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CHAPTER I. INTRODUCTION

The necessity to evaluate the pavement structure of SR 12 between
Montesano and Elma, Washington, is due to the planned heavy loads
associated with moving four steam generators and two reactor vessels
to the Satsop nuclear power plant. It is understood that other possible
haul routes are being considered but hauling these specific loads along
the SR 12 route is of primary consideration. The planned operation
would include off-loading each steam generator and reactor vessel at
a barge slip to be constructed on the Satsop River near Montesano,
hauling over an access road (to be constructed) which connects with
SR 12 and then along SR 12 to Elma. At Elma the haul route will depart
SR 12 and change to a county maintained road.

The pavement evaluation described in this report was made at the
request of the Washington State Department of Transportation (WSDOT) and
examines only those portions of the proposed hauls which include travel
along SR 12 (a distance of about nine mites). The conclusions and
recommendations resulting from this study will then be used by WSDOT
in evaluating the issuance of a haul permit to Ebasco Services, the

prime contractor at the Satsop nuclear power plant.
STUDY APPROACH

The available data and other information which were used in
evaluating SR 12 for the planned heavy hauls resulted from two primary
sources. The first source was field studies conducted by WSDOT and

included the following:



1. Soil borings, samples of granular materials, and coring of
asphalt concrete pavement (ACP) and cement treated base (CTB)
pavement;

2. Benkelman Beam deflection survey; and

3. Plate bearing tests;

The soil borings, granular base and fill samples, ACP and CTB cores

were obtained during January, 1979. The Benkelman Beam deflection

survey preceded the soil borings and the data used in selecting soil
boring locations. Plate bearing tests were performed during April,

1979, thus completing the WSDOT field studies. Additionally, Mr. Dick
Stubstad of Dynatest Consulting, Inc., Ojai, California, used the

Falling Weight Deflectometer (FWD) at selected stations along the SR 12
haul route to obtain deflection information and estimate modulus relation-
ships for the pavement layers. This work was accomplished during May,
1979.

The second source of data was developed at the University of
Washington (UW)} Department of Civil Engineering pavement materials
laboratory in Seattle. The overall goal of the laboratory program was
to develop general strength parameters for the primary structural
materials contained in the SR 12 cross sections and specifically to
develop the required elastic parameters to enable modeling of the pave-
ment structure as a layered elastic system. Modeling SR 12 as a layered
elastic system allows the results of various loading configurations to
be evaluated in terms of the resulting stresses, strains and deflections

in each pavement layer of interest.

The kinds of data obtained in the UW laboratory study were primarily



for the ACP and CTB cores and granular samples which were provided by
WSDOT. The details of these tests will be described in greater detail
in the following chapter and included the following:
1. ACP cores
(a) Resilient modulus
(b) Marshall stability and flow
(c) Bulk and maximum specific gravity
2. CTB cores
(a) Resilient modulus
(b) Indirect tensile strength
3. Granular samples
(a) Resilient modulus (repeated load triaxial and indirect
tensile)
(b) California Bearing Ratio (CBR)
(c) Gradation analysis
As stated previously, some of the above tests were used to model the
pavement sections which were treated as layered elastic systems. Other

tests were performed at the request of others.
REPORT

The chapters which follow will describe the heavy haul pavement
evaluation performed for SR 12 in this study. Chapter II will be used
to describe the field and laboratory material investigation including
test results. Chapter III will present the analysis which includes
descriptions of the load configurations, pavement cross sections,

pavement response predictions and use of these response predictions



with appropriate failure criteria. The results of this analysis were
used to estimate the pavement 1ife which may be consumed by moving
these heavy hauls along the proposed SR 12 route.

Pavement distress due to a slope stability failure along the pro-
posed haul route was not considered part of the study and thus was
not analysed for this report. Although, due to the highly variabie
subgrade soils along the proposed haul route, a slope stability failure
should be treated as a possible failure mode due to the expected heavy

hauls.



CHAPTER II. FIELD AND LABORATORY MATERIAL INVESTIGATION
FIELD EXPLORATION

The field exploration portion of this study was performed by WSDOT
and included three kinds of data. First, a Benkelman Beam deflection
survey was performed early in the study so that soil boring, disturbed
granular samples and ACP and CTB coring locations could be selected.
Criteria used for selecting these Tocations included high pavement
surface deflections among other considerations. It is significant that
essentially all Benkelman Beam recorded surface defiections were consid-
ered to be low (preferable condition). Also preceding the selection of
the final boring and coring locations was a pavement condition survey
which indicated that little surface distress was present. The only
exception to this was near the Satsop River where a segmental overiay
had been placed. This overlay area is not considered to be significant
to the evaluation since it is understood that this portion of SR 12
will be bypassed for the heavy hauls in order to cross the river.

Following the Benkelman Beam Survey, soil borings, granular base
and fill (loose) samples and ACP and CTB pavement cores were obtained
at selected sites. Twenty-four soil borings were made by use of a
hollow stem auger. The average depth for these borings was about 22
feet and spaced along the nine mile Tong SR 12 haul route. These borings
were used to identify the soil types underlying this portion of SR 12
as well as obtain standard penetration blow counts and undisturbed and

disturbed soil samples. Figure 1 shows the general soil types encountered



as described by use of the soil borings and the locations where core
samples were obtained.

Examination of Figure 1 reveals a soil profile which is quite
variable with respect to the kinds and strengths of the varicus soil
layers encountered. Delineation between the various soil layers has
been shown where possible. Considering that the portion of SR 12
evaluated lies principally in the Satsop River Valley, the variation
in soil layers should be expected since these layers are of fairly
recent deposition. Even though this observed variation is not un-
expected, it does make the task of evaluating SR 12 with respect to
the planned heavy hauls more difficult.

The majority of the soil samples were retained by the WSDOT
Materials Division for testing and some of the undisturbed soil
samples were provided to UW. A1l of the ACP and CTB cores were
delivered to UW for laboratory testing.

During April, 1979, WSDOT personnel obtained plate bearing test
data at selected SR 12 Yocations. These locations (stations) were
selected so that this kind of information would be obtained throughout
the length of the proposed haul route and also at stations which appeared
to be of a "critical" nmature.

The plate bearing test included the use of both 12-in and 24-in
diameter steel plates. The plates are seated on the pavement surface
and carefully leveled with sand when necessary. A jacking type of load
was applied to each plate and the corresponding pavement surface deflec-
tions were measured and recorded. The overall test procedure was

conducted in accordance with ASTM Standard Method D1196 with the
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exception of the plate sizes used. The detailed results from the plate
bearing test will not be presented in this report but a brief summary
of the results is listed in Table 1.

The information contained in Table 1 shows the maximum measured
deflection for each of the two plates and the corresponding maximum load.
The pavement temperature was also recorded and is listed in the table.
The maximum deflection is the average of two dial gage readings which
measured the deflection of each plate. Other deflection measurements
were at one foot increments up to three feet from the plate. Thus,
deflection basins were obtained for the plate bearing tests.

The maximum deflections shownin Tahle 1 range from a low of 0.005-in
for the 24-in plate to a maximum of 0.100-in. The lower deflections
listed occur at Stations 584+00 and 602+00. These stations contain
6-in thick CTB layers overlain by 3-in of ACP. Due to the high stiffness
of the CTB layer, low deflections result when compared to the other
locations (Stations 173+425to 453+60). The principal structural layer
for these other stations is 9-in of ACP. An overall indication of the
variability of this data can be obtained by noting some of the signifi-
cant differences which occur between the measured deflections at the
same station for the outer wheelpaths (OWP) and the between wheelpath

(BWP) test locations (a transverse distance of approximately three feet).
LABORATORY STUDY

Tests were performed on samples obtained from the field exploration
phase of the study by the WSDOT Materials Division and the UW Department

of Civil Engineering pavement materials laboratory. The laboratory
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testing reported herein includes only the data and other information
obtained from the UW study.

To enable the proper characterization of the materials contained
in the various cross sections along the SR 12 haul route, several kinds
of laboratory tests were performed. Some of these tests were necessary
to model the elastic response of the pavement sections, other tests were
made at the request of others.

In general, the tests performed by UW personnel can be categorized
for three material groups: ACP cores, CTB cores and loose granular
materials of which all groups were sampled by WSDOT. A few undisturbed
subgrade soil samples were also provided to UW but these samples after
initial examination were not incorporated into the laboratory testing
program. These subgrade samples were not used due to the complex nature
of the soil profile and the stress sensitivity of the resilient modulus
for these materials. Thus, proper laboratory characterization of the
subgrade materials would have required an extensive number of samples.
Additionally, a visual examination of the available samples indicated
that preparation for testing would be difficult and the results uncertain
at best. Equally important was the fact that the required laboratory
equipment was not available to properly test the size of subgrade samples
available for resilient modulus determination; although, this equipment
is available elsewhere.

The stations and specific samples selected for testing were felt
to represent the more important sections of SR 12 which should be studied
in detail. Some of the ACP cores provided by WSDOT were not included

in the initial laboratory testing program so that these materials could
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be used at a later date if future, additional testing is required.
The sections which follow will be used to describe the kinds of

tests and results for the three material groups studied.

ACP CORES
Figure 2 shows the testing sequence used for selected ACP cores
with the two primary material characterization tests being resilient

modulus and Marshall stability and flow. The following sections further

describe the tests and results.

ACP Core Sample Preparation

The ACP cores as received were generally 9-in high with a 4-1in
diameter. These cores were then sawed and trimmed with a rotary labora-
tory asphalt concrete saw which yielded specimens ranging in height from
about 1.5 to 2.6-in with a 4-in diameter. The location of saw cuts were
made so that the original horizontal joints between 1ifts did not occur
within any cut specimen. Following sawing, the thickness of each
specimen was measured at three equally spaced points along the circum-
ference with the average being recorded as the specimen thickness (Tables
2 and 4).

