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INTRODUCTION

Flexible pavements are subject to several types of distress. These
include cracking, rutting, raveling, slippage and structural failures.
The cracking distress covers longitudinal, transverse and alligator
cracking. The general area of rutting includes Tongitudinal or con-
tinuous wheelpath rutting, spot rutting or isolated areas of ruts and
shoving which are associated with stopping and starting movements of
vehicles, usually at intersections.

In hot-mix surface layers, the distress of rutting can become a
significant problem. Longitudinal rutting in wheel paths can occur to
absolute depths in excess of 1 inch (25 mm) and severely shoved and
rutted areas can occur at intersections with magnitudes of distress ex-
ceeding those of longitudinal ruts.

Rutting in wheelpaths creates problems for the motorist both from
standing water during and after rainfall and from the distorted roadway
surface which may make vehicle control difficult. The standing water
creates drag, visibility hindering spray and the potential for hazard-
ous hydroplaning. The rut distorted surface makes handling of motor
vehicles difficult to dangerous in the achieving of steering maneuvers
including passing, moving on and off the roadway and stopping.

Because of the serious problems created by the rutting distress,
the Texas State Department of Highways and Public Transportation (SDHPT)
has targeted this area for study. Remedial measures governing the
design, production and placement of hot-mix placed under SDHPT Specifi-
cation Item 340 are being implemented as a result of this and other
associated research.

DEFINITION OF PROBLEM

The problem to be addressed by this part of Study 2-9-80-285 was
to determine what characteristics of the Item 340 hot-mix material it-
self and its production, placement and service environments were sig-
nificant in determining how well the hot-mix surface Tayer would function
in the field. Among the questions asked were the following:



1. How did the original materials, including aggregates, asphalt
cement and any additives affect performance on the roadway?

2. How did the design of the hot-mix which fixed proportions of
individual components, serve to influence roadway performance?

3. How did the type of hot-mix plant and conduct of operations
of that plant influence the character of the mix on the road-
way?

4. How did transportation, construction, weather and compaction
operations influence the final hot-mix performance?

5. How did the existing roadway structural section and surface
affect the characteri;tics of the Item 340 hot-mix layer?

6. Finally, how did the amount and type of traffic, including
truck percentages and axle loadings, and service weather
environment affect roadway performance?

Answers to the above questions needed to be found to determine why
some hot-mix surface layers performed well from a rutting standpoint
and to establish why certain other roadway pavements did not perform
well.

STUDY APPROACH

Included in the objective of this study was the need to compare
the performances of good pavements with Item 340 surface layers versus
the performances of marginal Item 340 surface layered pavements. The
SDHPT districts and urban office were sent lTetters of inquiry asking
for submission of well and/or poorly performing candidate pavements
from a rutting or shoving distress standpoint. Replies were received
from 18 districts offering pavement sections for study. Because of
study 11mitations_of time and funding, only nine districts had road-
way sections ultimately tested under the project.

Data concerning each roadway tested was obtained in the same
general manner. First, a time was set and field coring was completed
on each selected site chosen by the districts as representative of a
particular roadway. During this phase, field cores were obtained, rut



depths measured and roadway evaluations were made for Pavement Rating
Scores. General information relating to roadway distress and history
was taken. At a later date, the district was again contacted and a
thorough files review was made at district offices to obtain data con-
cerning design, production, weather, Taydown and service conditions
for the Item 340 surface layers. In the meantime, the roadway hot-mix
cores were visually inspected, measured, tested under the Texas Trans-
portation Institute (TTI) laboratory test sequences (1); and the data
were then tabulated for analysis.

The data obtained from each of the pavement sections was compared
with that of the others in deterﬁining why some sections performed well
and others did not. These comparisons were based on three areas:

(1) data obtained in the field on the pavement site, (2) data obtained
from analysis of field cores and (3) data taken from the reviews of
files concerning design, production, laydown and field service of the
pavements.

Among the roadway sites studied, two major highways were evaluated
as a part of Study 2-8-80-287, "Desirable Asphalt Properties". These
were US 82, a few miles west of Dickens, Dickens County in District 25,
and US 287, just north of Dumas, in Moore County, District 4.

Each of these two highways had seven distinct test subsections that
differed by containing a different asphalt cement. For this study's
purposes, these have been observed and evaluated for one year.

The bulk of the test sections evaluated under Study 285 were
existing sections with Item 340 surface layers. Samples from these
sections were tested in the Taboratory under a somewhat different
testing sequences than used for the two roadway sections on US 82
and US 287.

ROADWAY SITES OBSERVED

In all, 18 separate roadway locations or sites were included in
the 285 study, not counting the 14 individual subsections in the two
joint Study 285-287 efforts on US 82 and US 287. 1In all, 10 different
SDHPT districts were involved. The laboratory test results from all



of this roadway testing and evaluation effort are contained in Tables
la through 21.

Table 22 provides a brief summary and general information about
each roadway section tested. Also listed is the Taboratory test sequence
nurber under which the roadway section field cores or field laboratory
compacted specimens were tested. The table area "Comments" notes
whether the test sections were part of the joint 285/287 study efforts
and gives other unique information concerning the roadway site. Finally,
a "Data Code Number" is given for each section and subsection in paren-
theses in the first column in order to identify each section in further
data result tables.

DATA ACQUISITICN AND TESTING PLANS

As noted briefly earlier, data was obtained in three areas. These
included the field, the laboratory, and the office. The field area for
data taking involved (1) doing visual evaluations and taking rut depths
on the surface, and (2) taking roadway cores for subsequent laboratory
testing, The laboratory area involved testing the specimens and cores
obtained in the field. In the office, a records search was made to
determine pertinent facts affecting each roadway site from hot-mix
design through production, laydown, compaction and service history of
the roadway surface.

Laboratory Testing Sequences

Laboratory Testing Sequences I and II used in the 285 study are
shown in Figures 1 and 2 respectively. Testing Sequence I was used to
test the field laboratory compacted samples of plant produced hot-mix
from the on-site monitoring of the joint 285/287 efforts on US 82 and
US 287 in 1982. Testing Sequence II was used on cores obtained from
roadway sites visited as listed in Table 23, including the 14 subsections
subsequently cares on US 82 and US 287.

Laboratory Testing Sequence I. Figure 1 is a schematic of the

testing plan as originally planned for testing fresh hot-mix produced
for the construction of joint Study 285/287 research efforts that took



place at US 82 in Dickens County and US 287 in Moore County. At each
of these roadway locations, seven subsections containing different
asphalt cements but the same aggregate combinations and gradings, were
paved and the hot-mix sampled and compacted into specimens. For
example, the aggregate used to pave US 82 consisted entirely of a
gradation from a siliceous gravel crushed from one hill site which was
also used as the hot-mix drum-dryer plant site. The seven different
asphalt cements used on US 82 were MacMillan AC-20, Dorchester AC-20,
Exxon AC-20, Shamrock AC-20, Shamrock AC-10, Cosden AC-20 and Cosden
AC-10.

As illustrated in Figure 1, there are four horizontal test series
or legs for testing 18 gyratory shear molded samples from the US 82
and US 287 field laboratories. The tests included Hveem and Marshall
Stability, resilient modulus, MR’ and indirect tension. The testing
is first done dry for certain samples, as for Marshall Stability and
indirect tension in the top and bottom legs of the series, and then
done after water soaking under 0° to 140°F Lottman and the standard
Lottman water tests in the two middle legs. By comparing test results
from before and after water soaking, an estimate may be obtained con-
cerning a hot-mixed material's susceptibility to moisture damage.

The bottom leg of Testing Sequence I is used to determine Rice
specific gravity, percent air voids and percent density of the com-
pacted specimens, when used in conjunction with the bulk specific
gravities obtained on all of the specimens at the start of the total
sequence. The top leg accomplishes testing of the asphalt cement
properties and aggregate gradation used in the mixture. The Marshall
samples are failed, then crumbled and the asphalt cement extracted.
Then the asphalt properties such as viscosity, penetration, ring and
ball and specific-gravity are measured on the extracted asphalt. The
aggregate remaining from the extraction is sieved for grading analysis.

Some tests in Test Sequence I are labeled "special". These
consisted of (1) compacting special sized cylindrical samples of the
roadway hot-mix for running creep tests, (2) running the Texas Freeze-
Thaw Pedestal Test (2) on specially prepared samples of the job aggre-
gates and asphalt cements as another indicator of potential water



susceptibility, and (3) performing the one-cycle (0 to 1400F) Lottman
water test in the second test Teg in order to measure water suscepti-
bility and compare with the standard water test results in leg three.
These tests were considered special because they were not ordinarily
run in the TTI standard laboratory testing programs as of 1982.

The cross-hatched block in the top horizontal test series or test
leg one indicates that results of sieving the extracted aggregate would
be also used in another 285 substudy. This is the wet versus dry
sieving of hot-mix aggregates substudy to determine the merits of
using wet sieving during the design and construction of hot-mix
paving layers.

Laboratory Testing Sequence II. This sequence was used for test-

ing cores from roadway sites where the hot-mix surface layers had
been in service for some time. Accordingly, no special tests on the
original plant produced hot-mixes or aggregates and asphalts were run.
It will be observed that some deviations were made from these
sequences from time to time with different roadway sites. These
differences will be evident upon examination of Tables la through 21.
The changes were believed at the time to be appropriate based on the
judgement of the TTI researchers.

Joint Study 285/287 Roadway Sites

The hot-mix surface layers on US 82 and US 287 were placed in
1982, US 82 in June and US 287 in September. The production, place-
ment, compaction and performance of these two hot-mix surfaces have

been monitored by TTI researchers under both Studies 285 and 287 through
1983. These sections are still being monitored under Study 287 going
through the 1983-1984 fiscal year.

Laboratory Testing of Study 285/287 Sites. This testing has been
covered under both Test Sequences I and II as shown in Figures 1 and 2
for Study 285 for both the US 82 and US 287 roadway sites. Test
Sequence I shown in Figure 1 was first used to test the field labora-

tory compacted samples of fresh hot-mix produced at the contractor's
plant for each of these highways. Results of the laboratory testing
of these samples are shown in Tables la through 1g for the fresh mix
produced for US 82 at Dickens and in Tables 2a through 2g for the US

287 hot-mix near Dumas.
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Approximately a year after the surfaces were placed on US 82 and
US 287, field cores were taken. These were tested in 1983 under Test
Sequence II as shown in Figure 2. These results are shown, respectively,
in Tables 3A through 3G and 4A through 4G.

Field Data for Study 285/287 Sites. Some general information
concerning US 82 and US 287 was obtained at the time these Item 340
pavement surface layers were placed in 1982. Of course, at that time,
no rutting or other major noticeable distress had occurred, and Pave-
ment Rating Scores, PRS (3), though not taken, would have been 100. It
should be mentioned that both US 82 and US 287 were cored under Study
287 within several months after placement, and air voids computed for
both pavements were found to be higher than expected. This tendency
for high air voids is also evident in the Study 285 1983 cores.

As noted previously, both US 82 and US 287 were cored in 1983
under the joint 285/287 effort. Some localized distress was noted,
especially in two subsections for US 287. Neither rut depths nor PRS
scores were taken under Study 285 for US 287. The reason for this is
that under visual inspection, Tittle or no rutting had developed in the
roadway, and the distress in US 287 was limited to two subsites which
were undergoing raveling and some raveling of the hot-mix in the wheel
paths. Since the US 287 distress was not due to plastic deformation,
the pavment was not rated nor were depths measured at that time.

Records Data for 285/287 Sites. Some of these data were acquired
at the time of placement and in the months subsequent to the placement

of the Item 340 layers. This consisted of hot-mix design work sheets,
daily reports, observations made and recorded on the job sites and
information made available by Districts 25 and 4 after construction.

It should be noted that the Dalhart Residency office provided TTI
with 30 combined cold-feed aggregate samples during the US 287 hot-mix
production for the Study 285 wet versus dry screening substudy. This
aggregate sampling represented 10 days of the drum-dryer plant produc-
tion and included the two days during which the seven subsections were
placed and eight subsequent days of production. Results from screening
these samples will be reported in Report 285-2 which this fo]1ows this
report.



285 Roadway Sites

These sites represent those that had already been in service for
different periods of time. These were nominated by the SDHPT districts
as either "well performing" or "poorly performing" from a rutting or
shoving stability standpoint in the Item 340 surface layers.

Field Data for Study 285 Sites. Pavement Rating Scores, PRS, and
rut depths were measured at each location. Pavement Rating Scores were
based on the procedure developed by Epps et al. (3). Rut depths were
taken in wheel paths by means of placing a saw-toothed gage graduated
in two-millimeter (mm) increments under an aluminum bar Taid across the

rut, and obtaining an average of from 10 to 20 such measurements at
each roadway site. Results of these measurements are given in Table 23
for those pavements rated.

At each roadway section location, from 12 to 21 pavement cores
were obtained for subsequent Taboratory testing. Usually half were
taken from a wheelpath and half from between the wheelpath. The number
of cores taken was often dictated by field conditions; for example, at
one location the drill bit was used up after only 13 cores and no spare
bit was available. At another Tocation, an 18-core section had already
been cored, and it was decided to take an additional minimum of 12
comparison cores at a more rutted area less than a mile down the road.

Laboratory Testing of Study 285 Sites. This testing was accomp-

1ished in general accordance with the plan laid out in Test Sequence
II. Results are contained in Tables 5 through 21.

Records Data for 285 Sites. Most of these data have been collected
in separate efforts from the field data acquisition and coring work.

Thus, this portion of data gathering has been the last to be accomp-
Tished on this 285 study.

SUMMARIES OF DATA
Field Data
Tables. Field and some general data concerning the Tlaboratory test

results-field stability performance are contained in Tables 22, 23 and
23A. Table 22 includes the following general information about the
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roadway sites: highway number, control-section number, district,
county and location or 1imits of the roadway sites. Also included are
the Taboratory testing sequence or plan used, comments, the table
number the data are found in and a Data Code Number assigned to each
section to help with identification.

For instance, field laboratory compacted specimens of hot-mix
placed on US 82 and studied under the joint Study 285/287 Laboratory
Sequence I are shown in Tables la through 1g under Data Code Numbers
1 through 7. Field cores obtained: from the US 77 Bypass around Kings-
ville in Kleberg County and tested under study 285 Laboratory Sequence
Il are noted under Table Number 10 and Data Code number 34, as shown
on the second page of Table 22.

Unless indicated otherwise under the comments column of Table 22,
data were obtained by TTI personnel and a TTI coring rig assembled for
field coring of pavements in general. SDHPT personnel provided traffic
control and safety flagging for the coring crew and equipment. The
exceptions were field cores taken and furnished by Districts 18 and 11
from the IH 35 and US 59 roadways.

Table 23 provides Pavement Rating Score, PRS, values and rut depth
data for each of the roadway sites studied. In the instances of the IH
35 and US 59 (Data Code Numbers 32 and 40) sites, estimates of 12 mm
(millimeters) were given for the rutting distress, which was not
measured by TTI on the sites of coring. (Some measurements were
actually made by one author on IH 35 in April 1982 during an effort to
find a non-rutted spot and averages of those measurements at eight
locations ranged from O to 13 mm). Finally, two different paving
Tayers were tested in cores taken at each of three different locations
as indicated by "Same" for Data Code Numbers 42, 46 and 48.

Table 23A 1ists the seven different asphalt cements used in the
seven subsections at both the US 82 and US 287 roadway sections. Given
in this table are the order of the asphalt cements used in building the
subsections, the Data Code Number and the Table Number. As noted in
this table, Data Code Numbers 1 and 15 signify the same roadway
subsection on US 82, with Code Number 1 representing field laboratory
prepared specimens tested and shown in Table 1A and Code Number 15
denoting field cores tested and shown in Table 3A.

9



Laboratory Data

Tables. Laboratory data contained in Tables la through 2g (Data
Code Numbers 1-14) provide results of Test Sequence I laboratory testing
work on both US 82 and US 287 field laboratory molded samples. These
samples were molded in a gyratory shear compactor at the hot-mix plants
in June and September, 1982, respectively. Although the asphalt cement
source varied from one subsection to another, as shown in Table 23A,
the aggregate mix proportions and grading designs and design asphalt
content remained the same for each subsection of each of these two
roadways, thus making the difference in asphalt cement source the only
apparent difference from subsection to subsection for each roadway.

Laboratory data contained in Tables 3A through 4G {Data Code
Numbers 15-28) are for test results on cores obtained from the US 82
and US 287 roadways around the first of June, 1983. Since these were
cores, Laboratory Sequence II was used as a general testing plan.

