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CHAPTER 1. INTRODUCTION

1.1 PROBLEM STATEMENT

The asphalt concrete mix design in Arizona is based on the Marshall procedure (Ariz.
method 815c). Since the Marshail method of mix design is basically empirical, it results in index-
type values such as Marshall stability and flow. In general, empirical characterization parameters
are useful for comparison of materials under specific conditions. However, empirical correlations
are valid only for conditions similar to those under which they were originally developed. Further,
empirical methods of characterization do not provide material properties needed for fundamental or
theory-based structural analysis of pavements. With the continuous increase in truck weight, tire
pressure and traffic volume, and with the fast deterioration of the nation's highway system, more
rational philosophy for asphalt concrete characterization is needed so that the pavement design can
be based on a more optimal manner.

NCHRP Project 9-6 (1), "Development of Asphalt-Aggregate Mixture Analysis System”
(AAMAS) has been recently completed and the final report is being revised(1). One of the
objectives of that project was to develop a more rational mixture characterization procedure based
on performance-related criteria. Phase II, Volume I of the final report is a procedural manual that
provides a complete evaluation procedure of hot-mixed asphalt concrete. Although the AAMAS
method is not a mixture design procedure by itself, it provides rational evaluation procedure that is
directly related to the mixture performance in the field. Since the project has been recently
completed, the AAMAS procedure has not been implemented by most states. However, various
highway agencies are planning to implement it in the near future. The implementation of the
AAMAS procedure by ADOT could be a major step forward towards rationalizing the asphalt
concrete mix design process.

According to the AAMAS procedure, six test types should be performed. Since some of
these tests are nondestructive, each specimen could be tested using different test types and at

different test temperatures. Some specimens are to be tested without "conditioning” while others




should be "conditioned" in which they are subjected to some treatments before testing. The
detailed test and analysis procedure are reported in Reference 1. A summary of the test procedure

is presented in Chapter 2.

1.2 OBJECTIVES
The objectives of this study are:
1)  To evaluate typical ADOT hot-mixed asphalt ccncretes using the AAMAS (NCHRP
Project 9-6 (1)) recommendations.
2) To expand the ADOT database by providing typical lab test values for ADOT asphalt
concrete.
3) To evaluate the amount of effort and equipment cost required for the AAMAS

procedure and discuss its potential use by ADOT engineers.

1.3 SCOPE OF WORK

The study includes laboratory evaluation of two sets of typical ADOT hot-mix asphalt
concrete specimens prepared using the California kneading compactor and the Marshall hammer.
All tests recommended by the AAMAS project (1) were performed at ASU highway materials
laboratory. The test results are analyzed using the AAMAS guidelines. The study is limited to one
asphalt grade (AC-30), one aggregate type and gradation, and one asphalt content.



CHAPTER 2. SUMMARY OF THE AAMAS RECOMMENDED PROCEDURE
2.1 BACKGROUND

The AAMAS project was performed under NCHRP Project 9-6 (1) by Brent Rauhut
Engineering as the prime contractor. The objective of the project was to develop an asphalt
aggregate mixture analysis system (AAMAS) for design of optimum paving mixtures based on
performance-related criteria. The AAMAS concept as it currently exists is applicable to hot-mixed
asphalt concrete, and includes mixture variables such as binders, aggregates and fillers used in the
construction of asphalt concrete pavements.

Specific items addressed in the current version of the AAMAS report include compaction of
laboratory mixtures to simulate the characteristics of mixtures placed in the filed, preparation and
mixing of materials in the laboratory to simulate the asphalt concrete plant production process,
simulation of the long-term effects of traffic and the environment (this includes accelerated aging
and densification of the mixes caused by traffic), and the conditioning of laboratory sampies to
simulate the effects of moisture induced damage and haidening of the asphalt.

Recommendations are made for laboratory methods of executing the AAMAS and
evaluating the expected performance of dense graded asphalt concrete mixtures. Suggested
recommendations for incorporating results of the AAMAS program into a final mixture design
procedure are also provided. However, it should be noted that the AAMAS program developed
and reported in the current version is an evaluation procedure of a selected mixture and not a mix
design procedure in itself.

Current version of the AAMAS report(1) is only interim because of additional work being
conducted under Phase III of Project 9-6 (1) and because of the extensive SHRP (Strategic
Highway Research Program) asphalt research program currently underway. Some modifications
to the current procedure may be required after these other multi-million dollar research programs
arc completed. The expected year of completion for the SHRP program is 1993.

At the time of this report, only a draft version of the AAMAS report was available. The




final version of the AAMAS report is expected to be released in the near future. According to the
principal author of the report, the difference between the current version and the final version is not
significant.
2.2 LABORATORY TESTS

Volume I of the AAMAS report includes a detziled labuiaicyy nrogram to simulate the
characteristics of mixtures placed in the field. The complete AAMAS procedure requires six types
of tests as shown in Table 2-1. The following paragraphs summarize these tests. These
paragraphs are not intended to provide a step-by-step procedure, but to discuss the significance and

use of each test. The relation between the test results and the pavement response is also discussed.




Table 2 - 1. Lab tests recommended k' the /A AMAS project

Static load with a specified magnitude for
60 min. and unloading for 60 min.

Test Test Loading Sketch
No. Name
1 Diametral resilient modulus  Paulses with 0.1 sec. duration and 0.9 sec.
test rest period (ASTM D 4123)
2 Indirect tensile strength test  Loading until failure with a constant rate
of deformation of 0.05 or 2 in/min.
3 Indirect tensile creep test Static load with a specified magnitude for
60 min. and unloading for 60 min.
4  Uniaxial compression Pulses with 0.1 sec. duration and 0.9 sec.
resilient modulus test rest period to compute resilient modulus
L
4
5  Unconfined compressive Axial loading at a rate of 0.6 in/min. until
strength test failure
6  Uniaxial creep test ‘




TEST 1 - DIAMETRAL RESILTIENT MODULUS TEST

When traffic moves over a pavement structure, a large number of stress pulses are rapidly
appiied to the different pavement layers. The concept of repeated load tests was developed to
approximate the dynamic loading conditions that actually occur beneath the pavement surface. One
of the common repeated load tests is the resilient modulus test. Briefly, pulse loads are applied to
asphaltic concrete specimens and the corresponding recoverable strains arc measured. The resilient
modulus (ER) is defined as the ratio of the applied stress to the recoverable strain when a pulsating
load is applied. It is used as one of the inputs of the multilayer elastic and the finite element design
methods of the highway pavement. In fact, the resilient modulus of a visco-elastic material such as
asphait concrete is similar to Young's modulus of a linear elastic material.

The resilient modulus for the asphalt concrete can be determined in the laboratory by using
several different modes of repeated loads. Among these modes are the triaxial compression test,
uniaxial compression test, flexural beam test, direct tension test and diametral indirect tension test.
The diametral indirect tension test is preferred over the other tests because it is simple, rapid and
requires Marshall size specimens (2).

The diametral test procedure to determine the resilient modulus of asphaltic concrete was
developed by Schmidt (3) and is standardized by ASTM D4123-82 test procedure. According to
this method, a pulsating compressive load is applied across a vertical diametral plane of Marshall
specimens every 1-3 seconds with a 0.1 second duration and the corresponding horizontal
deformation is recorded. This type of load produces a relatively uniform tensile stress acting
perpendicular to the applied load plane. Either the horizontal deformation only or both horizontal
and vertical deformations are measured. If both horizontal and vertical deformations are measured,
both resilient modulus and Poisson's ratio can be determined. If the horizontal deformation only is
measured, Poisson's ratio has to be assumed in order to determine the resilient modulus. The test
is recommended to be performed at 41, 77 and 104°F since the mixture response is very
temperature susceptible. Typical values of 0.3, 0.35 and 0.4 have been commonly assumed for

Poisson's ratio. Figure 2-1 shows a device that can be used to attach horizontal and verticai
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Figure 2-1. A device to attach horizontal and vertical LVDTs during the diametral resilient
modulus test



LVDTs to measure deformations.

Typical Plots for load versus time and horizontal deformation versus time are shown in
Figure 2-2. Two resilient moduli can be determined, instantaneous and total, depending on
whether the instantaneous or the total deformation is used. The AAMAS procedure requires the

determination of the total resilient modulus only which can be calculated as follows:

Egr = P(v+0.27)
T tHrr @-1)
where ERrTt = Total indirect tension resilient modulus (psi)
P = Repeated load (1b)
v = Total resilient Poisson's ratio
t = Thickness of specimen (in.)

HpT = Total recoverable horizontal deformation (in.)
The test is performed at two perpendicular positions and the results are averaged. The test

procedure is currently being revised by ASTM ir order to ensure more accurate and consistent

results.

TEST 2 - INDIRECT TENSILE STRENGTH

When the load is applied on the pavement a tensile stress is developed at the bottom of the
asphalt concrete layer in most cases. Due to the repeated traffic load, these tensile stresses might
result in cracking the asphalt concrete layer. The knowledge of the tensile strength (the tensile
stress at failure) is important in developing a mechanistic method of pavement design.

The test is summarized in applying a compressive load wiili a ccnstant rate of deformation
along a diametrical plane of a Marshall-size specimen until failure. This type of loading produces a
failure due to tensile stresses acting perpendicular to the applied load plane. The load at failure is
recorded from which the indirect tensile strength is computed. The vertical and horizontal
deformations at failure are also recorded. The horizontal deformation at failure can be used 10

compute the indirect tensile strain at failure. The AAMAS procedure requires that the diametral
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Figure 2-2. Typical plot of load and horizontal deformation during the resilient modulus test




resilient modulus test to be periormed before the indirect tensile strength test. The indirect tensile
strength test is required to be performed along the axis of lower resilient modulus. It is also
required to use a deformation rate of 0.05 in./minute at 41°F and 2 in./minute at 77 and 104°F.

The indirect tensile strength and the tensile strain at failure are calculated as follows:

. =0.156 i 22

=X, (50673 + 02404y @3
where:

St = Indirect tensile strength (psi)

Pgait = Total load at failure (1b)

h = Thickness of specimen (in.)

& = Tensile strain at failure (in./in.)

Xt = Total horizontal deformation at failure (in.)

v = Poisson's ratio

TEST 3 - INDIRECT TENSILE CREEP TEST

The response of a viscoelastic material such as asphalt concrete can be divided into two
parts, elastic and viscous. The elastic response is instantaneous, while the viscous response is
time dependent. Therefore, when a constant load is applied on an asphalt concrete specimen, it
will deform instantaneously and it will continuously deform (creep) as long as the load is applied.
The longer the load is applied, the larger the deformation. An example of this phenomenon is
when a heavy truck is parked for a long time on an asphalt pavement on a hot day, deformation
under the wheels could be noticed. On the other hand, if the same truck is driven on the same
pavement, no deformation could be noticed since the load is applied for a short period of time.
When the parked truck is removed most of the deformation will eventually be recovered. A small
portion of the deformation, however, may not recover causing permanent deformation (rutting).

In the creep test, a constant load is applied to the specimen and the deformation is

10




continuously measured. The load is then removed and the deformation is continuously measured.
In the indirect tensile creep test, a constant magnitude compression load is continuously
applied along the vertical diametral plane of a Marshall-size specimen. This type of load will result
in a tensile stress perpendicular to the applied load plane. Both vertical and horizontal
deformations are continuously recorded. The horizontal deformation is then used to calculate the
tensile creep strain and the tensile creep modulus at a particular duration of time. After the load is
released, the rebound vertical and horizontal deformations are recorded over a fixed duration of

time. The indirect tensile creep modulus is calculated at any loading time as follows:

Cm= ;T;) (2-4)
where:

Gty = Indirect tensile creep modulus at time t (psi)

Oy = Tensile stress (psi) = 0.156 %

P = Applied load (Ib)

k = Thickness of specimen (in.)

g(t) = Tensile strain at time t (in./in.)

AH(2.03896 + 0.1185 v
(‘)[ 0.0673 + 0.2494 v

]

AH (1) = Horizontal deformation at time t (in.)

\Y = Poisson's ratio

The detailed test procedure is shown in the AAMAS report. Currently, no ASTM or

AASHTO procedure exists for the indirect tension creep test.