Bulk Specific Gravity

The bulk specific gravity for the ACP specimens was determined in
accordance with ASTM Standard Method D2726 (Table 4). The bulk specific
gravities are fairly consistent at each station and are not significantly
different between stations. The exception to this is Station 563+00

which was ACP over a CTB layer.
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Resilient Modulus

The resilient modulus of the ACP specimens was determined in
accordance with the proposed draft of an ASTM standard test method.
The draft is entitled "Indirect Tensile Test Method for Resilient
Modulus of Bituminous Mixtures" and is included as Appendix A.

Resilient modulus provides an estimate of the modulus of elasticity
for asphalt concrete at a specific temperature. The temperature is quite
important since the resilient modulus of these materials is a function of
temperature.

A pneumatic pulse loading testing machine with a loading cycle of
0.5 Hz was used to determine resilient modulus for selected ACP specimens.
The specimens were tested at temperatures of 5°C (41°F), 25°C (77°F) and
40°C (104°F); thus, the overall pavement response could be examined for
a range of ACP temperatures. A dynamically applied vertical load of
100-1bs was applied through two steel loading strips each 0.75-in wide
and covered with thin rubber membranes. The horizontal deformations
resulting from the dynamic loads were measured using two Statham UC-3
transducers. The applied load and horizontal specimen deformations are
used to calculate the resilient modulus as described in more detail in
Appendix A. Additionally, vertical deformations of selected specimens
were measured with a dial gage, thus providing data for calculation of
Poisson's ratio. The results of the resilient modulus testing are shown
in Tables 2 and 3 and Figures 3 through 6.

Table 2 lists individual specimen test results obtained from ACP
cores at four stations. The specimen thickness, resilient modulus at

the three test temperatures and Poisson's ratio are shown. The sample
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number used in this table and other tables which follow are composed of
three sets of numbers. The first three numbers correspond to the station
where the ACP core was sampled. The second number indicates the sampling
location transversally across the lane, e.g. "1" indicates the cores
were obtained in the outside wheelpath and "3" indicates the cores were
obtained between wheelpaths. Lastly, the third number indicates the
location of a sawed specimen with respect to depth in the original core,
e.g., "1" indicates the specimen was at the pavement surface, "2", the
specimen was below the surface specimen, etc.

The individual test values reported in Table 2 are informative but
the statistical summary of this data provided in Table 3 provides a
better review of the resilient modulus data. Table 3 contains the mean,
standard deviation and coefficient of variation for the specimens tested.
Caution is warranted in using these statistical values due to the smali
sample size but they still provide information otherwise unavailable.
The station-sample location numbers use a similar identification scheme
as described for Table 2 with the exception that specimen depth is not
shown. The average resilient modulus at 25°C (77°F) indicates that
the SR 12 ACP generally Ties in an adequate stiffness range indicative
of good quality materials and construction. The exception occurs at
Station 202400 in that the specimens obtained for the between wheelpath
condition exhibit variable and somewhat low resilient modutus values.
This is reflected in the coefficient of variation for this sampling
location. As a rule-of-thumb, coefficient of variations of less than
15 percent for laboratory compacted and tested resilient modulus test

specimens should be considered good to excellent with respect to material
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and testing variability [1]. Coefficient of variations for cored ACP
samples higher than 15 percent are not unexpected but values which exceed
60 percent are considered to be quite high. The mean and standard devia-
tions listed in Table 3 were used in Chapter III to set reasonable confi-
dence levels for modeling the pavement response to various load conditions.
Figures 3 through & show resilient modulus mean and range plotted
as a function of temperature for the four sections. These curves were
used to estimate the resilient modulus for various temperatures which
were required for the analysis reported in Chapter I1I1I. The ranges shown
in these figures represent the highest and lowest resilient modulus
values obtained.

Marshall Stability and Flow

Marshall stability and flow determinations were made for selected
ACP specimens in accordance with ASTM Standard Method D1559. Specimen
preparation prior to testing included immersion in a water bath for 12
hours at 60°C:1°C, The test was conducted using a standard loading rate
of 2-in per minute until failure occurred. The resulting stability value
was corrected for specimen height.

The results of the Marshall tests are reported in Table 4. Included
in this table are the specimen bulk specific gravity, maximum specific
gravity, percent air and Marshall stability and corresponding flow. The
observed stabilities are considered to be representative of good quality
ACP with the possible exception of the results obtained for the Station
202+00 specimens. Generally, a stability of 750-1bs is considered to be
a minimum value for high traffic highways [3]. The flow values are consid-

ered to be unusually high for asphalt concrete materials approximately
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Figure 5. Resilient Modulus of SR 12 Cores as a Function
of Temperature for Sta. 408+00.
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of Temperature for Sta. 563+00.
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10 years old. An acceptable range for this type of data is normally
considered to be a flow of 16 or less [3,4]. Most of the specimens
are outside of this range but this fact is not considered to be of

significance.

CTB CORES

Only two CTB core samples were obtained and both of these were
from Station 563+00. These two core samples were sawed into Tour
separate specimens in preparation for testing. The twg tests
conducted on these specimens were resilient modulus and indirect
tensile strength.

Resilient Modulus

The resilient modulus determination was similar to that used for
the ACP specimens with the results reported for Station 5€3+00 in Table
2. The resilient modulus values reported for the €18 specimens are
considered to be unrealistically high. This occurred, most likely,
due to the low dynamic load used in performing the test and the
resulting difficulty in obtaining sionificant horizontal deformations.
A visual examination of the CTB specimens reveal a superior appearing
material with expected high stiffness. This is further verified by
construction quality control information provided by “SDOT [2]. The
information shows that approximately 5 percent by weiaht of cement was
used to stabilize the gravel aggregate with resulting compressive
strengths having a mean of 1800 psi and a standard deviation of 507
psi (based on 25 samples and 7 day strength). Currently, the

compressive strength averaae is probably much higher since such
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materials tend to cain strength with time. For evaluation purposes,
a resilient modulus of 3,009,900 psi was used which is more typical
of a hiah quality CT8 material.

Indirect Tensile Strength

This test provides a measure of the tensile strenath for the CTE
materials and is important in that larce tensile stresses {strains)
may occur at the bottom of the CTB layer. Thus, these stresses (strains)
must be predicted and compared to allowable failure criteria (Chanter 111}
1f predicted tensile stresses exceed the tensile strength, cracking
of the CTB layer would be expected.

The test procedure is performed by loading a cylindrical CTB
specimen with a compressive load which acts along the vertical diametrical
nlane as shown in Figures 7A and 78 [5). The specimen fails due to the
relatively uniform tensile stress which is developed along this
vertical nlane. The eguation used to calculate the resulting indirect

tensile strenath is:

2P
¢ - _ max
Tt wtd
where St = Tensile strength (psi)
Prax = Applied load at failure (1b)
t = Specimen thickness {in)
d = Specimen diameter (in)

As stated previously, four specimens were available for testing,

the results of which are shown in Table 5. One specimen was not tested

and was retained for future work if necessary. fGenerally, the three
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Figure 7A. Cylindrical Specimen with Compressive Load [S].

Figure 7B. Specimen Failing in Tension Under Compressive Load [5].
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Table 5. Determination of Indirect Tensile
Strength for Cement Treated Base -
Station 563+00,

Sample Number Tensile Strength
{psi)
563-1-2 41
563-1-3 321
563-2-3 347
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tensile strength values confirmed the fact that the CTB material was
of aood quality although the data represents only one station along the

S 12 proposed haul route.

GRANULAR MATERIALS

The granular, disturbed materials obtained by YSDOT were sampled
from the shoulder area of SR 12 which underlies the relatively thin ACP
shoulder surfacing. The samples were placed in canvas bags for delivery
to the UW laboratory. Two kinds of granular samples were obtained.
One type was crushed surfacina top course material and the other was
the gravel fill material which underlies much of the SR 12 haul route.
This gravel fill material contained some cobbles with sizes in excess
of 2-in.

Figure 7C shows the laboratory segquence used to evaluate the
granular materials. This sequence includes processing the samples
for laboratory compaction and obtaining both resilient modulus and
CBR data. Each of the major steps shown in the figure will be separately
presented.

Sieve Analysis

First, a sieve analysis was performed on representative samples
of the granular materials in accordance with ASTM Standard Methods
€117 and C136. The results of these tests are shown in Figures 8
through 13. A1l samples tested (with the exception of Sample No. 4,
Station 202+0N) had less than six percent passing the No. 200 sieve.
A1l of the gradations shown in these figures were similar except for

Sample No. 7, Station 408+00, which was the one crushed top course
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sample examined. A1l other samples are of the gravel fi11 material.

California Bearing Ratio (CBR)

The CBP tests were conducted on selected granular samples in
accordance with ASTM Standard Method D1883. Sample preparation was
performed according to ASTM Standard Method D1557, Method D, which
included the specified replacement of course material passing the 2-1in
sieve and retained on the 3/4-in. Prior to laboratory compaction, each
sample was oven dried then mixed with the appropriate gquantity of water
to approximate the in situ moisture content. The CBR test was performed
after the samples were soaked for 72 hours and drained for 15 minutes.

The test results are summarized in Tahle 6 with the load-penetration
curves shown in Figures 14 through 19. Table & shows the wet density
for these samples both for the in situ (field) and as molded (1abora-
tory) states as well as the corresponding moisture contents. No swell
for these materials were recorded during the soaking period and prior
to determination of the CBR. The CBR values reported indicate that
the samples which contained a larger percent passing the No. 40 sieve
yielded slightly lower CBR values. However, the critical sieve size
appears to be the No. 200. Testing of Sample No. 4, Station 202+00,
resulted in the lowest CBR value of 24. A possible explanation for
this deviation from the other CBR results is that this sample had
approximately 10 percent passing the No. 200 sieve while the other
samples had lower percents passing.