Tables 5 through 21A (Data Code Numbers 29-48) represent data
results for 17 different pavement sections that the districts submitted
as "poorly" or "well" performing pavements. In all instances, these
pavements had SDHPT Item 340 surface layers, and in most instances, the
next underlying pavement layer consisted of Item 292 (black base) material.
As will be evident in some extracted aggregate grading curves, several
Item 292 layers were also evaluated, as it was thought possible these
might be influencing the surface rutting distress manifestation.

The roadway cores reported on in Tables 5 through 21 were tested
under Laboratory Test Sequence II shown in Figure 2. For the bulk of
the testing, this test plan was adhered to, but the 18-cycle Lottman
water damage testing was dropped affer about half of the total testing
effort because of its time and cost. Also, the 7-day soak water damage
test was used somewhat inconsistently. However, the 24-hour Lottman
water damage test was used on most of the roadway section cores and
provided the most consistently used water susceptibility test.

For ease of comparison, data from Tables 12 through 21 are pre-
sented in Tables 24 through 28. This allows quicker comparison of how
the materials from each of the sections compare with each other. For
instance, Table 24 draws together most of the properties of the extracted
asphalt (Data Code Numbers 1 through 48). Table 25 gathers resilient
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moduTlus MR data; Table 26, indirect tension; Table 27, Hveem stability
and Table 28, Marshall stability and flow.

Table 30 contains results of Texas Freeze-Thaw Pedestal water
damage testing on aggregates and asphalts representing the joint
285/287 study effort on US 287, Data Code Numbers 8 through 14,
Information on how this test is run may be found in reference 3. The
Texas Pedestal test is shown to be run in Laboratory Sequence I.
Although also shown to be performed in this sequence, at the time of
writing of this report, the creep tests have not been run, so no data
is available in Study 285 on creep.

Grading Curves. Figure 3 through 33 are ¢gradation curves of ag-
gregates obtained from extractions of asphalts from laboratory or core
specimens as called for in leg I of the testing sequences. The heavy,
solid Tline in each figure represents the actual gradation figured on a
weight basis. The lighter, dashed 1ine represents the continuously
graded curve specified by the American Society for Testing and Mater-
ials (ASTM) (4) as conforming to a dense grading for three-eighths-
inch (9.5 mm) nominal sized material. Certain characteristics from the
grading curves are summarized in Table 29. These include the following:
(1) weight percent retained on the No. 10 (2.00 mm) sieve, (2) percent
passing the No. 200 (75 «m) sieve, (3) the percent hump above the
No. 30 (600/&m) sieve, and (4) the percent of material retained be-
tween the No. 10 and No. 40 (2.00 mm to 425/um) sieves.

Records Data. Five tables, from Table 31, Part I, through Table
33 are intended to contain summarized data obtained from SDHPT records
and files for the roadway sections included in this hot-mix pavement

stability performance versus laboratory test results study. Table 31
contains data about the date of placement of the Item 340 layer tested,
the layer. age in years and the accumulated traffic per lane. This
table also gives percent trucks and accumulated 18-kip single axle
load information.

Table 32, part IIA, contains data on apshalt source and grade,
SDHPT design asphalt content and extracted asphalt content and TTI
extracted asphalt content. Also included are SDHPT laboratory density
values and any SDHPT field densities from the placed and compacted
materials.

Table 32, Part IIB, contains Hveem stability data and a place for
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any Matshall stability tests that may have been run. One column is
provided for an overall average project Hveem value, another is pro-
vided for a Hveem value representative of the place on the roadway
cored and the third column is provided for the Hveem value at the
design asphalt content. The final column as noted above is provided
for any Marshall stabilities that may have been run during design or
construction to evaluate the paving mixture.

Table 32, Part IIC, contains data about the type of hot-mix plant
used, the breakdown rolling employed and temperatures used in the plant
and on the road. This table also lists the thickness of hot-mix placed
and the weather at Taydown for the pavement site cored.

Table 33 covers the SDHPT e%traction test results on aggregate
gradations and compares them with the design or expected values. This
includes the amount retained in the No. 10 (2.00 mm} sieve and the
amount passing the No. 200 (75/<m) sjeve.

DISCUSSION OF DATA RESULTS

Ranking Tables

In Tables 34 through 40, different properties and test results are
shown for pavement sections represented by Data Code Numbers 29 through
48 which are ranked in descending order of rut depths. Since rut depths
give an approximate indication of pavement stability under loading,
this ranking was believed appropriate. Pavement subsections from
US 82 and US 287 {Data Code Numbers 1-28) are not listed in these tables
because these had not exhibited or had measurable rut depths noted as
of June 1983, as indicated in Table 23. Some subsections of US 287,
particularly Data Code Numbers 15 and 17, have had significant dis-
tress, but this ha§ not been of the rutting or shoving type. Rather,
this distress has been one of the raveling and shelling out, leading
to some bad pot holes in certain areas.

Table 34. This table compares properties of extracted asphalts for
pavement sections Data Code Numbers 29 through 48 listed in order of
decreasing rut depths. If averages of asphalt properties of the top ten
Data Code Numbers are compared with those of the bottom nine Data Code

Numbers, the top ten pavement sections are seen to have somewhat softer
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extracted asphalts for every property listed. For instance, average
viscosity at 140°F for the top ten (excluding Data Code Number 32) is
found to be approximately 4210 poise, whereas that for the bottom nine
(excluding Data Code Number 42) is found to be about 6960 poise.
Similarly, penetration at 77°C for the top ten numbers averages about
44 whereas that for the bottom nine averages 36. Ring and ball tempera-
ture results show an average of about 130%F for the top 10 numbers or
sections and an average of 137°F for the bottom nine numbers.

Even with excepting the two high viscosity values at 140°F for
Data Code Numbers 32 and 42, the data for the bottom nine pavement
sections in all cases are more variable than that for the top ten
sections. This may be caused by a number of reasons. One probably is
that ages of the pavement sections is not considered here. Another
would be that the type of plant used to manufacture the hot-mix is not
taken into account. Finally, the actual grade of asphalt cement
originally used has not been entered into the consideration, either.

It is further noted that the average asphalt viscosity value at
140°F for the top ten sections for rutting approximates an AC-20 that
has hardened to about twice its original viscosity after going through,
say, a weigh-batch plant. This average for an AC-20 indicates possibly
that these asphalts have hardened Tittle from hot-mix production
through service life. Also, this could indicate contamination of the
asphalts with softer materials. Another indication may be the use of
asphalts softer than the service requirements. Fin&]]y, this Tow
average may indicate the use of lower viscosity asphalt cements in
drum-dryer plants with little or no hardening taking place during
production, to the possible detriment of the service performance of the
pavements. _

R data at
different temperatures for the pavements represented by Data Code Numbers

Table 35.  This table illustrates average air voids and M

29 through 48. Pavements are ranked in order of descending rut depths.
In the air voids column, it is noted that from Data Code Numbers

44 through 29, representing the more rutted pavements, air voids range

from 1.0 to 3.4 and from 7.1 to 11.2 percent. Therefore, the more

rutted pavements are represented by air voids below about three and

one-half percent and above seven percent for this Timited number of

pavements. The average air void content for the top ten rutted pave-
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ments is 3.6, and excluding Data Code Numbers 40 and 48, 2.2 percent.
The average air veoid for the bottom ten, Code Numbers 41 through 37, is
4,9 percent. So the better performing pavements on the average are in
an air voids state near five percent, and the poorer performing below
three percent, if the two high values noted above are not included.
Comparing averages for the 10 higher rutted pavements (code
Numbers 44 through 29) versus those for the 10 Tower (Code Numbers 41
through 37) for resilient modulus, MR’ values taken at four different
temperatures shows some important trends. Firstly, average MR values
for the 10 higher rutted sections at -13°F and 33°F average 2.917
and 1.832 x 106 psi versus 2.223 and 1.557 x 106 psi*, respectively
for the 10 lower rutted sections. At 77°F and 1049F, the deeper
rutted sections have average Mp avefages of 0.390 and 0.740 x 10° psi
versus 0.526 and 0.134 x 106 psi for the lower rutted sections,
R at 1040F, the average
of the nine more rutted sections would be 0.067 x 106 psi at 104°F, or
about one-half of the less rutted pavements' average.

respectively. Excluding Data Code Numbers 32 M

Based on the above, the 10 more rutted sections appear to have
higher MR dynamic strengths at the lower temperatures and Tower strengths
at the higher temperatures and Tower strengths at the higher temperatures
than the nine less rutted pavements. Thus, the core specimens from the
more rutted sections show a larger average loss in MR dynamic strength
with increasing temperatures. At the temperatures nearer actual service
temperatures, 77 and 1040F (25 and 40°C), the Tess rutted pavement
sections show MR dynamic strengths approximately twice those of the more
rutted pavements, excluding Data Code Number 32 MR values at both temp-
eratures. These values are 0.526 and 0.140 x 106 psi, respectively for
the Tess rutted pavements versus 0.292 and 0.067 x 106 psi for the more
rutted pavements.

Table 36. This table was formed by taking the differences between
the Mp values at different temperatures in Table 35. Taking averages of
these groups of differences for the more rutted pavements represented
by Data Code Numbers 44 through 29 and comparing these with averages
for the less rutted pavements, Data Code Numbers 41 through 37, again
shows differences between the two groups of pavements. This is the case
for every difference group.

*Note: 10° psi is equal to 6.895 x 10° pascals (Pa).
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For instance, for the difference between MR at -13°F to 330F, the
average difference for Data Code Numbers 44 through 29, is 1.084 x 106
psi and the average for Data Code Numbers 41 through 37 is 0.666 x 106
psi. In every instance except for one the average difference between
specified adjacent temperatures is higher for the more rutted pavements.

An interpretation is that the more rutted pavement sections have
aggregate-binder systems that are much more temperature susceptible
than those of the less rutted pavement sections. Thus, the MR -
temperature curve is steeper for the more rutted materials. For the
exception between 77°F and 104°F, the average MR strength at 104°F
was previously rated higher by a factor of two for the less rutted
pavements. Thus, since the difference is also higher for the Tess
rutted pavements, the MR value at 77°F is also higher on the average,
therefore, indicating greater pavement strengths at service temperatures.

Table 37. Taken from this table, the average value for dry tensile
strength for the more rutted pavements, Data Code Numbers 44 through 29,
is found to be 145 psi, this is compared with an average value of 173 psi
for the less rutted sections, Data Code Numbers 41 through 37. Both
average values are adequate compared with 125 psi which is often used
as a level of hot-mix tensile strength indicating potentially good
performance. It is questioned whether these tensile values in most of
the pavements were originally as high as now found, especially for the
more rutted pavement sections, or whether these results are largely the
products increased density and asphalt hardening.

A second comparison that is made from this table is that the
tensile strength after 24-hour Lottman testing (1). The average for
the more rutted pavement sections was 99 psi, and that for the less
rutted sections was 94 psi. Going from dry to wet tensile strengths,
the more rutted- pavements actually show a higher retained strength
ratio of 99/145 or 68 percent versus 94/173 or 54 percent. A possible
explanation for this is that the more rutted pavements cores have lower
voids on the average and thus are probably more water tight and less
water susceptibile than the less rutted pavements.

There is not enough data from the tensile strength testing after
the 18-cycle Lottman to make good comparisons. This is an example where
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some testing was discontinued because of time and cost.

Table 38. This table compares Hveem stability results for the more
rutted pavements versus stability values for the less rutted pavements.
the average Hveem for the more rutted represented by Data Code Numbers
44 through 29 is 35.6 percent compared with 31.7 percent for those less
rutted of Data Code Numbers 41 through 37. This represents Tittle
actual difference in Hveem values, and the fact that the higher Hveem
average is associated with the more rutted pavements is probably not
significant.

Average Hveem stabilities after the 24-hour Lottman test turn out
approximately equal for the two groups of pavements. The average Hveem
for the more rutted pavements is 27.0, whereas that for the less rutted
is 27.7. Again, no great difference is shown.

Tables 39 & 39A. These tables present average Marshall stability

and flow values which may be compared between the more rutted pavements
group and the Tess rutted pavements group. The average dry Marshall for
the more rutted pavement sections is found to be 1659 1bs*. This is com-
pared with 2432 1bs making for a much higher average for the Tess rutted
group.

The average Marshall stability after 24-hour Lottman testing for
the more rutted group is 1527 1bs. This is compared with a slightly
higher average of 1698 1bs for the less rutted pavements.

Overall, the dry Marshall values shown in Table 39 prior to water
damage testing are, with one exception, high compared to the Marshall
minimum design criteria for the "heavy" traffic cateqgory requirement of
750 1bs (5). Even after 24-hour Lottman water testing, Marshall sta-
bility values are still very high even for the more rutted sections, and
most exceed the minimum design criteria listed above.

The Marshall flow values for the more rutted pavements, Data Code
Numbers 44 through 29, have an average of 10.1 which is almost jdentical
to that for the Tess rutted pavements, Numbers 41 through 37, of 10.3.
Even after 24-hour Lottman water testing, the averages are still almost
the same at 14.2 and 14.4, respectively.

*Note: 1 1b = 0.454 kg.
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Table 40. This table is a condensation of certain data from Figures
14 through 33, the aggregate grading curves representing pavements of
consecutive Data Code Numbers 29 through 48. Averages of values for the
more rutted pavements can again be compared with those for the less
rutted pavements.

Taking the percent retained on the No. 10 (2.00 rm) sieve, the
more rutted pavements, Data Code Numbers 44 through 29, show an average
of 53.9 percent, and the less rutted, 60.1 percent. For the percent
passing the No. 200 (75 m) sieve, the averages are 4.5 for the more
rutted and 4.9 for the less rutted, thus showing little difference.

For the percent hump of the aggregate grading curve above No. 30
sieve of the ASTM curve, the average for the Tess rutted is 6.9, or about
half that of the rutted pavements. Concerning the percent retajned
between the No. 10 and 40 sieves, the average for the more rutted is
slightly higher at 14.1 percent versus 11.4 percent for the less rutted
pavements.

It is noted that the six least rutted pavements, Data Code Numbers
39 through 37 at the bottom of the table, have only a two percent
average hump above the No. 30 sieve of the continuous grading curve.
Above Data Code Number 39 in Table 40, the percents of hump above the
No. 30 sieve are much larger. However, age of pavement, total accumu-
lated traffic and accumulated truck loading are not considered in making
the above comparison.

Data Result Curves and Figures

The data for this segment of the study consist of those for
the extracted aggregate gradation analyses from the first leg of the
testing sequences and the data expressed for the results of resilient
modulus, MR, indirect tension, Hveem and Marshall testing in the test
sequences. The extracted aggregate grading curves are shown in Figures
3 through 33. The results of the data from the My etc. testing is
presented in Figures 34 through 53. _

Extracted Aggregate Gradation Curves. Figures 3 through 13 are
grading curves for most of the subsections on US 82 and US 287 as
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represented by Data Code Numbers 15 through 28. As noted in these curves,
the results of the sieve analyses on the extracted aggregates are shown

in the solid, dark lines. These results are compared with the ASTM
three-eighths-inch (9.5 mm) nominal sized continuous grading curve which
represents a dense grading design.

As indicated in Figures 3 through 13, two general characteristics
stand out about each of these grading curves. 0One is that each approx-
imates the shape of the dense grading curve. The other is that each of
the grading curves from US 82 and US 287 plots to the right and below
the ASTM continuous grading curve. According to Hveem (6), by their
aggregate gradations plotting as these do, the US 82 and US 287 hot-
mixes represent those mixtures that will not tend to become "...readily
unstable with slight excess of asphalt or water".

Also, there are no humps at the No. 30 sieve from excessive amounts
of fine aggregate. According to Goode and Lufsey(7), the higher the
hump at the No. 30 sieve the higher the potential for the bituminous
mixture to have stability problems. These authors stated that "Such
mixtures have an excess of sand in relation to total sand. This excess
of sand not only produces lower compacted densities but tends to float
the Targer particles and destroy stability that might otherwise result
from coarse aggregate interlock. In addition, fine sand is inherently
less stable than coarse sand" (7). )

Figures 14 through 33 are grading curve results for pavement
sections represented by Data Code Numbers 29 through 48 in consecutive
order. There is one general trend for these figures, and that is for
most of the extracted grading curves to plot to the right of the ASTM
continuous curve in the coarse aggregate range and then to plot above
the ASTM curve for all or parts of the fine aggregate range. This
tendency is partly -in response to SDHPT Item 340 specification re-
quirements. As a result of this tendency many of the grading curves
do show an excess of No. 30 sieve size material resulting in a "hump"
in this part of the grading curve.