TEST 4 - UNIAXIAL COMPRESSION RESILIENT MODULUS TEST

The concept of the uniaxial compression resilient modulus test is similar to the diametral
indirect tension resilient modulus test except that an axial load is applied. Unlike the diametral
resilient modulus test, the uniaxial test results in uniform axial compressive stresses in the

specimen. In this test a pulsating uniaxial load is applied on a cylindrical specimen every one

11



second with a 0.1 second duration and the corresponding axial deformation is recorded. Similar to
the diametral method of loading, two types of resilient moduli can be determined, instantaneous
and total, depending on whether the instantaneous or total axial deformation is used. The AAMAS
procedure require the determination of the total resilient modulus only which can be calculated as

follows:
Repeated stress (psi)
Total recoverable axial strain (2-5)

where:

Ect = Total uniaxial compressive resilient modulus (psi)
Repeated stress = Repeated axial load (1b)/A
A = Cross sectional area (in.2)
Total recoverable axial strain = total recoverable axial deformation (in.)/G
G = Gage length or specimen height (in.)
A 4 in. diameter and 4 in. high specimen is recommended by the AAMAS report. No
ASTM or AASHTO test procedure is currently available. The axial load versus time and axial

deformation versus time plots are similar to those in Figure 2-2 for the diametral loading.

TEST 5 - UNCONFINED COMPRESSIVE STRENGTH TEST

In this test a uniaxial compressive load is applied on a cylindrical specimen with a specified
rate of deformation until failure. The test is standardized by AASHTO T167/ASTM D1074. In the
AAMAS report, however, a rate of strain of 0.15 inches/inch/minute is required. Therefore, for 4
in. high specimens the rate of deformaticn is 0.6 inches/minute. Also, the AAMAS procedure
requires a test temperature of 1049F.

At failure, the compressive stress, strain and strength are caiculated as follows:

Oqu = (2-6)

QO »pu

Eu = (2-7
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S = oo 2-8)
where:

Oq = Unconfined compressive stress at failure (psi)

P = Unconfined compressive load at failure (Ib)

A = Cross sectional area (in.2)

Eq = Compressive strain at failure (in./in.)

A = Axial deformation at failure (in.)

G = Axial length or specimen height (in.)

Squ = Unconfined compressive strength (psi)

TEST 6 - UNIAXIAL CREEP TEST
In this test, a uniaxial constant magnitude compressive load is applied on a cylindrical
specimen, while the axial deformation is continuously recorded. The compressive stress,

compressive creep strain and the compressive creep modulus can be computed at any loading time

as follows:

o=k 2-9)

_A@®
e() = G (2-10)
= Cc_

G £ (1) (2-11)
where:

Oc = Compressive stress (psi)

P = Compressive load (ib)

A = Cross sectional area (in.2)

e(t) = Compressive creep strain at time t (in./in.)

A () = Vertical deformation at time t (in.)

13
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Ce ()

Currently, a tentative ASTM procedure for the uniaxial creep test is being developed. No

Gage length or specimen height (in.)

Compressive creep modulus (psi)

AASHTO procedure is available at that time. The AAMAS procedure requires 4" x4" specimen
size and a test temperature of 104°F. A loading time of 60 minutes and an unloading time of 60
minutes are required. A typical plot of vertical deformation versus time is shown in Figure 2-3.

The siope and intercept of the creep curve can be obtained from this plot.

2.3 SPECIMEN CONDITIONING

A rational evaluation of asphalt concrete specimens should simulate the field condition in
the lab as much as possible. Of course, it would be impractical, and may be impossible, to exactly
duplicate the field condition in the lab because of the many factors involved. However, a
reasonable and practical laboratory conditioning is needed.

Conditioning the specimen in the lab to simulate field conditions should not be confused
with load conditioning used in some lab tests. Conditioning to simulate field conditions inciude
moisture conditioning, aging, traffic densification, etc. On the other hand, load conditioning is
used for other purposes in order to ensure proper deformation measurements. For example,
during the resilient modulus test the load has to be applied to the specimen a few hundred times
before the results are recorded in order to exclude the permanent deformation and to ensure full
contact between the specimen and the loading heads. In the AAMAS report, as well as this report,
the term "conditioning" is used for both purposes. Sometimes, the term "preconditioning” is also
used.

The AAMAS study recommends three types of specimen conditioning. The detailed
procedure is shown in the AAMAS report. A summary of the procedure is as follows:

a. Moisture Conditioning

Specimens are vacuum saturated until the water abscrption is greater than 80%.
Specimens are then frozen for 16 hours and thawed at 140°F for 24 hours and at 77°F for 2

hours.

14
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b. Environmental Aging (Temperature Conditioning)

Specimens are heated at 140°F for 2 days and at 2259F for 5 days. Specimens are
then cooled at 41°F for one day.

¢. Traffic Densification

Specimens are further compacted to simulate traffic until refusal or until the final air
void level is reached. The gyratory testing machine (ASTM D3387) or the gyratory shear
compactor (ASTM D40321) is recommended. If either of the gyratory machines is not available, the
California kneading compactor can be used (AASHTO T247/ASTM D1561).

Table 2-2 shows a summary of specimen conditioning names and procedure.

Table 2-2. Specimen conditioning

Conditioning
No. Name Procedure
a Moisture conditioning Vacuum saturation + freeze and thaw
b Environmental aging Heating for 7 days + cooling for one
day
c Traffic densification Heating and further compaction

2.4 GROUPING AND TEST SEQUENCE

The complete AAMAS procedure requires 24 specimens; eighteen 4" x 2.5" specimens and
six 4" x 4" specimens. Specimens are grouped into 8 sets of 3 specimens each. The first 6 sets
have 4" x 2.5" specimens, while the last 2 sets have 4" x 4" specimens. The specimens are
grouped in such a way that the average unit weight (and air voids) of the different sets are
approximately equal. Table 2-3 shows the conditioning as well as test type, sequence, temperature
and measurements for each specimen set. Table 2-4 shows the approximate time required to

complete the AAMAS evaluation of one set of asphalt mixture.

16




Table 2-3. Conditioning, test sequence and measurements

No. of Test No.**,
Speci- Size  Condit- Sequence &
Set No. mens (in.)  ioning* Temperature Measurement
1 3 4x2.5 None 1,2 (41°F)  Diametral resilient modulus, indirect tensile
strength, tensile strain at failure
2 3 4x25 None 1,2 (779F) Same as set 1
3 3 4x2.5 None 1, 2 (1409F) Same as set 1
4 3 4x25 a 1,2 (779F) Same as set |
5 3 4x25 b 1,2 (419F) Sameassetl
6 3 4x25 b 3 (419F) Slope and intercept of creep curve, tensile
creep modulus
7 3 4x4 c 4, 5 (1049F) Axial resilient modulus, unconfined
compressive strength, compressive strain at
failure
8 3 4x4 c 6 (104°F) Compressive creep strain, compressive

creep modulus

*  See Table 2-2
** See Table 2-1

17
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CHAPTER 3. EVALUATION OF ADOT MIXTURE PROPERTIES

3.1 SPECIMEN PREPARATION

The complete AAMAS procedure requires 24 specimens; eighteen 4" x 2.5" specimens and
six 4" x 4" specimens. The AAMAS report recommends the use of the gyratory compactor
(ASTM D3387 or D4013) since it closely simulates the mix compaction in the field. The report
further concludes that the California kneading compactor (AASHTO T247/ASTM D1561) is the
next preferred device, while the Marshall hammer (AASTO T245/ASTM D1559) is the least
desirable compactor. Since the Marshall hammer is the most commonly used compactor and it is
the compactor currently used by ADOT, there is a need to compare between the responses of
Marshall-compacted specimens and specimens compacted by other devices. Also, since the
gyratory compactor is not currently available at either ADOT or ASU lab, it was decided to evaluate
two sets of 24 specimens; one set compacted by the kneading compactor and the other set
compacted by the Marshall hammer. It was also decided that the bulk specific gravities and air
voids of all specimens should be similar to those of typical ADOT mixes.

The aggregate was provided by ADOT which was originally obtained from United Metro
No. 1 located in Phoenix, Arizona. The aggregate is river deposit produced from the Salt River in
Arizona. Table 3-1 shows the aggregate gradation.

Table 3-1. Aggregate gradation

Sieve Size % Passing
3/4 in. 100
1/2 in. 98
3/8in 83
1/4in 64
No. 4 58
No. 8 45
No. 40 19
No. 200 4.5
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An AC-30 asphalt cement was used in this study which was provided by ADOT and
originally obtained from Sahuaro Petroleum and Asphalt Company in Phoenix, Arizona.

The mix ingredient was designed by ADOT according to ARIZ 815¢ procedure (4). The
design asphalt content was 4.7% by total weight of mix. The bulk density according to ARIZ
415a test procedure was 145.2 pcf. The maximum theoretical density of the loose mixture (Rice
test) was determined by ADOT according to ARIZ 806c procedure and found to be 152.4 pcf. The

air voids of the compacted specimens is 4.7%.

3.1.1 KNEADING COMPACTED SPECIMENS

The first set of specimens was compacted at ASU using the California kneading compactor
(Figure 3-1). Although the AASHTO T247 calls for 20 kneading blows at 250 psi and 150 blows
at 500 psi for the 4" x 2.5" specimens, the compacting effort was adjusted on a trial-and-error
basis to achieve a bulk specific gravity and air voids similar to those of typical ADOT mixtures.
After several trials it was found that 20 blows at 250 psi followed by 100 blows at 500 psi provide
the required density. The 4" x 4" specimens were compacted using the same procedure except for
20 blows at 250 psi and 120 blows at 500 psi. Table 3-2 shows the thicknesses and unit weights
of the kneading compacted specimens. Note that specimens are numbered and grouped into 8 sets
in such a way that the average unit weights of all sets are similar as recommended in the AAMAS

report (1). The percent air voids and actual diameters are shown in the data sheets in Appendix A.

3.1.2. MARSHALL COMPACTED SPECIMENS

The second set of specimens was compacted by ADOT using the manual Marshall
hammer. Seventy five blows on each side of the specimen were applied on the 4" x 2.5"
specimens, while 100 blows on each side were applied on the 4" x 4" specimens. Table 3-3
shows the thicknesses and unit weights of the Marshall compacted specimens. As before,
specimens were numbered and grouped into 8 sets in such a way that the average unit weights of
all sets are approximately equal as recommended in the AAMAS report. The percent air voids and

actual diameters are shown in the data sheets in Appendix B.
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Figure 3-1. California kneading compactor
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Table 3-2 Thickness and unit weights of kneading compacted specimens

Average Set
Specimen Nominal Actual Unit Weight  Unit Weight
Set No. No. Thickness(in.) Thickness(in.) (pcf) (pcf)

1 1 2.5 2.438 145.1 145.2
2 25 2411 145.8
3 2.5 2415 1447

2 4 2.5 2.429 145.2 145.2
5 25 2.424 145.7
6 2.5 2431 144.8

3 7 2.5 2.449 145.6 145.3
8 2.5 2.442 144.6
9 2.5 2.420 145.7

4 10 2.5 2.414 145.7 145.2
11 2.5 2.436 145.3
12 2.5 2438 144.6

5 13 2.5 2425 144.9 145.2
14 25 2422 145.8
15 2.5 2.423 145.0

6 16 25 2.409 145.7 145.2
17 2.5 2.404 1454
18 2.5 2.440 144.6

7 19 4.0 3.790 145.1 145.3
20 4.0 3.812 145.5
21 4.0 3.933 145.2

8 22 4.0 3.811 144.7 145.3
23 4.0 3.811 144.8
24 4.0 3.858 146.3
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Table 3-3 Thicknesses and unit weights of Marshall compacted specimens

Average Set
Specimen Nominal Actual Unit Weight  Unit Weight
Set No. No. Thickness(in.) Thickness(in.) (pct) (pcf)

1 1 2.5 2.465 144.8 1453
2 2.5 2.450 145.1
3 2.5 2.439 146.0

2 4 2.5 2.453 1449 145.3
5 2.5 2.440 145.2
6 2.5 2.459 145.7

3 7 2.5 2.452 144.8 145.3
8 2.5 2.451 145.6
9 2.5 2.456 1454

4 10 25 2.460 145.3 1453
11 2.5 2.459 145.3
12 2.5 2.469 145.2

5 13 2.5 2.457 1449 1452
14 2.5 2.490 1439
15 2.5 2.432 146.8

6 16 2.5 2.477 144.5 145.2
17 2.5 2.465 144.6
18 2.5 2.443 146.5

7 19 4.0 3.968 144.4 145.2
20 4.0 3.951 145.0
21 4.0 3933 146.2

8 22 4.0 3963 144.8 14522
23 4.0 3.938 145.0
24 4.0 3.915 145.8
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3.2 SPECIMEN CONDITIONING

Both kneading compacted and Marshall compacted specimens were conditioned according
to the AAMAS procedure. Three types of conditioning were used; moisture conditioning,
environmental aging and traffic densification as discussed in Chapter 2.

