {em/100) | ! |
g a8 Kinematic I | [
<= Viscosity | 397 | 366 e |
az’ At 275°F(135°C) |
S49 | |
EEE (cs.) '
>=& Absolute | |
Sl Viscosity | |
= At 140°F(60°C) 4409 ! 3819 - F
| §
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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 prepared 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
are tested as compacted, and eight samples are tested after conditioning.*
Table 9 gives the flow chart for the test program followed. The principal
variables studied included:

(1) Mix level of compactiom: 100% - 97% - 93% - 90%

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

(3) Percent asphalt content: 4.5% - 5.5% - 6.5%

Each of the above variables was studied relative to a standard mix, consisting
of 6% passing No. 200 sieve and 5.5% asphalt content. When studying the in-
fluence of the mix density, the standard mix was compacted at 97%, while a 93%
compaction standard mix was selected to study the influence of the amount of
fines, asphalt content and aggregate quality. Detail of the combination of

variables used in this analysis are shown in Table 10.

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

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

Vacuum saturating the samples for two hours.

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

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

DR wWN

Test Equipment

Figure 6 shows the testing equipment used to determine the resilient modu-

lus, fatigue life and permanent deformation characteristics of the specimens.

12



Table 9. Test Program - QSU

16 Samples - Laboratory Compacted

8 Samples
Vacuum Saturation 3 Samples
Freeze and As Compacted
Heat Soak !
L}
2 Samples 6 Samples Z Samples & Samples
Conditioned Conditioned As Compacted As Compacted
Tensile Modulus Tensile Hodulus
Strength Fatigue Strenygth Fatigue Life
Permanent Permanent
Deform Deformation

Table 10. Range of Mix Variables Considered in This Study
(Crossed Boxes)
Warren-Scappoose

Level
of
Compacrion

2% Passing No. 200 6% Passing No., 200 10% Passing No. 200

Asphalt Content Asphualt Content Asphalt Content

4.5 5.5 6.5 4.5 5.5 6.5 4.5 5.5 6.5

nd
Compaction

st
Compaction

95 Blows
at 100 psi
S00 psi
Leveling Load

30 Blows
at 100 psi
300 psi
Leveling Load

XX

13
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Testing conditions were kept constant, and are summarized as follows:

(1) A static load of 10 1lbs 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" (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 7).

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
Mp = TE xR (.2692 + .9974v) (1

where AH = horizontal elastic tensile deformation, inches

P = dynamic load, pounds

h = sample thickness, inches

v = Poisson's ratio
Poisson's ratio was assumed constant and equal to .35, which simplifies equa-
tion (1) to:

_ P x .6183 , (2)

MR T AH x h
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Fatigue life is characterized by the number of load applications required
to cause failure of the sample. Attempts to relate the number of load applica-
tions to the sample state of stress and strain showed that the best correlation
exists between the tensile strain and the number of load applications, accord-

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

1 .C
Ne = K(;—) (3)
t
where: Nf = number of load repetitions to failure
K,C = regression constants
€, = horizontal elastic tensile strain.

The fatigue life of a specific mix is therefore defined by the constants K and
C. 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 C are determined using linear
regression by the method of least squares. The tensile strain €, is calculated

from the following equation (3):

(oo S
where g = horizontal elastic tensile strain

AH = horizontal elastic tensile deformation, inches

v = Poisson's ratio

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

becomes:

e = AH x .5203 (5)

The number of load repetitions to fatigue failure was defined as the num-
ber of repetitions required to get a vertical crack approximately 1/4" (.64 cm)
wide in the samples. To stop the test at the specified level of sample deform-
ation, 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 8). 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 opéns the relay, which shuts off the test. Proper calibration of the length

16
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Figure 9. Sample at £nd of Fatigue Test.
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of the aluminum strip will cause the test to stop for a specific sample crack
width (Figure 9).

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

is given by (3):

) -.03896y - .1185
c = ¥ [oTs6v - 8952 ) (6)

where ¢ = vertical permanent compressive strain
He = vertical permanent compressive deformation, inches
v = Poisson's ratio

If the Poisson's ratio is assumed constant and equal to .35, equation (6)
becomes:

€c T M 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 proper-

ties are developed later in this chapter.

Resilient Modulus Data

The resilient modulus data of the as-compacted samples are presented in
Table 11, along with the mix Bulk Specific gravity and percent voids. The mix
Bulk Specific gravity seems to be a predominant factor affecting the mix resil-
ient modulus. This appears in Figure 10, where the mix resilient modulus has
been plotted versus the mix Bulk Specific gravity. The resilient modulus data
have been divided into three groups, corresponding to the three asphalt content
considered in this study: 4.5, 5.5 and 6.5 percent asphalt content. As the
mix Bulk Specific gravity increases, the mix resilient modulus increases, at a
rate function of the asphalt content. For a constant value of the Bulk Specific
Gravity, the lower the asphalt content, the higher the resilient modulus.