The closest extracted aggregate grading to the ASTM continuous
grading is the curve for the US 90A aggregates shown in Figure 22.

This pavement section happens to be the best from a rutting standpoint,
with a zero average rut depth having been measured in the area where
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the pavement cores were taken. Other pavement sections whose curves
approximately approach the ASTM continuous grading include Data Code
Numbers 31, 32, and 38; however, the latter two of these pavement
sections are among those most rutted. It is still probably that the
gradations of these three roadway sections may have served to retard
the onset of rutting, and that possibly other factors overwhelmed the
beneficial grading curves, such as stripping below the Item 340 layer,
excess asphalt originally placed in the mix, or the use of too soft an
asphalt.

Another feature about the grading curves is their tendency to have
less material pass the No. 200 sieve as compared with the ASTM contin-
uous grading curve. One group of exceptions are Data Code Numbers 31,
37, and 39 which have ASTM proposed amounts of material passing the No.
200 sieve and are good performing pavements. A second group of excep-
tions are poorly performing consecutive Data Code Numbers 44 through 48
which also show the ASTM proposed amount of material passing the No. 200
sieve. Except for Data Code Number 44, these grading curves also show
large humps above the No. 30 sieve.

Hveem Stabjlity. Hveem stability results for US 82 and US 287 Data
Code Numbers 1 through 28 are shown in Figures 34 and 35. In Figure

34, the overall averages of all Hveem values before water susceptibility
testing are plotted versus percent air voids, and Figure 35 is a plot of
Hveem stability versus air voids after the 24-hour Lottman test for
water damage. Thus, the plots are for both laboratory prepared speci-
mens and field cores.

As shown in Figure 34, the trend is for Hveem stability to decline
with increasing air voids above nine percent. Another trend is for the
values for the US 287 Data Code Numbers to remain above those of the
US 82 Data Code Numbers. From laboratory specimens to field cores, the
stability values are seen to drop from 10 to 15 percent.

Figure 35 shows that water has affected the stabilities, lowering
nearly all of the values, especially those for the US 287 Data Code
Numbers. The laboratory molded specimens for Data Code Numbers 8-14 have
dramatically dropped; with the exception of these, the trend for de-
creasing stabilities with air voids is still seen as in Figure 34.

Figures 36 and 37 indicate results of Hveem stability testing for

19



roadways with Data Code Numbers from 5 to 48. Figure 36 plots overall
Hveem averages versus air voids whereas Figure 37 plots Hveem values
tested in leg II of the test sequences.

As shown in Figure 35, the trend is for dry Hveem values to
increase with increasing air voids. O0On the surface, this would seem
the reverse of the situation in Figure 34. It should be noted, how-
ever, that the air voids in Figure 36 range from 1 to 7, and in Figure
34 from 4 to 14. It is believed that the increase in Hveem stability
with air voids shown in Figure 36 represents the decreasing effect of
the binder upon stability occurring up to air void contents still Tow
enough where the sectional strengths of the cores have not been signif-
icantly reduced by increased air space. In Figure 34, it is believed
that the air contents are present in magnitudes where the sectional
strength has been reduced.

Figure 37 represents Hveem stability values that have declined in
general from Figure 36 after 24-hour Lottman water testing for Data
Code Number 5 to 48 roadway section cores. The trend is still for
Hveem stability to increase with increasing air voids, again probably
showing the decreasing influence of binder with increasing air voids
that are high enough to markedly reduce core strength.

Marshall Stability. Marshall stability results versus air void

contents for US 82 and US 287 are presented in Figure 38. For various
reasons, very few tests were run on these subsection samples after the
24-hour Lottman water damage test as shown in Table 28. Therefore, no
figure was prepared for this testing.

As shown in Figure 38, there is a general trend for Marshall
stabilities to decline with increasing air voids. This decline is
approximately 600 1bs (272 kg) going from six to fourteen percent air
voids. As would be expected, the laboratory molded samples for Data
Code Numbers 1 through 14 plot the highest at approximately six percent
air voids and the field cores plot the Towest at the higher air void
content.

Figures 39 and 40 are plots of dry and after 24-hour Lottman water
test Marshall stability results for Data Code Numbers 29 through 48.

20



Figure 39 shows little if any correlation between Marshall stability
and air voids in a dry state for these roadway cores. The trend is for
Marshall stability to remain almost level from one to seven percent air
voids, indicating that both binder amounts and reduction of specimen
section due to voids are not influencing the Marshall test results. In
Figure 40, the Marshall stability results appear to have been affected
by the 24-hour Lottman test, with a general trend for decreasing
stabilities with increasing air voids.

Resilient Modulus, MR‘ Graphical results of resilient modulus

testing for roadway sections represented by Data Code Numbers 1-28 are
shown in Figures 41 through 43. Results for roadways with Code Numbers
29 through 48 are shown in Figures 44 through 47.

Figure 41 for results of overall MR testing on the US 82 and US 287
laboratory compacted and roadway core specimens shows a fairly strong
trend for MR values to decline rapidly with increasing air voids.

As shown in this figure, three test samples had very low values at
approximately 14 percent voids. Figure 42 reveals that many of the
selected samples of the above specimens when subjected to 24-hour
Lottman water damage testing suffered dramatic losses of MR dynamic
modulus beginning at approximately seven percent air voids. Other
samples selected from the dry MR testing again show a drastic loss in
strength, especially above eight percent air voids, when subjected to
the 18-cycle Lottman testing shown in Figure 43. As indicated in the
above figures, the breaking point for severe loss of strength appears to
be around six to seven percent air voids.

Figure 44 shows overall dry MR test results on Data Code Numbers
29 through 48 roadway sections. In this figure, all pavement sections
with MR values (at 77°F) less than 0.4 x 106 psi (2.8 x 109 pascals)
were among those with the highest rut depths. It is noted that cores
from these either had measured air voids less than three or greater than
seven percent. Data Code Number 40 with 11.2 percent voids and a MR
value of 0.094 x 10°
being off the figure scale. Also noted on this figure is the tendency

psi (0.6 x 109 pascals) is not shown because of

for the peak MR strengths to occur at between three and four percent
air voids in these pavement cores.
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Figure 45 illustrates that the 24-hour Lottman water testing
dropped the MR strengths of all specimens having dry MR values
greater than 0.4 x 106 psi. Interestingly, the MR values of those
specimens with air voids less than three percent and dry MR's less
than 0.4 x 106 psi actually showed an increase. It is believed that
water surface tension may be acting here. Also noted in Figure 45 is
a light trend for MR values to decrease with increasing air voids.
Somewhat of a peak in the values is noted at from two to four percent
air voids.

Figure 46 reveals that 18-cycle Lottman testing generally drops
the Mp values from the dry state. Trends are hard to see in this
figure. Again, those specimens with low airvoids either gained slight-
ly or were little affected in MR strength, echoing the trend from
Figure 45.

Figure 47 shows the results of MR testing on Data Code Numbers
29 through 48 samples at 1049F (4006), which temperature is close to
road sefvice termperature from a stability standpoint. As noted in
this figure, there appears to be an MR strength peak from four to six
percent pavement air voids at this higher temperature. The pavements
with the highest rut depths either fell below three percent in air
voids or below a MR value of 0.05 x 106 psi (0.3 x 109 pascals) at air
voids above seven percent.

Indirect Tensile Strength. Figures 48 through 50 give results of

indirect tensile testing of US 82 and US 287 laboratory specimens and
cores. Figures 51 through 53 show the results of this testing on
roadway cores obtained for Data Code Numbers 29 through 48.

Figure 48 for dry indirect tension testing on the Dickens and
Dumas Taboratory.and field core specimens shows a definite, strong
decline in indirect tensile strength with increasing air voids.
Tensile strength appears to be heading up, even at four percent air
voids, leaving the conclusion that the peak is yet to be reached at a
lTower air void content.

Figures 49 and 50 show considerable decreases in splitting tensile
strengths after Lottman water testing for most specimens. This
decrease is accelerated for increasing void contents especially above
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eight percent. The 18-cycle Lottman appears to be somewhat more
severe than the 24-hour Lottman test in reducing strengths.

Figure 51 illustrates the results of indirect tensile testing on
the dry pavement cores showing that there is a peak in the values
around air voids contents of three to five percent. It is significant
to note that with the exception of the one tensile strength reading at
2.4 percent air voids, all the pavement sections with three percent or
less air voids fall within the group of pavements found to have rutted
the most within this study. This one exception is that of Data Code
Numbers 39.

Figure 52 illustrates the effects of 24-hour Lottman water testing
on the indirect tensile strengths of the dry samples from Figure 57.
There is now more of a downward trend in tensile strength running from
one to seven percent air voids and much less indication of any
peak around three to four percent air voids. Also to be noted is how
low air voids specimens have declined very 1ittle in tensile strength
and have actually risen relative to those specimens having above three
percent air voids. Here again, the effects of water tension forces
may be acting in the reduced voids of these samples.

Figure 53 is comprised of a mixture of 7-day soaked and 18-cycle
Lottman tested samples. There is a lot of scatter in this figure and
trends are not readily apparent. Most of the samples retained
respectable strength levels above 120 psi.

CONCLUSIONS

Some general conclusions may be drawn concerning the pavement
sections that have sufferec greater rutting than the well performing
pavements. These are as follows:

1. On the average, the extracted asphalts for the more rutted
pavements were found to be considerably softer than those
for the less rutted pavements.

2. The rutted pavements, with two exceptions, are pavements with
lower percent air voids, from about 3.4 percent down to 1.0
percent. The two exceptions have air voids above seven per-
cent. It seems probably that the rutted pavements represent
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those whose air voids have become excessively filled with
asphalt binder for one or more reasons.

The more rutted pavements have aggregate-asphalt systems that
are, on the average, considerably more temperature suscept-
ible, or have steeper, MR versus temperature curves. These
pavements on the average show considerably smaller MR values
at both 77°F (25°C) and 104°F (40°C), 0.292 and 0.067 x 10°
psi versus 0.526 and 0.740 x 106 psi, which temperatures

more closely approximate the service range of temperatures
where as much strength as possible is needed to reduce plastic
deformation.

Indirect tensile strengths before water soaking tend to be
lower for the more rutted pavements but are still at or above
normally accepted values. The average for the more rutted is
145 psi versus 173 psi for the Tess rutted.

There is Tittle or no difference between Hveem values for the
more rutted pavements and those of pavements in the less
rutted group. Hveem stability appears to be no indication at
all of rutting as found in this study.

Marshall stability values for the more rutted pavements are
found to average about 32 percent less than those for the
less rutted pavements. After Lottman water soaking, there

is little difference between the two average values.

The more rutted pavements tend to have grading curves with
the higher humps above the No. 30 sieve (600/xm) of the ASTM
continuous grading curve.
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fable la. Test Sequence [ results for Item 340 Type “D" HMAC using Maciillan AC-20, U.S. 82, Dickens, Texas.

I'hase

L2

i

Sample

2-2
2-14
2-15

flvq.

2-3
2-17
2-8
2-9
2-10
2-17

Avg.

CBulk T

Speciflic
Gravily

2.263
2.239
2.219

2.260

.280
.253
.263
. 265
.269
.267

SR COEY R OO R

2.266

M@

R
TF x 10

0.479
0.363
0.378

0.407

.474
.33
319
.375
. 343
349

;COOPOO

0.365

Marshall Tesl

Viscosity, poises

Penelration, dum Ring and Bal}

Percent Soflening
Stability (1bs)  Flow (0.01 in) ~ Asphadl _  39.2°F 77°F  77°F 40T 2J5°F _ Point, °T
1614 17.5
1533 16 5.7 20 18 7x 105 11,250 8.3 138
1513 21
1553 18
llveem Stability tiveem Stability* Marshall Test*

Percent’ "R*’@ 6 Percent Stability Flow Splitting Tensile Test @ 77°1*
(unc)  (Tiw)  77°F x 10" psi _(UNC) _ (Tim) pounds 0.0l in_  Stress (psi) _Strain (infin)_ Hodulus (psi)
43.9 37.8 0.19 34.1 28.0 1,716 23
46.5 40.8 0.269 33.6 27.9 994 2h
48.3 42.5 0.280 33.1 21.3 1,065 22
48, 1 42.? 0.213 31.8 25.9 75 .00412 18,186.2
3n.0 it.9 0.276 2R.8 22.6 Al .00442 16,160.6
43.2 1.6 0..300 28.9 23.2 e . 14 -00383 19,440.4
45.0 39.0 0.303 32.0 26.0 1,260 23 73 .00412 17,929.1



table la (continued) Test Sequence [ vesults for [tem 340 Type “D" HMAC using MacMillan AC-20, U.5. 82, Dickens, lTexas.

- sy z o Hveen St&l)i ] i Ly** Hdrsh_‘l—]T -f_e'S_E‘; T T T e e
Bulk M@ Hveem Stability Hos 0 ¥ *

Specific R 6 Percent 6 Percent Stability Flow Splitting Tensile Test @ 77°F**
Phase  Sample = Gravity 77°F x 10 _(UNC) __ (TWB) 77°F x 10" psi  (UNC) (TMD) ~ _ pounds 0.0 in Stress (psi) Strain (in/in)} Modulus (psi)

'

til 1-2 2.290 0. 316, 49.9 44.1 0.020 30.4 24.6 59.0 0.00383 15,393.2
2-4 2.289 0. 348 11.7 35.3 0.177 35.6 331.3 103.8 0.00472. 22,016.0
2-5 2.280 0.328 46.9 40.8 0.08) 41.3 35.3 99.1 0.00560 17,693.5
2-11 2.256 0. 368 85.7 49.9 0.205 44.2 38.4 106.1 0.00413 25,715.9
2-12 2.254 0.331 49.9 44.0 0.076 33.9 28.1 78.8 0.00678 11,617.9
2-13 2.25] 0.438 52,9 47.4 0.236 59.2 447 105.6 0.00413 25,602.14
o Avy. 2.270 0.355 50.0 44.0 0.133 40.0 34.0 92.1 0.00487 19,673.1
0
. 6 . . ° Rice Percent
HR x 107 psi Splitting Tensile Test @ 77°F Specific Air

-13°F  33°F _ 68°F _ 104°F_ Stress (psi) Strain {in/in) Modulus (psi) _ Gravity  Voids

v 2-1 2.7254 0.398 1.410  1.337 0.539 0.039 101.7 0.00354 28749 2.404 6.2

2-6 2.272 0.384 1.935 1.214  0.610 0.0394 101.5 0.00304 33443 2.404 5.5

2-16 2.268  0.366 2.279 0.966 0,577 0.107 162.3 0.00316 32429 2.404 _5.7

Avy. 2.265  0.369 1.875 1.172  0.575 0.100 101.8 n,00325 31540 2.404 5.8
Notes

* flenotes test results after (24-hour) Lotlman woisture Lreatment procedure.
** Npnotes test results after (18 cycle) Lottman moisture treatment procedure,
MR - Resilient Modulus
R#.5.G6. - Rice Specific Gravity



Table

Phase

6¢

L

1b. Test Sequence ! results for Item 340 Type "D" HMAC Dorchester AC-20, U.S. 82, Dickens, Texas.

Sample

4-]
4-4
4-5

14-1

Avq.

4-7

4-13
4-14
4-15
4-16

Avy.

etk T
specific Mk @
Gravity 7/°F x
2.277 560
2,264 769
2.271 463
2.261 -43
2.768 557
2.272 618
2.264 545
2.268 460
2.280 .43
2.276 423
2.259 -Aa3
2.270 482

Marshall Test

Pepetration, dum

6 Percent
107 Stabibity (ibs)  Flow (@.0¥ in)  Asphalt = _39.2°F  77°T
1904 15
2307 17 5.65 21 32
2006 6
2072 16
liveem Stabilily ) Hiveem Slability* Harshall Test*
Percent, "R*'@ 6 Percent Stability Flow
(UNC) _ (THD) 77°F x 100
46.5 40.6 .490 421 36.2 1725 21
49,1 43.0 .509 39.7 336
41.8 35.8 .440 38.1 3z.1 1555 22
46.2 39.8 .393 34.7 28.3 1397 22
46.8 40.8 . 465 35.7 29.6
16.2 0.0 .387 us w7 _
6.0 40.0 .447 38.0 31.0 1559 22

Viscosity, puises
JIE

1.4 x 10°

L 2I5°F

8.737

" Ring and Bal)

Suftening
 Peint, UF

144

Splitting Tensile Test @ 7/°7*

122.7

106.9
6.3

112.0

.00324

. 00501
-00422

.00427

_psi (UNC)  (THD)  pounds _0.01 in_ Stress (psi)__Strain (in/in) Modulus (psi)

37839.8

21346.4
24037.2

27741.0



Table 1b. {continued) Test Sequence 1 results for Ttem 340 Type D" HMAC Dorchester AC-20, U.S. Dickens, Texas.