The moisture conditioning was performed as recommended by the AAMAS study. When
the water absorption was computed after vacuum saturation a value of slightly more than 100%
was obtained for all specimens. This indicates that there was a minor error in either the bulk
specific gravity or in the theoretical maximum specific gravity determination. It was felt,
however, that the 80% minimum saturation requirement has been satisfied.

Since the gyratory compactor was not available, the California kneading compactor was
used for the traffic densification of both kneading compacted and Marshall compacted specimens.
Since it was not easy to define "refusal” using the kneading compactor, 500 kneading blows were
applied to each specimen in order to ensure that refusal have been reached. Table 3-4 shows the

bulk unit weights and air voids before and after traffic densification.

3.3 LABORATORY TESTING

All tests were conducted at the ASU highway materials lab. The two main pieces of
equipment used in the study are two electrohydraulic closed-loop testing machines. The first
machine is manufactured by the Structural Behavior Engineering Laboratory (SBEL) in Phoenix,
Arizona (Figure 3-2), while the second machine is manufactured by Instron Corporation in
Canton, Massachusetts (Figure 3-3). Both machines are connected to microcomputers and are
capable of applying either static or dynamic loads with different loading types and magnitudes.
The reason for using two machines in this study is that the load cell size and the computer program
of the SBEL machines are suitable for applying small loads necessary for resilient modulus testing,
while the Instron machine is suitable for applying heavy loads required for other tests. It should be
noted, however, that these equipment qualifications are specific to the machine models available to

the ASU highway materials lab and either manufacturing company is capable of manufacturing
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Figure 3-2. SBEL electrohydraulic closed-loop testing machine during the diametral resilient
modulus test
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Figure 3-3. Instron electrohydraulic closed-loop testing machine during the indirect tensile
strength test
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machines with a wide range of capabilides. In this study, the SBEL machine was used to perform
tests 1, 3, 4 and 6, while the Instron machine was used for tests 2 and 5 as defined in Table 2-1.

Table 3-4 Average unit weights and air voids before and after traffic densification

Kneading Marshall

Property Set No. Compacted Compacted Average
Unit weight before (pcf) 7 145.3 145.2 145.3
Unit weight after (pcf) 7 148.4 147.1 147.8
Unit weight before (pcf) 8 145.3 145.2 145.3
Unit weight after (pcf) 8 148.8 147.4 148.1
Air voids before (%) 7 4.7 4.8 4.8
Air void after (%) 7 2.6 3.4 3.0
Air voids before (%) 8 4.7 4.8 4.8
Air void after (%) 8 2.4 3.3 2.9

An environmental chamber manufactured by BEMCO Inc. in Pacoima, California was used
during testing. The chamber can be attached to either testing machines so that the test could be
performed at the required temperature. The chamber is capable of maintaining a wide range of
termperatures above and below room temperature.

Testing was performed as specified in the AAMAS study. In the unconfied compressive
strength test (test 5), however, an incorrect rate of deformation was initially used. Therefore, the
incorrect results were discarded and the test was later repeated using the correct rate of deformation
on the specimens which were tested for uniaxial creep (test 6). It is believed that the creep effect

was fully removed after several days of storing the specimens in an unloading condition,



In the indirect tensile strength test (test 2) the horizontal deformation could not be measured
due to technical difficulties in the electronic equipment. Instead, the vertical deformation was

measured from which the horizontal deformation was computed according to Equation 3-1 from

ASTM D4123-82.
v=13594AH 027
AV (3-1
where:
v = Poisson's ratio

AH = horizontal deformation, in.

AV = vertical deformation, in.

3.4 TEST RESULTS

The detailed test results are shown in Appendices A and B for kneading compacted and
Marshall compacted specimens, respectively. Tables 3-5 through 3-8 show the average test results
of unconditioned, moisture conditioned, environmental conditioned and traffic densified
specimens, respectively. Figure 3-4 illustrates the average diametwral resilient modulus at different
temperatures obtained from Table 3-5.

Table 3-5 Average test results of unconditioned specimens

Set Temp Kneading Marshall
Property No. F Compacted Compacted Average
Diametral Eg (ksi) 1 41 2,414 2,371 2,393
Tensile strength (psi) i 41 274 357 316
Tensile strain (mils/in) 1 41 3.0 4.0 3.5
Diametral Eg (ksi) 2 77 785 943 864
Tensile strength (psi) 2 77 283 322 303
Tensile strain (mils/in) 2 77 6.7 6.5 6.6
Diametral Ep (ksi) 3 104 192 179 186
Tensile strength (psi) 3 104 93 107 100
Tensile strain (mils/in) 3 104 2 6.0 7.1
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Table 3-6 Average test results of moisture conditioned specimens

Set Temp Kneading Marshall
Property No. F Compacted Compacted Average
Diametral Eg (ksi) 4 77 399 296 348
Tensile strength (psi) 4 77 87 81 84
Tensile strain (mils/in) 4 77 6.4 4.0 5.2

Table 3-7 Average test results of environmental conditioned specimens

Set  Temp Kneading Marshall

Property No. F Compacted Compacted Average
Diametral Eg (ksi) 5 43 3,086 3,912 3,499
Tensile strength (psi) h] 41 392 443 418
Tensile strain (miis/in) 5 41 2.6 2.7 2.7
Slope of creep curve (10-5 mils/sec) 6 41 2.9 0.6 1.8
Intercept of creep curve (mils) 6 41 0.1 0.1 0.1
Tensile creep modulus at 3,600 sec.(ksi) 6 41 92 475 284

Table 3-8 Average test results of traffic densified specimens

Set Temp Kneading Marshall

Property No. F Compacted Compacted Average

Axial Eg (ksi) 7 104 30 31 31

Compressive strength (psi) 8 104 715 705 710

Compressive strain (mils/in) 8 104 24.0 18.5 21.3

Slope of creep curve (10-5 mils/sec) 8 104 25 31 28

Intercept of creep curve (mils) 8 104 7.2 8.0 7.6
Compressive creep modulus (ksi)

at 10 sec 8 104 15.5 15.2 15.4

100 sec 8 104 I1.1 104 10.8

1,000 sec 8 104 9.8 8.0 8.9

3,600 sec 8 104 9.2 8.1 8.7
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Figure 3-4. Average total diametral resilient moduli of ADOT specimens at various temperatures
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CHAPTER 4. PREDICTION OF ADOT MIXTURE PERFORMANCE

4.1 BACKGROUND

The concept of relating the mixture properties to the pavement performance is logical and
appropriate in order to optimize mixture and structural designs. Many models have been developed
by previous researchers for this purpose. However, these models are limited in use to some
degree. The main reason is that the available models are not comprehensive enough to cover all
variables involved in pavement performance. The AAMAS study presents some guidelines to
provide a recommended practice for evaluating asphalt concrete mixtures based on performance
related criteria. These guidelines are based on models suggested for use in NCHRP Project 1-26.

The AAMAS procedure consists of a series of steps using results from the test program,
discussed in Chapter 2, as well as interactions with various models predicting the types of distress
more common with asphalt concrete pavements. The final product of the AAMAS are the
structural and material combinations needed to meet the design requirements or assumptions used
by the pavement design engineer. In this chapter, the properties of typical ADOT mixtures

presented in Chapter 3 are compared with the performance-related criteria reported in the AAMAS
study.

4.2 AASHTO STRUCTURAL LAYER COEFFICIENT

The 1986 AASHTO guide(5) recommends the estimation of the structural layer coefficient
from the resilient modulus measured at 689F in accordance with the ASTM D4123. The AAMAS
study, however, recommends the consideration of the environmental effects on the structural
design by considering the seasonal fatigue damage. In other words, use seasonal resilient moduli
to calculate seasonal fatigue damage and sum the seasonal damages to determine an annual damage.
From the annual damage, an effective asphalt concrete resilient modulus can be calculated which
can be used to estimate the structural layer coefficient.

The following is a step by step procedure that can be used to ensure that the asphalt

concrete mixture meets or exceeds the layer coefficient assumed during structural design.
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» Obuain the seasonal average pavement temperature for each season.

» Determine the total resilient modulus at each seasonal temperature. Figure 4-1 shows
the acceptable range of moduli (unconditioned) at various temperatures.

* Obtain the fatigue factor for each seasonal Resilient Modulus from Figure 4-2.

» Calculate the effective resilient modulus using Equation 4-1.

(i) x FF®
BRE = Z(ER;FF ) @D
where:
Erg = Effective resilient modulus based on a fatigue damage approach
Erg = Total resilient moduius as measured by ASTM D 4123 at the average
pavement temperature for season i
FF = The fatigue factors obtained from Figure 4-2
This effective resilient modulus should equal or exceed the modulus value used to estimate
the AASHTO structural layer coefficient used for design (Figure 4-3 (5)). The GPS (General
Pavement Sections) projects of the SHRP LTPP (Long-Term Pavement Performance) program are
to provide the necessary pavement performance data to find the resilient modulus - AASHTO layer
coefficient relationship to be adequate, with or without modification, or inappropriate.
Example for Determining Structural Layer Coefficient
Asphalt concrete; AC- 30
Aggregate type and gradation: as used in this study
Asphalt content: 4.7% by total weight of mix

Seasonal average pavement temperatures:

Fall: 80°F
Winter: T0°F
Spring: 859F
Summer 100°F
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Figure 4-1. Acceptable range of diametral total resilient moduli at various temperatures(1)
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Comparing the test results for unconditioned ADOT specimens (Table 3-5) with the
recommendations in Figure 4-1, it can be seen that the average ADOT moduli are within the
appropriate range at all 3 test temperatures; 41, 77 and 104F.

From Figure 3-4 the moduli at 80, 70, 85 and 100°F are 700, 1050, 560 and 260 ksi.
From Figure 4-2 the corresponding fatigue factors are 0.50, 0.22, 0.80 and 3.6. Using Equation
4-1, the effective resilient modulus is 384 ksi. Figure 4-3 shows that the structural coefficient (a;)
for this material should be 0.42. The ADOT design manual shows that if the modulus at 70°F is
1,050 ksi according to this study, the structural coefficient a; is outside of the normal range and

should be limited to about 0.44 (Reference 4 , Figure 202.02-3).

4.3 RUTTING

Two types of rutting are considered; 1) densification or one dimensional consolidation and
2) the lateral movement or plastic flow of asphalt from wheel loads. The more severe premature
rutting failures and distortion of asphalt concrete materials are related to lateral flow and/or loss of
shear strength of the mix, rather than densification. Currently, there is no mechanistic/empirical
model that adequately considers the lateral flow problem (1).

Rutting from one-dimensional consolidation can be estimated using the traffic densification
procedure recemmendea in the AAMAS report (1). Limiting the air voids at mixture refusal limits
the amount of additional densification caused by traffic, assuming that the mixture is properly
compacted on the roadway to an air void level between 5 to 7 percent. The air voids at mixture
refusal should be greater than 2 percent when compacted with the gyratory devices (1). Table 3-4
indicates that the air voids after densification of specimens tested in this study are greater than 2%.
Therefore, the possibility of rutting due to one-dimensional consolidation is small.

A few mathematical models are reported in the AAMAS report to estimate the rutting rate of
asphalt concrete layers in the field. Figures 4-4 through 4-7 illustrate graphical solutions of the
range of data that can be generated for different pavements, climates and loading conditions. The

figures can be used as gross guidelines for mixture evaluation on high-volume roadways.
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The average compressive creep moduli repoited in Table 3-8 for typical ADOT mixtures are
plotted in Figures 4-4 through 4-7. It can be concluded that the ADOT mixture has a low rutting
potential for the lower layers of full-depth asphalt pavements (Figure 4-4). On the other hand, it
has a moderate rutting potential (marginal) for the intermediate layers in thick or full-depth asphalt
pavements (Figure 4-5), for surface layers (Figure 4-6), and for layers placed over rigid pavements

or rigid base materials (Figure 4-7).
4.4 FATIGUE CRACKING

Fatigue failures are accelerated by high air voids, which in addition to creating a weaker
mix, also increases the oxidation rate of the asphalt film. The development of fatigue cracks is

related to the tensile strain at the bottom of the asphalt concrete layer and to the modulus of the

asphalt concrete material as follows:

N = Kl (gp™ (4-2)
where:

N = Number of allowable wheel load applications

& = Tensile strain at the bottom of the asphalt concrete layer

K; = KR (EAER)4

n = 1.75-0.252 log K1

Epn = Resilient Modulus of the Asphalt concrete at a selected temperature, psi

ER = Reference Modulus (from the AASHO Road Test; Eg = 500,000 psi)

Kir = Reference coefficient for E, = Eg (from AASHO Road Test data, K =

7.87 x 10°7)

The tensile strain at the bottorn of the asphalt layer can be calculated using the elastic layer
theory (e.g. ELSYMS5(6) or Chevron(7) computer program). The modulus of the asphalt concrete
layer can be obtained from the lab test using the ASTM D4123 procedure (total resilient modulus).