Caution is warranted in usina these CBR results. The original

gradations of these granular samples were modified in accordance with
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Figure 14. CBR Load vs. Penetration Curve for Sample
No. 4, Sta. 202+00.
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Figure 17. CBR Load vs. Penetration Curve for Sample
No. 9, Sta. 408+00.
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Figure 18. CBR Load vs. Penetration Curve for Sample
No.11, Sta. 453+60.
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Figure 19. CBR Load vs. Penetration Curve for Sample
No.12, Sta. 593+00.
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standard procedures. What effect these changes have on the resulting
CBR values is unknown. It is apparent that the materials are sensitive
to changes in gradation based on the reported test results.

Resilient Modulus - Triaxial

Measurements of resilient response were made in a conventional
triaxial cell on specimens nominally 4-in in diameter by 8-in high.
The repeated axial compressive stresses were applied using a pneumatic
loading system. Recoverable axial deformations for all specimens were
measured using a mechanical system centered around a dial gage with
T x 10—4-1n increments. The specimen was contained by a thin latex
membrane and two end platens. The dial gage was attached to a circum-
ferential ring which has three equally spaced and adjustable clamping
pads. The ring was attached to the specimen's top end platen in the
triaxial cell. The recoverable axial deformations were measured by
extending the dial gage stem to the lower end platen.

The selected granular specimens were prepared in accordance with
ASTM Standard Method, D1557, Method C, including specified replacement
of the material passing the 2-in sieve and retained on the 3/4-in.

The specimens were compacted at or near the reported in situ moisture
content in a 4-in diameter by 8-in high split mold. After compaction
the specimens were encapsulated in a thin latex membrane. Table 7
shows the in situ and as molded wet densities and moisture contents
for these samples.

The confining pressure (cc) medium used in the triaxial cell was
air. The following stress combinations of ¢ and deviator stress

(o4) were used in sequence:
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Table 7. Summary of Densities and Moisture Contents for Laboratory

Compacted Granular Triaxial Samples.

Sample No.

Wet Density (1b/ft3)

Moisture Content (%)

In Situ As Molded In Situ As Molded
4
154.6 157.9 7.9 6.0
(Sta. 202+00)
6
146.3 158.3 7.3 4,7
{Sta. 341+50)
7
139.0 155.0 5.4 7.0
(Sta. 408+00)
9
151.3 156.4 6.8 6.4
(Sta. 408+00)
11
145.2 150.0 7.0 6.4
(Sta. 453+60)
12
143.5 150.0 6.4 5.8

(Sta. 593+00)
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Level
. o.=0 o4 = 1.5 psi
2. o = 1.0 psi oq = 3.0 psi
3. oc = 2.0 psi o4 = 6.0 psi
4, Cc = 2.5 psi o4 = 7.5 psi
5. o, 7 5.0 psi o4 = 11.0 psi
6. o = 5.0 psi ag = 15.0 psi

At each stress combination the repeated load was applied to the specimens
until a relatively consistent recoverable axial deformation was measured
which usually occurred after 100 to 200 cycles. This recoverable axiatl
deformation was used to calculate the resilient modulus (MR) according
to the following relation:

9d

"R =

where Deviator stress (psi)

4

&

Recoverable axial strain (in/in)

Due to the variability of the resilient modulus values obtained with this
testing procedure, all data obtained for the gravel fill samples were
plotted in Figure 20. A regression fit of resilient modulus as a function

of bulk stress (sum of principal stresses) results in the following

relationship:
My = 5840060 20
where M = Resilient modulus {(psi)
8 = Bulk stress {sum of principal stresses)



Resilient Modulus, psi
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It is the opinion of the authors that the above relationship results in
conservative estimates of resiiient modulus. This conservatism is
justified since the effect of modifying the sample gradations to

allow conduct of the test is not known. Additionally, the relationship
is based on the gravel fill materialnot the crushed top course material.
The layer thicknesses of the crushed top course material are essentially
insignificant when compared to the gravel fill layers. Thus, the gravel
fi11 is of primary interest.

Resilient Modulus - Indirect Tensile

This test method was developed near the conclusion of the laboratory
testing program and hence was not fully evaluated, Preliminary results
indicated a rough agreement occurred between these resilient modulus

test results and those obtained by use of the triaxial approach.

EVALUATION

Much of the data reported in this chapter will be used to mode]
various cross sections for SR 12. Thus, by using elastic layered
analysis techniques, the response of selected SR 12 pavement structures

can be estimated for various load configurations.



CHAPTER TII. EVALUATION

The overall goal of the field and laboratory material investigation
was to obtain by testing,or to be able to otherwise estimate,the required
elastic parameters which enable modeling of the SR 12 pavement structures
as a layered elastic system. By using such an analysis procedure, the
various and unusual loading configurations which the pavement structures
may have to carry could be evaluated. This evaluation utilizes the
calculated stresses, strains and deflections obtained from the layered
elastic modeling and applies appropriate limiting values or failure
criteria to them. Thus, estimates of potential pavement failure or
reduction in pavement life can be made which can be attributed to the
planned hauls.

The modeling of the response of the SR 12 pavement structures
requires several steps and include the following:

1. Selection of the appropriate layered elastic computer program

2. Selection of the pavement structures {cross sections) to be

evaluated and required material inputs

3. Determination of load configurations {dimensions and weights)

4. Selection of appropriate limiting values or failure criteria

for the predicted pavement stresses, strains or deflections

5. Predicting stresses, strains and deflections by use of the layered

elastic computer program {Step 1) and applying to these
results the appropriate limiting value or failure criteria
(Step 4).

Each of the above steps will be further discussed and presented in the

sections which follow.
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LAYERED ELASTIC COMPUTER PROGRAMS

Modeling a pavement structure as a layered elastic system is a
complex process if calculations of pavement response are made manually.
In fact, layered systems with areater than three layers are essentially
impossible to treat by hand. Thus, various computer programs have been
developed which can perform the necessary calculations to generate the
required stresses, strains and defiections due to an imposed loading
condition.

At least five such computer programs are available (some on a
Timited basis) which can be utilized. Detailed descriptions and
examples of these programs were developed by Terrel [6] for WSDOT.
These five computer programs are:

1. CHEVRON NLAYEP (updated version of CHEVSL)

2. CHEVSL WITH ITERATION

3. SHELL BISAR

4. ELSYMS

5. PSADZA
Computer programs 1, 3 and 4 are currently available at UW.

For the purposes of this study, both the CHEVRON NLAYER and BISAR
programs were used. The Chevron Research Company is acknowledged for
providing the new NLAYER program and the BISAR program was obtained
from the Shell Qi1 Company, Houston, Texas. The detailed capabilities
and differences between these two programs need not be detailed here
as this information is available elsewhere [6]. However, it should
be pointed out that the CHEVRON NLAYER program allows only one input

load {wheel 1oad) and up to 15 pavement layers for each cross section
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while BISAR provides for up to 10 wheel loads and 10 pavement layers.
Thus, it is preferable to use BISAR when multiple wheel Toads are
being considered. An additional advantage of BISAR is that the
output for stresses, strains and deflections is presented in both

the cylindrical and cartesian coordinate systems. The CHEVRON NLAYER
program utilizes only the cylindrical coordinate system thus making
superposition of multiple wheel loads quite difficult due to the
lengthy required hand calculations. The primary disadvantaae of
BISAR is that greater amounts of CPU time are required - hence,

increased analysis costs.
SELECTION AND CHARACTERIZATION OF SR 12 PAVEMENT STRUCTURES

In order to utilize the capabilities of the two described programs,
a number of pavement cross sections were identified for modeling. The
cross sections at six stations were chosen primarily because they
represent some of the more "critical” conditions encountered along the
haul route. Conditions considered were depths to weak subgrade layers,
thickness of weak layers and layer strengths. Additionally, these
stations represent the major kinds of conditionswhich can vary signifi-
cantly, e.g., asphalt base course as opposed to cement-treated base.

Figures 21 through 24 were used to represent the various pavement
cross sections. Initially, cross sections at seven stations were chosen
(as shown) but station 602+50 was subsequently not used since the cross
section utilized at Station 584+00 was similar and slightly more
critical. The information shown in these figures include the layer
number, layer thickness and description, and elastic modulus value or

relationship.
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Station 173+25

Layer No.

. Asphalt Concrete
! 5.0 (Class B)

w Untreated Crushed
2 3.6 Top Course
3 108.0" Very Dense Gravel, Sand and

’ Silt with Cobbles (Fil1)

4 60.0" Medium Gravelly Sand

. Loose Sandy Silt to Silty
> 120.0 Sand with Organic
6 - Loose to Medium Sand and

r Gravel to Sandy Silt
Station 202+00
Layer No.

. Asphalt Concrete
1 10.0 (Class B)

» Untreated Crushed
2 3.6 Top Course
3 48.0" Very Dense Silt, Sand,

’ Gravel and Cobbles (Fil1}

v Medium to Very Dense Silt,
4 108.0 Sand and Gravel

w Medium to Dense Sand and
S 60.0 Gravel

[

« Loose Silt with Organic
6 48.0 and Peat
7 oo Soft Sandstone

Modulus (psi)

Table 3 & Figure 3

5840 90°26

5840 g0+ 20

6,000

3,500

4,000

Modulus (psi)

Table 3 & Figure 4

5840 g0-20

5840 0+26
9,000
7,000

2,000

25,000

Figure 21. Cross Sections for Stations 173+25 and 202+00.
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Station 341+50

Layer No.
. Asphalt Concrete
1 9.0 (Class B)
+ Untreated Crushed
2 3.6
Top Course
. Very Dense Gravel and
3 26.0" gandy Silt (Fil1)
4 12.0" Dense Sand and Gravel
5 24.0" Medium Sandy Silty Clay
6 12.0" Dense Sand and Gravel
Very Dense Silty Fine to
7 o Coarse Sand and Gravel
’ with Sand Lenses
Station 408+00
Layer No.
1 9.0" Asphalt Concrete
iy (Class B)
2 1.8" Untreated Crushed
) Top Course
3 3.g" Untreated Gravel Base
’ (Class B)
Dense Gravelly Sandy
4 24.0 Silt
. Loose Clayey Silt to
5 204.0 Silty Clay
6 - Dense to Very Dense
Sand and Gravel

Modulus {psi)

Table 3 & Figure

5840 @Y+ 20

5840 g0+ 26

9,000
3,500

9.000

12,000

Modulus {

psi)

Table 3 & Fi

gure

0.26

5840 87

5840 8

7,000

3,000

12,000

Figure 22. Cross Sections for Stations 341+50 and 408+00.