Influence of asphalt content and amount of fines is more clearly shown
in Figure 11, where the as.compacted mix resilient modulus are plotted versus
the percent passing No. 200. This figure shows again that mixes composed of
4.5% asphalt have higher modulus than mixes with 5.5 or 6.5% asphalt when the

amount of fine is at the design optimum. However, decreasing the asphaltand——
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Table 1la. Resilient Modulus Data, as Compacted Samples
-Resilient Modulus, psi
-Percent Voids
-Bulk Specific Gravity

LEVEL |’ 2% PASSING NO. 200 6% PASSING NO. 200 ' 10% PASSING NO. 200
| :
OF i ASPHALT CONTENT ASPHALT CONTENT | ASPHALT CONTENT

COMPACTION - = T T -

| 1.5 5.5 6.5 ] 4.5 5.5 6.5 . 4.5 | 5.5 i’ 6.5
2nd | 1,082,000 | l
Compaction 1.6
2.45
887,000 J
lst M a
Compaction .
P 2.58
95 Blows

AE 100 Psi 373,000 418,000 909,000 736,000 631,000 959,000 690,000
500 psi 12.3 3.9 10.3 8.0 | 6.1 8.7 | 3.2
Leveling 2.21 2.24 2.27 2.29 2.30 2.30 2.39

Load

30 Blows

At 100 psi 265,000
3500 psi 3 11.6
Leveling 2.20

Load
Table 11b. Resilient Modulus Data, Conditioned Samples
-Resilient Modulus .
; s Conditioned Modulus
-% Retained Stiffness (As Compacted Modulus x 100)
LEVEL ! 2% PASSING NO. 200 6% PASSING NO. 200 | 10% PASSING NO. 200
OF i ASPHALT CONTENT ASPHALT CONTENT i ASPHALT CONTENT
COMPACTION | 5 5.5 6.5 4.5 5.5 6.5 45 | 55 | 63
2nd 1,008,000
Compaction i 93% 1
| | |
i : 688,000 :
Ist | '

Compaction 778
95 Blows | .

At 100 psi 395,000 ! 500,000 659,000 610,000 527,000 684,000 653,000
500 psi |
Leveling | 106% | 72% 72% 83% 33% 71% 95%

Load !
50 Slows ]

At 100 psi 312,000 |
300 psi 1 {
Leveling | 118% | 1

___Load____ | |

20
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fines content causes a substantial decrease in the mix stiffness. Similar
trends can be observed with the conditioned samples.

Moduli values of conditioned samples are presented in Table 11 together
with their percentage of retained stiffness (compared with the mix modulus
measured before sample conditioning). These data indicate wide variations
in the percentage of retained stiffness, with no clear correlation with the
amount of fines and asphalt or with the Mix Bulk Specific Gravity. The rela-
tionship between conditioned modulus and the mix Bulk Specific Gravity (Figure
12) shows trends similar to the as-compacted data. The three groups of mix
resilient modulus (4.5, 5.5 and 6.5% asphalt) give three sets of curves almost
parallel. As for the as-compacted data, it appears from this figure that the
mix resilient modulus decreases when the asphalt content increases.

Figure 13 shows the relationship between the mix resilient modulus and
the percent passing No. 200. Results are very similar to the results found
with the as-compacted data, and indicate an increase in resilient modulus when
the percent passing No. 200 is increased. Increasing the asphalt content also
decreases the resilient modulus.

In summary, the mix resilient modulus is primarily affected by the mix
Bulk Specific Gravity. The mix resilient modulus increases when:

1) the percent passing No. 200 increases

2) the amount of asphalt decreases.

Fatigue Data

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

and follows the equation:

Ng = K(e )" (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 con-
ditions, six samples were tested at the following initial tensile strains:
50, 65, 85, 100, 125 and 150 microstrains. The coefficients K and m were then
determined by linear regression analysis. Table 12 shows the as-compacted K
and m values found for different percentages of asphalt, amount of fines and

level of compaction.
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Table 12a. Original Fatigue Data - As Compacted Data