To ensure that the asphalt concrete layer has the necessary fatigue resistance for the specific

structure, the following equation can be used as a check for each season:
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£f (1) <g (i) 4-3)

where:
gi) =eq@)+[A+mlogN]
A = a;[1- (09 ey (i)
m = 1.4 (b)
€ (1) = Indirect tensile strain at failure (unconditioned) for season i
€ (i) = Accumulated permanent tensile strain (fatigue) for season i
€rt (i) = Total recovered tensile strain at the average seasonal temperature for season i

by, ay = Slope and intercept of the indirect tensile creep - time curve at the average
seasonal temperature for season i
Either Equation 4-2 or 4-3 can be used to estimate the "fatigue life” or fatigue resistance of
a specific pavement structure. Equation 4-2 uses the resilient modulus data in Figure 3-4 together
with the use of a multilayer elastic program. On the other hand, Equation 4-3 requires additional

laboratory fatigue tests in addition to the test results obtained in this study.

4.5 THERMAL CRACKING

Thermal cracking is a non-traffic associated type of failure. This type of cracking presents
a serious problem during mixture design, because it is difficult to evaluate and predict. The reason
for this difficulty is related to the aging characteristics and visco-elastic properties of the asphait.
Low-temperature cracking results when the tensile stresses, caused by temperature drops, exceed
the mixtures fracture strength. The rate at which thermal cracks occur is dependent on the asphalt
rheology properties, the mixture properties and environmental factors.

To evaluate thermal cracking, certain critical mixture properties must be determined, as well
as, project specific environmental conditions. The mixture properties include indirect tensile
strength, low-temperature creep-modulus, failure strains and the thermal coefficient of contraction.
These parameters can be used to calculate the occurrence of thermal crack with time.

The critical temperature at which cracking occurs can be calculated as follows:
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[

T = T-[S{™/asbcl (4-4)

where:

Ter = Critical Temperature that cracking is expected to occur at, °F

Tg = Base Temperature, normally assumed to be the Ring and Ball Temperature of the
asphalt, OF

n = Slope of the relationship between indirect tensile strength and total resilient
modulus of the mixture measured at temperatures of 41, 77 and 104F
(unconditioned)

b = Intercept on the indirect tensile creep modulus axis of the relationship between
creep modulus and indirect tensile strength measured with a loading rate of 0.05
inches/minute

log be = nlog Si(41)/log Ci(41)

St(41) and Cy(41) = Indirect tensile strength and creep modulus measured at 41°F,

respectively

oA = Thermal coefficient of contraction of the asphalt concrete (typical values range
from 1.0 x 105 to 1.8 x 10-5 in/in./°F

Based on this criteria the cracking potential of ADOT mixture can be evaluated. The

available data, however, are not enough to provide complete evaluation.

4.6 MOISTURE DAMAGE

Moisture damage is a serious problem, particularly on high traffic roadways. It is caused
by a Joss of adhesion or bond between the asphalt and aggregate in the presence of moisture.
Currently, the moisture damage evaluation (tensile strength and resilient modulus ratios, TSR and
MRR) of AAMAS is simply used as a means of accepting or rejecting a mixture. Both of these
ratios should exceed a value of 0.80 for dense graded asphalt concrete. If values less than 0.80 are

measured, an asphalt additive or antistripping agent may be required or the aggregate blend may

need modification.
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For the ADOT mixture, the tensile strength ratio and the resilient modulus ratio at 779F can
be obtained from Table 3-6 (moisture conditioried) and Table 3-5 (unconditioned) as follows:

=384 -
TSR 303 0.28

=348 _ 0.40
MRR oo

It can be seen that both ratios are less than 0.80 which indicate high potential for moisture damage.
Therefore, an asphalt additive or antistripping agent may be required or the aggregate blend may
need modification. According to the AAMAS study, however, additional work is being conducted

in the moisture damage area and these results are not considered final.

4.7 DISINTEGRATION

Disintegration is primarily related to environmental and material factors, but the severity of
the distress is dependent upon the magnitude and number of wheel load applications. Raveling and
reduced skid resistance are the two disintegration distresses considered in AAMAS. Increasing the
asphalt content in the mix will increase film thickness and decrease asphalt aging, reducing the
severity of raveling. Conversely, this increase in asphalt content will also reduce air voids, which
can increase the possibility of flushing (or bleeding) and reduce skid resistance. Thus, both upper
and lower bounds on asphalt content exist and must be considered in mixture design to reduce
disintegration distresses (1).

The following summarizes the AAMAS criteria that can be used as guidelines in the
interim, to evaluate the acceptability of surface mixtures as related to disintegration:

* Air voids at refusal > 3%

+ Indirect tensile strength ratio, TSR > 0.90

* Retained bond > 0.35

» Tensile strain at failure (77F) > 10 mils/in.

Retained bond = ¢ 5 £,
where € , = Indirect tensile strain at failure measured on specimens that have been temperature

conditioned (accelerated aging).
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€, = Indirect tensile strain at failure measured on unconditioned specimens
The following information are obtained from the ADOT mixture.
 Air voids at refusal (Table 3-4) = 3% (OK)
« Indirect tensile strength ratio, TSR (from Tables 3-6 and 3-5) = 3% =0.28
+ Retained bond at 41°F (from Tables 3-7 and 3-5) =§‘% =0.77(0K)
+ Tensile strain at failure (77°F) (Table 3-5) = 6.6 mils/in.

It can be seen that two of the conditions are satisfied, while the other two are not satisfied.

This indicates that the ADOT mix is subjected to disintegration to some extent.
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CHAPTER 5. SUMMARY AND CONCLUSIONS

In this study a typical ADOT asphalt concrete mixture was evaluated based on the Asphalt-
Aggregate Mixture Analysis System (AAMAS) procedure (NCHRP Project 9-6(1)). Two sets of
ADOT asphalt concrete specimens were prepared using the California kneading compactor and the
manual Marshall hammer. All tests recommended by the AAMAS project were performed. The
test results were analyzed using the AAMAS guidelines.

It was found that the diametral resilient moduli of the ADOT mixture are within the
acceptable range. A typical AASHTO structural layer coefficient is recommended. The rutting
potential is low in some cases and moderate in other cases. Recommendations for the evaluation of
fatigue cracking and thermal cracking are provided. The potential for moisture damage is high,
while the potential for disintegration is marginal.

Further research is currently being conducted by the Strategic Highway Research Program
(SHRP). Thus, the results obtained in this study should not be considered final. More studies are

needed for comprehensive evaluations of ADOT asphalt concrete performance.
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CHAPTER 6. RECOMMENDATIONS FOR FURTHER RESEARCH

This study serves as a preliminary evaluation of a typical ADOT asphalt concrete based on

performance-related procedure. Further work is needed for more comprehensive evaluations. The

following are some guidelines for future studies.

1. A wide range of asphalt cement grades and aggregate gradations should be used.

2. Mixtures with asphalt modifiers and/or antistripping agents should be evaluated.

3. The use of the gyratory compaction device should be investigated and compared with
the Marshall compactor currently being used by ADOT.

4. Field performance of pavements in Arizona should be evaluated and corelated with
laboratory results in order to develop more rational models for pavemen: performance
and a more optimal method of mixture design.

5. The need for upgrading the capability of ADOT materiais lab should be considered.

Possible equipment that can be obtained include the following.

Item Approximate Cost (K)
Electrohydraulic testing machine 70-90

Environmental chamber to be attached to the

electrohydraulic machine 12-15
Gyratory shear compactor (ASTM D4013) 8-12
or Corps of Engineers Gyratory

Testing Machine (ASTM D3387) 90 - 100
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APPENDIX A

TEST RESULTS OF KNEADING COMPACTED SPECIMENS
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AAMAS DATA SHEET
SuMMARY ofF TEsT RUSULTS‘

1. IDENTIFICATION

Project No.

Highway

County

Mixture I.D. Asphalt Content 4-7 %
Compaction Device <f(hejza¢§ﬁ- Max. 8Specific Gravity Q¥4;>%¢§

(/5a. 4 pcf)

2. UNCONDITIONED SPECIMEN DATA
Temperature, ¥ 4 77 /O 4 t
Sample No. / 2 ? e |5 ¢ “7 8 7
Lnif, Weight (pe g

Bulk Spgeéﬁe:éz:aszgeyfj 195 )\ 158 o5 | 14672 | 1457 9]14 4.3 1957 et l| /5.7
Percent Air Voids, % Gl R3S |4 e S0 | 4.5 | 5o | b

f:Total Resilient <§@”53m) . |
Deformations, ine), Hy: |5.0 |2.G [ 4. p| &2 |2 |52 |12 /5. /3.3

Axis A
Axis B Hebl a3 12,5 (5.9 | 65|73 /6.6 |tos |10.8
; Total Resilient ’ )
|  Modulus, ksi, Ej: 1826131831 2099|111 (442|950 /58 192|187
axis a |4 */ 1

Axis B 2,259|13, 214|709 0 5| 760 [ 643|192 | 208|209
Indirect Tensile - 5 = Aaoal @ g A
Z}g b el 53| 387|38/ (287|274 (20| 99 |78 |82
oy : |
.| Tensile Strain at - , LR D SO
%%é Failure, mils/in, ¢, LIRS Q"? 28174 €.316.3)18.8 887

FIGURe II.1. AAMAS WORKSHEET AND SUMMARY
OF RESULTS
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3. MOISTURE CONDITIONED SPECIMEN DATA, AFTER CONDITIONING

i
Mty b

Temperature, F 177 177 77 7|
Sample No. o 1/ [/ d l
Bulk s | 14573 | 1444 |
Percent Air Voids, % b by by ™2 5
Degree Saturation, % > %o P EBo | » a0 ,
%\{; Total Resilient Modulus, i i j
i‘* kSiI ERTm: % é‘[’“g ﬁ’”éii & i";{; }
@5 Axis A :
W) -
L Axis B “/8 | 9 | AE5 |
[ Indirect Tensile S
g Strength, psi, 8, C? 4 91/ 15 !
“ ) Tensile Strain at . , |
%{f ~ Failure, mils/in., ¢, 7.7 5.7 é. | ‘l
4. ENVIRONMENTAL AGED/HARDENED SPECIMEN DATA
Temperature, F 4} b |
Sample No. AR N AN N b IR
Bulk spedific cravity (P<f) |ipugliouss|tpr o tvsa|ies it
‘Percent Air Voids, % 4.9 &4.3 quf};’ by | A6 5
~{ Total Resilient
. | Modulus, ksi, E,: A, 55 3,686 3,060, 073|'3 434, 499
;:j; Axis A ’
E; Axis B 2, 639|2,573|3 609
5 Indirect Tensile
‘”"é% Strength, psi, 8, 374|392 09
k} .
vy ; Tensile 8train at -
§§ Failure, mils/in., ¢, RENAg | XS |
[ IDT Creep Modulus Testing: _ '
i 8lope of Creep Curve, b, (|/¢ ga’f;{;;ﬁ@} T o) 325 |
My |
Intercept of Creep Curve, o045, 082|082 '
L) C) ‘» |
A l
! Creep Modulus at 5 »
&L 3,600 seconds, ksi, C, 1771 8 = ?
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5. TRAFFIC DENSIFIED SPECIMEN DATA

Temperature, F 10 L (O Ly
Sample No. (gl 2olay | 2212324 |
Prior to »gif:.catlon. s ) | 15| 1 eps ol f et lo4.9 | 148.% i
%ﬁamé&?ﬁ%c(} :
Percent Air vVoids, L | 45| sl |50 &.0 1
After Densification:
citic ara 149.3|148.8 142 )|148.)| 148.2| /5.9
Bulk dezf&sfﬁ W@Agé*?m?;%?;} -
Percent Air Voids, % 2,0 |4 |35 2.812.9 )¢ |
F
\. | Total Resilient w |
{%{ Modulus, ksi, E. 2Ag 357|126
b
Unconfined Compressive -
%;3 Strength, psi, 8. 132 TLS 66R
| compressive S8train at - Az s
E Pailure, mils/in., €qu @23? Al 226
, Compressive Creep Modulus _
Testing: p 22.611%.3124.9 !
8lope of Creep Curve, b( " Ol /s ff@g} 1
, Intercept of Creep Curve, 2.20| €8 |72¢
agg a (/e Bl \
\ Creep Modulus, ksi c.(t) , |
g;; | oS, Kt .40 6,0 M@ |
: ) |
%ii 100 sec g.) 113128 | !
* 1,000 sec 1.1 9.901.6 | ?
i (
3,600 sec 73 |94 |lo.7 1
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INDIRECT TENSILE STRENGTH TEST
(TesT 2)

ProJecT No.
HIiGHWAY CounTy
MixTure I.D.