0.26
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Station 453+60

Layer No.
» Asphalt Concrete
! 9-9% (Class B)
0 1.8" Untreated Crushed
: Top Course
« Dense Sandy Silty
3 12.0 Gravel (Fill)
4 24.0" Dense Gravelly Silt
5 36.0" Loose to Medium Gravelly
’ Silt with Organic
6 36.0" Very Loose Clayey Silt
» Medium to Dense Sand
/ 48.0 and Gravel
8 - Loose to Medium Gravelly
: Sand
Station 584+00
Layer No.
« Asphalt Concrete
1 3.0 {(Class B)
2 6.0" Cement Treated Base
«w Medium to Very Dense
3 24.0" sand and Gravel (Fi11)
Soft to Medium Clay, Very
4 96.0" Loose to Medium Silt, Silt
with Organic and Peat
5 " Medium to Very Dense Sand
and Gravel

Modulus (psi)

Table 3 & Figure 5

5840 g0+ 20

5340 6028

7,000
3,000
1,500

7,000

4,000

Modulus (psi)

Table 3 & Figure 6

3,000,000

5840 g0+26

2,000

9,000

Figure 23. Cross Sections for Stations 453+60 and 584+00.
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Station 602+50

Layer No. Modulus (psi)
1 3.0" %quzlthoncrete Table 3 & Figure b
2 6.0" Cement Treated Base 3,000,000
3 48.0" %g:{lgense Sand and Gravel 5840 g0.26

Soft to Medium Clay, Very
4 96.0" Loose to Medium Siit with 2,000
Organic and Peat

5 - Medium to Very Dense Sand

and Gravel 9,000

Figure 24, Cross Section for Station 602+50.
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For the six primary cross sections analyzed, a minimum of five
pavement layers {Station 584+00) and a maximum of eight (Station
453+60) were utilized. The thicknesses of the various pavement
layers varied considerably with the exception of the ACP and CTB
layers. Generally, the total ACP thickness was about 9 in for the
non-CT8 stations and about 3 in for the CTB stations. The CTB
appeared to be uniformly 6-in thick as called for in the original
pavement design. Approximately 23 percent of the proposed haul
route along SR 12 contains CTB. The remaining layer thicknesses and
descriptions contained in Figures 21 through 24 were developed from
the WSDOT boring logs and blow counts. The layers as characterized
represent the best estimate of the actual layers at each station.

The elastic parameters (resilient or elastic modulus and Poisson's
ratio) developed for each pavement Jayer was a difficult task. This
primarily occurred due to the complex and variable nature of the
subgrade soils underlying each of the pavement sections. The reliability
of the modulus values used decreases with increasing depth, i.e., the
modulus values for the ACP and gravel fill materials are considered
to be reasonable since these values and relationships were determined
in the laboratory. The modulus values for the subgrade soils are
certainly less reliable since they were not determined in the labora-
tory but instead estimated from correlations available from published
sources.

The modulus for the ACP layer at each station was obtained from
either Table 3 (resilient modulus statistical summary) or Figures 3

through 6. The figures were used if varying temperature conditions
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required. Table 3 values were used for modeling various load config-
urations at the “"standard” ACP temperature of 25°C (77°F). This
statistical summary provides the required data necessary to calculate

a confidence interval for resilient modulus data. An 80 percent
confidence interval was used for each of the stations, i.e., approxi-
mately 80 percent of the resilient modulus values at a specific station
would be expected to be higher. The following values resulted for the
six stations:

Resilient Modulus (psi)

Station (80% confidence interval)
173425 366,000
202+00 201,000
347+50 301,000
408+00 301,000
453+60 301,000
584+00 355,000

For the gravel fill material which underlies all SR 12 stations
(but of varying thickness), the resilient modulus relationship described
in Chapter Il was used. Granular materials such as these are stress
dependent in that the resilient modulus changes with changes in the
material stress state. Hence, resilient modulus is a function of bulk
stress. The same relationship for both the gravel fill and crushed top
course materials was used.

As previously stated, the moduli of the subgrade materials were
primarily developed from published correlations. These correlations

consist of expected ranges of modulus for typical material descriptions
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and blow counts (standard penetration test). Two such correlations are
shown in Tables 8 and 9. Table 8 contains such information for sands
and Table 9 for clays. Table 8§ was used since the vast majority of

the subgrade soils are sands, silts, aravels or combinations of the
three.

In order to verify the modulus values used for each of the six
cross sections, the plate bearing data obtained in the field and the
BISAR computer program were used. At each station the maximum plate
bearing load was entered into the computer program for both the 12-in
and 24-in diameter plates. Each cross section was represented by the
modulus values and thicknesses as previously described. Since the
modulus of the ACP layer is dependent upon temperature, test locations
were chosen for which reasonable estimates of the overall pavement
temperatures could be made. The calculated results from the BISAR
program for pavement surface deflection were then compared to the
values obtained in the field from the plate bearing test. The results
of these comparisons are shown in Table 10. In general, good agreement
was achieved with a few notable exceptions. Thus, an independent
confirmation of the modeled cross sections was achieved.

For the cases where major differences occur between calcuiated
and measured pavement surface deflections in Table 10, brief comment
is appropriate. For Station 408+00, the calculated (BISAR) surface
deflection for the 24-in plate is 0.103-in with a measured deflection
of 0.026-in. At the same station and for the 12-in plate, excellent
agreement was achieved. Additionally, the adjacent station {(453+60)

has a somewhat similar and equally critical cross section. Interestingly,
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Table 8. Relative Density of Sands by Standard Penetration Test
and Corresponding Modulus of Elasticity [Refs. 7,9].

No. of Blows

(N)

Relative Density

Modulus of Elasticity
Range (psi)

0-4

4-10
10-30
30-50

Over 50

Very Loose
Loose
Medium
Dense

Very Dense

1,500-3,500

7,000-12,000
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Table 9. Consistency of Clay by Standard Penetration Test and
Corresponding Modulus of Elasticity [Refs. 7,8].

No. of Blows Consistency Modulus of Elasticity

(N) Range {psi)
<2 Very Soft 50-400

2-4 Soft 250-600

4-8 Medium 600-1,200

8-15 Stiff -

15-30 Very Stiff -
>30 Hard 1,000-2,500
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the calculated surface deflections for the 24-in nlate at both of these
stations are slightly greater than 0.100-in with the measured and
calculated deflections at Station 453+60 beina of excellent agreement.
Thus, the observed differences between calculated and measured values
for Station 4N8+0N are not considered significant. The remaining

major differences between measured and calculated surface deflections
occurs at Station 584+0N (a CTB section)}. The measured surface
deflections are significantly lower than calculated. This is probably
due to the fact that the subgrade soils are unusually variable near
this station. Thus the cross section is orobably modeled as containing
weaker subqrade layers than in fact occur. It is also notable that a

soil boring was not drilled at Station 534+00.
LOAD CONFIGURATIONS

Two types of heavy haul loads are considered in this analysis:
(1) the two trailers used to carry the steam oenerators and nuclear
reactor vessel and {2) the nrime mover vehicle. Both the trailer and
the prime mover have unique numbers of wheels and/or wheel Toads.
TRAILER

The two trailers used to carry the reactor vessel and steam
generators (each unit will be moved separatelv) is unique in that a
total of 384 separate wheels will be utilized. Figure 25 is a plan
view of one half of the overall trailer system and is composed of 12
axle sets of 16 wheels each (192 wheels total).

To input these loads into a layered elastic computer proaram, first
the "critical location" had to be found as well as determination of

the number of wheels which should be used. A1l 192 wheels could not
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be inputted since the number and expense of the computer runs for each
case studied would be prohibitive.

The "critical location" was determined by using the CHEVRON NLAYER
program and this point is shown in Figure 25. The primary criteria for
Jocating this point was horizontal tensile strain at the bottom of the
ACP and vertical compressive suqrade strain at the too of the subgrade.
Conceptually, these locations are shown in Figure 26 for an idealized
three layer navement.

The number of wheels which should be treated for the trailer case
was 15 with these wheel locations clustered around the "critical noint".
This was determined with the CHEVRON NLAYER proaram. Contributions of
other wheel loads further from the “critical point" than these 15 did
not contribute significantly to the cumulative stress or strain
condition. In fact, some wheels tend to reduce the net stress and
strain at the critical point for some loading conditions.

The exnected wheel load for each wheel on the trailers is 5675-1bs
{steam generator move) and hence was the primary wheel Toad used in
the analysis. Nther wheel loads were examined which were higher. The
expected total weight of a steam generator move including trailer weight
is approximately 1089-tons (2,178,000-1bs).