m.
Mg = k(ep™*
LEVEL 2% PASSING NO. 200 6% PASSING NO. 200 10% PASSING NO. 200
OF ASPHALT CONTENT ASPHALT CONTENT ASPHALT CONTENT
COMPACTION 4.5 5.5 6.5 4.5 5.5 6.5 4.5 5.5 6.5
1 |
k=6.76x10"° ‘
2nd : |
X |
Compaction me-3.09 i
|
-4
lst k=1.46x10
Compaction m=-2.03
95 Blows -1 -3 .5 -6 -6 -9 .8
At 100 psi k=1.90x10 k=9.30x10 k=1.66x10 k=2.10x10 ~ |k=1.00x10 k=6.29x10 k=2.87x10
| 500 psi
| Leveling ma-1,12 m=-1.48 m=-2.16 m=-2.41 ms-2.53 m=-2.96 m=-3.0S
Load
30 Blows .2
At 100 psi k=7.63x10
300 psi
Leveling m=-1,26
Load
N Number of load repetitions to failure.
oo Mix elastic tensile strain.
k,m: Regression constants.
Table 12b. Original Fatigue Data - Conditioned Samples
m
(N = k(ET) )*
[ LEVEL 2% PASSING NO. 200 6% PASSING NO. 200 10% PASSING NO. 200 }
OF ASPHALT CONTENT ASPHALT CONTENT ASPHALT CONTENT ;
ji EPEGEEN L5 | 55 | s 4.5 5.5 6.5 4.5 55 | 6.3
| i I | -1
2nd ! ! |k=2.61x10
s H ) . 1
Compaction : ; M==3.69 |
| -6 |
1st i x=1.70x10
Compaction I E m=-2.50
35 Blows o | = = = . :
At 100 psi k=2.13x10 | k=1.69x107> k=1,16x10"" |k=2.91x10 " [k=3.54x10"" [k=7.09x10" k=5.60x10"
500 psi | | :
Leveling | @=-1.15 m=-1,69 m=-2,00 ma-1.67 m=-2,12 m=-2.80 m=-2.95
Load |
30 3lows | . |
At 100 psi | k=3.51x10">
300 psi | |
Leveling | r m=-1.67 |
Load | |
* Np : Numper of load repetitions to failure.
it Mix elastic tensile strain.

k,m: Regression constants,
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From this data, the relationship between m and log (K) was plotted in

Figure 14. The relationship m versus &n(K) follows the equation:

m= A n(K) + A : 9

Linear regression run on the as-compacted data gave:

A1 = ,113
A = -.963

° 2
Coefficient of correlation: r~ = .991

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 focus point (11, 12, 13). The
coordinates of this focus point (ao,No) can be deduced from equation (9) and
(8):

m=A +A K = FesscsasssEas (9

N, = K(e)m <=> ln(NF) = 4n(K) + m en(e) - - - - (8)

Equation (8) is also true at the focus point:

Zn(NO) = ¢n(K) + m kn(eo)

ln(No)

1
=>m = Zn(so) - Zn(eo) x an(kK) - - = - - - - - (10)

Comparison between equation (10) and equation (9) gives:

ln(NO)

AO = EHTE;T and A1 =

S S
ln(eo)
Coordinates of the as-compacted samples focus point gave:

138.7 x 1076

5,183

€
o

N
o

Knowing the coordinates of the focus point, linear regression analysis
were rerun for each set of samples, and fitted through the focus point.
Table 13a gives the corrected K and m values (noted k' and m').

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

12b gives the original K and m values computed from the test results. The

Telationship found between K and m is:
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Table 13a. Corrected Fatigue Data - As Compacted Samples
Mg = ke (ep)™ )

LEVEL 2% PASSING NO. 200 % PASSING NO. 200 10% PASSING NO. 200
QOF ASPHALT CONTENT ASPHALT CONTENT ASPHALT CONTENT .
COMPACTION
4.5 5.5 6.5 4.5 5.5 6.5 4.5 3.5 6.5
i | | . I i
ond [kr=8.84x107°
Compaction |
m's-3,08
-8 ]
st k'=3.25x10 i
Compaction i
m'=-2.90
95 Blows 2 5 5 7 2 3
i Afoéoo psi XK'= 4.77 ®'=2.33%x107 7 [k'=3.73x107" [k '=3.77x1077 |k =4,25x10 "' [k'=2.21x10"* k'=7,85x10 13
500 psi
| Lerel;ng m'=-,79 m'=-1,36 m'=-1.33 m'=-2,11 m'=-2.61 m'=-1.39 m'=-4.62
| 03
30 Blows
At 100 psi k'=2.40x10"2
300 psi
Leveling m'2-1.38
Load
- NF ¢ Number of load repetitions to failure.
ET : Mix elastic tensile strain.
k',m’:Regression constants.
Table 13b. Corrected Fatigue Data - Conditioned Samples
ml
(NF = k'(ET) )i
' LEVEL ; 2% PASSING NO. 200 6% PASSING NO. 200 10% PASSING NO. 200 j
L i !
i OF I ASPHALT CONTENT ASPHALT CONTENT ASPHALT CONTENT
1, A T T T X ~ T ~
| COMPACTION 45 | si5 | 6.5 5 | s 65 | as | 55 | s
| : i ; ; i |
2nd k'=1.12x10 | |
. 1 1
Compaction | mr=-330 i ‘ :
I | |
l | ' -7 I i
| Ist k'=3,95x10 | :
Compaceion m'=-2,65 ! ;
95 Blows -2 -4 -4 -3 _3-' _“:
At 100 psi k'=5.40 k'=6.50x10 k'=5_18x10 k'=4,32¢10 k'=7.38x10 " |k'=l.32x10 k'=1,52x10
500 psi |
Leveling m'=-,81 m'=-1,31 m'=-1.84 m'=-1.85 m'==1,81 m'=-2.25 m'=-3,82
Load |
30 Blows | 5
At 100 psi k'=6,39x10
300 psi
Leveling m'=-2.08
Load |
= NF : Number*ofAioad*tepecitionS*EO*faiiure:
& Mix elastic tensile strain.