Hveem Stability** Harshall Test**

Bulk Hveem Stability . . o
Specific e @. 6 Percent MR** @6 Percent Stahility Flow Sulitting Tensile TesL @ 77°F**
Phase _Sample  Gravity 77°F x 10" (UNC)  (TuD) 77°F x 10 psi  (UNC) (THD) pounds 0.01 in_ Stress (psi) Strain (in/in) Modulus (psi)
17 4-3 2.226 .608 50.6 45.5 .476 47 .4 42.3 1223 35.5
4-10 2.289 .427 42.3 35.9 .289 23.0 16.6 100.0 .00634 15785.6
4-12 2.269 .419 43.9 37.9 .318 35.9 29.9 1338 24.0
4-17 2.266 .402 45.9 39.9 .2717 29.8 23.8 106.6 .00604 17649.2
4-18 2.272 .442 44 .1 38.0 .331 34.0 27.9 1617 22.0
4-20  2.276 .508 16.6 0.5 .389 7.9 3.8 128.9 -00501 25733.2
w Avg. 2.266 468 46.0 40.0 .347 35.0 29.0 1393 27.0° 112.0 . 00580 19723.0
o
6 . ' o Rice Percent
"R x 107 psi Splitting Tensile Test 8 77°F specific Air
-13°F 33°F  68°F  104°fF  Stress (psi) Strvain (in/in) Modulus (psi) Gravity  Voids
v A1-6 2.274 .579 3.536 1.381 .678 .128 127.5 .00324 39314.56 4.8
’ 4-9 2.283 .438 1.529 1.322 .580 .100 109.5 .00354 30970.44 2.389 4.4
a-19 2.270 2471 1,651 1.303 .698 122 121.8 -00368 3472098 e 5.0
Avyg, 2.276 .498 2.239  1.335 .652 17 121.6 .60349 35002.0 2.389 4.7
Notes

* Penoles test resulls after (24-hour) Lottman moisture treatment procedure.
** Denoles test results after (18 cycle) Lotlman moislure Lreatment procedure.

MR - Resilient Modulus



Table 1c. Test Sequence I results for Item 340 Type "D" HMAC using Exxon AC-20, U.S. 82, Dickens, Texas

" Bulk Ring and Bal}

Speci Fic MR e . Marshall Test Percent Penetration, dmm Viscosity, poises Softening
Phase  Sample  Gravity 77°F x 10" Stability {1bs) Flow (0.0 in) Asphalt 39.2°F  7I°F _II°F 140°F 275°F Point, °F
1 3-7 2.246 0.838 2,035 19
3-8 2.252 0.639 2,068 15 5.17 8 21 1.6 x 10’ 8,668 6.055 136
312 2.264 0.703 1,967 16
Avg. 2.254 0.727 2,023 17
Hveem Stability Hveemm Stability* HMarshall Test*
* itti i o
:ﬂ Percent MR @ 6 Percent Stability Flow Splitting Tensile Test @ 77°F*
_{Unc) (THD)  77°F x 10" psi (UNC) (THD) _ pounds__0.01 in_ Stress (psi) _Strain (in/in) Modulus (psi)
i1 3-1 2.279 0.562 17.0 40.9 0.596 35.7 29.6 1,617 19
3-2 2.281 0.657 44.3 8.0 0.622 36.9 30.6 1711.3 L0044z 3687412
3-10 2.252 0.629 43.6 38.1 0.660 41.5 35.9 168.2 .00413 10773.4
3-11 2.248 0.816 49.6 4.0 0.690 49.9 44.3 2,238 22
3-14 2.266 0.609 4.1 8.5 .592 7.7 2.1 - 1,667 19
317 2.282 0.623 449 3.4 0.622 37.0 30.5 N - 156.0 00442 352901
Avg. 2.267 0.649 46.0 40.0 0.632 40.0 34.0 1,841 20 165.0 00432 m2n.o
Notes

* Penotes test results after (24-hour) Lottwan moisture treatment procedure.
** Penotes test results after (18 cycle) Lottoan meisture treatment procedure.

M" - Resilient Modulus



Table 1c. (continued) Test Sequence I resulls for Item 340 Type D" HMAC using Exxon AC-20, U.5. 82, Dickens, Texas

Hveem Stability** Harshall Test®™

SPS?!?ic Hp € 6 Hveegeiéggility Mt @6 Percent - Stability Flow Splitting Tensile Test @ 77°F*x
Phase _Sample  Gravity 77°F x 100 _(UNC) {THp)  77°F x 10" psi  (UNC)  (THD) pounds  0.01 in  Stress {psi) Strain (in/in) Modulus {psi)
1R8] 3-4 2.280 0.65& 45.2 39.0 0.533 36.3 3o.1 1,816 19
3-5 2.274 0.55% 16.7 40.6 0.566 35.9 29.8 1,838 17
3-6 2.276 0.626 45.5 39.3 0.495 30.5  24.3 160.7 -00545 28467.5
113 2.258 0.564 46.3 40.4
3-15 2.269 0.612 50.2 44.2 0.540 < 46,1 40.1 174.0 00516 33742 .6
316 2268 0.926 46,4 0.4 0.498 wa ooy 162.4 Q0560 20003.0
Avg. 2.269 0.623 47.0 1.0 0.526 37.0 n.o 1,827 18 166.0 L0540 30738 .4
O
3
My X 10% psi Splitting Tensile Test @ 77°F Spgégﬁic Pe;?i"t
-13°F  33°F  68°F _ [04°F  Stress {psi) Strain (in/in) Modulus (psi) _ Gravity  Voids
v 3-3 2.266 0.641 1.681 1.793 1.045 0.124 151.9 00383 39640.42 6.2
3-9 2.271 a.711 2.895 1.6388 1.045 0.149 178.2 .onaza 54956.02 2.416 6.0
3-18 2.253 0.642 2.305 1.5%5 0.987 @.112 147.6 -00383 38521.06 . 6.1
Avg. 2.263 0.665 2.299  1.662 1.026 0.128 159.0 00363 44373.0 2.416 6.3
Notes

* Denotes test results after {24-hour) Lottman moisture treatment procedure.
** Nenotes test results after (18 cycle) Lottman woisture treatment procedure.

MR - Resilient Modulus



Table 1d. Test Sequence I results for ftem 340 Type "D HMAC using Shamrock AC-20, U.S. 82, Dickens, Texas.

Ring and Bali

B () IS ' A ) . -
specific "R @. 6 Marshall Test Percent Penetration, dmm Viscosity, poises Softening
Phase ~ Sample ~ Gravity 7/°F x 107 Stability (Ibs) Flow (0.01 in) _Asphalt = 39.2°F 77°F = 77°F _  _140°F 275°F _ Point, °F
1 5-4 2.261 .528 1620 17.0
5-5 2.260 .796 1606 17.5 1.7 14 29 1.84 x 107 9564 11.028 141
2.262 -607 1507 15.5
TR 2.261 .644 1578 17.0
w - . ’
w Hveem Stability Hveem Stability* Marshall Test*
Percent M @ 6 Percent Stability Flow Splitting Tensile Test @ 77°F*

(UNC)  (THD)  77°F x 10" psi (UNC)  (T)  pounds  0.01 in Stress (psi) _Strain {in/in) Hodulus (psi)

T 5-2 2.261 .588 42.3 36.5 - .446 37.5 1.8
5-3 2.274 .524 41.6 35.5 .397 35.1 29.0 114.93 .00413 27854 .66
5-b 2.260 +656 43.7 38.1 :310 2.7 311 117.49 200766 15332.6

Avyg. 2.265 .589 43.0 37.0 451 8.4 33.0 116.0 .00590 21594.0



(continued)

Test Sequence 1 results for [tem 340 Type "D" HMAC using Shamrock AC-20, U.S. 82, Dickens, Texas.

Table 1d.
Phase _Sample
It 5-7

5-10
5-12
Avy
w
e
v 5-1
58
5-13
Avg,
Notes

Hveem Stability

Hiveem Stability**

Harshall Test**

Splitting Tensile Test @ 77°F**

Strain {in/in) Modulus (psi)

Bulk M. B M A g .
Specific it Percent R 6 Percent Stability Flow
_Gravity  F7°F x YO_  {URC)  (TuD} 77°F x 107 psi  {UNC)  (THD]  _ pounds 0.01 in_ Stress (psi)
2.269 .548 43.6 37.8 . 240 4.6 38.8 122.18 . 00825
2.2a62 654 44.5 35,8 .263 44.8 39.1 129. 36 .00707
2.268 -440 14.4 38.8 :236 46.4 40.6 110.20 -00884
2.266 547 44.0 38.4 .246 45.0 39.5 121.00 . 00B05
6 S o Rice Percent
MR x 107 psi Splitting Tensile Test @ 77°F specific Air
-13°F  33°F _ 6B°F __104°F_ Stress {psi) _ Strain (in/in) HModulus (psi}) _ Gravity = Vaids
2,259 .435 2.557 1.,67% .766 .103 101.0 00825 12607. 40 5.8
2.270 636 2.376 1,964 .783 159 131.5 00530 24779.69 2.398 5.3
2,266 -540 1.868 1.654  .B77 .06 LU -00707 16128.07 S 2.5
2.265 . 537 2.267 1.764 .809 .123 117.0 .00687 17838.00 2.398 5.5

* Denotes Lest results after (24-hour) Lottman moisture treatment procedure.
** Denotes test resulls after (1B cycle) Lottman moisture treatment procedure.

M, - Resilient Modulus

R

14806.72
18269. 35

12483.71

15187.00



Table le. Test Sequence 1 results for Item 340 Type "0" HMAC using Shawrock AC-10, U.S. 82, Dickens, Texas.

T Belk T, o . . Ring and Ball
specific HR e 6 Marshall Test Percent Penetration, dmm Viscosity, poises Saflening
Phase  Sample ~ Gravity _7J°F x. 10 Stability (Ibs) Flow (0.01 in) _ Asphalt _ 39.2°F _77°F _ _7)°F __ _140°F _ __275°F _ __Puint, °F
1 5-14 2.269 .319 1187 14.5
5-17 2.273 .375 1444 14.0 5.06 21 62 1.20 x 107 2000 5.934 122
5-23 2.277 :363 1285 14.0
Avg. 2.273 .352 1305.0 11.0
) liveent Stability llveem Stability* HMarshall Test*
A . or &
o1 Percenl MR* e 6 Percentl Stability Flow Splitting Tensile Test @ 77°F )
{UNC) __ (THD)  _77°T x 10" psi_ (UNC) _ (TWD)  pounds 0.0l in Stress {psi) _Strain (in/in}_Hodulus (psi)
11 5-16 2.269 .372 43.6 37.6 .327 29.9 23.9 71.16 L01179 6036.15
5-18 2.2061 .317 42.8 37.0 .285 31.9 26.3 70.81 .01002 7066.26
5-20 2,257 .349 9.0 38.8 314 33.7 281 66,51 -01031 614795

Avg. 2.262 .346 44.0 8.0 .309 32.0 26.0 70.0 .0107 6517.00



Table le. (continued) Test Sequence 1 results for Item 340 Type "D" MMAC using Shamrock AC-10, U.S. 82, Dickens. Texas.

G ‘ti .
e e RN £ | F1EK i SR TIE ~ Tarsin] T Tectiv— — — }
. b tability Marsha est
Bulk Hveem Stabilily aw vect . . or
specific Mo @ . Percent Mo @6 Percent Stability Flow Splitting Tensile TestL @ 77°F**
Phase  Sample _ Gravity 77°F x 10 {UNC) {1uB)  77°F x 10" pst  {UNC)  (TuD) pounds 0.01 in  Stress (psi) Strain (in/in) Modulus (psi)
ili 5-19 Z2.266 .369 46,1 40.2 .251 47.3 41.4 0.7 .01267 6369.6
5-21 2.263 . 309 44.9 39,2 .227 153 39.6 81.4 .01650 5111.8
5-22 2,246 =315 44.9 39.4 -233 4.4  40.9 8h.9 -00884 9716.0
Avy. 2.258 J3m 15.0 40.0 .239 46.0 41.0 B4.0 .01267 7066.0
w
D
6 . . o Rice Percent
MR x 107 psi Splitting Tensile Test @ 77°F Specific Air
-13°F  33°F __68°F 104°F  Stress (pst) Strain {in/in) Modulus (psi) Gravity  Vaoids
v 5-24 2.264 . 368 2.096 1.665 .616 .053 109.9 L0179 9320.12 a.
5-25 2.271 .281 2.413 1.556 .671 .051 74.5 .00943 7900.15 2.370 3.9
5-26 2.274 .335 2.658 1.538  .602  .056 12.6 -00884 8210.74 L 4.]
Avqg. 2.272 . 328 2.169 1.586 .630 053 86.0 .01002 8477.00 2.370 4.1
Notes

* Denoles test results after (?4-hour) Lottman moisture treatwent procedure.
** Denates Lest resulls after (18 cycle) Lattman molslure treatment procedure.

MR - Resilient Modulus



Table 1f. Test Sequence 1 results ®r [tem 340 Type “D" HMAC using Cosden AC-20, U.S. 82, Dickens, Texas.

T ek, T T T T T s T T T T T T T T  Ring and Ban
Specific "R @ 6 Marshall Test Percent Penetration, dnn . Viscosily, paises Softening
Phase  Sawple = Gravity _7/°F x 10" Stability (lbs) _ Flow (0.81 in) _Asphalt _ _ 39.2°T 77°F  _77°F ____ M4Q°C _ 275°F_ __Puint, °T
I 6-5 2.260 L7133 1433 20
6-11 2.255 611 1818 16 5.17 9 29 1.4 x |07 4750 4.49 132
6-2 2.225 -653 145). 27
Avg. 2.247 .667 1567 21
Hveem Stability Hveem Stability* Marshall Test*
Ej Percent MR. e 6 Percent Stability Flow Splitting Tensile Test @ 7/°T*
(UNC) _  (TMD)  77°F x 10" psi  (UNC) _(THD) =~ pounds 0.01 in_  Stress (psi) __ Strain (in/in) _Hodulus (psi)

11 6-3 2.278 .589 43.0 36.9 .558 35.8  35.1 142.6 .00825 17280.50
6-8 2.239 .543 49.6 44.3 .475 38.1 36.6 112.74 .00707 15938.98
613 2.228 674 20 3 459 V.9 3.2 104.15 00589 17669. 58

Avq. 2.248 602 44.9 39.4 .497 37.3 36.0 119.8 .00707 16963.00



Table If. {continued) Test Sequence [ results for ITtem 340 Type "D" HMAC using Cosden AC-20, U.S. 82, Dickens. lexas.

liveem Stahitity** THarshall Testé®

Bulk flveem Stability . S . op
Specific Mp @ 6 Percent Mlt't @5 Percent Stability Flow Splitting Tensile Test & 77°F**
Phase  Sample _ Gravity 77°F x 100 {UNC) {THO)  27°F x 10" psi  (UNC) (1D} pounds_ 0.0V in_ Stress (psi) Strain {in/in) Modulus {psi)
[RB 6-¢ 2.247 .565 50.7 45.1 .444 0.7 5.2 108.9 .01002 10863.1
6-7 - 2,235 L508 40.6 35.4 .458 47.8 42.6 85.2 .00384 9640.3
6-12 2.225 -653 4.4 39.5 2373 48.5  43.5 7.1 00825 J943.9
Avy. 2.235 575 5.2 40,0 L4258 49.0 43.8 90.4 . 00904 9947.8
I
oo
[ s . o Rice Percent
Mn x. 107 psi Splitting Tensile Test @ 77°F Specific Air
SI13°F  33°F  68°F  104°F  Stress {psi) Strain (in/in) Modulus (pst) _ Gravity Voids
v 6-1 2.269 .502 2.216 1.990 .907 .lo8 135.8 . 00884 15363. 36 6.2
6-4 2.258 .648 2.104 1.408 914 . 158 154.9 .00813 19047.00 2.418 6.6
6-10 2.243 2555 2,106 1.480 882 123 130.4 00766 17020, 04 e 12
Avy. 2.257 .568 2.162 1.626 .90} . 130 140.0 L0082 17144.0 2.418 6.7
Notes

*  Denotes test results after {24-hour) Lotiman moisture treatwent procedure,
** Penotes Lest results after (16 cycle) Lottman meislare Lreatment procedure,