PRIME MOVER

It is understood that two nrime movers will be used for each haul -
one to pull and one to push. These vehicles are heavily ballasted to
increase tire contact friction with the pavement. The original information
received indicated that a total prime mover load of 84-tons distributed

on 10 wheels should be used. Later, WSDOT was informed that a total of
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\ JIt JI

Asphalt
Concrete £

H

- —

Untreated v
Base l
Subgrade
Figure 26. Location of Maximum Horizontal Tensile Strain and Vertical

Compressive Strain for Multi-Wheel Configuration.
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half that amount would be adequate for the SR 12 portion of the haul.
Hence, two cases were studied for this vehicle: (1) wheel loads
ranging from 16,000 to 17,000-1bs (84-tons total) and (2) wheel loads
ranaing from 8,000 to 8,500-1bs (42-tons total). A plan view of the
prime mover wheel confiouration is shown in Figure 27, which also
indicates the “critical location".
LOAD CONFIGURATION SCENARIOS
Several different loading conditions were utilized in the anaiysis
and included the following:
1. Trailer
(a) 5675-1b wheel Toad, ACP temperature of 77°F
(b) 5675-1b wheel load, ACP temperature of 90°F
(¢} 7000-1b wheel load, ACP temperature of 77°F
(c) 8000-1b wheel load, ACP temperature of 77°F
2. Prime Mover
{a) 84-tons total
(b) 42-tons total
3. Standard Axle
(a) 18,000-1b dual-tired single axle, ACP temperature of
77°F
The reasons for scenarios 1 and 2 are obvious but possibly not for 3.
By calculating the estimated stresses, strains and deflections for a
"standard axle" the relative effects of the heavy hauls can be better

evaluated.
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FRONT

239"
Critical Location
I%I [ji/////////_ﬁ, III lli I
67“
‘HI ‘HI Ill ‘II
'23"‘_1_—74" ,_—_l‘zs“.—
120" Scale: 1"=40"

Figure 27. Plan View of Prime Mover Wheel Configuration.
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LIMITING VALUES AND FATLURE CRITERIA

The results obtained from modeling the SR 12 pavement structures
and determining the stresses, strains and deflections which result from
various loading confiqurations would be of little value if some type
of limiting criteria could not be utilized. Such criteria may (and
does) include Timitina tensile strains for the ACP, vertical compressive
strains in the subgrade layers and tensile stresses and strains in the
CTB. Various and oftensignificantly different values and/or relationships
have been previously developed and reported by others. The criteria
celected for use in this study will be described in this section.

The limitina values and failure criteria used fall into the
following Qrouos:

1. Fatigue

(a) Tensile strain at the bottom of the ACP layer
(b) Tensile stress and strain at the bottom of the CTB layer
2. Rutting
{a) Vertical compressive strain at the top of the subgrade
layers
3. Strength
(a) Tensile strength of CTB laver
Other criteria could have been used in the analysis but those stated
above appeared to be the most significant. Each of these three criteria
will be separately discussed in the sections which follow.
FATIGUE
Extensive work has been accomplished in various laboratories which

have resulted in tensile stress or ctrain relationships as a function of
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the number of loads to failure for asphalt concrete materials. It is
difficult to obtain a true consensus among engineers as to how well
these laboratory derived relationships duplicate actual, in-service
asphalt concrete pavements. Many research engineers believe that
Jaboratory derived fatigue relationships underestimate fatique life
by more than an order of maanitude.

In an attempt to avoid some of the possible pitfalls associated
with laboratory fatigue relationships, three fatioue relationships were
obtained from available literature which were developed directly from
AASHO Road Test data or laboratory results based on field-sawed specimens
obtained from the Washington State University (WSU) test track at
Pullman, Washington. A1l three of these relationships are shown in
Figure 23.

The relationship which provides the most conservative estimates
for 1imiting horizontal tensile strains contained in Figure 28 was
developed by Austin Research Engineers for the Federal Highway Adminis-
tration (FHWA) and is utilized in an overlay design procedure [9].

Data from 27 AASHO Road Test sections which included traffic repetitions
and predicted tensile strains were utilized in the development of this
relationshin.

A much less conservative relationshin was developed by Finn, et al.
for the use in the PDMAP computer program which can be used to predict
fatigue cracking and permanent deformation [10]. From AASHO Road Test
data a shift-factor relationship was developed which predicts repeti-
tions to failure for input values of predicted initial tensile strain and

modulus.
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Finally, the laboratory fatique relationship developed by Kingham
and Kallas of the Asphalt Institue [11] tends to fall between the two
previously described fatigue relationships. This relationship was
obtained from testing flexural beams sawed from one of the experimental
test rinaos constructed at WSU.

Fatigue is also an important consideration for CTB materials.
Avaitable information is somewhat sparse and further complicated bv
the wide range of CTB material properties reported in the literature.
Criteria developed bv Pretorius, Monismith, et al.[12] for CTB similar
to that for SR 12 resulted in fatigue relationships as a function of
strain and stress. Both of these relationships are shown in Figures
29A and 29B.

RUTTING

Various researchers have found that flexible pavement rutting can
be reduced or prevented by limiting the vertical compressive strain in
subgrade layers. By limiting this strain the cumulative permanent
deformation is limited, hence reducing rutting. Three different estimates
of rutting criteria are shown in Figqure 30.

The first rutting criterion was presented by Dorman and Metcalf [13]
in 1964 and was incorporated into the Shell flexible pavement design
system. Later, Monismith, et al. [14] developed and presented criteria
aoplicable to California pavements. Also shown in Figure 30 is the
rutting criteria developed by Witczak [15] which was incorporated into
the Asphalt Institute airfield pavement design procedure. The criteria
developed by Monismith was subsequently used in the analysis since it

was felt to best represent conditions in Washington.



71

§ a0 T I T
E Log Ny > $110-COSTR &, Isewmi-iog)
] N Y G T t1og- 109!
L
B a0 .
"
! -
H
E . -
- »
g 00 - l'- ® )
2 L
% Soecmeny 0¥ aot Foid
i wrer K pod appiicotions
3 g0 )
H ~ of o~ o 1w -
> Numper of Load Rapititions, N

Figure 29A. Initial Strain Versus Repetitions to
Fracture, Flexural Specimens [12].

~
-4 T T
5 Log Nps 748 - 0068 O
o 00 v
g -
o
L " Tt ,
% - - \ . o0 .
o a P, . : hd
i . 1\ 0
pY7. | PSS P U (N [
3 3 P —
% ” ---------------- - e e - - = - Ih L
~ H
o7 0 o w0 1o 7
Numbder of Lood RAppiicotions

Figure 298B. Stress Versus Repetitions to Fracture,
Fiexural Specimens [12].



. Jnbt
-BuL1INy SZLwLuLly 03 ULBAIS apeabqng aALSSaudwo] [BILIADA 40} BL4DFLAD) "0 ® t4

suoLy}ljaday peo’

O—.

, |

2oy pue upuon)| 112us

L
mﬂﬁn P |

|
_ IR b -]
SR N A I OO L1 S IS
{ﬂ _M ﬂ ﬂ | J 5 1. ‘w:.wuuwwju-;. 1;1:;...:d._ ,
N ’L | m_,......U.?..H»H._H..H_.....f_.ﬁ..,

ﬁ __”11..;.wﬂpuww._,WWHm_pmww._w.A,coo.o_
H _ n !

il LEl

SRR i

000°001L

Ol X ul/utp) utedis 9ALSSa4dwo)

(g-



73

STRENGTH

A limiting value of strenqth was applied to the CTB layers evaluated
for SR 12. Since CTB is a brittle material, excessive stresses induced
by the heavy hauls could result in cracking and ultimately accelerated
deterioration of the overall pavement structure. If calculated stresses
exceed the CTB indirect tensile strenghts shown in Chapter Il (Table 5),
modifications to the apnlied loads or pavement structure might be

appropriate.
PAVEMENT EVALUATION RESULTS

The preceding data and discussion presented in this report can
now be used to estimate potential damage which may occur to the SR 12
pavement structures due to the planned heavy hauls. To accomplish this
task, the modeled pavement cross sections and haul loads were inputted
into the BISAR computer program thus providing estimates of the resulting
stresses, strains anq deflections. These data were then compared to
appropriate failure criteria to estimate pavement damage.

The resulits obtained from the BISAR program are summarized in
Tables 11 throuah 16 for the trailer load configuration, Tables 17
through 20 for the prime mover and Tables 21 and 22 for an 18,000-1b
dual-tire sinale axle. Each set of tables will be separately discussed.
The general format used in these tables to present the calculated
results is similar. Only the vertical and maximum horizontal stresses
and strains are presented for pavement layers of direct interest.

Layer thickness, number and the deflection of the pavement surface are

shown in the center of each table. Specific layer descriptions can be
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obtained from Figures 21 through 24.

Tables 11 through 13 contain the results obtained for the 5675-1b
trailer wheel load confiquration and ACP temperature of 77°F {typical
spring or fall day). The calculated pavement surface deflections ranage
from a low of 0.072-in (Station 202+0n) to a high of 0.151-in (Station
453+60). The maximum tensile strain at the bottom of the ACP layer
(Stations 173+25 to 453+60) is 341 x 10-6 in/in and occurs at Station
408+00. The maximum tensile stress for the CTB layer (Station 584+00)
is 367 psi which is quite high for this type of material. The largest
vertical compressive strains for the subgrade soils occur at Stations
408+00, 453+60 and 584+00, all of which slightly exceed 1007 x 10_6
in/in.