Linid indeieht™(pe f)

RICE SPECIFIC-GRAVITY [~ 2. &%
TEST TEMPERATURE 4 ¢ F
LOADING RATE e 08" IN./MIN
Core/Spec imen 1.0. / v w2
Date Cored/Cospacted
Bulk Speeific—Gravity Unt Wigl Jp s ) | 4 5.5 | & &
Air Voids, X L. 8 L] s
Diameter, in., D, 1 L. 00 & L.ovoo L. oo e
2 L.,00 ¢ 3.99¢& b QO G
3 e OO L e 00 & fop ot
Avg. L0044t L, 0o © e 00 &
Height, in., h 1 A. 438 2,412 L. bl & _j
2 2.4 28 e L . de b ]
3 A, 36 2.4 40 Loyt g
Avg. Lo el g Al L b lsT
Total Resilient Modulus, ksi, Enr .
Axis 1 1,829 3, /83 AL, 297
Axis 2 2, 259 4, A A, 07
Avg. fff,@u,(,}; 2 b a3 2,502
Tota] Maximm Vertical Load . ) f=— & =y S v -
(At Failure), lbs., P, 3,50 57776 S, 902
Yertical Deformation At Haximsm > - e e -5,
Vertical Load, in., Vgr G O%OS Gs O35, G T34
Horizontal Deformation At Maxi oy e e
Vertical Load, .. Hey | OO OC % <o 6 ©-005" &
Indirect Tensile Strain , o A s , I
At Failure, in./in., g e ' e O f;}? G @ O
Indirect Tensile Strength, psi, §, | 7.5 =7 38 38
REMARKS
TESTED BY o Khang/ DATE TESTED 1 /2/90

V14750

Frcure II.B.1. INDIRECT TENSILE STRENGTH DATA SHEET
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ProJecT No.

INDIRECT TENSILE STRENGTH TEST
GEsTR)

Frcure II.B.1.

HIGHWAY CounTy
MIxTure I.D.
U");‘f’“ QM@’ HZ‘ éﬂ?‘“ ff?} )
RICE §PE@%¥%QMGRA¥LIY /5.4
TEST TEMPERATURE ~1 F
LoADING RATE e & IN./MIN
— = =
Core/Specimen [.D. Z—/\ 5 . t
Date Cored/Cospacted
Bulk Specific Gravity | 2 5 | tesm. J e du
Air Yoids, % s 7 G Lo 5.0
Diameter, in., D, 1 17_,(;,5)“«» Lronn .o o b
2 Lpcaa 5 br, Q0 b Lo 007
3 bos O b b » @0 4 d. & 0 Lo
Avg. Lo 05 4y fg;}g? 4. Qo5
Height, in., h 1 2, b 3§ 2. 448 dte 35T
2 .ot 87 A b 25T L. 4 29
3 w3 & 2. 9T0 . 52|
hg- 2. w2 R Ao 2. 43
Total Resilient Wodulus, ksi, Egr .
Axis 1 e Le L G 5O
Axis 2 R o5 1 ¢o ¢ #3
Avg. 458 bo] 770
Tota] Maximam Vertical Load \ - O -
(At Failure), lbs., P, Y 405 L, 289 b, 5704
Yertical Deformation At Maxims 5 g . .\ ) o &
Vertical Load, in., Ve O BEf 070G P09
Horizontal Deformation At Maximss PR . P
Vertical Load, in., M -0 ] &) e O D2 =R I
Indirect Tensile Strain ” / -
At Failure, in./in., g ©o7¢6 00 63 00 82
Indirect Tensile Strength, psi, § T 4 L4 29O
REMARKS
TESTED BY P Kb sy | DATE TESTED /s /%0

7/9/%0

INDIRECT TENSILE STRENGTH DATA SHEET

4



INDIRECT TENSILE STRENGTH TEST

resr 2)
PROJECT No.
HIGHWAY COUNTY
MixTure I.D.
Ldys, ,;L (28 M"x“we'*“ ,fy’ g&; .
Rice 5#5@%@%@w@kk¥%$¥ /5T &
TEST TEMPERATURE L0 b F
LOADING RATE 2. 0 IN./MIN
Core/Spec imen 1.D. 7 1% q
Date Cored/Cospacted
Bulk Specific Gravity 1445 [ I-be. ( [4570
Air Voids, X L, 5 s} e b
Diameter, in., D, 1 L, OO b 007 b, oo § 3
2 L oo fe00 b 002
3 L.ood 4. 007 oo o3
Avg .o s bo 0077 o 00 b
Height, in., h 1 J VI PR &, b 2 A4t § i
2 Ao 5 & 2. e b A b doS
3 2. ey 2. 438 2.419
Avg. A el § 2. 452 Q. 4 A O
Total Resilient Modulus, ksi, Eer :
Axis 1 /58 { G2 127
Axis 2 | 42 L& 207
Avg. 135 205 [a4
R e 560 537 | LAy
ertical Loma fon Ny xima 2919 - 0G0 »0129
Flertical Losd, ne gy | 000 ol 236
e > 083 0085 | 0070
Indirect Tensile Strength, psi, S, 99 G A el
REMARKS
TESTED BY P Khanal DATE TESTED 17/¢/72
: T/ @/ﬁ?({j
Freure II.B.1. InpIRecT TENSILE STRENGTH DATA SHEET
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INDIRECT TENSILE STRENGTH TEST
(rEST 2)

ProJECT No.

HIGHWAY CounTY
MixTure I.D.
[N »M{’f‘ V%f&e:/ ;ﬁ’ ( C g} e
RICE SPECIFICG Avé;% (574
TEST TEMPERATURE 17 F
LOADING RATE A IN./MIN
Core/Specimen 1.0, /o /i /2
Date Cored/Compacted
Bulk Specific Gravity Jle 50 ) | o572 /& bes &
Air Voids, % Ler & o 7 5. )
Diameter, in., D, 1 L.old) .05 boct OF
2 b, o)9q b 002 L0054
3 b 02 5 L.oo? be. 204
Avg. oo -0’y b 00 4
Height, in., h 1 P A, b e D L. 4.9 4
2 A O 2. 528 2.4.30
3 2. by ol s/ A,y 4 5
Avg. . b/ 5}6’ 2. %%¢ . by XL
Total Resilient Modulus, ksi, Enr .
Axis 1 EXS 52/ 249
Axis 2 L /R §$ 2 (5
Avg. 242 54k 2 o
Tota]l Maximm Vertical Lo / LA A yy
m(::t Faﬂ:r:).e?ba? pfmd !; Y2 6 S iﬂi % ! €8
Vertical Deformation At Maxi ; @ -~
e;er:?cang:i:.V" - - ©8/o -0 €35 @ 6§
Hori tal Def tion At Maxi o .
Vercical Load, n.. g -olro OO .
Indirect Tensila Strai ; , PR, 2
"At Failure, i:./i:,nq P OOY72 » DOSTY sy
Indirect Tensile Strength, pei, §, 9 ¢ 7/ 75T
REMARKS
. 54 .
TESTED BY P Kbhanay DATE TESTED =2/5 /70

/9 /%0

INDIRECT TENSILE STRENGTH DATA SHEET
56
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INDIRECT TENSILE STRENGTH TEST
\Té&fgj
ProJdect No.

HIGHWAY - CounTy
MixTure I.D.

of (pef)

Lies # g“J&{,

RICE SPECIFIC GRAVITY /52, 4
TEST TEMPERATURE L) F
LoADING RATE o0 5 IN./MIN
Care/Spec imen 1.D. [3 / 4 /5T |
Date Cored/Compacted
Bulk Specific Gravity Jbp b, fg /én 5 & /b 5
Air Voids, % Ly, G k. o q
Diameter, in., D, 1 %&aﬁj;}? e O/ D bo ) © b
2 e DO Lr.poo 8 h.oox
3 b.olld .02 9 00 4
hvg. e 01O e, B8 é}? b p @ &
Height, in., h 1 Do b 2.4 25 2.4 25 ]
2 D b 15 A 4 /5T 2419
3 A 430 Y 2.l f 6
Avg. ol b 25 o SN TN By T o {
Total Resilient Modulus, ksi, Egr
Axis 1 2,5 572 R R 3,64 O
Axis 2 2,629 d, 573 3,09
Avg. 25U 2,029 % 55S
et 5,806 | 4,097 | &
R el B T L0304
el I o085/ | 0048
TR Falures n )i, FQ@AST | o0 2 - @035
Indirect Tensile Strength, psi, S, K 392 4o09g

REMARKS

TESTED BY . Khana/ DATE TESTED 1/12/92

Freure II.B.1. INDIRECT TENSILE STRENGTH DATA SHEET
57



CREEP MODULUS TEST
(INDIRECT TENSILE LOADING)

R

IDENTIFICATION:

Prodect No.

HIGHWAY CounTy

MixTure I.D.

STATION DATE CORED

L ¢

CORE I.D.

COMPACTED SPECIMEN DaTE

REMARKS

SAMPLE DATA
i’gﬁgé %jg‘fﬁﬁ ¢€§?{ - S
RicE 5#5%%P%@w@&i¥!?¥f’g /572 4
BULK SPECIFIC-GRAVITY [t 57 )
AVERAGE DIAMETER (IN.) 1) 4.0¢¢ 2) L.ooo 3) 400l

Arr Voibps fff
AvGe. 4. o s

AVERAGE HEIGHT (IN.) 1) &.4%¢% 2) 2.4%62 3) 2.4/72 Ave. _2. 429
TEST CONDITIONS
ToTaL LoaDp 400 LBS. TEMPERATURE &/ °F
ApPLIED TENSILE STRESS __2 9. 4 pPst  COMPRESSIVE STRESS PSI
: A
PRECONDITIONING
No. oF CvcLes _ 220 ToTAL RESILIENT Moburus 4 2% 7  «s1
Tensile | Tensile Load .
Loading| Vertical Horizontal Creep Creep Release| Vertical |Horizontal
Time Deformation| Deformation| Strain Modulus Time |Deformation [Deformation
(sec.) LnYai| Ga)e sy (Ina/in0) (psi) (sec.) LnVk) (o fe )
0| R 224637 1797134 p p g |~ 178223 2, 055€C
QX |1 2% 900 | 196759 |=S e — 5 odXe X 1! b & 2.oel§s
LY |—1e 98z {19 ¢%3 A oy, L3 169843 | )1.498907
10 [—7.7 2325 | oy gut |2.ev8Ks |1-2EK10 10 N%”z‘ L9477
30 |-).1 9629 184022 30 | (/074 . G§ 242
100 | r2e299 |, 90009 %géﬁwgfffzﬁxfgﬁf 100 | 1rav0 5 |y 6¢ 5q9
300 |- p bt | s 300 | 11188 |aewg
1,000 |- 1. frisz 2,001 1.2 x4 Q)QXf& 1,000 | 1020790 |2.24443
3,600 | . 95203 éiﬁ%*”(é e g L nip” 3,800 | .04 Aot G4
y TESTED BY P, Khanal DATE TESTED _7/12 /90

Freure II.A.Z.
58

INDIRECT TENSILE CREEP Moburus DATA SHEET




CREEP MODULUS TEST

(INDIREcg TENSILE LOADING)

R

(resT =)
IDENTIFICATION: "
ProJect No.
HIGHWAY COunTY
MixTure I.D.
CORE I.D. STATION DaTe Coreb
COMPACTED SPECIMEN ! DATE
REMARKS
SAMPLE DATA
Unit wdeisthf (aed
RIcE Seecnrre fillloct) )52 g
BULK SPECIFIC GRAVITY ) b 5 by Azr Voips L b6 %
AVERAGE DIAMETER (IN.) 1) 4.000 2) &@02 3) 4 @26 pAvg, s.oef
AVERAGE HEIGHT (IN.) 1) 2402 2) 2. 404 3) X406 Ave., 2.4 0%
TEST CONDITIONS
TotaL Loap bLeoo LBS. TEMPERATURE & / °F
APPLIED TENSILE STRESS Lée.o pPst  COMPRESSIVE STRESS PSI
4 .
PRECONDITIONING
No. oF CYcLES Ao ToTtaL REszLIENT MobpuLus ’3,’73%WW KST
Tensile Tensile Load ‘
Loading| Vertical Horizontal Creep Creep Release| Vertical |Horizontal
Time Deformation| Deformation| Strain Hodulus Time Deforrpation Deformatmn
(sec.) L) (in.) . (in./in.) (psi) (sec.) 443v@%;@4 (r%f!&}
0 |2-2147127 |24799¢18° 4 _ ¢ 0 |=¢296%s | 105957
X | =5y 9a [0.83 seepemT| M FA N L 50 QA |+ €39267 | 02514
Y3 | =S TEEht 19 26078 vi0™F 5 — Bl-neofstz |1 03029
10 |o5 8¢ 0y %agiigfmﬁ’” 3. o0 | 8k sk o %’10 -t 8 G843 o202
30 |5 dd ;»{&j 1oy iom s 30 {-r. 0984 3 oo ST
100 {_ssg0 80 AN = I e né«‘;}m@"é’“ 1.5 Gxto 100 1092 % o2y 3q
300 |- si9d 170 .88 497 x o™ “ 300 | ssaz 05 | o ooy
1,000 |« g32¢ 2 3| i9d st &4 955 | 1,000 | 162529 |6, 476547
3,600 ' 1.02573 Gxio ’ 3,600 » ~
' — 6Vl Ve iem gt 3pxiat| #8, 250 ’ ~9.92793 ¢ |0 F o3 223
TESTED BY P Kbang / DATE TESTED _2//2 /%0

Ficure II.A.Z2.