k,m': Regression constants.
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.112 2n(K) - 1.00

=
]

r? = 997 (10)

he coordinates of the focus point for the conditioned samples are e, = 129.0 x
10_6 microstrain and No = 7,767 load repetitions. The corrected K' and m' for
the conditioned samples are given in Table 13b.

The effect of asphalt content, 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 fatigue
curves for 5.5% asphalt content and 6% passing the No. 200 sieve are presented
in Figure 15a for the as-compacted samples and Figure 15b for the conditioned
samples. As-compacted and conditioned results show a substantial decrease in
fatigue life when the mix density drops from 97% to 93% and 90%. The influence
of asphalt content is illustrated in Figure 16.

The conditioning process has a strong effect on the asphalt-aggregate
bond. This is noticeable when comparing Figure 16a (as-compacted data) with
Figure 16b (conditioned data). The as-compacted data show a continuous increase
in fatigue life when the asphalt content is increased. This is not any more true
after conditioning. The results appear less influenced by the asphalt content,
and an optimum asphalt content (5.5%) is now noticeable.

The influence of the percent passing No. 200 on the mix fatigue life was
studied at 4.5% asphalt content (Figure 17) and 6.5% asphalt content (Figure 18).
In all cases, an increase in the amount of fines results in an increased mix
fatigue life. At 4.5% asphalt content, the reduction in mix fatigue life is
particularly important when the amount of fines is reduced from 6 to 2%. How-
ever, the increase in fatigue life resulting from an increase in amount of fines
from 6 to 10% is comparatively smaller. When increasing the asphalt content to
6.5%, the fatigue life is increased and the influence of the amount of fines
remains very significant. With 6.5% asphalt, the loss in fatigue resulting
from a decrease in the amount of fines is less significant than the increase in
fatigue life resulting from an increase in the amount of fines. This shows the
importance of the asphalt-percent passing No. 200 interaction.

In summary, the mix fatigue life is affected primarily by the mix density.
Optimum asphalt content (5.5%) is apparent in the conditioned test results.

An increase in percent passing No. 200 result in a longer fatigue life.
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IIT:  93% Compaction Effort, 8.0% Voids.
[V:  90% Compaction Effort, 11.6% Voids.

Lt 1l 1. 81 1 1 | I T L L : o O
10,000 100,000
Number of Load Repetitions to Failure
Figure 1Sa. Influence of Mix Density on Fatigue Life, as Compacted Samples.
6% Passing Na. 200 - 25% Passing No. 10 - 5.5% Asphalt.
|
L L T T | (S ST e S SR B 2 T T T
200 = -
Q
100 p= -
= -
- -
- -y
I v {1 1
I: 100% Compaction Effort, 1.6% Voids
II: 97% Compaction Effort, +.0% Voids
= IIl: 93% Compaction Effort, 8.0% Voids B
Iv: 90% Compaction Efforc, 11.6% Voids
20 Lt 1 1L L 1 1t 11 I 1 1
10,000 100,000

Number of Load Repetitions to Failure

Figure 15b. Influence of Mix Density on Fatigue Life, Conditioned Samples.

6% Passing No. 200 = 25% Passing No. [0 = 5.3% Asphalt:

29



liorizontal Mix Tensile Strain, x 10°¢ Inch/Inch.