Table 124 shows the result of changina the ACP temperature to 90°F
(typical of a moderate summer day) and using the same 5675-1b trailer
wheel load confiauration. This analysis was performed for Station
408+00 since it was felt to represent one of the more critical stations
evaluated. Comparing the results shown in Table 14 to those 1in Table
12 for this stationshows that changing the ACP temperature does not
significantly affect the surface deflection. Subgrade vertical
compressive strains are increased somewhat and horizontal tensile
strain at the bottom of the ACP is increased significantly (from

b

341 to 443 x 10°° in/in). This indicates that moving the trailers

on SR 12 during a hot day (high ACP temperature) is probably undesirable.
This will be more fully examined later in this section.
The results developed in Tables 15 and 16 were aiso for the trailer

Joad confiquration (Station 408+00) but the wheel loads were increased
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Table 11. Calculated Stresses, Strains and Surface Deflection
for Trailer with 5675-1b Wheel Load and ACP Temperature
of 77°F - Stations 173+25 and 202+00.
Statior 173425
r .
: Stress Lays;mg2;c::§ss. , Strair
SLre L A€
{psi) Surface Deflection {infin x 187
vertizal Max imur Pavemert Surface Max imur E Vertica)d
‘re;< Horizontal Deflection = 0.096" Horizonte] i Strair
e Stress ’ : Strain :
-6 -180 g o -28¢ } z
-3 129 257 ‘ -1€5
! -5 -4 2 3.6 Z2R7 -7z
1 3‘ 108.0
1 0 al' 50.0 116 -23¢
]
c ‘ 0 I 8z 190
;_ 6y =
Tercion {+}
Corpression {-)
Statfon 202+00
(ﬁ Stress Lay::mEZ:c::ESS’ _ Strain
! {psi) Surface Defiection {in/in x 10°7)
o s Maximum , Ma ximum e
s e e surpes, et
Stress ) Strain
=100 -147 1 10.0" - -391 =80
=10 81 . 340 «252
10 -2 P . 320 -8as
. 3| 48.0"
L
-4 -1 41 108.0" d 159 -328
5{ 60.0"
=1 o] 61 48.0" . 63 -188
7 -

Tension (+)
Compression (-)
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Table 12. Calculated Stresses, Strains and Surface Deflection
for Trailer with 5675-1b Wheel Load and ACP Temperature
of 77°F - Stations 341450 and 408+00.
Station 341450
| bl strain g
(ps1) ; Surface Deflection (infin x 10°7) .
. I Ma » imym : Ma ximym X
Vertical . Vo ! Pavement Surface . . Vertical
Stress ! “g[lgggva‘ ! Beflection = 0.075" "g::;ﬂ: a1 Strain
-100 172 " 11 .00 : -325 -14
-10 112 i- . 206 -224
0 . ) E I . 306 -0z
! | 3l 2.0 |
' | |
- ‘ ! a a2, 12.0 “ 238 ! SO
— 3 | ;
-4 i - : s 240 : 295 i -737 1
| | E
1
6' 12.0 )
i o= |
Tersion {+}
Compression (-)
Station 408+00
| :
T e Cover Trickoess, e |
(pst) Surface Deflection {in/in x 167%) !
. Max imum i Max imum ;
Vertical A Pavement Surface s Vertical
Stress Hg:léggta1 ! Deflection = 0.136" Hg;;ﬁ?:ta] Strain
-102 -194 fe 11 e . -373 38
-9 128 . . 331 =257
-9 -3 2 1.8 34 =815
: ;
: RS 5
l i
. - - . " . =729 .
: 7 2 4] 24.0 334
. -4 -1 . £ | 208.0" [ 460 -10%7 l
6 - [

Tension (+)
Compression (=)
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Table 13. Calculated Stresses, Strains and Surface Deflection

for Trailer with 5675-1b Wheel Load and ACP Temperature
of 77°F - Stations 453+60 and 584+00.

Station 453+60

Thickness, . ]
Strgss Laﬁs;ber1:n: 55 ¥ Stra1?0_6}
; (psi) Surface Deflection in/in x J
1 Py l “:
! : Ma x tmum Ma x i mum ical ‘
Yertical : Pavement Surface ; Vertica ‘
Herizontal e M Horizontal y
“ Stress Stress peflection = 0,151 Strain | Strain !
ST -192 . 1] .0 . -370 37
| 210 123 . . 329 248
: -10 -3 * 2] 1.8 . 329 . -812
|
!
3! 12.0" |
| - L
i -5 i -1 - 4] 24.0" . 2B7 -663
-3 i I . s | 3600 . 443 -929
i i
: -2 -1 . 6] 36.0" . 425 -1023
* 71 48.0" ’
8 -
Tension {(+}
Compressian (-)
Station 5B4+00
[ )
' Strgss Laﬁﬁ;bzt1;:gess. | .. §tra1n -5
(psi) ! Surface Deflecticn | fn/in x 107)
E .
Vertical Hzi?lgﬂﬂ ! Pavement Surface Hﬂi:;gﬂa‘ —1\ Vertical
Stress Stress ! Defiection = 0.3122" Strain ’ ; Strain
2100 129 . N Y .o -220 | i
-89 -82 . . -84 Al
-89 307 T 2 eon . 8L ‘ =7
-5 387 ‘. . 106 -37
, -5 -2 . 3 2407 . 106 : 338
b l
‘ -2 -1 * ! : 22 ; 1021
| 41 96.0 :
i 5|
l

Tension (+)
Compression {-)
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Table 14. Calculated Stresses, Strains and Surface Deflection
for Trailer with 5675-1b Wheel Load and ACP Temperature
of 90°F - Station 408+00.
Station 408+00
T e o e O |
: {psi) Surface Deflection (infin x
. Ma ximumr Maximum ical
Vertica!l ant Pavement Surface Harizontal Vertica
Stress nglz;;“a] Deflection = D.142" gg;:?: 8 Strain
=100 =175 1 9.0" -498 1
-10 . 108 443 -330
-10 -3 2 1.8" [1%] -973
AT ;
-8 -3 2! 4.0 0 ! -837
-4 -1 5| 204.0" 479 ‘; ~1087
A
L H

Tensign {+)
Compression (-)
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Calculated Stresses, Strains and Surface Deflection
for Trailer with 7000-1b Wheel Load and ACP Temperature
of 77°F - Station 408+00.

Station 408+00

Layer Thickness,

Stress Strain
i Number and R -6
(psi) Surface Deflection {in/in x 10°7)
Vertical Maximum Pavement Surface Ma ximum 1 ! vertical
Horizontal Lo " ! Horizorta Ll
Stress Stress Deflecrion = 0.167 i Strain | Strain
-100 -219 ]T 9.0 i -438 ©78
-1 155 . 413 : =310
11 -3 . 5 1.8 | an | -988
3| 3.8 .
-9 -3 . a' 2a.0v 40T ) -B95
| | —
- ! ° 5 1200.0° 566 | -1258
]
6 ®

Tension (+)
Compression (=)
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Table 16. Calculated Stresses, Strains and Surface Deflections
for Trailer with 8000-1b Wheel Load and ACP Temperature
of 77°F - Station 408+00.

Statior 4CB+00

Layer Thickness, o
?;;?%5 Number and (iﬂ/?;ri!?o'ﬁ)
) i Surface Deflection
| Haxi i Max 3 mum
] mum A
Yertical i Hoi?;o:IaT Pavemeqt Surface . Hoa:zo:tal Vertw;a]
Stress i Stress Deflection = 0,162 orizon AN
T
o | B ’ Ve : -485 -
-1z | 190 . . s e
e 4 : 2! 1. . 262 7z
) .
;
| 3. 3.
. | |
i | - ] ¢ 20 ’ 464 21020
—
-6 -1 | L - ¥y T 5
! P .

Tersion (+)
Compression (-}
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to 7000-1bs (Table 15) and 8000-1bs (Table 16). The stress and strains
in all critical layers increased, although these increases were not
significantly higher for the ACP layer than reported in Table 14 for
the 5675-1b wheel load configuration with an ACP temperature of 90°F.
These higher wheel loads did significantly increase the surface
deflections.

The estimates of the pavement response to the 84-ton prime mover
vehicle are reported in Tables 17 through 19 for the six stations
evaluated. The observed stresses, strains and surface deflections
for each station generally were significantly increased as compared
to the trailer load configuration. This should not be unexpected
since the prime mover wheel loads are estimated to be as high as 17,000-
1bs for the 84-ton gross vehicle weight. Of particular concern is the
high horizontal tensile stress estimated for the CTB Tayer at Station
584+00 {529 psi).

After obtaining the initial estimated pavement response results for
the 84-ton prime mover, the load configuration was changed to 4Z-tons
and evaluated for Stations 408+00 and 453+60 (two most critical stations).
This information is presented in Table 20. These results indicate that
the significant stresses and strains would be reduced to less than
reported for the 5675-1b trailer load configuration - a desirable
situation.

Tables 21 and 22 present the estimated pavement response of Stations
408+00 and 584+00 for a 18,000-1b dual-tire single axle load (the "standard"
loading configuration). The horizontal tensile strain at the bottom of
the ACP Tayer and vertical compresgive strains in the subgrade soils

are significantly lower than calculated for the previously discussed
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Table 17. Calculated Stresses, Strains and Surface Deflection
for 84-ton Prime Mover and ACP Temperature of 77°F -
Stations 173425 and 202+00.
Station 173425
| -
Layer Thickness, .
5(;:‘335 Number and (inﬁj"i‘?g-e) !
Surface Deflection
. Maximum Ma x 3 mum ;
Vertical ; Pavement Surface s Vertical
. Horizontal . N K Horizeontal ;
Stress Stress | Deflection = 0.142 Sepain Strain :
R -247 1 ‘4[7 50" -an ; 17
| -14 193 407 i -334 :
| 4 -5 | 2] 36 407 “Nas !
b !
f 31108.0" j
1
4 60.9 | :
, 5 1120.0" :
L
Tension [+)
Compression {-)
Station 202+00
Layer Thickness, . |
Stress Strain !
(ps?) Number and ] infin x 10-6) ;
i Surface Deflection
I 1
) Max imum : Ma ximum :
Vertical . i Pavement Surface ; Vertical
v Horizontal e “ Horizontal :
Stress Stress | Ceflection = 0.098 Strain Strain
-100 -190 ; 3 16.0" -536 48
-16 139 i 543 -466
i 2 36"
' 3| 4B.0" j
j 4 |108.0" |
. 5| 60.0" ! :
6] ag.0" :
: 1
? » i
| |