HR - Resilient Modulus



Table 1g. Test Sequence I results for Item 340 [ype “D“ HMAC using Coasden AC-10, U.S. 82, Dickens, Texas.

e Ring and Ball

Specific MR 8 . Marshall Test Percent Penetration, dam Viscosity, poises Sof tening
Phase  Sawple _ Gravity _77°F x 10 Stahility (lbs) _flow (0.0) in) _Asphalt _38.2°F k0 JIFVAOSF 215°F _Point, °F
1 6-16 2.235 470 1480 13.5
6-21 2.295 .505 1539 15.0 4.48 8 28 1.3 x 106 4322 4.155 132
6-24 2:293 -709 1755 15.5
Avg. 2.274 .561 1591 15.0
Hveem Stahility Hveem Stability* Marshall Tesi*
3 Percent e @ Percent Stability Flow Splitting Tensile Test @ 7777+

Aunc) () ﬂ_?‘_?.“f.“.zs-.lQ_ff.J*_fsj_ {UNC) {TID)  pounds 0.0l in  Stress (psi) Strain (in/fin) Hodulus (psi)

il 6-15 2.253 .501 44.9 39.3 440 36.7 35.5 95.9 .00825 11621.5
6-17 2.256 466 45.7 39.9 356 36.7 35.6 106.16 . 00825 12864 .32
6-18 2247 573 0.1 9.2 A73 9.5 3.2 99.01 00825 1205035

Avg. 2.252 .513 45.0 40.0 .423 38.0 36.0 101.0 .00825 12180.00



Table 1g. (continuecﬂ Test Sequence I results for Itew 340 Type "D" HMAC using Cosden AC-10, U.S. 82, Dickens, Texas.

fiveem Stability** "~Harshall Test**

Bulk llveem Stability ok i °F
specific My @ ] Percent Ha @6 Percent Stability Flow Splitting Tensile Test @.77 F**
Phase  Sample  Gravity 77°F x 100 _(UNC) (WD) 77°F x 10" psi_ (UNC) _(TuD) _ pounds 0.01 in  Stress {psi) Strain (in/in) Modulus {psi)
111 6 -14 2,242 . 440 47,2 41.8 . 364 46.9 11.6 85.6 .01179 7262 .1
6 -22 2.284 .488 43,3 37.3 .163 49,3 43.4 126.4 .01210 9750.6
6 -25 2.295 529 3.1 36.9 .419 50,1 43.7 136.0 01150 11829.1
Avg. 2.274 406 45.0 39.0 .435 50.0  43.0 116.0 .e1178 9614.0
Y
o
6 . . - ° Rice Percent
Mo 107 psi Splitting Tensile Test @ 77°F specific Air
S13°F _33°F _ 68°F  104°F  Stress {psi) _ Strain (in/in) _Modulus (psi) _ Gravity = Voids
v 6-19 2.232 .457 1.668  1.291 .806 .094 6.9
6 -20 2.290 .517 2.050 1.267 .755 .087 121.4 .00943 13189.72 2.396 4.9
6 -23 2.299 2A85 2.205  1./84 .B21 .094 138.2 .00872 15838.75 —— 1.0
Avg. 2.274 .86 1.974 1.447 .794 .092 131.0 . 00908 14514.0 2.396 5.1
Notes

* Denates Ltest results after (24-hour) Lottman moisture treatment procedure,
** Denotes test results after (18 cycle) Lottman moisture treatment procedure.

MR ~ Resilient Modulus



Table 2a.

Phase Sample
i 1-10
1-13
1-15

Avy,

187

11 1-2
1-3
1-5
1-9
1-12
1-14
Avy.

Tl

Specific
Gravity

2.261
2.726h5
2.201
2.258

2.236
2.225
2.239
2.250
2.2m
2.250
2.245

HR &

.310
.319
.24
.301

.247
L2330
L2927
.307
318
289
. 281

Harshall lest
70°7 x 105 seability (Ibs) _ Flow (0.01 in). _Asphalt _

2594
2062
2528

Hveem Stabiltity

Percent
{unc) - (THDY

49.7 471
46.1 42.9
19.4 46.3
50.8 46.8
55.3 50.6
53,9 48.]
51.0 41.0

18
17
18

MR*‘@

.081
.083
118
.092
.088
074
.89

Test Sequence 1 results for ltem 340 Type "0" fIMAC MacMillan AC-10, U.S. 287, Dumas, Texas

Percent

5.26

liveem Stability*
Percent

71°F x 10% psi__(unc)__ (1)

27.3 24.8
26.6 23.4
26.2 22.7
28.7 24,7
18.5 13.8
6.8 20.9
26.0 22.0

Penetration, dom
o 38.27F TICF

57 107

Harshall Test*

Stahility Flow

1032 24
1165 27
1069 26

Viscosity, poises

ILF

5.6 x 10°

e JACE

1360 3.4

_275°F

" Ring and BalV
Softening
—Point, °F _

112

Splitting lensile Test @ 77°F*
_pounds  0.01 in_ Stress {psi) _Strain (in/in) Modulus (psi)

52.7
49,8
13.3
19.0

66331.06
4617.4
4363.8
5205.0



Table 2a. (Continued) Test Sequence | results for Item 340 Type "D® HMAC MacMillan AC-10, U.S. 2B7, Dumas, Tesas

&
Dulk fiveem Stability Harshall Test

“Tiveem Stabiiity**

H § Of Wk
Specific "R e 6 Percent HR*. @6 Percent Stability Flow Sp‘ftt'"g Te?sll? T?St e 77°F
Phase _Sample  _Gravity 77°F x 10 _(UNC)  (MB} 77°F x 10" psi  (UNc) (D) pounds 0.0 in  Stress (psi) _Strain (in/in) Modulus (psi)
] 1-1 2.233 . 285 49.% 16.2 .042 21.3 18.7 B51 22
1-4 2.227 .236 41.9 39.5 045 24.9 22.4 338 34
1-6 2.230 155 42.9 39.3 038 20.9 17.3 839 28
1-8 2.235 L3317 58.8 53.3 .036 2.7 16.2
1-16 2.250 .263 50.2 16.4 .03 17.4 13.5 30.04 .01357 2213.24
1-17 2.213 -304 57.%6 5.5 -034 18.6 15.5 — _ 33.16 -01208 2745.05
Avg. 2.241 .260 50,0 17.0 .038 21.0 17.0 476 28 32.00 .01283 2479.00
]
6 . ° Rice Percent
MR x 107 psi Splitting Yensile Test @ 77°F speci fic Air
~13°F  33°F  68°F  104°F  Stress (psi) Sirain (in/in)} Modulus {psi} _ Gravity  Voids
v 1-7 2.250 L3 1.792  1.65 .387 080 83.4 00454 18372.8 8.7
1-1 2.262 .303 1.958 1.681 .377 0B0 74.6 .00482 15469 .4 2.461 8.2
-1 2,250 219 2.2 1.635 .36 .079 60.3 00454 132199 8L
Avg. 2.25 .298 2.015 1.657 .363 080 73.0 00463 15707 .4 2.464 8.5
Notes

R ]

Denotes test results afler {24-hour) Lottmsn moisture treatment procedure.

** Denotes test resnlts after (18 cycle) Lollwan woisture treatment procedure.

M" - Resilient Modulus



Table 2b. Test Secquence [ results for Item 340 Type "D" NHMAC using Dorchester AC-10, U.S. 287, Dumas, Texas.

Bk T T g " Ring and Ball
Specific MR @ 6 Marshall Test Percent Penetration, dui Viscosity, poises Sdftening
Phase  Sawple  Gravity //°F x 107 Stability (lbs) Flow (0.01 in) _ Asphalt — __39.2°F 77°F° 77°C _ __ MAQ°F . 275°T  _ Point, °F,
[ 2-10 2.261 AN 1522 14
2-13 2.299 . 344 1533 14 5.7 26 66 1.5 x 106 1989 3.976 122
2-16 2.245 -318 1745 16
b Avg. 2.252 . 344 1600 15
w
Hveem Stability* llveem Stability* Marshall Test*
Percent MR.r@ 6 Percent Stability TFlow Splitting Tensile Test @ 77°7*
AUNC) (D) 77°F x 10 psi. (UNC)  (THD) ~_ pounds 0.0 in  Stress (psi) _Strain (in/in) Hodulus (psi)
I 2-1 2.233 .290 .060 11.9 5.7 558 20
2-6 2.239 . 260 .066 11.8 5.8 621 21
2-8 2.238 .313 .061 11.8 5.9 595 21
2-9 2.262 .392 110 10.9 4.4 40.0 .00851 4698.0
2-1 2.249 .360 107 21.4 15.7 511 . 00682 7498.6
2-15 12,239 -300 -070 9.9 40 — - 3.6 -00910 3474.6
Avg. 2.243 3N .079 13.0 7.0 591 21 1.0 .00814 5224.0

* I'he Before - Saturation Testing of the HVEEM Stability sanples in this leg was inadvertently.omitted and the samples were only tested

after being subjected to the accelerated Lottman test.



Table 2b. {continued} Test Sequence I results for Item 340 Type "D" HMAC using Dorchester AC-10, U.S. 287, Dumas. Texas.

liveem Stability** Harshall TesU** ~~

Bulk Hveem Stability c s . op:
Specific MR e 6 Percent MRi* @6 Percent Stability Flow Splitting Tensile Test @ 7771
Phase = _Sample ~_Gravity ~77°F x 100 (UNC) _ (YD) 77°F x 10" psi  (UNC) _(T0) ~ _ pounds 0.01 in  Stress (psi) _Strain (in/in) Modulus (psi)
il 2-2 2.240 .303° 19.3 43.9 .061 6.9 1.5 749 27
2-4 2.251 .209 57.0 51.0 .045 6.7 0.8 818 24
2-5 2.248 .29 18.5 43.3 .063 12.9 1.7 839 26
2-7 2.265 .347 55.3 49,2 .064 11.5 5.4 33.74 .00748 4511.72
2-14 2.240 .286 52.2 46.2 .060 9.5 3.6 27.66 .00863 3205.74
2-18 2.232 -325 49.9 43.9 -040 13.6 1.5 _ —_ 23.76 401611 1474.95
Avg. 2.247 .293 52.0 46.0 . .056 10.0 5.0 802 26 28.00 .01074 3064.00
= .
-+
6 . ° Rice Percent
MR x 107 psi Splitting Tensile Test @ 77°F specific Air
-13°F _ 33°F __68°F  104°F  Stress {psi) Strain {in/in}) HWodulus (psi) _ Gravity  Voids
Iv 2-3 2.266 .30 1.809 1.211 4727 101 87.4 .00397 22003.8 6.9
2-12 2.247 .346 1.833 1.379 .463 101 88.0 001426 20681 .4 2.433 7.6
2-17 2.239 2323 1.231 1.182 .415 .095 82.4 -00312 26402.4 D .8.0_
Avg. 2.251 .323 1.791 1.267 .450 .099 86.0 .00378 23029.2 2.433 7.5
Notes

* Denotes test results after (24-hour) Lottman moisture treatment procedure.
*% Nepoles test results after {18 cycle} Lollman moisture Lreatment procedure.

MR - Resilient Modulus



Table 2c. Test Sequence T results for Item 340 Type "D" WMAC Exxon AC-10, U.S. 287, Dumas, Texas.

Bulk M, @ Marshall lest Penetration, dum Viscosity, poises Ring and Ball

Specific R 6 ‘ Percent Softlening
Phase  Sawple  Gravity 77°F x 10°  Stability (Ibs) Tlow (0.01 in) _Asphalt _ _ 39.2°F _77°F _ 7/°F ___ 140°( _ _275°F  Point, °f.
i 3-12 2.219 .415 1708 15
3-14 2.202 .525 1820 16 5.7 7 45 2.9 x 106 2995 3.858 126
3-16 2,202 -424 1633 15
Avq. 2.208 .455 1720 15
= tivecu Stabllity+ Hveem Stability* HMarshall Test*
i P or x
o l'ercent ”R. « 6 Percent Stability Flow splitting Tensile Test @ 77°F
(unc) (o) 77°F x 107 psi (UNC)  (THD)  pounds__0.01 in  Stress (psi) __ Strain (in/in) HModulus (p:i)
11 3-6 2.205 . 300 .086 28.9 23.8 327 17
3-7 2.226 .400 .119 28.9 23.5 367 23
3-8 2.197 .422 .124 24.6 19.5 431 18
3-9 2.215 L343 .13 27.6 22.9 2n.7 .00709 4049.2
3-13 2.228 LN 117 27.0 21.9 38.7 .00767 5047.4
3-18 2,198 512 +260 0.1 351 o 73.2 -00284 25805.8
Avg. 2.212 . 405 .137 30.0 25.0° 375 19 47.0 .00587 11634.0

+The before-saturation testing of the NVEEM Stability samples in this leg was inadvertently omitted and samples were only tested after

being subjected to the accelerated Lottman test.



Table 2c. (continued) Test Sequence [ results for ftem 340 Type "D" HMAC Exxon AC-10, U.S. 287, Dunas, Texas.

T iiveem SEabiTiEy™ ~ Harshall Tes i

Dulk lveain Stability "k - . » 790
Specific MR e 6 Percent MR @6 Percent Stobility Flow Splitting lensile Test € 77°F»*
- Phase  Sample _ Gravity 77°F x 10° (UNC) (D) _77°F x 10° psi  (UNC) (THD) _ pounds 0.01 in  Sutress (psi) Strain {in/ln) Modulus (psi)
111 3-2 2.202 417 49.5 44,2 .025 26.4 21.6 199 17
3-3 2.202 .339 51.5 6.2 .027 33.0 28.2 224 19
3-4 2.198 .318 51.4 46.2 .027 24.4 18.9 247 20
3-5 2.193 .387 53.1 18.3 .024 30.2 25.6 15.37 .01035 1484 .53
3-5A 2.201 .396 19.6 44.8 .026 13.44 L0151 1167.94
3-10 2.240 .351 50.0 44.5 .028 19,52 .01035 1885.71
P Sk 2.210 464 48,5 434 .050 B L 20.19 -00920 291142
o Avg. 2.207 .390 51.0 45.0 .030 29.0 24.0 223 19 19.00 .01027 1862.00
6 . P . N np Rice Percent
HR x 107 psi Splitting Tensile Test @ 77°F Speci fic Air
213°F _ 33°F  68°F  104°F  Stress {psi) _Strain (in/in) Modulus (psi) _ Gravity — Voids
v 3-1 2.209 .410 2.370 1.440 .59 116 108.1 .00255 42322.0 10.5
3-1 2.202 .383 2.073  1.342 540 .124 97.6 L0030 28658.2 2.467 10.7
315 2.201 18 2,176 1.268 .626 .126 104.9 .00397 26395.8 o 10.8
Avy. 2.200 .13 2.206  1.350 .586 .122 104.0 .00331 32459.0 2.467 10.7
Notes

* Denotes test results after (24-hour) lottman moisture treatment procedure.
** pPenotes lest results after (18 cycle) Lottman moisture treatment procedure.

M, - Resilient Modulus

It



Table 2d. Test Sequence I results for Ttem 340 Type "D" UMAC Diamond Shamrock AC-20, U.S. 287, Dumas, Texas.

Bulk H, e. Marshall Test Penetration, dum Viscosity, puises Ring and Ball

Specific R 6 Percent Softening
Phase  Sample  Gravity 77°F x 10° Stability (Ibs) Flow (0.0V in)  Asphalt  39.2°F 77°F  77°F  140°F _ 275°F  Peint, “F
I 4-10 2.250 .AB6 1825 16
1-11 2,253 512 1788 16 5.39 12 51 3.4 x 106 2984 7.13 125
4-18 2.255 441 1988 7
Avyg. 2.253 .480 1867 16
8
iiveem Stabi]ity+ liveem Stability* Harshall Test*
X . ar
Percenl MR*‘@ 6 Percent Stability Flow Spiitting Tensile Test & 77°T
{uNC) __(Twb)  77°F x 30" psi (UNC)  (TWD) ~_ pounds 0.0V In  Stress (psi) Strain (in/in) Hodulus (psi)
il 4-4 2.242 .22 .261 7.5 2.6 1022 26
4-5 2.242 M7 . 295 8.0 2.2 1001 26
4-7 2.24% . 406 .180 12.5 7.1 922 25
4-12 2.223 . 368 L1540 20.4 15.1 54.4 00511 10656.6
4-13 2.254 .429 .253 19.8 14.2 55.0 . 00680 B8083.4
4-14 2.254 .468 .23 12.1 5.9 54.8 .00539 10170.4
4-16 2.270 2511 220 12.6 6.8 s _ 75.4 . 00482 15634.2
Avg, 2.247 .434 .227 13.0 8.0 982 26 60.0 .00553 11136.0

+The Lefore-saturation testing of the HVEEM Stability samples in this leg was inadvertently omitted and samples were only tested after
being subjected to the accelerated Lottman test.