-6

llorizontal Tensile Strain, x 10

T T 1T T T T11 T T T T T 1171 T T
200 j= -
100 = -]
e o
o o
=l -
—r -
- -
I 11 11t
jo -y
[: 4.5% Asphalt Content, 10.3% Voids
- IT: 5.5% Asphalt Content, 8.0% Voids -
ITI: 6.5% Asphalt Content, 6.1% Voids
20 1 L1 1L 111 1 1 1 | I T T 1 1
10,000 100,000

Figure 16a.
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Influence of Asphalt Content on Fatigue Life, as Compacted Samples.

6% Passing No. 200 - 25% Passing No. 10 - 93% Compaction
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Figure 16b.

Number of Load Repetitions to Failure
Influence of Asphalt Content on Fatigue Life, Conditioned Samples

6% Passing No. 200 - 25% Passing No. 10 - 93% Compaction
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Figure 17a. Influence of Passing No. 200 on Fatigue Life, as Compacted Samples.
4.5% Asphalt Content - 93% Compaction.
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Figure 17b.

4.5% Asphalt - 93% Compaction.
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Figure 18a., Influence of Passing No. 200 on Fatigue Life, as Compacted Samples.
6.5% Asphalt - 93% Compaction.
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Influence of Passing No. 200 on Fatigue Life, Conditioned Samples.

Figure 18b

6.5% Asphalt - 93% Compaction
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Permanent Deformation Data

Vertical compressive permanent deformation was recorded during fatigue
testing using a dial gauge. Readings were taken along a logarithmic scale
until failure of the sample. The vertical permanent strain was calculated

from the vertical permanent deformation (4), according to:

a -.03896v - ,1185
°c = "¢ [5156y - 8954 (11)
where e. = compressive permanent strain
Wy = total vertical deformation, inches
v = Poisson's ratio

For a Poisson's ratio of .35, equation (11) becomes:

€. = M, X .1485 (12)

A typical plot of €. Versus number of load repetitions at different loads

is shown in Figure 19 for the mix with 6% passing No. 200, 25% passing No. 10,
5.5% asphalt and 93% relative compaction. Each sample was tested at a differ-
ent stress level, resulting in a different rate of permanent deformation for
each sample. For each test, the relationship between vertical permanent strain
and number of load repetitions appears to be linear on log-log scale (10).
Using a power curve fit program, it is possible to express the vertical perman-

ent deformation as a function of N:

S
e, = I(N) (13)
where € = permanent vertical strain
I,s = regression constants
N = number of load repetitions

Constants I and s, computed from the test results, are presented in Table 12.
Non-consistent values (early readings and reading close to sample failure)
have not been included in the linear regression.

A recent study showed that the slope s in equation (12) is constant for
a specific mix, whereas the intercept I is a function of the mix tensile strain
€, (10). As an example calculation, Table 14 presents the intercept (I) and
slope (S) computed for 6 samples tested at different levels of tensile strain.

All samples were prepared in the same conditions: 6% passing the No. 200 sieve,

25% passing the No.—10-sieve, 5.5% asphalt content—and-93% compaction— A-direct

plot of the I values shown in Table 14 versus the corresponding tensile strain
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VERTICAL CUMULATIVE STRAIN xlO"’(c )

100

f=1

Table 14, Permanent Deformation Constants, As Compacted Samples
6% Passing No. 200 - 25% Passing No. 10
$.5% Asphalt Content - 93% Compaction
SAMPLE INITIAL TENSILE PERMANENT DEFORMATION CONSTANTS
STRAIN (INCH/INCH) T 5 ™2
-6 -d
I 155.47x10 2.48x10 .539 .996
i1 125.51x1078 2.73x10™% | 303 997
11 103.80x10°° 1.60x10°% | 526 .995
w 87.06x1078 2412107 | 536 1993
v 64.67x1078 2.35x107% | 481 ,993
VI 52.28x10°° s.42x107% | 426 .999
' Ll I 1 7TTTTY T L] F P FruaTT 1 T F VP 1TrIrrr T P T TITrTT -
[ O Sumple [ Tost Tensile Strain = 155.47x10°° ]
[ 9 Sumple 11 Test Tensile Strain = 125.51x10° ]
- O Sample 101 Test Tensile Strain = ]ns_agxm'(’ ]
| O Sample IV Test Tensile Strain = 6d.67x10° " ]
O Sample ¥ Test Tensile Strain = S1.09x10° =
= A Sample VI Test Tensile Strain - 52, 28x10° O |

rTTTT

1 NN 1 | 11 ! 1111 1 1 i | L 11 1 111}
100 1000 10,000 100, 000
NUMBER OF REPETITIONS (N)
Figure 19.  Permanent Detformation Resules For Six Samples.
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indicates no correlation (Figure 20), which can be explained by the nonuniform-
ity of the computed slope s (Table 14). The linear regressions were therefore
rerun using a fixed value for the slope (equal to the average of the slope

values shown in Table 12: 0.503). Plotted in Figure 21, the new relationship
I versus €, appears more consistent and linear. Using the data (et and I with

constant slope s), a linear regression was run, giving the following equation:

I

1.33 (et) + 8.64 x 10'S

% = .701) (14)

The samples prepared with 6% passing No. 200, 25% passing No. 10, 5.5% asphalt
and compacted at 93% are then characterized by a permanent deformation ex-

pressed as follows:

ec = [1.33 () + 8.64 10771 vy 203 (15)
where €. = compressive permanent strain

€, = horizontal tensile strain

N = number of load repetitions

The same approach was used for all samples. The results are shown in Table 15a
for the as-compacted samples and Table 15b for the conditioned samples.

A comparison between results for different mixes was accomplished by set-
ting the mix tensile strain at 100 microstrain and plotting on log-log scale
the permanent compressive strain as a function of the number of load repetitionms.
The results are shown in Table 15c¢ for the as-compacted samples and Table 15d
for the conditioned samples. Figure 22a (as-compacted samples) and 22b (con-
ditioned samples) show the influence of mix density on permanent deformation.
As expected, low density asphalt concrete mixes are more susceptible to per-
manent deformation than the dense mixes. Sample conditioning affects especially
the low density samples and therefore emphasizes strongly the difference between
the dense samples (100% compaction) and the poorly compacted samples (90-93%
compaction). The influence of asphalt content on the mix permanent deformation
is illustrated in Figures 23a and 23b for samples prepared with 6% passing
No. 200. Both as-compacted and conditioned test results indicate an increase
in permanent deformation when the percent asphalt content increases. Figures

24a and 24b show the influence of asphalt content when samples are prepared

with 2 and 10% passing the No. 200 sieve. The results show that increasing the
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Table 1Sa. Permanent Deformation Data, As Compacted Samples
1: Intercept S: Slope g Mix Tensile Strain
LEVEL OF COMPACTION
SECOND FIRST 95 Blows at 100 psi 30 Blows at 100 psi
COMPACTION COMPACTION 500 psi Leveling Load 500 psi Leveling Load
Bl | 6.5 152,71 (£,)+8. 41x107°
|.:i = S=.405
45
2
215 5.5
=1S
1) :: =
23| 4 5 [22.39(£p) 4. 39x10 2
= | 4.
=i S=.525
=<
Sl 4 -
&l «| 8.5 I-2.04(s.l.)r3.-l3x10
ig’ 5 5=.521
g;_;‘g‘! 5.8 r=1.51(eT)+5.99x10" I=1.46(s.l.)4-2.36x10" [=1.33(ET)¢8.64XL0'° r=1.53(eT)¢5.29x10"
23| 5.
'ﬁ‘: | S=, 386 5=,458 $2.503 5= 180
= | - -d
[ ; 4.5 [=.596(€T)v1.31x10
S| & §2.483
<
21" 65 1=.978(e;)+3. 16x10™>
3|2 S=.579
il
7
Nl= =3
’3; 4.5 I=1.26(£)+6.67x10 3
=5 5=.542
=
Table 15b. Permanent Deformation Data - Conditioned Samples
[: Intercept S: Slope & Mix Tensile Strain
LEVEL OF COMPACTION
SECOND | FIRST 95 Blows at 100 psi | 30 Blows at 100 psi
COMPACTION | COMPACTION 500 psi Leveling Load | 300 psi Leveling Load
= | = S -3
Slwi [=6.58(c,)-9.13x10
o si 6.5 g i
Sl e 14
=l =
o |
< 58
o |
A=
=2 | _ _ -3
£ TJ _ I=4.05(e})-9.64x10
] = S=.453
2 ;j 6.5 121.95(e;)+9.53x10
siS $2.492
=3 75 -5 = |
-=_n3! 55| 171.90(e0)+5.81x1077 | I=2.41(ep)+1.01x107> [=1.90(ep)+1.87x107" 125.63(sp) +1.37x10
'i ;1 5s,332 S=,443 $=.301 53,442
al= | ~ - -4
..: 'z:.i 4.3 [-1.60(&1.)'1.1;:(10
2| | S=,478
2lu| 6. 122.09 () +1. 14x10™
g|a 5=.192
=Z|=
=1
%155
A=
212 -
=i 1.5 [=1.60(ET)*6.94x10
@l=