Tension [+}
Compression {-}
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Table 18. Calculated Stresses, Strains and Surface Deflection
for 84-ton Prime Mover and ACP Temperature of 77°F -
Station 341+50 and 408+00.
Station 341+50
siress Lager, Tnickness. strin
! (ps?) Surface Deflection {in/in x 70 )
| Vertical H:i:;2ﬁ1a1 Pavement Surface | H§3?;2:231 vertical
! Stress Stress Peflection = C.098 5 Strain Strain
; -100 -232 11 g \ -463 k]
| -15 187 482 -400
: 2| 3.6 i
: a
| 3 20 i
f T
1 a0 1
!
! 1
; 5 | 24.0"
i i 6| 12.0" :
i { 7 - |
Tensicn (+)
Compression {-}
Station 408+C0
T - !
Stress i Laﬁi;blt1§ﬁgess. _ Strain -5
(psi) Syrface Deflection (in/in x 1077) i
. Ma x i mum Haximum : c o
vertical : Pavement Surface : i Yertical
Stress Hg;lzgzta1 Deflection = 0,176" nglf?TtaT } Strain
=100 -259 " -527 : 163
AL, 209 532 ‘ -439
j | 21 1.8
3] e |
& | za.0" \
5 {204.0"
6§ = g

Tension {+)
Compression {-)
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Table 19. Calculated Stresses, Strains and Surface Deflection
for 84-ton Prime Mover and ACP Temperature of 77°F -
Stations 453+60 and 584+00.
Station 453+60
{ Strgss Lay::m£21C::§55. ) Strain -6
‘ {psi) Surface Deflection (in/in x 107
| . T ]
b Vertica) Ma xirmum ! Pavement Surface Haxmum vertical
E Stress Hg;lzggta1 Deflection = 0.207" Hg;légztal Strain
L] »
=106 -256 1 9.0" -519 ‘ 15%
-14 200 . o 51C ‘ -422
21 1.8 | ,
3 i 12.0"
| !
I 4 i 24.0"
' ]
| 5 36.0'
. 1
i ]
' 6 36.0
I |
: ] .
i 7, 480" |
i H '
‘i l 8 { = i
Tersion [+)
Campression [-)
Station 584+00
[ Layer Thick -
; Strass yer Thickness, Strain g
' : I Number and infin x 10
{os1) ; Surface Deflection tn/ )
Vertica) Hg??;gg?al ! Pavement Su-face Hgi?;ﬂ::a1 Vertical
Stress Stress ! Deflection = 0.154" Strain Strain
: =100 160 | * 1 3.0" . -239 -17 i
| -91 -101 e . -125 -88 :
i ! 21 6.0 i
.7 529 . » 155 -50
-7 -3 . 3| 240 . 155 -537 1
- 1 : s : - —
a | -2 2 | 960 402 1130 |
! 5] -

Tension ()
Compression (-)
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Table 20. Calculated Stresses, Strains and Surface Deflection
for 42-ton Prime Mover and ACP Temperature of 77°F -
Station 408+00 and 453+60.
Station 4G8+00
f -
| Layer Thickness, R
? ?tg?is Number and (in’§ﬁr:1?0_6)
p Surface Deflection a
|
' ; Ma x imum Maximyrm
Vertical - Pavement Surface : Vertical
Horizontal Aty . Horizontal :
; Strass Stress Deflection = 0.089 t Strain Strain
N . o =
T | =173 b oeo -320 12
-2 123 . | .| 39 -259
_8 | A . HRE g 309 75
i 1
‘ 3 1.6
. ' |
T i A ;- s I 4.0 . 283 =582
- . . i . _Lgo
2z i ] 5 *ng.ob 251 580
: E !
i | i T
Tersion '+)
Compression (-}
Statign 483+60
. ! r Thickm
| Stress ! Lagﬁmberwztgess \ . Strafn
(psi) | Surface Deflection % (in/in «10°7)
T : i
Vet Max imum ‘ Pavement Surface i Maximum | viral
'é,;;§:1 5 Horizortal i Deflection = 0.195" } Horizontal i V;:; ?:’
) i Stress ‘ ! Strain ! trai
i ! iw :
109 1 -175 | o . . -315 _ 9
-8 1ig . ' 298 ! =251
- 7 ‘. . a T T
2] I 4 ‘ 2 1.8" | 298 757
; 31 12.0 :
+
-4 -1 " 2! 230 . 226 -468§
|
-2 . 0 . 51 38.0" 'i 227 -526
h | .
T - . T _
-1 i -1 61 36.0" | 204 | 569
| | 7, 48.0" {
L 8y -

Tension (+)
Compression {
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Table 21, Calculated Stresses, Strains and Surface Deflection

for 18,000-1b Dual-Tire Single Axle and ACP Temperature
of 77°F - Station 408+00.

Station 408+00

r Stress Lay:r Ehicknsss. Strain 6
: umber an o2 -
' (psi) Surface Deflection {in/in x 107%)
Vertical ] Maximum Pavement Surface Max fmum E Vertical
Str : Horizonta) | D 3; il u 0. 536" Horizontal i Strai
ess StY'ESS ‘ eriection = Y ‘ Stfaiﬂ ! rain
=70 ! 128 t 1T 9.5 -239 12
-5 ; 88 ia | . 225 -177
-5 : -1 ‘ 2’ 1.8" a 228 . -499
’ T
! ! ! |
| : 3t 3.6 ;
‘ -3 -1 i Al o 208 i -406
- i ; . | -
1 | 0 . R | 177 | 332

ﬁiw |
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Table 22. Calculated Stresses, Strains and Surface Deflection
for 18,000-1b Dual-Tire Single Axle and ACP Temperature
of 77°F- Station 584+00.
Station 584+00

[ N

| T g Trieness,  steaie g

| {psi) ' Surface Deflection (infin x 10°7)

! Max imum Max imum ] -
Vertizal N Pavement Surface . . i Vertical
Streas Horizontal : Deflection - 0.028" | ”g;;;?;‘a‘ | Strain

-7G R . . . ; -

G 75 . s . g2 75
-63 -5 is o] - 48 -92
"6 i -7 i 21 60 *| -4 ‘ &

-2 : 208 . . 62 -18
-2 -1 - 31 2¢.0 . 62 : -172
T \ ] : 2 Vg6 0 . 138 : 278
| :
| ) - |
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Toading configurations. The same holds true for the CTB Tayer at
Station 584400 in that the horizontal tensile stress is estimated

to be 208 psi as opposed to 367 psi for the 5675-1b wheel load trailer
configuration.

Tables 23 through 25 present the final summaries which provide
estimates of pavement damage for the non-CTB pavement sections.

Tables 23 and 24 indicate the estimated allowable repetitions to
failure for the various load configurations used in this analysis. Table
23 presents these estimates for the fatigue criteria and Table 24 for
rutting, both of which are evaluated at Station 408+00. The maximum
horizontal tensile strain at the bottom of the ACP Tayer (Table 23)
and the maximum vertical compressive strain in the subgrade soils
(Table 24) are also shown,

An examination of the estimated repetitions to failure in Table 23
shows the Targe differences between the three criteria listed. The
criteria developed by Kingham and Kallas from WSU test track are felt
to best represent the SR 12 ACP. The rutting criteria developed for
California conditions {Table 24) are also felt to best represent the
SR 12 subgrade soil conditions.

The maximum expected number of wheel load applications at any
point along the proposed SR 12 haul route would be 144 repetitions for
the two trailer units (six separate moves and 24 axles for each move)
and 24 repetitions for the prime movers. By dividing the maximum
expected repetitions by the allowable repetitions for a specific loading
configuration, an approximate estimate of the pavement 1life consumed can

be made. Such calculations were made and listed in Table 25. Since a
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wide range in the fatigue criteria was observed, pavement 1ife reductions
were calculated for all three. The "most probable" category was developed
for the Kingham and Kallas criteria, "optimistic" for the Finn, et al.
developed criteria, and "pessimistic” for the ARE developed criteria.
Small percentage reductions in the pavement life are estimated for

the load configurations considered for the "most probable" and
“optimistic" categories. Somewhat larger values are reported for the
"pessimistic” category, although the largest reduction occurs for the
8000-1b wheel Toad on the trailer. Even this value is less than 10
percent.

For the CT8 SR 12 pavement structure, the expected tensile stresses
at the bottom of the CTB layer (Table 13) may exceed the material strength
(Table 5). If this occurs the CTB layer will probably crack. Such cracks
would normally be expected to migrate to the pavement surface. Thus, over
a period of time these cracks would allow extra moisture to enter the pave-

ment structure which would probably accelerate pavement deterioration,



CHAPTER IV. CONCLUSIONS

The following conclusions appear to be warranted:

The subgrade soils along the proposed haul route are highly

varijable in composition and strength.

The existing SR 12 pavement structure was well constructed and

is currently in good structural condition. The asphalt concrete

and cement treated base materials are of good to high quality

and strength.

The most probable amount of damage (fatigue and rutting) expected

for the non-cement treated base pavement sections due to the

5675-1b trailer wheel loads and the 42-ton prime mover are small -
less than one to two percent of available pavement life. By increasing
the trailer wheel loads to 8000-1b, approximately five to ten percent
of the available pavement 1ife may be used. An increase in both the
wheel loads (trailer and/or prime mover) and pavement temperature
will act together to produce greater losses in pavement life. 7o
illustrate this point, an increase of pavement temperature of only
13°F (77°F to 90°F) for the 5675-1b trailer wheel load indicates

that the loss in pavement 1ife can increase by a factor of one

to almost four depending on the failure criterion used.

Based on limited data, tensile stresses in the CTB layer due to the

5675-1b trailer wheel loads may exceed tensile strength. The
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possibility therefore exists that cracking of the layer may occur.
Such cracking would accelerate pavement deterioration and ultimate

failure.
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INDIRECT TENSILE TEST METHOD
FOR

RESILIENT MODULUS OF BITUMINQUS MIXTURES

1. Scope
2. Applicable Documents
3. Summary of Method

4. Significance and Use

The values of the resilient modulus and resilient Poisson's ratio can be
used for bituminous paving mixture design, as a supplement to standard values
already used. The resilient properties can also be used in layered elastic
analysis and thickness design of pavements. The test method wmay further
be used in research investigations such as evaluation of materials performance

with time (e.g. exposure tests) since the procedure is non-destructive.