Table 2d. (continued) Test Sequence | results for Ttem 340 Type "D" IIMAC Diamond Shamrock AC-20, U.S. 287, Dumas. Texas.

liveem StabiTity** Harshall Tesi**

Bulk llveem Stability "k i °F
Specific Mg @ 6 Percent Ma @6 Percent Stability Flow Splitting Tensile Test @ 77°F*
Phase _Sample Gravity 77°F x 10 (unC)  (Tub)  77°F x 10" psi_ {UNC) (TiID}  pounds 0.01 in  Stress (psi) Strain (in/in) Modulus (psi)
11 4-1 2.251 A7 50.5 44.6 413 1407 25
1-6 2.238 .40 41.6 36.4 ".265 1107 25
4-9 2.248 .423 53.6 48.0 .235 1001 24
4-15 2.259 .458 57.1 50.7 .358 15.9 9.5 67.88 .00748 9077.77
4-17 2.252 .498 50.9 45.1 .294 19.1 12.2 15.28 .00690 6560.41
4-19 Z.253 409 2.3 48.1 124 10.0 4.2 _ 43.25 -00978 4422.97
Avg. 2.250 134 51.0 16.0 .202 15.0 9.0 1172 25 52.00 .00805 6687.00
£
oo
6 ) N Rice Percent
]
MR x 107 psi Splitting Tensile Test @ 77"F speci Fic Rir
-13°F 33°F _6B°F __104°F _ Stress {psi) Strain (in/in) Modulus (psi) _ Gravity Voids
1v 4-2 2.249 .423 1.989 1.421 .547 137 97.4 .00426 22891.6 6.4
4-3 2.239 146 2.039  1.460 .571 142 101.0 .00340 29672 .0 2.402 6.8
4-8 2.245 -A81 1.76 1,495 .57 .13 100.2 -00340 29442.0, . _B.5
Avg. 2.201 . .452 1.931  1.459 .555 .138 100.0 .00369 27335.0 2.402 6.6
Notes

* jenotes test results afler (24-hour) Lottman woisture treatment procedure.
** Denotes test results after (18 cycle) Lotiman moisture treatment proceduve.

M" - Resilient Modulus



Table 2e, Test Sequence | vesults gor ltew 340 lype “D" HMAC Diawond Shawrock AC-10, U.S. 287, Dumas, Texas

" Bulk Ring and Ball

Speci fic "R @ 6 Marshall Test Percent Penetration, dmn Viscasity, poises Softening
Phase  Sample  Gravity 77°F x 10 Stability (Ibs) Flow {0.01 in) _Asphalt 39.2°F  71°F__ _I1°F W40°F__  275°F  Paipt, °F_
I 5-1 2.2717 . 362 1764 16
5-17 2.259 37 1241 15 6.18 20 75 1.6 x 106 1723 5.236 121
5-148 2.253 =330 1314 15
Avy. 2.263 .336 1440 15
N Hveem Stability liveem Stability* Marshall Test*
o Percent M © 6 Percent Stability Flow Splitting Tensile Test @ 77°F*
_{unc) (Tb)  77°F x 10" psi  (UNC)  (THD) _ pounds _ 0.01 in_ Stress {psi) Strain (in/in) Hodulus (psi)
L1 5-1 2.266 290 51.0 44.8 .286 15.1 8.8 1250 25
5-8 2.281 3N 46.8 40.3 317 15.5 9.0 1267 22
5-10 2.263 . 305 44.5 38.4 .333 2.7 6.6 1183 25
5-11 2.259 L322 46.8 40.4 .315 14.3 7.9 99.9 .00710 14079.8
H-15 2.263 .284 46.0 39.6 . 286 19.7 13.3 95.8 . 00681 14065, 6
5-16 2.252 =348 48.1 42.5 . 246 2.8 72 — 121.4 00880 13802.6

Avy. 2.264 310 47.2 41,0 .297 15.0 9.0 1233 24 106.0 .00757 13983.0



Table 2e. (continued) Test Sequence I Results for ftem 340 Type "D" HMAC Diamond Shamrock AC-10, U.S. 287, Dumas, Texas.

fiveem Stability** Harshall Test**

Bulk flveem Stability

(2] i ord
specific Mp & Percent o™ e Percent Stability Flow Splitting Tensile Test @ 77°F**
Phase _Sawple _ Gravity 77°F x 107 _{UNC}  {Iup) _77°F x 10" psi  (UNC}  (THD) pounds 0.01 in_ Stress {psi}) Strain {in/in) Modulus {psi})
1 5-3 2.265 .303 33.3 21.8 212 1247 23
5-5 2.264 .279 46.2 39.9 .225 1205 21
5-6 2.267 .290 47.8 41.5 .241 1220 23
5-7 2.268 .336 46.4 40.2 .285 15.3 9.1 67.54 .00690 9765.15
5-9 2.277 .319 471 40.6 .285 21.3 14.9 67.54 .00690 9785.15%
513 2.269 S 80 4 280 ET 66.32 00805 8235.15
ég Avg. 2.268 -306 45.0 39.0 .265 17.0 10.0 1224 22 67.00 .00728 9269.00
6 . : o Rice Percent
MR x 107 psi Splitting Tensile Test @ 77°F speci fic Air
-13°F 33°F _68°F  104°F  Stress {psi} Strain (in/in) Modulus (pst} _ Gravity  Voids
v 5-2 2.269 . 335 1.903  1.437 .Al0 .075 66.6 .00454 14678.6 5.4
5-12 2.269 . 306 1.538 1.275 .386 0N 63.1 L0051 12360.1 2.398 5.4
514 2.264 .3 1.988 1,378 .376 069 59.8 00511 11700.0 . 56
Avg. 2.267 .319 1.810  1.363 .39 .072 63.0 .00492 12913.0 2.398 5.5
Notes

* Danotes test results after {?24-hour)} loltman woisture trealment procedure.
% Denales test results after (18 cyclu) tottman moisture treatment proceduye.

M. - Hesilient Modulus

It




fable 2f. Test Sequence | results for Item 340 Type "D" HMAC Cosden AC-20, U.S. 287, Dumas, Texas

Sp§:§¥ic MR o 6 Marshall Test Percent Penetration, dem Viscosity, poises Rigg;igﬁiﬁgll
Phase  Sample = Gravity _77°F x 107 Stability (1bs) _Flow (0.01 in)  Asphalt = 39.2°F 77°F _ _77°F _ __ 140°F _ ___275°F  _ Point, °F
i 7-1 2.276 .541 1898 16
7-7 2.249 673 1935 16 5.56 12 41 5.0 x 10° 2374 3.415 125
7-15 2.236 .578 2080 17
Avg. 2.254 .597 1971 16
Hveem Stability Hveem Stability* Marshall Test*
o Percent MR* e 6 Percent Stability Flow splitting Tensile Test @ 77°F*
(Unc) _ (Tmm)  77°F x 10 psi (UNC} (THD) ~ pounds 0.01 in_ Stress (psi) Strain (in/in)_Modulus (psi)
H ]-2 2.268 .510 54.5 48.2 .260 14.9 8.6 970 26
7-8 2.235 .520 55.8 50.1 194 24.2  18.5 754 24
7-11 2.249 .519 54,1 48.0 193 16.2  10.1 949 20
7-14 2.251 .649 55.8 45.8 .249 12.1 6.2 79.1 .00454 17416.0
7-17 2.222 .559 54.8 19.4 192 25.4  20.0 54.5 .00425 12813.0
7-18 2.273 .535 18.5 42.4 .209 13.8 7.8 106.8 00596 17931.4

Avy. 2.250 .549 54.0 48.0 .216 18.0 12.0 891 2 $0.0 .00492 16054.0



Table 2f. (continued) Test Sequence I results for Item 340 Type "D" HMAC Cosden AC-20, U.S. 287, Dumas, Texas.

fiveem Stability**  HMarshall Test*

Bulk Hveem Stability Ak . . o
Specific Mp @ 6 Percent " @6 Percent Stability Flow Splitting Tensile Test @ 77°F+*
Phase  Sawple  Gravity 77°F x 107 (UNC) _(Tub) ~ 77°F x 10" psi, (UNC) (THD) ~ _ pounds 0.01_in tress (psi) Strain {in/in) Modulus (psi)
111 7-4 2.261 .519 51.1 45.0 132 569 23
7-5 2.213 .533 53.5 47 .4 217 993 23
7-6 2.269 _ .516 12.0 5.8 .259 825 21
7-9 2.336 .478 55.9 50.7 .063 13.7 8.5 30.99 .00798 3884.24
7-12 2.254 .558 55.9 49.8 182 14.3 8.2 47.56 .004532 8939.76
7-13 2.248 .632 57.0 1R 172 23.7  17.8 _— — 47.39 -00532 8908.70
23] fvg. 2.2711 .539 53.0 47.0 183 17.0 12.0 796 22 42.00 .00621 7244 .00
(%]
& . P, . . Rice Percent
MR x 107 psi Splitting Tensile Test @ 7/YF Specific Rir
-13°F  33°F  68°F _ 104"F  Stress {psi) Strain (in/in) Modulus (psi) _ Gravity  Voids
v 7-3 2.256 .531 1.964 1.449 660 .151 146.2 .00482 30309.4 8.0
7-10 2.234 .545 1.911 1.439 .6R2 148 136.9 .00312 13874 .0 2.451 8.9
7-16 2.236 -596 1.915 1.274 .4 .la4 137.3 -00310 40336.8 . .B.8
fivg. 2.242 . 557 1.930 1.387 .685 148 140.0 .00378 38173.0 2.451 8.6
Notes

* Denotes test resulls after (24-hour) Lottman moisture treatment procedure.
A4 Denotes test results after (18 cycle) Loltman moisture treatment procedure.
MR - Resilient Modulus



Table .

Specific & 6 ) Percent
Phase  Sawple  Gravity 77°F x 10 Stability (1bs) _Flow (0.01 in) _ Asphalt = 39.2°F 77°F
| 6-3 2.275 523 1752 16
-6 2.262 L5404 1552 15 5.77 12 47
6-16  2.254 4595 1799 16
Avy. 2.264 054 1701 16
g} tiveem Siability e e Hveem Stability* Harshall Test*
Percent R 6 . Percent Stability Flow
AUnC) __ (THD)  77°F x 10" psi (UNC) _ (THD) ~_ pounds 0.0 in
1 6-2 2.263 .488 46.7 40.7 . .237 17.7 11.7 840 25
b-7 2.274 463 53.1 46.5 ,283 9.7 3.0 1020 24
6-8 2.268 .515 50.0 44.2 .242 16.0 10.1 964 26
6-11 2.259 .538 45.0 39.0 .226 16.0 10.0
6-13 2.283 .456 50.8 443 2254 12,9 6.4
6-17 2.236 268 5.1 47.4 .224 34.3 28,9 o )
2.204 .505 50.0 44.0 . 244 18.0 12.0 941 25

Test Sequence | Yesults for ltem 340 Type "D" HMAC Cosden AC-10, U.S. 287, Dumas, Texas

Bulk MR @ Marshall Test Penetration, dum

Viscosity, poises

Avq.

“Ring and Bal}
SofLening
. Point, °T

122

Splitting Tensile Test @ 77°I*
Stress (psi) _ Strain (in/in) Hodulus (psi)

12599.6
20238.8
16294.4
16378.0



fable 2y. {continued} Test Sequence 1 results for Item 340 Type “D" HMAC Cosden AC-10, U.S. 287, Dumas, Texas.

Hveem Stability**

Harshall Test®*

Bulk flveem Stability ; . . garax
speci fic ”u @ ] Percent "Rk* @6 Percent Stability Flow Splitting Ie?SI‘E T?st @ 7771
Phase _Sample  _Gravity =~ 77°F x 10 _(UNC) ~ (THD)  77°F x 10 psi  (UNC) _ (TiiD) pounds_ 0.01 in  Stress (psi) _Strain (in/in) Modulus {psi)
ft 6-1 2.275 A2T 52.9 16.6 .325 1169 22
6-4 2.269 A57 53.7 47.3 .352 1110 29
6-5 2.271 510 52.4 46.1 .320 1014 23
6-14 2.247 .480 53.2 47.3 216 28.8 22.9 13.38 00532 p1s1.17
6-15 2.253 .554 56.0 49.8 210 28.7 22.6 55.59 .00638 4708.78
6-16 2,245 .532 55.6  50.3 195 2.4 111 — 56.40 00532 10601.58
Avy. 2.260 L4493 54.0 48.0 .270 27.0 21.0 1098 23 52.00 00567 9155.00
e
N
6 . . a Rice Percent
MR x 107 psi Splitting Tensile Test @ 77°F Speci fic Air
-13°F33°F 68°F  10A°F _ Stress (psi) _ Strain (in/in) _Hodulus (psi) Gravity = Voids
v 6-9 2.2710 496 1.731 1.600 .694  .144 123.5 .00425 29010.8 5.8
6-10 2.257 .526 1.793  1.781 .669 .135 126.6 .a0410 30866.6 2.4 6.4
6-12 2,267 -352 2.093  1.667 .557 .44 127.8 -00483 26489.8 S 6.0
Avg. 2.265 .525 1.872 1.676 .640 111 126.0 .0043g 28789.0 2.111 6.1
Nates

* Denotes Lest results after {24-hour) Lottwan moisture treatwent procedure.
“+ Denoles test resulls after (18 cycle) Lotiman woisture treatment procedure.

NR - Resitient Mndulus
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Table 3A. Test Sequence I1 results for Item 340 Type "D" cores using MacMillan AC-20, U.S5. 82, Dickens, Texas.

1EG SAMPLE BULK My CMARSIALL | MARSHALL [ vnrosm mummmn | mie &
NO. ND. HEIGHT SPLCIFIC e 77°F STABTLITY FLOW e - . e BALL
GRAVITY e F @ 140 F @ 275 ! 3. 2" r 77 |
1-4 1.406 2.159 I 347 1 065 1
1-8 1.370 2.141 325 990 13
I 1-10 1.286 2.137 433 1,150 9
! /\w, 1 354 2. 145 . 368 1 053 n z lxlO 9 737 1 5.669 3 17 143
LEG SAMPLE BULK Mo HVEEM [ M - WVEED® INDIRECT TINSION* MARSHALL
NO. NO. HELGHT SPECIFIC @ 77°F STABILITY o 7';‘,‘. STABILITY — e e e — | STABILITY
GRAVITY UNC THD UNC THD monmm STRESS | STRAIN
1-7 1.071 2.126 .432 58.9 3.1 156 45.3 [ 20.5 6, 225.0 | 22.0 .00353
1-12 0.792 2.134 . 324 66. 1 35.6 .082 63.5 33.0 5,471.0 | 13.0 .00238
n 1-15 1.331 2.151 343 38.9 19.3 .285 1.7 22.1 12.272.0 | 29.0 .00236
AVG. 1.065 2.137 . 366 54.6 29.7 174 50,2 25.2 7,989.3 | 21.3 00275
LLG SAMPLE BULK Ma HVCEM My ** HVEEM ** mnmm 1[NSION o
NO. NOD. HETGHT SPECIFIC @ 77°F STABILITY @ 77°F STABILITY B -
) GRAVITY e TeD | uNC  THD_ _”_‘{‘{”}}'_S_. _‘E‘I“E_S_?- ST“"_'."___”
1-13 1.273 2.143 324 45.5 24.7 .301 51.9 N1 [32,315.0 51.0 | .o00518
1-14 1.419 2.145 .342 38.1 20.2 275 34.0 26.1 18,586.0 52.0 | .00280
11 1-16 1.193 2.141 .409 17.3 24.9 310 57.4 35.0 |26,492.D 2.0 | .o0159
AVG. 1.295 [ 2.143 . 358 23.6 23.3 295 51.1 30.7 | 25,797.7 48.3 | .00319

PERCENT

ASPHALT

5.95

M/\R\H/\l l

FLOW




Table 3A.{Continued) Texs Sequence 11 results for ltem 340 Type

“p" cores using MacMillan AC-20, U.S. 82, Dickens, Texas.