INDIRECT TeENSILE CReep Mopburus DATA SHEET
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IDENTIFICATION:

ProJecT No.
HIiGHwWAY
MixTure I.D.

CREEP MODULUS TEST

(INDIRECT TENSILE LOADING)
(%fz?gff )

CORE I.D.

COMPACTED SPECIMEN

REMARKS

SAMPLE DATA

BUuLK SPEEIFIE~GRAVITY —
AVERAGE DIAMETER (IN.) 1) 46(0 2) 400 € 3) 4.00€ Ave. 4.o0 7

AVERAGE HEIGHT (IN.)

TEST

1) 2.4452) W 432 3) 2463

CounTY
STATION DaTeE CoORrED
L8 DaTE
/52 &
P b0 & Azr Voibps 5/ %

AVG. _3.4 b0

¢

60

CONDITIONS
) ToTAL Loap 4 &0 _LBS.  TEMPERATURE & | °F
APPLIED TENSILE STRESS _A_5- & PSI  COMPRESSIVE STRESS PSI
kY .
PRECONDITIONING
No. oF CvcLes A oo ToTAL RESILIENT Mooburus 2,71 9 kst
Tensile Tensile Load
Loading| Vertical Horizontal Creep Creep Release| Vertical [Horizontal
Time | Deformation| Deformation| Strain | Modulus Time |Deformation |Deformation
(sec.) /(’i‘ﬁ’-’)'(ﬁu.’/s,l" A,Lin—.w)e(;j,;:;q: (in./in.) (psi) (sec.) it s { i /s )

0 [-2.94609 |2.9822 2 o ¢ 0 |55 9082 | 212067
2 |~wsptoa [ 2.83202070 |s.088po| 25 X0 2| rewggo o dos
GRS LN 2939 185 - ; 5 ¥ |02yt |y odel

10 [ wméoe | 5 geysd |asgxs | 703512 10 |-3.05/9¢ |20t 17

30 L 68328) |2 ¢4 o, 5 30 {-2o5r7¢ |5is9¢a9
“100 fo w9804 2.07029 5y xia | 16 P Ko 100 |.2.05/7 ¢ |3.¢q¢aq
300 [~s5upq5 79 2Rl 300 {-3.05/77¢ 2LGED T
1'000 - R} ;o é; gﬂgggw??é!; Aﬁ,ff%gié;% 5"’?} &) 4 1)000 iy Vs 4 B I 2, £ G fue f
3,600 -SG90 | 2264 | g5 7x067] 5 f 5’“5? 3,600 “z‘%g‘?é’% 3.91552
3y TESTED BY P Khap ot DATE TESTED ”?fiﬁjjf&
FiGure II.A.Z. INDIRECT TENSILE CREEP MobuLus DATA SHEET




CREEP MODULUS TEST
(UNzaxzAaL COMPRESSION LOADING)

-S‘T.
IDENTIFICATION: 6715 A ¢ )
PROJECT No.
HIGHWAY COUNTY
MixTure I.D.
CORE I.D. STATION DaTe CORED
COMPACTED SPECIMEN 22 DATE
REMARKS
SAMPLE DATA
Unit bt ( < q/or't A,/'h/ )
Rice speélp;éféaéLfﬁﬁ() /52 & Deas focaker
BULK SPECEFIC—GRAVETY 1447 /182 AIR Voips 5-//2.8 %
AVERAGE DIAMETER (IN.) 1) 4.036 2) 4.0553) 4.05 & AVG. L.o% 9
AVERAGE HEIGHT (IN.) 1) 2.810 2) 2816 3) 3.80£ Ava. 2.8 (/
TEST CONDITIONS
ToTAL LOAD J0__1BS. APPLIED STRESS 3/‘/ psI TEMPERATURE &% °F
PRECONDITIONING
No. ofF CycLES A0 e ToTAL RESILIENT MobpuLus e KSI
Compressive Compressive Load
Loading Yertical Creep Creep Release Vertical
Time Deformation Strain Modulus Time Deformation
(sec.) LB [5) (37 /in.) (psi) (sec.) Liney(m  fs)
0 o oeo 0 ~1¢.1R¢5
2 | -5 59082 I g 20176 ax | =11.8846
WS- S R A W P / 3 | =ll-asol
10 | -~ 2.25 /95 2.0 48 4,349 10 | —/0-4912Y
30 |~ ip.um3€ 138 —1p.3027
100 |7, 0179/ 2 42 5 - $.62(52
300 |- j4, ¢ awe el 6 84 300 - 4.5 477
1,000 - /5. 283D L. olo ~ ’7‘(-'8 1,000 - §4.350 56
3,600 |_t¢.18¢ 5 b2 4 N3 5 3,600 |_ g.049¢n
TESTED BY P, Kbhana/ DATE TESTED 7 /14 /52

Ficure II.A.1.

UNIAXIAL CoMPressTON CrReep Mopurus DATA SHEET

61



CREEP MODULUS TEST
(UNIAXTIAL COMPRESSION LOADING)
(resT &)
IDENTIFICATION: |

ProJECT NO.
HIGHWAY CouNTY
MixTure I.D.

CORE I.D. - STATION Date CORED
COMPACTED SPECIMEN 23S DATE
REMARKS

~ SAMPLE DATA

RICE L/n,/‘ (/\’O'jl'l';' (PC:I) /S—Q’s‘

BULK SPEECIFIE—GRAVITY 1448 (1482 Azr Voips flflﬁ%f;.
AVERAGE DIAMETER (IN.) 1) 4.045 2) L.ogs 3) 45.058 Ave., %.047
AVERAGE HEIGHT (IN.) 1) 3.2/ 2) Z.8/% 3) 3.808 Ava. _3.8 11

oV

TEST CONDITIONS

ToTAL Loap &90O0 1Bs. APPLIED STRESS 2l.| pst TEMPERATURE /9% °F

PRECONDITIONING
No. ofF CycLEs L oo ToTAaL REsILIENT MopuLus 35 KSI
Compressive Compressive Load _
Loading Yertical Creep Creep Release Vertwcgl
Time Deformation Strain Modulus Time Deformation
(sec.) LY mi 5) (iﬁg/in-) (psi) (sec.) ARG /e )
0 — 4.882.F xR : 0 - 12.56 -1
2x |- 55059 PRV 1,555 2 |- g2 96)
4% |- ¢ 32224 | 43 1 _ 8. Jos 4T
10 -9 44629 1. G4 ! 6,007 10 1 _9.93838094
30 19,05 7¢a _ 30 ~D 5 43§85
100 | _ )52 2.77¢ [, 5% 100 | _4. 29579
3001y g 300 19,004
1,000 20019 2,124 9,898 1000 -é 532k |
3,800 1254 3,292 4, 424 ! - (. 338564
TESTED BY P Khana/ DATE TESTED 0 /1%/9¢

Figure II.A.1. UNIAXIAL ComprEssioN CrReep Mopurus DATA SHEET
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CREEP MODULUS TEST

(UNIAXIAL COMPRESSION LOADING)

TEST &)
IDENTIFICATION:

ProJECT No.
HIGHWAY
MrxTurRe I.D.

COUNTY

CORE I.D. STATION DaTe CORED

COMPACTED SPECIMEN 2 L DATE

REMARKS

SAMPLE DATA

Un A InNei'g bt
RICE Sns@#é%e—éﬂﬁﬁgzgf) [5R. b

BuLk SPECIFIC GRAVITY 1w (.2 [ 5o e Arr VoiIbs &,az/,é %
AVERAGE DIAMETER (IN.) 1) 4.003 2) /202 3) w20/ AvG. Yoo 2
AVERAGE HEIGHT (IN.) 1) 2.8/ 2) 2.8503)%8¢4% Avec. 3853

TEST CONDITIONS

ToTAL LOAD _400 LBS. APPLIED STRESS 3.3 ps1 TeMPERATURE 2% °F

PRECONDITIONING
No. orF CYCLES X ToTAL RESILIENT MoDULUS - KSI
Compressive Compressive 1 Load ’
Loading Yertical Creep Creep Release Vertwcgl
Time Deformation Strain Hodu}us Time Deformat1on
(sec.) L) i) | (B /ine) (psi) (sec.) 3R )
0 —‘2-4’58(?7)“0’ 0 "2‘7'?%0,
A4 |- (N1 éo . €773 [ A 2.k —6.84035
43 |- 9.724622 . 9/9 8 Qﬁ? -é.24(¢
10 s .
~ 9IS L0 .G 92 - . 5.7)A89G
@g - h10€eS '5,§53 188 - 5507812
- 0' % L) - ’ “2 5’
0 |2/00978E | e 12,787 300 |T T REI
1,000 |"10eced 1,000 #0079
3600 - 1), 0257 A% 0 1, 605 3 600 -3, 61227
’ — /1183 1417 /o. G0 : -~ 33635 5
TESTED BY P. Kbhonal DATE TESTED _2/t4/ %2

Figure II.A.1. UNnraxraL CoMpRESSION CREEP MopuLus DATA SHEET
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APPENDIX B

TEST RESULTS OF MARSHALL COMPACTED SPECIMENS
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1. IDENTIFICATION

Project No.

AAMAS DATA SHEET
SuMMARY OF TesT RusuLTs

Highway

Mixture I.D.

Compaction Device

M arseha tf

2. UNCONDITIONED SPECIMEN DATA

County

Asphalt Content

4.7

o\

Max. 8pecific Gravity .44 ¢

(152 pet)

Temperature, F L f 7)) [ o &
Sample No. / 'y 3 4 5" G 77 & 7
Liw) Tt M*’w’?fgé“& %“(fcﬁfj ) -
Bulk Specifiec-‘Gravity 19481 /45" |16l o| 150499 | 12572 1rsy |V g 8| VST L) 1457y,
Percent Air Voids, % SO b8 b d | 49| %7 | s |50 ws 4
/ﬂTotal Resilient ég“5¥m} :
Deformations, im., Hy: [4.¢ TG B e |l | 5G| 5 ) [ 12.213,0114.8
“ Axis A ’ '
k Axis B oo |37 (s 5.2 |65 |se|lBT (13 0lian
g Total Resilient
N Modulus, ksi, ig;s A R,092] 2,344 3, 408 Lol8| 852|985 Aoy| /87 |1 9%
Axis B |2 253|385\ 545 G4.5|8/8 | 977|146 |07 |27
~/ | Indirect Tensile . N -y I / ; sy
‘| " stremgtn, psi, s, |35 373|340 (293 3B\ (6 6] 11 |10
“ |
| Tensile 8train at . LA : ‘9 e g 2 le 5] s=~0l
g Failure, mils/in, ¢, 2. |72 ko |12 16357168 5 “

Ficure II.1.