5. Apparatus
6. Specimens
7. Procedures
B. <Calculations
9. Report
Report the average resilient modulus at temperatures of 41, 77, and 104° F

{5, 25, and 40° C) for each load and load frequency used in the test,

10. Precision

The precision of the method is being established.
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INDIRECT TENSILE TEST METHOD
FOR
RESTLIENT MODULUS OF BITUMINOUS MIXTURES

ASTM DESIGNATION

1. Scope

1.1 This method covers pProcedures for preparing and testing laboratory
fabricated or field recovered cores of bituminous mixtures to determine
resilient modulus values using the repeated-load indirect tensile test. The
procedure described covers a range of temperatures, loads, loading frequencies,
and load durations. The minimum recommended test series consists of testing
at 41, 77*%, and 104° F (5, 25%, and 40° C) at a loading frequency of 0.33 to
1.0 Hz for each temperature. This recommended series will result in 9 test
values for one specimen which can be used to evaluate the overall resilient
behavior of the mixture.

2. Applicable Documents

2.1 ASTM Standards:
D 1559 Resistance to Plastic Flow of Bituminous Mixture Using Marshall Apparatus
D 1561 Preparation of Test Specimens of Bituminous Mixtures by Means of Kneading
Compactor
D 3515 Hot-Mixed, Hot Laid Asphalt Paving Mixture

D 3496 Method for Preparation of Bituminous Mixture Cylindrical Specimens

*or ambient laboratory temperature as appropriate
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D 3387 Test for Compaction and Shear Properties of Bituminous Mixtures by Means
of the U.S. Corps of Engineers Gyratory Testing Machine (GTM).

3. Summary of Method

3.1 The repeated-load indirect tensile test for resilient modulus is
conducted by applying compressive loads with a haversine, square wave, or
trapezoidal wave form. The loads act parallel to and along the vertical
diametral plane of a cylindrical specimen of asphalt concrete (Fig. 1) at a
given temperature and loading frequency. The resulting recoverable horizontal
deformation of the specimen is measured and used to calculate the resilient
modulus of elasticity with an assumed value of Poisson's ratio or with a
calculated value using the measured recoverable vertical deformation.

4. Significance and Use

4.1 The values of the resilient modulus and resilient Poisson's ratio can
be used for bituminous paving mixture design, as a supplement to standard values
already used. The resilient properties can also be used in layered elastic
analysis and thickness design of pavements. The test method may further be
used in research investigations such as evaluation of materials performance

with time (e.g. exposure tests) since the procedure 1s non-destructive.

5. Apparatus

5.1 Testing machine -~ The testing machine should have the capability of
applying a load pulse over a range of frequencies, load durations, and load
levels.

Note 1 - An electro-hydraulic testing machine with a function
generator capable of producing the prescribed wave form has
been shown to be suitable for use in repeated-load indirect
tensile testing; other commercially available or laboratory

constructed testing machines such as those using pneumatic
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Loading Strip

4+es—Rubber Mcmbrane (optional)

Applied load
Thickness of specimen
‘Diameter of specimen

a = Width of loading strip
a =0.50r 0.75 inch (13 or 19 mm)

Fig 1. 1Indirect tensile test.
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repeated loading can also be used. However, these machines
may not have the load capability to handle larger specimens
at the colder testing temperatures.

5.2 Temperature control system - The temperature control] system should
be capable of control over a temperature range. The temperature chamber
should be large enough to hold an adequate number of specimens for a period
of 24 hours prior to testing.

5.3 Measurement System - The measurement system should include a recorder
or other measuring device for the horizontal and vertical deformations., If
Poisson's ratio is to be assumed, then only horizontal deformations must be
recorded. Loads should be measured and recorded or accurately calibrated prior
to testing. The system should be capable of measuring deformations in the
range of 0.00001 inches (0.00025 mm) of deformation. An alternate system could
give deformation readout directly by suitable calibration of the loading and
measurement components.

5.3.1 Recorder - The recorders should be independent of frequency for
tests conducted up to 1.0 Hz.

5.3.2 Deformation Measurement - The values of vertical and horizontal
deformation are measured by LVDT's or other suitable devices. The horizontal
LVDT's should be at mid-height opposite each other on the specimens horizontal
diameter. The semsitivity and type of measurement device should be selected
to provide the deformation readout required in Section 4.3.

Note 2 - The Trans-TEX Model 350-000 LVTD and Statham Uc-3
transducers have been found satisfactory for this purpose.
Note 3 - The gages should be wired to preclude the effects

of eccentric loading so as to give the algebraic sum of the
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movement of each gide of the specimen. Alternatively, each
gage can be read independently and the results summed separately.

5.3.3 Load Measurement - Loads are measured with an electronic load cell
capable of satisfying the specified requirements for load measurements in
Section 5.3.

5.4 Loading Strip - A steel or aluminum curved-leading strip with radius
equal to that of the test specimen is required to transfer the load from the
testing machine to the specimen. The load strip shall be 0.5 or 0.75 inches
(13 or 19 mm) wide for 4.0 or 6.0 inch (102 or 150 mm) diameter specimens,
respectively; edges should be rounded in order to not cut the sample during
testing. For specimens with rough textures, a thin hard rubber nembrane
attached to the loading strip has been found effective in reducing impact
loading effects if vertical deformations are not monitored.

6. Specimens

6.1 Laboratory Molded Specimens - Prepare the laboratory molded specimens
according to acceptable procedures such as ASTM Method D 1561. The specimens
should have a height of at least 2 inches (50 mm) and 2 minimum diameter of
4 inches (102 mm), but not less than four times the maximum nominal size of
the aggregate particles.

6.2 Pavement Cores - Core samples from an inservice pavement should have
a minimum height of 1.5 to 2 inches (38 to 50 mm) and diameters of at least
4 inches (102 mwm) but not less than four times the maximum nowinal size of the
aggregate particles. Cores should have relatively smooth parallel surfaces.

Rote 4 - Laboratory molded specimens and pavement cores with diam-

eters of 6 inches (150 mm) and heights of 3 inches (75 mm) or more

have been used.
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7. Procedures

7.1 Place test specimens in a controlled temperature cabinet and bring
them to the specified test temperature. Unless temperature 1s monitored,
and the actual temperature known, the specimens should remain in the cabinet
at the specified test temperature for at least 24 hours prior to testing.

Note 5 - A dummy specimen with a thermocouple in the center
can be used to determine when the desired test temperature
is reached.

7.2 Place specimen into loading apparatus and position the steel or
aluminum loading strips. Adjust and balance electronic measuring system as
necessary.

7.3 Apply a preconditioning loading consisting of a repeated haversine,
or other suitable waveform, loading to the specimen without impact for a
minimun period sufficient to obtain uniform deformation readout. Depending
upon the loading frequency, a minumum of 50 to 200 load repetitiomns is
generally sufficient; however, the minimum for a given situation must be
determined so that the resilient deformations are stable. A complete test
will usually include measurements at three temperatures, e.g., 41 + 2,

77 + 2, and 104 ¢ 2° F (5, 25, and 400 C), at one or more loading frequencies,
e.g., 0.33, 0.5, and 1.0 Hz, for each temperature. Recommended load range is
from 10 to 50 percent of the tensile strength. Tensile strength can be
determined from a destructive test omn a specimen and the equation of Section
8.3.
Note 6 - Load duration is the more important variable and it is
recommended that the duration be held to some minimum which can

be recorded. The recommended range for load duration is 0.04 to
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0.4 sec,, with 0.1 sec. being representative of transient pavement
loading. Recommended frequencies are 0.33 to 1.0 Hz. 1In lieu of
tensile strength data, load ranges from 25 to 200 lbs.

7.4 Monitor the vertical and horizontal deformations during the test.

Note 7 - A typical load pulse-deformation trace is shown in Fig. 2,
along with notations indicating the load-time terminology.

7.5 Each test should be completed within two minutes from the time specimens
are removed from temperature control cabinet.

Note 8 ~ The two minute testing time limfit is waived if lecading is
conducted within a temperature control cabinet meeting requirements
in Section 5.2.

7.6 Each specimen should be tested more than once by rotating the specimen
and loading through another diametral plane. Three laboratory fabricated
specimens or three cores are recommended for a given test series with variables
of temperature, load duration, and load. In order to reduce permanent damage
to the specimen, testing should begin at the lowest temperature, shortest load
duration, and smallest load. Subsequent testing on the same specimen should be
for conditions producing progressively lower moduli. Bring specimens to
specified temperature before each test.

Note 9 - If excessive total deformation, i.e., greater than 0.001 inch

(0.0254 mm), occurs during a test, reduce the applied load, the test
temperature, or both.

8. Calculations

8.1 Measure the average recoverable horizontal and vertical deformations

over at least three loading cycles (see Fig. 2) after the repeated resilient

deformation has become stable.
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8 = duration of loading during one load cycle

b = recovery time

¢ = cycle time
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8.2 Calculate the resilient modulus of elasticity ER and Poisson's

ratio v using the following equations:

P(v + 0.27)

ER tA » psi
X
Ax

v = 3,59 o 0.27
y

where
P = repeated lcad, 1b.
v = Poisson's ratio
t = thickness of specimen, in.
A = recoverable horizontal deformation, in.

A = recoverable vertical deformation, in.

Note 10 - Poisson's ratio can be calculated using the above
equation for 4-inch and 6-inch diameter specimens with 0.5 inch
or 0.75 inch wide loading strips, respectively, or the value can
be assumed in which case vertical deformations are not required.
A value of 0.35 for Poisson’s ratio has been found to be
reasonable for asphalt mixtures at 77° ¥ (250 C).

8.3 The tensile strength ST can be calculated using the following

equation:

- 2Pult

T wtD

where

Pult = the ultimate applied load required to

fail specimen, 1b.
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thickness of specimen, in.

"
#

o
"

diameter of specimen, in.
9. Report
9.1 Report the average resilient modulus at temperatures of 41, 77, and

104° F ( 5, 25, and 40° C) for each load and load frequency used in the test.

10. Precision

10.1 The precision of the method is being established.