S=,3503
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Table 1Sc. Permanent Deformation Strain (gc) for a Mix Tensile
Strain (Et) equal to 100 microstrains. As Compacted Samples.
LEVEL OF COMPACTION
SECOND FIRST 95 Blows at 100 psi 30 Blows at 100 psi
COMPACTION COMPACTION 500 psi Leveling Load 300 psi Leveling Load
= L
=
NL i 6.5 €ca3. 55x10" 4 () 1405
3¢
Zl =
2 .
ZfS | 5.
0|
al=
e T
MEIRE ec=1.95x107% vy - 55
g ' -4 521
fig 16.5 Ec=2.07x10" " (N)
5|
=8 4 386 4 458
i R E R S U O geal. 70x107 " (N)* cea2.13x10™% oy - 303 sc=d.82x10"* vy 480
U —
Al
25 4.5 ec=1,91x10" %y + 483
| 5|2
]
=3 | o
| Sz [6.5 ecal.29x10™% () 579
B
Y
| Z|=
Q
M9 1 5.5
ol Y
A |-
| aig
| =& |45 ec=1.93x10”4 () - 542
! sale
o~
L
Table 15d. Permanent Deformation Strain (cc) for a Mix Tensile Strain (€ r.)
Equal to 100 microstrain. Conditioned Samples.
LEVEL OF COMPACTION }
SECOND ‘ FIRAST ; 95 Blows at 100 psi ; 30 3lows at 100 psi I
| COMPACTION | COMPACTION | 500 psi Leveling Load 300 psi Leveling Load I
£l ] é | -4
R i | £e=5.67x107"(N) 1
éE } ' i
| s ] | | |
P32 s ) | ! ;
| Rla | ! ! | |
| [, [ . 153 ' f
! el : | zeas.00x107% () 453 !
1 ! ! ; | |
i = 1 : h
Tz o163 ; | ec=2.90x107* vy *#92 i :
i | 5 | i ] - !
| 213 { 400332 | 4443 | -4 .50 | -4 gy - 442 :
Do (5.5 | 2ce2.48x10 (M) i €caZ.51x10 T(N) ' | €e=2.09x10 "(N)° ! ec=7.00x10 "(N)° !
= i i | i
= | ) ! I H
= 145 | | Doec=2.73x10" 4y 478 !
< | ! ! ! :
| . ] |
6.5 | | eca3.23x1074 oy 492 ; |
- ' |
' : |
5.3 : i
’ i_ :I L L} 1
[ : - 3 i
I | ec=2.20x10” 4 () 593 |
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VERTICAL COMPRESSIVE STRAIN, x 10-3

VERTICAL COMPRESSIVE STRALIN, x 10-3

100

100% Compaction Effort, 1.6 Voids

- II: 97% Compaction Effort, 4.0 Voids -
I11: 95% Compaction Effort 3.0 Voids

~ IV:  90% Compaction Effort 11.6 Voids an

20 TR W SO T 1 | 1 ! (I S A | 1 1 11

1,000,000 10,000,000
NUMBER OF LOAD REPETITIONS
Figure 22a. Influence of Mix Density on Permanent Detormation
As Compacted Samples
6% Passing No. 200 - 25% Passing No. 10 - 5.5% Asphalt
T I T « T I vVrrr [Vl i1 L L B N L T

- 1881 -
200 | [: 100% Compaction Effort, 1.6 Voids .

[[: 96% Compaction Effort, 5.6 Voids

IIt: 91% Compaction Effort, 10.8 Voids

[V: 90% Compaction Effort, 11.6 Voids
100 =11 o
- g
.l I‘-
~ -
= —

I
1 1 1 | I Y L T 1 1 1 1 1 | DY ) P R o 1
100,000 1,000,000 10,000,000

NUMBER OF LOAD REPETITIONS

[nfluence of Mix Density on Permanent Deformation,
Conditioned Samples.
6% Passing No. 200 - 25% Passing No. 10 - 5.5% Asphalt

figure 22b.
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VERTTCAL COMPRESSIVE STRAIN, x 107°

VERTICAL COMPRESSIVE STRAIN, x 1072

~N
o
o

100

4.5% Asphalt Content, 10.3 Voids

B [I: 5.5% Asphalt Content, 8.0 Voids =
= IIT: 6.5% Asphalt Content, 6.l Voids -
p —
1 ! 1 L1t 1.1 L 1 1 § I S T
1,000,000 10,000,000
NUMBER OF LOAD REPETITIONS
Figure 23a. Influence of Asphalt Content on Permanent Deformation,
As Compacted Samples.
6% Passing No. 200 - 25% Passing No. 10 - 93% Compaction
T T T T T T T rr T T T LI I B Y §
S
200 -
I: 4.5% Asphalt Content, 10.3 Vaids
0 I1: 5.5% Asphalt Content, 3.0 Voids -1
[II: 6.5% Asphalt Content, 6.1 Voids =i
1 == A 1 Ll 1 1l 11 1 1 1 | T I I I
1,000,000 . 10,000,000

Figure 23b.