AAMAS WORKSHEET AND SUMMARY
oF RESULTS
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{

o

g b

3 MOISTURE CONDITIONED SPECIMEN DATA, AFTER CONDITIONING

s TEST/
ey e

/F”zi

ey

-

FTE ST

T T

Temperature, F 17 “1 ) “1 ] l
Sample No. D // /2 |
[ W*ﬁ En
Bulk Specificler {:fty Pl jura | rasd] 1ese ]
Percent Air Voids, % 4,7 by, 5~ lp. 6 \
Degree Saturation, % |
Total Resilient Modulus, i
ksi, EBEgq,! o e
T axis A | 235 | 322 |33
axis B | 258 | 3%7 | 2% |
Indirect Tensile ) . 7 }
Strength, psi, 8, s 7/ 79 ;
Tensile Strain at - o . \
Failure, mils/in., € 58 @“f G.2 |
4. ENVIRONMENTAL AGED/HARDENED SPECIMEN DATA
Temperature, F &/ & |
Sample No. /3 14y IS ME V1Y | 18
ULk Specific Gravity ) Vi) 1039 10€.8| it 5| 1940 6] 165
‘Percent Air Voids, % b.4 156 13.7 |5.2 |5 2.9
Total Resilient
Modulus, ksi, EBpp,t
’ " MAxis a 3207|3216 2414\C1ea [3,0743 558
axis B (3,404 5304|5306
Indirect Tensile , X
Strength, psi, 8, ag | ol 94 \
Tensile S8train at ~ e
Failure, mils/in., ¢, Sojds| A5 \
IDT Creep Modulus Tcstinq' e o e
Slope of Creep Curve, Q@ ?M;K/Mmﬁ o o5y E
Intercept of Creep Curve, A .29, o3 1
at (& Vet ;/f 5
Creep Modulus at — Al 2o
3,600 seconds, ksi, C, tds &QQ@
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5. TRAFFIC DENSIFIED SPECIMEN DATA

Temperature, F [ O L lo &

Sample No. {

-~
?‘»ﬁ;
R
;)u:s

AL | A3

E8
e

Priocr to Densificati H
Bulk Bpecific— ;&;@T Vb 457 0| 1406.2 | Ve e B 1457 0|V G g

Ll pdelefal {,sé’?%

Percent Air Voids, % 3 | b G B | 53 | b G 4.2

Aft D H
01 °’iﬁ“t°“ P66 4] 15672 196, | 140 | f .0

( £)
Percent Alr Voids, % 3.9

& 3.6 |70 3.8 12.212,9
bE Tt ., a5 |ac | |27 |y |32
-
A bt Caol 31|74
b
j Rt i, | 19.9 |18.0|17.¢

; Compressive Creep Modulus
Testing:

Slope of Creep curve, b (1y~

Nl

vl ] fre ) B D60 32l

&

Creep Modulus, ksi c.(t , —
P 10 sec ’ (&) 1.1 lio. 51180

100 sec 1.

TE S

e} | 00
N o

1,000 sec G.0

)
N

( Intercept of Creep Curve ) .
é\ a (Wﬁh} ! . 5»53 fr.% €. 00

3,600 sec : 2.5

4
o
O
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ProJecT No.
HIGHWAY

INDIRECT TENSILE STRENGTH TEST

Mo

[TE ST 2

COuNTY

MixTure I.D.

Al & & )i
Lint wWeght (pe )

RICE SPECIFIE-GRAVITY § 5l 4
TEST TEMPERATURE g | F
LOADING RATE o. o5 IN./MIN
Core/Specimen .D. / . 3
Date Cored/Compactexd
Bulk Specific-Gravity Lin/ \ugf. [ 440§ [ e 57 ) J% £ o
Air Voids, % 5.0 &, & G, ;
Diameter, in.. D, 1 L.oo € Le,oo7 bopy O |
2 f.00¢ b.00 7 be. @f 5 §
3 4. 00 € 4. 0073 be.op 0B i
Avg. e » 00 ¢ Lo 3 Lot f %
Height, in., h 1 2, bl 5 L., 45O AL ke 3 ET i
b4 PRy 2, 4 5T AR PP R«
3 . b 58 a, b 58 A, b
Avg. 2. ls . 450 2.4 39
Total Resilient Modulus, ksi, Egr
-y Ee o o ;{“
Axie 1 2,092 X3 by L, 6 008
Axis 2 2,257 2 285 2,5
Avg. AN o2 3bS 2, S
Total Haximm Vertical Load . — -
(At Failure), lbs., S?”‘f“@ 57‘5 13 ﬁj%gg
Vertical Deforsmation At Maximss J— i
Vertical Load, in., Ver v oy 6€ . 050 ¢ ord 6
Horizontal Deformation At Waximes - e 9 . oy
Vertical Load, in., He - ooy coodo o077
Indirect Tensile Strain i T
At Failure, in./in., g, 0039 P OB 2 S
Indirect Tensile Strength, psi, § Rl iy K e R I
REMARKS
TESTED BY P. Kbhanal

Freure II.B.1.
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DATE TESTED /18/40

INDIRECT TENSILE STRENGTH DATA SHEET




ProJecT No.

HIGHWAY

INDIRECT TENSILE STRENGTH TEST

(TesT 2 )

CouNTY

MixTure I.D.

Liait magF (ped)

RICE SPECIFIC-GRAVITY- /5. ¢
TEST TEMPERATURE ) F
LOADING RATE 2.0 IN./MIN
Core/Spec imen 1.D. . & & |
Date Cored/Compacted
Bulk Specific Gravity b be. § J s, 2 Jep 5707
Air Voids, ¥ L. 9 4.7 Lo dy
Diameter, in., D, 1 L,o00 & G0/ 0 oo &) 0
2 4,009 b.p} @ b.otd
3 b, 8o be, 01 O beoags
Avg. Le, @07 b 010 L. o B
Height. "I.. h 1 Q #éﬁﬁgw 3 %,@?k @ ;2, é{ﬂ Sw%«w ‘j
2 A5G .44l PR
3 2. 57g 2. 437 V.ob &8
Avg. Jd. 453 RO Al 574
Total Resilient Modulus, ksi, Egyp .
Axis 1 \ o 13 2 52 995
Axis 2 g o5 2/ % ié;e?,?
Avg. J ot s 92]
Total Haximm Yertical Load L. el R -
(At Failure), lbs., > ég f»f’é? %&g 578 6 “3*‘“5@ ol 3 b
Vertical Deformation At Maximsa s & f Y sy,
Vertical Load, in., Ve -o08/0 NN Lo 658
Horizontal Deformation At Maxi y N )
Vertical Load, in.. Mgy e /ho - @/2d coll 4
Indirect Tensile Strain o oy - )
At Failure, in./in., g . 007 j PN G 5’;’3 - g £ 5"}
Indirect Tensile Strength, psi. S, 40 293 ERE
REMARKS
TESTED BY P. Khana DATE TESTED

Freure II.B.1.
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InpIrecT TENSILE STRENGTH DATA SHEET




PrROJECT No.
HIGHWAY

INDIRECT TENSILE STRENGTH
(Tes72)

TEST

CounTY

MrxTure I.D.

Lrait Wik (pet)

RICE SPECIFIC-GRAVITY /52, %
TeEST TEMPERATURE 1 Q&4 F
LOADING RATE 2. o IN./MIN
Core/Specimen 1.D. y % 9 ‘
Date Cored/Compacted
Bulk Specific Gravity )t el B [ s, G G5 4
Air Voids, I 5. O b, 5 e, &
Diameter, in., D, 1 Ler ©] O L. &/ O be. ot
2 L, © /0 b po? Yoo
3 e, ol O b 00 G . 0 €
Avg prolo k. 009 4o 000 8 }
Height, in., h 1 PR P FURAE N |
2 2.4l o 2. by b2 a5 R
3 R b5 Q. dpby & 2.6 2
Avg. dote 5D 2. s 2. b 5C
Total Restlient Hodulus, ksi, Egy
Axis 1 A O b /8 | /983
Axis 2 [ Le & (7 9 269
Avg. 155 /180 223
Tk Fastae), T |, € 7 | \, 645
ercical Losd fne Ve e 67249 Lo 5 €7 s ooy
lersical Lot nes g | 10/32 o) 2C | Lol
A Fattures mimee, o6 g ve 55 | 2058
Indirect Tensile Strength, psi, §, lo ¢ iy to s

REMARKS

TESTED BY

P, Khana/

DATE TESTED 1 /[(9/90

Freure II.B.1.
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INDIRECT TENSILE STRENGTH TEST
5?2§5?”g3§
ProJecT No.
HIGHWAY CounTY
Mrxture I.D.
Un't Wb pe £) )
RICE SPECIFIC—GRAVITY- 5 2. 4
TEST TEMPERATURE e F
LOADING RATE 2.0 IN./MIN
Core/Specimen 1.D. (o /) ] =
Date Cored/Cospacted
Bulk Specific Gravity | b 52 J& 57 6 J 4o 57 2
Air Yoids, X b, 9 be, 5™ bo
Diameter, in., D, 1 %fﬁg% Lo, e be s D5 & ]
2 Lo O o o 07 Lo, o0 3
3 k. oo ¢ 608 . 0o &
Avg. L. R beo o b Ly, pos
Height, in., h 1 2.8 6 A 629 L4 & O
2 2okl o, ALl 579 2.66¢9
3 Aol o 2. 49 2499
Avg. 2ol b o 2. 454 2-be € 4
Total Restflient Modulus, kst, Enr :
Axis 1 L3S 282 209
Axis 2 A 52 24T & bemy
Avg. QY- 305 238
Total Maximum Yertical Load | .
(At Failure), lbs., P, A3 ¢ I, #33 R
Yertical Deformation At Haximem P o g o b £ &
Vertical Load, in., Vgy o wdS -4 a4 € €
Horizontal Deformation At Maxiwmss . - ™ 9
Vertical Load, in.. Hep 013 c 007G ol
Indirect Tensile Strain ~ ] .
At Failure, in./in., g - j@}g -0 0 -~ a0 éf“;‘-
Indirect Tensile Strength, psi, S, “19 g/ 79
REMARKS
TESTED BY P Khanat DATE TESTED O /[2¢/(4y

Freure II.B.1.
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INDIRECT TENSILE STRENGTH TEST

’"&fy““g? 5#‘«%
(é;‘

ProJecT No.

HIGHWAY CounTyY
MixTure I.D.
Linit wigh f 55} ,
RICE SPECIFIC-GRAV F J 5. !
TEST TEMPERATURE L } F
LoADING RATE G.05 IN./MIN
Core/Specimen .. /3 / & A ﬁ@
Date Cored/Cospacted
Bulk Specific Gravity Jip b, G 1%, 4 J &, 8
Air Voids, X be. G 5.6 2.}
Diameter, in., D, 1 41«@/5,4 .00 9 L.y 5
2 b, D10 booo0 9 4. 8/ O
3 L. of O Go 0 15 ey
Avg. Lol b, OF b oy o
Height, in., h 1 2.0 P A b 245 J
2 AL b b D Ad.5 O A be 3 5
3 Q.45 Rl G4 R e 35
Avg. Q. L5 . 4G0 A 32
Total Resilient Modulus, ksi, Egr
Axis 1 2,307 3,2/¢ 3,9)¢
Axis 2 3, 42y 5,304 =30 6
Avg. 2,8 bb 4,200 4,6/l
TTAt Fatturm) e o £, %o 6,25¢ 7,773
Yertical Oef t1i At Maxi E vy
E;erﬁungli:i:.V" e . 030 + 0% o b - OFO &
Horizontal Deformation At Maxi - . 5 ,
Vertical Load, in.. Hyp 0o 57 o Og 4§ @0 b §
Indirect Tensile Strai . e ) ,
"kt Failure, n./in, e, oo 3 e L0028 @0
Indirect Tensile Strength, psi, § LD g b o) 4 99
REMARKS
TESTED BY L. Kban,/ DATE TESTED 1/30/97

INDIRECT TENSILE STRENGTH DATA SHEET
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CREEP MODULUS TEST
(INDIRECT TENSILE LOADING)

Ficure II.A.Z.