LEG  [SAMPLE BULK My My n, Hy HVEEN Hess HVEEH*** INDIRECT TENSION*** | wxe
No. | No werGnt | seeciFic o[, R R R R STABILITY oo | sTaBIITY | ] MARSHALL
graviTy @ J13F 3R @ 77°F 1@ 10°F L e e 1B 77°F fune tip | Moburus | STRess | STRAIN | STABILITY
1-2 1.356 | 2.172 .388 a0.6 | 21.4| 053 | 37.6|17.6 | 2,748.0{ 15.0 |.00346 T
1-5 1.465 | 2.157 .295 3.6 | 17.6 | .040 M '
w16 1,332 | 2.137 “294 3.3 | 14.7] 0a0 | 36.2|16.5 | 2,385.0] 11.0 | .00a61
1-9 1.106 | 2.051 14 1.7 | 2006 | .13 | 39,0149 +
-1 | oo | 2139 "320 a7.3 | 21.4 ) 033 | a2.0|16.1 | 1.253.0] 1.0 | .o00878
1417 | 1.274 | 2.154 1337 2.5 | 21.7) ‘053 | a721.0 93
AVG 1.259 | 2.3 .29) 10.7 | 196 030 | 393|172 | 2.028.7] 12.3 | . oos62 93
i A L S Dt ettt Shestin Iheahl il Mdbatity L
h
LEG | SAMPLE BULK MR MR Mo HR INDIRECT TENSION RICE PERCENT
no. | wo. feerenr fseeciric o R [ s R 1o 8 e oner SPECIFIC | AIR
GRAVITY MODULUS | STRESS |STRAIN | GRavi®y | voips
1-1 1.335 | 2.155 2.73% | 1.307 | .38 072 | 33,292.0] 119.0 | .00357 | 2.366 8.9
1-3 1.293 | 2.162 1994 | 1.285 | .315 ‘was | z0.m13.0| 5.0 | .ooare | 2.406 10.1
v 1-18 | 1.080 | 2.142 2,240 | 1.3a8 | .327 072 | 39.506.0| 118.0 | 00299 | 2.400 10.8
AVG. 1.303 | 2.153 2.325 | 1.313 | .30 064 | 31,070.3) 107.3 | .00357 | 2.30 9.9

Denotes Test Results Following the Accelerated {24 hour) Lottman Moisture Treatment Procedure.
Denates Test Results Following the 7-day Soak Period.

LR

*k

4+ Denotes No Test Values Available.

MR Modulus of Resiligncy.

*
penotes Test Results Following the (18 cycle) Lottman Moisture Treatwent Procedure.

&® i“ﬂ
HMARSIHALL
TLOW

+

+

25




US 82 DICKENS, TEXAS PROBLEMS

In Table 3A (MacMillan AC-20) the sample (1-5) in the
fourth leg of the test procedure fell apart after the
standard Lottman. The Marshall tests could not be
performed, and therefore there are no results. The
sample (1-9) was damaged in the Hveem stability test
after the Lottman in Teg 4. No Marshall tests could
be performed.

In Table 3B (Dorchester AC-20), the sample (2-9) fell
apart after the standard Lottman, and no further test-
ing could be performed. The sample (2-6) was damaged
in the Hveem stability test following the standard
Lottman. Both samples were in the fourth leg
sequence.

In Table 3C (Exxon AC-20), the samples [(3-10), (3-11)]
fell apart after the standard Lottman in the fourth leq.
No other tests could be performed.

In Table 3G (Cosden, AC-10) in the 3rd leg, all of the
samples were allowed to completely dry out. After they
were relocated, they were allowed to soak at 779F over
a weekend. The Hveem stability test was run at 77°F.
Also, starting with 3G, the 4th leg was dropped from
the testing procedgre sequence, Only the resilient
modulus tests (-13°F, 33°F, 77°F, and 104°F) were
performed. The sequence was modified due to the long
period of time required to perform the 18-cycle

Lottman testing performance.

57
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Table 3B. Test Sequence 11 results for Item 340 Type “D" cores using Dorchester AC-20, U.5. B2, Nickens, Texas.

MARSHALL MARSIIALL VISCQSITY " PERETRATION RING & | PELRCENT
STABILITY FLOW e TR T <o e meepeee e BALL ASPUALT
e77°F | elar | e 275“[ 39.2°F 7°F
2-8 . 855 2.066 . 341 1,112 12
2-10 1.358 2.085 . 359 550 17
i 2-17 1.328 2.114 . 320 1,160 13

__________ @ mem —_ - s e S £ s e et = e v i o rh e i ok e e wEon e bk meckix m @ e e e

LEG SAMPLF BULK M
NO. NO. HETGHT SPECIFIC
GRAVITY

J AVG. l 180 2.0088 . 340 941 14 2. leO 8 6?0 5. ?8? 2 20 140 4 96

S (RPN e B el B e T H R S L e Ete

LEG | SAWPLE BULK M HVCEM M+ |*  HEEM* " INDIRECT TENSION* MARSHALL MARSIALL
NO. NO. REIGHT SPECIFIC [ o 0o STABILITY 0 7§QF STABILITY e e STABILLTY FLOW

GRAVITY UNC o UNC D MODULUS | STRESS | STRAIN
2-2 1.024 2.084 .337 7.0 42.9 .192 54,1 28.4  |10,417.0 | 19.0 . 00182
2-3 1.232 2.09] .313 45.9 24.3 .154 4.7 20.0 5,772.0 | 21.0 . 00364
2-5 .956 2.085 . 350 62.6 36.8 . 105 62.7 35.6 5,579.0 | 13.0 .00233

I

AVG. 1.07} 2.087 .333 50.9 34,7 - 150 52.8 28.0 7.256.0 17.2 . 00260

LEG SAMPLE BULK M HVEEM M, ** HVEEM *+ INDIRECT TENSION fald

NO. NO. HEV1GHT SPECIFIC - STABILITY e 77°F STABILITY R T e e

SR R SR Mol S SO we oL e o | wowws | smuess | stoam

2-1 .843 2,112 . 337 73.1 43.7 . 164 76.5 47.1 14,759.0 | 29.0 - 00196

2-13 1.380 2.089 . 349 45.1 26.5 .270 47.9 29.2 22,539.0 | 36.0 -00160
i1 2-16 1.484 2.12 . 268 40.3 23.8 .272 40.4 23.9 26,143.0 | 31.0 .00119

AVG. 1.236 | 2.104 . 325 52.8 31.3 .235 54.9 33.4 21,147, O 32.0 00]58




Table 30. (Continued) Test Sequence Il results for Item 340 Type "D" coves using Dorchester AC-20, U.S. 82, Dickens, Irxas.

LEG

SAMPLE

BULK Mg M My Me HVEEM Ma** HVEEM*** INDIRECT- TENS LON*** *an L
NO. NO. HEIGHT | SPECIFIC o 1Zor Lo 335 |a 779F [0 108°F STABILITY  fo Szar | STABILITY  f-o —— —- MARSHALL | MARSHALL
GRAVITY : UNC THD UNC WD | HobuLus | STRESS | STRAIN | STABILITY | FLOW
2.1 1373 | 2.007 .348 2.1 | 233 .os2 [ 37.2] 184 1,m8.0{12.0 |.00626 | T
2-4 1.216 2.101 .2m 44,7 | 22.7 ] .052 33.9 | 12.0| 1,238.0| 10.0 | .00808
v 2-6 1.488 2.101 .21 33.6 | 17.2 | .046 32.4) 15,9 4 + +
2-9 1.340 2.085 .238 37.6 | 18.0] .07 + + t +
2-18 1.337 2.095 .327 22.7 | 23.1| .039 35.7 | 16.1 121.0 13
2-19 1.374 2.093 .235 3e.8 | 20,0 .037 37.9 | 191 33.3 17
AVG 1.355 2.095 .285 39.9 ] 20.7] .om 35.4 1 16.3] 1,578.6{ 11.0 | .00717 77.2 15
- e b
(Vej
LEG | SAMPLE BULK MR MR MR MR INDIRECT TENSION RICC PERCENT
NO. NO. NEVGHT |SPECIFIC o 130k la 33°F le 77°F e 104°F SPECIFIC AR
GRAVITY MopuLus | STRESS | sTRAIN | GRAVITY voIDS
2-7 1.347 | 2.088 1.707 1.204 .27 .059 27,7M6.0| 83.0 ]| .00299 | 2.439 14.4
2-12 1.387 | 2.100 2.009 1.382 .343 .076 32,044.0| mM15.0 | .00359 | 2.419 13.2
v 2-14 1.348 | 2.084 2.132 1.235 326 .058 32,641.0| 97.0 | .00297 | 2.449 14.9
2-15 1,464 | 2.087 1.641 1.1N .284 .056 22,769.0] 82.0 | .00360 | 2.419 13.7
L AVG. 1.387 | 2.090 1.872 1.298 | .308 .062 28,792.5| 94.3 | .00329 | 2.432 41

NDenotes Test Results Following the Accelerated (24 hour) Lottman Moisture Treatment Procedure.

* &k

Denotes Test Results Following the 7-day Seak Period.

ok ok

Denotes Test Results Following the (18 cycle) Lottman Moisture Treatment Procedure.

+ See attached notes.

MR Modulus of Resiliency.




US 82 DICKENS, TEXAS PROBLEMS

In Table 3A (MacMillan AC-20) the sample (1-5) in the
fourth leg of the test procedure fell apart after the
standard Lottman. The Marshall tests could not be
performed, and therefore there are no results. The
sample (1-9) was damaged in the Hveem stability test
after the Lottman in leg 4. No Marshall tests could
be performed.

In Table 3B (Dorchester AC-20), the sample (2-9) fell
apart after the standard Lottman, and no further test-
ing could be performed. The sample (2-6) was damaged
in the Hveem stability test following the standard
Lottman. Both samples were in the fourth leg
sequence.

In Table 3C (Exxon AC-2G), the samples [(3-10), (3-11)]
fell apart after the standard Lottman in the fourth legq.
No other tests could be performed.

In Table 3G (Cosden, AC-10) in the 3rd leg, all of the
samples were allowed to completely dry out. After they
were relocated, they were allowed to soak at 77° F over
a weekend. The Hveem stability test was run at 77°F.
Also, starting with 3G, the 4th leg was dropped from
the testing procedure se uence Only the resilient
modulus tests (-13°F, 33°F, 77°F, and 104°F) were
performed. The sequence was mod1f1ed due to the long
period of time required to perform the 18-cycle

Lottman testing performance.

60
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Table 3C. Test Sequence 11 results for Item 340 Type "D" cores using Cxxon AC-20, U.S. 82, Dickens, Texas.,

LEG | SAMPLE BULK My MARSHALL | MARSHALL VISCOSITY PLNETRAT 10K RING & | PERCINT
NO. ND. Wewaut | sPECIFIC | oS | sTARILITY, FLOW | oo oo oo oL gALL | ASPHALT
GRAVITY @ 77°F | @ 140°F | e2ser | 3g.2°F | 77%F
3-3 1352 | 2173 211 986 10
3-9 1.217 | 2.160 181 1,188 12
I 3-16 1186 | 2.139 165 1,105 n
AVG. 1.252 | 2.187 186 1,093 N 8.0x10° | 5,523 8.082 8 32 W | eae
 SUHG SU OO [N SN e e e wm - - Papp—_ o— v acbor crmn s s e oy o st i vim s ks v et 51 o e b S
LEG | SAMPLE BULK My IVEEM Moo IVEEM* INDIRECT TENSION* MARSIALL | MARSHALL
NO. NO. netGht | seeciFic | o R STABILITY L STABILITY [ === oo - | STABILITY FLOW
S SRAITY we o ) T f e Thp | WODLUS | STRESS | STRAIN.
3-2 1.431 | 2.173 208 | aa.a | 26.8 sl | 439 | 26.3 | 13.085.0| 39.0 |.00299
3-8 1292 | 2.163 200 | 454 | 2409 a2 | e | 27.7 | 9.ae0.0| 340 |.00359
. 318 1.214 | 2.163 A |sie | 297 23 [ s10 | 290 | 9.aa5.0| 280 |.00296
AVG. .32 | 2.166 208 | 471 | 27 ass | 477 | 27.7 | 10.650.0( 33.2 |.00397
LEG | SAMPLE BULK My HVEEM Mg+ HVEEM *» INDIRECT TENSION ++
NO. NO. weteHT | seeciFic | ot STABILITY o 17°F STABILITY e
e GRAVITY we  THD T lwc o | moouws | sTeess |stam
3-6 1.398 2.170 227 a1 | 29.8 200 a8.6 | 30.3 | 13,158.0 63.0 | .00479
3-7 1.279 2.161 196 16.5 | 25.9 e 55.7 | 35.0 | 16,670.0| 53.0 | 00318
e | 3 1.247 2.160 176 8.1 | 26.8 2164 53.2 | 37.9 | 14,160.0| 56.0 | .00395
AVG. 1.308 2.165 200 a1.6 | 27.5 183 sa.5 | 4.4 [ 14,002.7 57.3 | .00397




lable 3C.{Continued) Test Sequence 11 results for Item 340 Type "D" cores using Exxon AC-20, U.S. 82, Dickens, Tixas

LEG  |SAMPLE BULK | me "y n, My HVEEM Hass 1 g INDIRECT TENSION*** | aan  Jaun
no. w0, uerent [seeciric fo R boa® Lo b fo voner | smaeiiiny o Ree [smamiinny o — ol arshaLL  [waRsiaLL
GRAVITY UNC  THD lnc o | moourus | stress | strun | stasiiity | FLow
34 |13 | 2.165 .216 0.4 | 21.6 | .0a8 37.7119.0|2,917.0{ 19.0 |.00651
10 [1.218 | 2.147 148 50.1 | 20.2 | .035 A + .
v 11 |33 | 2.140 164 a2.9 | 23.7 | 046 o + N
313 1229 | 20150 194 a7.9 | 26.3 | 096 52.6| 31.0 {4,082.0| 16.0 {.00392
315 (14 | 20150 169 50.6 | 27.3 | ‘039 51.7) 28.313.362.0| 16.0 |l00476
317 |1.289 | 20157 "159 0.8 | 20.3 | .040 a.4] 21.0 93 15
ave. lr2es | 2182 175 5.5 |24.6 | .0a2 45.9| 24.8 | 3.152.7 ] 17.0 |.00a%0 93 15
- len RtA | . . j 2381345371 17.0 00830 9 B
™
LEG | SAMPLE BULK Me Mo Mr Mo INDIRECT TENSION RICF PERCENT
no. | no. [werent fseectrie 1o e o aser Lo 770 o 1040k SPECIFIC | AIR
GRAVITY MODULUS | STRESS |STRAIN ‘| GRAVITY | volDS
31 432 | 282 2.026 | 1.307 | .260 | .0as  |18.622.0 | 89.0 |.00478 | 2.400 10.3
y 35 [1.420 | 2.158 2000 | 1.233 | 210 | .0a3 |is.i2s0 | s1.0  |.00535 | 2.387 9.7
312 119 | 2157 2357 | 1068 | J180 | co3s  |i2.162.0 | 80.0 |.o0658 | 2.392 9.8
ave. | 1.3a9 | 2155 2129 | 1.203 | .217 | .0aa  |1s,304.0 | 83.3 {.00557 | 2.393 9.9

Denotes Test Results Following the Acceleraled {24 hour) lLotlman Mofsture Treatment Procedure.
Denoles Fest Results Following the 7-day Soak Period.

& Wk
penotes Test Results Following the (18 cycle) lottwan Moisture Treatment Procedure.

t+ See altached notes.

MR Modulus of Resiliency.



US 82 DICKENS, TEXAS PROBLEMS

In Table 3A (MacMillan AC-20) the sample (1-5) in the
fourth leg of the test procedure fell apart after the
standard Lottman. The Marshall tests could not be
performed, and therefore there are no results. The
sample (1-9) was damaged in the Hveem stability test
after the Lottman in leg 4. No Marshall tests could
be performed.

In Table 38 (Dorchester AC-20), the sample (2-9) fell
apart after the standard Lottman, and no further test-
ing could be performed. The sample (2-6) was damaged
in the Hveem stability test following the standard
Lottman. Both samples were in the fourth leg
sequence.

In Table 3C (Exxon AC-20), the samples [(3-10), (3-11)]
fell apart after the standard Lottman in the fourth leg.
No other tests could be performed.