NUMBER OF LOAD REPETITIONS

Influence of Asphalt Content on Permanent Deformation,
Conditioned Samples.
6% Passing No. 200 - 25% Passing No. 10 - 934 Compaction.

40



Inch/ Inch

VERTICAL COMPRESSIVE STRAIN, x 107> Inch/lnch

VERTICAL COMPRESSIVE STRAIN, x 10-3

200 -

100 -

nd

I: 4.5% Asphale, 2% Passing No. 200 -

[I: 6.5% Asphalt, 2% Passing No. 200 -

A:  4.5% Asphalt, 10% Passing No. 200 -

B: 6.5% Asphalt, 10% Passing No. 200
1 1 L | = OO, i ] [ | 1 1 1 | (N Y I 1
1,000,000 10,000,000
NUMBER OF LOAD REPETITIONS
Figure 24a. Influence of Asphalt Content on Permanent Deformation - As Compacted Samples.
2 and 10% Passing No. 200, 25% Passing No. 10, 93% Compacrtion.
T T T T T 1T rrr T T T 1 1 T T T¢L T
- -
200 = -
Il
100 |= ) -
= [: 4.5% Asphalt, 2% Passing No. 200 -
B II: 6.5% Asphalc, 2% Passing No. 200 -
[~ A At 4.5% Asphalt, 10% Passing No. 200 ]
o -
B: 6.5% Asphalt, 10% Passing No. 200

-

100,000 1,000,000

NUMBER OF LOAD REPETITIONS

Figure 24b. I[nfluence of Asphalt Content on Permanent Deformation - Conditioned Samples.
2 and 10% Passing No. 200, 25% Passing No. 10, 91% Compaction.
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amount of fines decreases the mix susceptibility to permanent deformation.

Both as-compacted and conditioned data indicate an interaction between asphalt
content and amount of fines. For a low amount of fines (2%), increasing the
asphalt content from 4.5 to 6.5% increases the mix susceptibility to permanent
deformation. However, for 10% passing No. 200 sieve, the test results indicate
a decrease in the mix susceptibility to permanent deformation when the asphalt
content is increased. The influence of the percent passing the No. 200 sieve
is more clearly shown in Figures 25 and 26. As-compacted and conditioned sam-
ples indicate that an increase in the percent passing the No. 200 sieve de-
creases the mix susceptibility to permanent deformation.

In summary, the mix permanent deformation will be minimized when:

(1) the mix level of compaction is increased,
(2) the amount passing the No. 200 sieve is increased, and

(3) the asphalt content is decreased.

Indirect Tensile Strength Test Data

For each set of conditions considered in this study, 4 samples have been
tested for indirect tensile strength. Two samples were tested as-compacted,
and two samples were tested after conditioning. Test results have been sum-
marized in Table 16. Resilient modulus was measured on all samples before run-
ning the indirect tensile test. Table 16a gives the average as-compacted
resilient modulus and tensile strength. For the conditioned samples, resilient
modulus was measured both before and after conditioning. These data are
recorded in Table 16b along with the conditioned tensile strength.

Relationship between the resilient modulus and the indirect tensile is
shown in Figure 27a for the as-compacted data and in Figure 27b for the con-
ditioned data. The coefficient of correlation-is in both cases very low, which
indicates a poor correlation between the mix resilient modulus and the mix

tensile strain.
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VERTICAL COMPRESSIVE STRAIN, x 10_3

100

VERTICAL COMPRESSIVE STRAIN, x 10

T T r 3 T8ty T T T T T 111
e -
wil R
I
= ey
pun ey
e I: 2% Passing No. 200, 12.3% Voids -
- [I: 6% Passing No. 200, 10.3% Voids =
- [II: 10% Passing No. 200, 8.7% Voids -
- e
1 1 t 1t 1 111 L 1 1 | I T I A |

1,000,000 10,000,000

NUMBER OF LOAD REPETITIONS

Figure 25a. Influence of Passing No. 200 on Permanent Deformation, As Compacted Samples

25% Passing No. 10 - 4.5% Asphalt - 93% Compaction.

I: 2% Passing No. 200, 12.3% Voids
II: 6% Passing No. 200, 10.3% Voids
ITI1: 10% Passing No. 200, 8.7% Voids

100

1 1 L1 ! 1 111 1 1 L1 111

1,000,000 10,000,000

NUMBER OF LOAD REPETTTIONS

. Figure 25b.
25% Passing No. 10 - 4.3% Asphalt -93% Compaction.
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