73

(res+ 3)
IDENTIFICATION:
ProJdecT No.
HIGHWAY CounTY
MixTure I.D.
CORE I.D. STATION DATE CoORED
COMPACTED SPECIMEN | & DATE
REMARKS
SAMPLE DATA
() o %2?% 5 P gﬂ‘f* )
Rice SepeEcrrrc—GRAVITY- /52 4
BuLk SPECIFIC GRAVITY [ e be & Atr Voips 5 -2 %
AVERAGE DIAMETER (IN.) 1) 4005 2) 4.0/0 3) f-oje Ave., _4-o/d
AVERAGE HEIGHT (IN.) 1) 2.%82 2) 2.489 3) &.4éo Ava. . 417
TEST CONDITIONS
;3 TotaL Loap o LBS. TEMPERATURE yalli °F
ApPPLIED TENSILE STRESS 0.4 PSI COMPRESSIVE STRESS PSI
; X A
PRECONDITIONING
No. oF CvcLes _ 220 ToTAL RESILIENT Moburus _ . /&2 ksI
Tensile Tensile i Load '
Loading| Vertical Horizontal Creep Creep Release| Vertical Horizontal
Time Deformation| Deformation| Strain Hodulus Time Deformation Deformation
(sec.) JEE S (in.) (in./1n.) (pst) (sec.) Lredatis] (o (o)
0 “€QVQ ggé? m%t?%&@!}f%gi , ‘mﬁv v {f 0 &;ﬁ?:%gflégvﬁgﬁ ‘gf%{‘gr?@
QIF’ &%gg% j gvﬁﬁé&urg;g e, g’ﬁ%iﬁf} ’»@gxf.{} @;{Aa' 2‘07 ﬁ","? VIR 2
4 3 |s.02g30 32.60 §axxid| S IS @ & 2.92 4 gag LAY 4
10 15200920 |grgapuas| §60x0| 297 ¢ 107 | 10 12407 ¢ 4275729
30 |5 /57139 |rniavosxiot _ — 30 12,2702 0 »ﬁg%$@§*
. 100 o, iﬁ? ﬂg%% N 49 ganXgé'é LSI% o ‘f“ A,"‘}”‘? Wi 100 QK? @?”}3’” ”&?e,,{q .,;f-'g.:
300 |5 528 957 | pasay, st . 300 |97 4o Mﬁ%gs
1000 159392 © g iy g0y 5t g5 o xee” || 10000 4 gy ‘ﬂé%%%é
3,600 5581 &5 e a5 hoxis? gooanats a0 30800 [hagy gy ACLET
3 TESTED BY PoKhogwal DATE TESTED 7 _/23 [ f’j? g

INDIRECT TENSILE CREEP Mopurus DATA SHEET




CREEP MODULUS TEST

(INDIRECT TENSILE LOADING)

éﬁgﬁf”zj
IDENTIFICATION:

ProJdecT No.

HIGHWAY CouKNTY

MixTure I.D.

CORE I.D. STATION DaTe CoRED
COMPACTED SPECIMEN 19 DaTe

REMARKS

SAMPLE DATA
e Wg b {,W, Z) »

Rice SPECIFIC-GRAVITY /52 &

BuLk SpeECIFIC GRAVITY [ b s & Arzr Voibps 5”“5 %

AVERAGE DIAMETER (IN.) 1) 404l 2) w.¢4é 3) 4027 Ava. Y06

AVERAGE HEIGHT (IN.) 1) a.%ds 2) 2,462 3) 2.4(7  Ave. 2 & 55”

TEST CONDITIONS
ToTaL Loap beo LBS. TEMPERATURE Le | _°F
APPLIED TENSILE STRESS 5 ¢./) PSI  COMPRESSIVE STRESS PSI
PRECONDITIONING
No. oF CycLEs Leoo ToTAL RESILIENT Mopurus 3, ¢1¢ KSI
Tensile Tensile Load
Loading| Vertical Horizontal Creep Creep Release| Vertical [Horizontal
Time Defgrmation Deformation| Strain Modulus Time |Deformation |Deformation
(sec.) (ine)iine) L)z p(in./in.) (psi) (sec.) (/WML_'IM? (mi)s)

0 |9.7¢7 s, g1x08d ) ¢ 0| #15229 |rooc9gg
2 trgsd0 %(eﬁf’?@}? 2. 4tbwya | /-8 Xlo a-F | 7057 | Qo€
37 (3.22 03 »??5fé3 P P 3 g e Y 9§y393

10 | 224900 lrecod . GOBro| 11 X10 10 | 202 629 $IGlo 6

30 | e g0y lLosét o 30 ,.¢0¢d 9101 6
“100 |3 862 LS b ;,gy“éﬁ(q;%’ w0 g0” 100 | /). «R¢%ayg AR L]
300 ?"g?% @l to} tersd / 300 10908 e 624
1,000 %?gﬁﬁé “;g?,? éﬁf}éf ) ‘E@”Egé@f 1éd xto 1,000 ‘gﬂ?éjfé? Qe ST
3,600 ;@‘ 5*5}(?% YOwY I %ﬁ@%g’i ,'!Oxyoé 3,600 ,%?&@7% .‘7&"/%}5’"2
} TESTED BY P Kbhane DATE TESTED _ - /3//40

#

Ficure II.A.Z2.
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CREEP MODULUS TEST
(INDIRECT TENSILE LOADING)

IDENTIFICATION: )
ProJect No.
HIiGHwWAY CouNTYy
MixTure I.D.
CORE I.D. STATION DaTe CoRrED
COMPACTED SPECIMEN / 2 DaTE
REMARKS
SAMPLE DATA
laﬁ%‘ictﬁ' hms’
RICE S@&@%F%@mGﬂAW%xY /5D b
BuLk SPECIFIC GRAVITY faﬁf s Air Voips 3.9 %
AVERAGE DIAMETER (IN.) 1) 4.4/0 2) 4-0/0 3) 4.008 AvGe. 4.0 ‘&
AVERAGE HEIGHT (IN.) 1) 5. %20 2) & S50 3) 2 o85e AVG., 4.t 4
TEST CONDITIONS
ToTaL Loap & o0 LBS. TEMPERATURE & | °F
APPLIED TENSILE STRESS __5 /. / PSI  COMPRESSIVE STRESS PSI
kY .
PRECONDITIONING
No. oF CYcLEsS LoD ToTAL RESILIENT MopbuLus 3,9 5%  «ks1
Tensile Tensile Load
Loading| Vertical Horizontal Creep Creep Release| Vertical [Horizontal
Time Defgrmation Deformation| Strain Modulus Time |(Deformation Deformation
(sec.) LineYo o] (ind) o | (in./4n.) (psi) (sec.) |/....)dn<) (e ) e)
0 |~.7% /32 Wm%z,%*};{'ﬁi / 0 |3 7esw -agé‘f'%%/C:
X |2« gean g | * @*m.gm édxio” LA {2 s - 1§92
%g 2. 5318 4 3.604%v15" p ‘%g' (s %iﬁ%» c el 9§42
2.2 e T 8 . A R T e 1.2 G @ e @ iE D &
30 2g09¢2 L“fi?ﬁjéza RAgex @] Lo 30 1 /. 1aey N T
+ 100 G852 jfﬁf??%i#’“* §oriw o 5394 1¢ gﬁ’ 100 | .cpugn L o039
300 14 q1g2 2 Gl 5w 5 300 ) gag00 .190¢3
1,000 |5 . g5 L%§%§%¥ézﬁ,b$,¥x@% Aoy e || 1,000 |4z, YL
3800 J3 9393 | L o net dsagpf L oinie” ]| 3.800 1. ognqyy 3Gei
)} TESTED BY Po Khanol DATE TESTED _ 71 ]2t /G0

Ficure II.A.Z2.

INDIRECT TeEnsILE CREep MopburLus DATA SHEET
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CREEP MODULUS TEST
(UNIAXIAL COMPRESSION LOADING)

(re s7 ¢ )
IDENTIFICATION:
ProJgecT No.
HIGHWAY COUNTY
MixTure I.D.
CORE I.D. STATION DATE CORED
COMPACTED SPECIMEN L ol DATE
REMARKS
SAMPLE DATA
tarh Wt (pe€
RicEe §$&G%$%€w%ﬁﬁv%$% /5. ,
BULK SPEGIFIC—GRAVITY Jép e ) AIrR VoIDs S/ %
AVERAGE DIAMETER (IN.) 1) %,@g? 2) 4o & 3) 4.000  AVG. 4o OO0 %
AVERAGE HEIGHT (IN.) 1) 3.945 2) 3. ?5 3) 2.96% Ava. _3-94%
TEST CONDITIONS
ToTAL LoAD “%®0 LBs. APPLIED STRESS 91.8 psy TEMPERATURE [9 % °F
PRECONDITIONING
No. ofF CycLES 200 ToTaL RESILIENT MoDuLUS 26.7 KS1I
Compressive Compressive Load
Loading Yertical Creep Creep Release Vertical
Time Deformation Strain Modulus Time Deformation
(sec.) (Gaeylars) | (ipe/in.) (psi) (sec.) ARy () )5
0 g.0000e 0 le.8197
2.y 5.27{69 j. T 55T 232§%§ 2. 1o 55579
43 .05 67 03 7.9 L o9
10 .26 363 s - 10 | 9.521¢9
30 G.ap 852 e kfﬁ)J\“?g 30 8.4 429
100 lr. 3170 2. 871 Voo 100 8. t2077%
300 |/, 290 ¢ ' 300 7.8¢ 1737
1,000 f;?iﬁ,;g_ﬁ%, T, ET0 ﬁf}{iéggf{ %@ 1,000 ‘?ﬁﬁ;ﬁv%}?ywig
3,600 |ry.g192 2.9 0 %’1 4 99 l 3,600 1.0800%
TESTED BY F. f<%éﬂmﬁ(f DATE TESTED ﬁ/&5§/$iﬁ

A SHEET

Frgure II.A.1. UNIAXIAL COMPQﬁ?SION Creep Moourus DAT



CREEP MODULUS TEST
(UNIAXIAL COMPRESSION LOADING)
(TEST <)
IDENTIFICATION: /
ProJECT No.

HIGHWAY
MrxTure I.D.

CouNTY

STATION

23

CORE I.D. DATE CORED

DATE

COMPACTED SPECIMEN

REMARKS

SAMPLE DATA

Lhnid Wik (pet) :
Rice SPEEIFIC—ERAVITY /5" b
BULK SPEEIFIC-GRAVITY | 4 §
AVERAGE DIAMETER (IN.) 1) w.0/e 2) 4o
AVERAGE HEIGHT (IN.) 1) 790 2) R.92ST

Arr VoOIDS 5O
7 3) w.oos AVG. rood
25 3) .07 AvG. _2.47%

TEST CONDITIONS

ToTAL LOAD _ 420 1Bs. APPLIED STRESS 3/37 psT TEMPERATURE /&% °F
PRECONDITIONING
No. oF CvycLES i ToTAaL RESILIENT MobuLus -3 KSI
Compressive Compressive Load
Loading Vertical Creep Creep Release Vertical
Time Deformation Strain Modulus Time Deformation
(sec.) Yoty | - (d9e/in.) (psi) (sec.) (ineY fnils )
0 @gégég&%ﬁ » . 0 té, @*zy&b@i?
I Pt 2. 43¢ 12,95/ Ay |lieds
3 o, £4ts” e 1.98¢ 6
10 |b.g€s2 2,007 [0 54 2 10 12188
30 12, ) 248 ! 30 beetol
100 fo, 258 ER A S %o | 100 le-1G1 &
300 | /. 9190 K | 300 lo. 5t 64
1,000 |isn22 o 3, 3%7 fé:” gf;@ 1,000 1o.227 !
E °. Kharat sTeD 2/ac/ic
TESTED BY Fo Rhgnal DATE TE [ ol 1.

Freure II.A.1.

1
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CREEP MODULUS TEST
(UNIAXIAL COMPRESSION LOADING)

gﬁﬁfg?“éfj
IDENTIFICATION: \ .
ProJdecT No.
HIGHWAY COUNTY
MixTure I.D.
CORE I.D. STATION DaTe CORED
COMPACTED SPECIMEN s DATE
REMARKS
SAMPLE DATA
Linit %@%{aégj
Rice SpeerTrIC—GRAVITY /572, b
BuLk SpecIFIc-GRAVITY f e £ 3 AIr VoiDs
AVERAGE DIAMETER (IN.) 1) 4.008 2) 4.a¢8% 3) 4.005 AVG.
AVERAGE HEIGHT (IN.) 1) 57 6,4 2) 2.9:2 3) 2.4:4 Ava.

TEST CONDITIONS

TEMPERATURE (2% °F

ToTAL LoAaD 40 O LBS. APPLIED STRESS 3/)-7 ps1
PRECONDITIONING
No. oF CycLES ToTAL RESILIENT MopuLus <5 KSI
Compressive Compressive Load '
Loading Yertical Creep Creep Release Vertical
Time Deformation Strain Modulus Time Defoymat1on
(sec.) G 1) (%ﬁﬁ/in.) (psi) (sec.) FRYmife)
0 o QOS5 0 /s Lo g
2 | g 3827 |26 43$}%?2 2% u»v{?Q;
A A S PRy L
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