In Table 3G (Cosden, AC-10) in the 3rd leg, all of the
samples were allowed to completely dry out. After they
were relocated, they were allowed to soak at 77°F over
a weekend. The Hveem stability test was run at 77°F.
Also, starting with 3G, the 4th leg was dropped from
the testing procedure sequence. Only the resilient
modulus tests (-13%F, 33°F, 77°F, and 104°F) were
performed. The sequence was modified due to the long
period of time required to perform the 18-cycle

Lottman testing performance.
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Table 3D. Test Sequence Il results for Item 340 Type "D cores using Shamrock AC-20, U.S. 82, Dickens, Texas.
LEG SAMPLE BULK My MARSHALL MARSHALL VISCOSITY PENETRATION RING &
NO. ND. HE1GHT SPECITIC | oo STARILITY FLOW e e il wee o emmprmemee | BALL
GRAVITY @ 77°F @ 140°F 0 275 39.2°F 7°r
4-3 1.215 2:114 .315 674 20
4-14 1.193 2.180 .253 1,147 g
I -16 1.331 2.117 .266 962 13
| e 246 )z .218 ) 93 " vaxio’ |az,300 ] 1n7e2 5 | 2 143°
LEG SAMPLE BULK Mg HVEEM M, * HVELH* INDIRECT TENSION* MARSHALL
NO. NO. HEIGHT SPECIFIC | o 0or STABILITY @ 77°F STABILITY e e e - | STABILITY
SRR S bRAVITY | LJUNC MWD ] N THD MODULUS | STRESS |STRAIN | _
4-4 1.376 2.139 .264 46.2 27.4 173 8).4 | 22.6 11,628.0 | 34.7 | .00298
4-5 1.494 2.121 .290 42.7 | 26.3 .205 37.5 | 21.2 10,412.0 | 37.3 | .00358
i 4-15 1.457 2.13 . 244 39.9 22.0 .185 33.9 | 16.8 10,982.0 { 32.8 | .00299
B S - S — o SN SO SN S I
AYG. 1.442 2.130 . 266 2.9 | 25.2 .188 37.6 | 20.2 11,007.3 | 34.9 | .00318
 Lee SAMPLE BULK My HVEEM Mo ** INEEM ** INDIRECT TENSION **
NO. NO. HE IGHT SPECIFIC @ 77°F STABILITY @ 77°F STABILITY - R
SRVITY ] we o | e Thp | MODILUS | STRESS | STRAIN
4-8 1.258 2.105 .289 4.6 23.5 .189 46.6 | 25.5 11,356.0 | 47.4 00417
4-10 1.437 2.151 .264 50.5 33.0 167 51.7 | 48.1 14,846.0 | 44.3 00298
i 4-17 1.415 2.156 .240 44.3 26.4 .201 48.1 | 300 14,134.0 | 30.6 00358
AVG. | 1370 2.137 .264 46.5 21.6 .186 48.8 | 34.6 | 13,445.3 | 40.8 | .00358

PERCENT
ASPHALTY

5.86

MARSHALL
TLOW




Table 30. {Continued) Test Sequence Il results for Item 340 Type “D* cores using Shamrock AC-20, U.S. 82, Dickens, Texas

LEG  |SAMPLE BULK Ma M e Mg HYEEM MA* HVEEN* ** INDIRECT TENSION*** | a»e .
no. | wo. HELGHT | SPECIFIC *[o 1Sar fo 335 o 77°F e 104°F STABILITY  fo soop | STABILITY  f— ooy e | HARSHALL | MARSHALL
GRAVITY lunc THD Jec THD | MODULUS | STRESS | STRAIN | STABILITY | FLOW
4-2 1. 487 2.120 282 36.9 | 20.3| .o60 |39.5 | 23.0{8,637.0] 34.0 |.00394
4-6 1.3567 2.132 .237 42.0 |22.9| .07 |4a1.0] 21.9]5,792.0| 28.0 |.00483
v 4-11 | 1.507 2.138 .258 40.7 | 24.6 | 157 |41.7 | 5.6 [13,316.0] 42.0 |.00315
4-12  ]1.33 2.151 .228 50.8 | 3.1 | .o67 |47.9] 28.3 446 18
4-13  |1.378 2.151 .239 42,0 [28.3 | .on |s0.5| 31.8 516 16
4-18_ |1.556 | 2.151 | .236 9.6 |29 .os1 f408|28.7| 375 13
AVG. 1.436 2.141 .247 2.7 |e6.1 , 085 |a3.6 | 26.149,248.3| 34.7 |.00397 445 16
[#)]
<
LEG | SAMPLE BULK HR MR HR M INDIRECT TENSION RICE PERCLNT
NOo. | No. HEIGHT |SPECIFIC o 130e lo 33 |0 77°F le 104°F SPECIFIC AlR
GRAVITY MODULUS | STRESS [ STRAIN | GRAVITY Vol DS
3-1 1.410 2.141 1.413 .980 .279 .051 9,456.0 | 56.0 |.00592 | 2.383 10.2
4-7 1.295 2.129 i.978 |1.010 .253 L051 9,724.0 | 52.0 °|.00535 | 2.364 9.9
v 4-9 1.282 2.141 1.810 .921 238 .042 5,619.0 | 44.0 |.o0665 | 2.377 9.9
V6. 1.329 2.137 1.734 . 970 257 .048 B,599.7 | 50.7 00597 | 2.375 10.0

Denotes Test Results Following the Accelerated {24 hour) Lottman Moisture Treatment Procedure.
Denotes Test Results Following the 7-day Soak Period.

*k

Ea L)

+ Denotes No Test Values Available.

HR Modulus of Resiliency.

pDenotes Test Results Following the {18 cycle) Lottman Moisture Treatment Procedure.
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Table 3E.

LEG
NG.

SR

LLG
NO.

Il

SAMPLE
NO.

HETGHT

BULK
SPECIFIC
GRAVITY

MARSHALL
STABILITY

MARSHALL
FLOW

VISCOSITY

Test Sequence Il results for Item 340 Type “D" cores using Shawrock AC-10, U.S. 82, Dickens, Texas.

e 77°

F

@ 140°F

mgl.nm
A e L V]

V. 796
1.795
1.401

2.128
2.095
2.108

AVG.

SAMPLE
NO.

5-1
5-5
5-9

1.663

]

HETGHT

1029
895
1439

10
12
12

.250

2.110

BULK
SPECIFIC
GRAVITY

8 77°F

1121

HVELM
STABILITY

1.7x10

7

12439

@ 275°F | 39.2°F | 77°F
7.289 15 37 139.5

PENETRATION

HVEEM*
STABILITY

1.647
1,782
1.651

2.074
2.107
2.078

AVG 1.693

HE IGHT

Ao ]

1.767
1.646
1.668

2,086

BULK
SPECIFIC
GRAVITY

2.120
2.103
2.084

.251
234
.238

.41

e s et ot e L

Mp

@ 77°F

37.9
8.1

HVEEM
SIABILITY

24.6
21.5
34.9 21.6

( 24.6

.104

s
MR
@ 77F

34.7
37.2
35.1

35.7 )

23.4

07
127
102

N2

32.3

s o e g 1

36.9
34.8
31.2

34.3.

16.9
23.9
19.0

19.9

MODULYS

7207
7668
5956

6944

INDIRECT TENSION*

STRESS

14.5
26.4
13.7

18.2

STRAT(
.00201
.00345
.00230

BALL

MARSHALL
STABILITY

HVEEM  **

STABILITY

—

INDIRECT TENSION **

HODULUS
8360.0
8273.4
5048.8

STRESS

28.8
28.5
18.9

25.4

00345
.00345
00373

STRAIN

-06354

.00259 7

RING &

PERCENT
ASPHALT

+

MARSHALL
FLOW
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Table 3. {Continued) Test Sequence 11 results for ltem 340 Type "D* cores using Shamreck AC-10, U.S5. 82, Dickens, Texas

SAHE
Hb

i 1

¥

[SLINS, IS o IRy Ey S, |
1
et mt d et )

NQ.

5-14
5-16

5

5-18

TES:

SAMPLT

BULK My My My i, ‘ HYELH Hy >+ S HER
WGl | SPLCINIE ver | aeer R N SIAGHL LY s STARILIT,
CRAVLTY @ V| s e e e @il
1.678 | 2.049 1.715 My 230 086 1.2 20.5 | .0l [31.9 | 19.3
1.704 | 2.039 1.234 a8 1210 .067 5.7 235 | .01 |30.0 | 17.8
1.470 | 2.035 1.496 M7 256 . 080 . 22.3 | o5 |30.8 | 13.1
1.543 | 2.039 1.471 878|238 .082 5.1 19.7 | 014 [30.2 | 14.8
1.686 | 2.058 1.219 848 | Loew .80 35.3 22.8 | ;s |27.2 | 1.6
2.065 | 2.065 1.176 651 | 1% 058 34.8 29.8 | .014  [23.0 |18.1
1.692 | 2.048 1.302 .804 | .223 076 36.9 2.4 | .013  |28.9 | 16.3
BULK My IRDIRFEY EINSTON RICE PIRCENT
NOVGUT | SPECIFIC | o Jhop  [=ooome e - - SPLCIFIC AIR
GRAVITY MODULUS | STRLSS | SIRAIN GRAVITY va1ns
1.754 2.037 .2n 19435.3 1 72.6 .00373 2.391 14.9
1.640 2.054 . 251 28035.6 | 80.5 .00267 2.398 14.2
1.656 2.062 .276 18637.2 1 75.9 .00402 2.390 13.8
1.683 2.051 .246 22036.0| 76.0 . 00354 2.393 14.3

** Denotes lest Rosults Following The 7-day Soak Period.

*

1 Denates No Test Values Availahle.
M Modulus of Resiliency.

Ak
flenotes Test Results Following The {18 cycle} Lettman Muisture Trealwent Procedure.

MARSHAL[#** *
STABH ITY
135

104
76

MARSHALL

{10
*xx

16
16
L}

Mo us

37z21.7
697.3
918.7

1779.2

STRESS

[S ARt ]
WD

THDIRECT TENSEON*#»»

ST

00223
MUREE]
.00595

L0650
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Table 3F. Test Sequence 11 results for Item 386 Type "B" cores using Cosden AC-20, U.S. 82, Dickens, Texas.

LEG SAHPIE BULK Ma MARSHALL MARSHALL. vxsrustrv PENETRAT[ON RING & | PERCENT
NO. NO. HETGHT SPECIFIC @ 77°F STABILITY FLOW S—— g e e el EEEE —| BALL ASPHALY
GRAVITY @ 7?°F e 140°f @ 275°T 39 2“; ?3“5
6-6 1.413 2.090 446 1167 9
6-9 1.250 2.092 .27 1194 10
i 6-11 1.375 2.106 425 1299 10
L AVG. 1.346 2.096 .433 1220 10 3. 0x107 15 466 . 447 0 18 142 5.25
LEG SAMPLE BULK Me {IVEEM M HYEEM* IHHIRELT TENS1ON* MARSHAL L MﬁRbHAll
NO. NO. HE 1GHT SPECIFIC e 77°F STABILITY a 7§“r STABILITY T Bl Dt STABELITY FLOW
N GRAVITY o |wc o | [ UNC THD _._P?!i‘{FE'__A.S”‘_ESL_ST_“_“_’"__ o
6-3 1.578 2.102 . 429 42.1 24.7 .200 37.8 23.1 41,854.0 | 49.2 .00117
6-5 1.547 2.101 . 461 43.6 28.3 215 35.8 20.5 |46,894.9 | 42.7 .00091
n 6-14 1.450 2.108 . 440 41.5 27.3 .215 38.8 21.5 | 43,035.9 | 41.7 .00097
AVG. 1.525 2.104 .443 43.4 27.7 A .210 37.5 21.7 | 43,928.3 | 44.5 -00102
| LEG SAMPLE BULK Mg HVEEM Ma HVEEM INDIRECT TENSION
NO. NO. HE [GHT SPECIFIC @ 77°F STARILITY © 77°F STABILITY e
B ) i B GRAVITY UNC o UNC THD MODQE?F . ST?FSS STFAIN ”
6-2 1.492 2.098 . 444 44.8 28.4 .260 52.9 36.5 |51.824.2 | 62.4 .00120
6-12 1.400 2.104 437 47.7 29.4 .258 53.4 35,1 [55.515.3 | 62.0 00112
11 6-17 1.400 2.097 435 45,8 271.5 .216 49.4 31.2  |39,814.0 | 40.9 00103
AVE. 1.431 2.100 .439 46.1 28.4 .245 51.9 3.2 49 051 2 55.1 00112
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Table 3F. (Continued) Test Sequence 11 results for Item 340 Type

"B cores using Cosden AC-20, U.S. 82, Dickens, Texas.

Denotes Test Results Following the Accelerated (24 hour) Lotlwsn Moisture Treatment Procedure.
pDenotes Test Results Following the 7-day Soak Period.

*kk

Denotes Test Results Following the (18 cycle) Lottman Moisture Treatment Procedure.
+ Denotes No Test values Available.

MR Modulus of Resiliency.

l_LEG SAMPLE BULK M M M M HVEEM o Xk HVEEF;*** INDIRECT TEN wxx | wwk ok
R R R R : R SION
NO. NO. REIGHT égggiiic @ -13°F lo 33°F e 77°F e 104°F STABILITY @ 77°F STABILITY MARSHALL | MARSHALL
i UNC THD UNC THD | MODBLUS ] STRESS ] STRAIN | STABILITY FLOW
6-1 1.702 2.101 3.114 1.330 .435 . 058 32.1 § 19.9 .234 3?.éﬂi25.6 618 23
6-4 1.549 2.092 3.420 1.356 . 391 . 055 40.1 | 24.8 .286 47.1 131.8 800 21
v 6-7 1.400 2.098 2.120 1.417 .428 . 054 43.7 | 25.5 .215 42.0 {23.8 716 20
6-13 1.400 2.1 2.191 1.5 .428 055 48,3 ] 30.1 .233 41.8 {23.6 | 27,472.4 65.4 |].00238
6-15 1.450 2.108 2.178 1.463 .381 .062 42.4 1 25.1 .239 38.4 [21.1 | M,517.9 65.9 ].00159
6-18 1.582 2.099 2.184 1.47 . 300 . 054 47.9 | 33.3 .232 44.3 |129.7 | 29,174.9 69.4 |.00238
AVG. 1.514 2.101 2.534 1.482 | .394 . 056 40.6 | 26.5 .240 41.9 125.9 | 32,721.% 66.9 }.00212 711 21
LEG | SAMPLE BULK INDI RICE PERCENT
NO. NO. HEIGHT |SPECIFIC e -13°F le 33°F e 77°F |8 104°F NDIRECT TENSION SPECIFIC AIR
GRAVITY MODULUS | STRESS | STRAIN | GRAVITY voIDS
6-8 1.325 2.085 .445 85,534.6 1 102.1 | .00119 2.379 12.4
6-10 1.238 2.099 432 28,241.51 151.7 | .00537 2.366 11.3
v 6-16 1.813 2.12 . 492 55,432.6| 132.3 | .00239 2.39 11.7
AVG. 1.125 2.099 456 56,402.9 | 128.7 | .00298 2.379 11.8
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Table 3G. Test Sequence 11 results for Item 340 Type “D" cores using Cosden AC-10, U.S. 82, Dickens, Texas.

LEG SAMPLE BULK M MARSHALL MARSHALL YISCOSITY PENETRATION RING R
NO. NO. HEIGHT SPECIFIC @ 7§°F STABILITY FLOW BALL : ﬁﬁpﬁiﬁl
GRAV] TY ° or o ° o
@ 77°F @ 140°F @ 275°F 39.2°F 77°F
7-5 1.280 2.086 . 156 963 ° 14
7-10 1.341 2.078 . 168 1,07 12
I 7-15 1.492 2.098 161 1,001 11
AVG. 1.3N 2.087 .162 1,012 13 1.ssx10” | 23,115 9.7 10 21 141° 4.23
LEG SAMPLE BULK M HVEEM M HVEEM* INDIRECT TENSION* MARSHALL
NO. NO. HEIGHT SPECIFIC o ?gof STABILITY 0 7§°r STABILITY STABILITY "A?ESGLL
GRAVITY UNC THD UNC THD MODULUS STRESS STRAIN
7-1 1.444 2.07 156 38.0 20.6 129 41.9 | 24.6 14,732 19.3 | .00131
7-3 1.459 2.059 150 40.7 23.6 135 40.1 23.0 4,409 11.2 | .00254
1 7-9 1.445 2.068 185 36.6. 19.2 121 42.8 | 25.4 14,667 13.2 | .00090
AVG. 1.449 2.066 164 38.4 211 128 4.6 | 24.3 11,269 14.6 | .o00158
LEG SAMPLE BULK My HVEEM Mo HVEEM INDIRECT TENSION
NO. NO. HEIGHT SPECIFIC @ 77°F STABILITY @ 77°F STABILITY
GRAVITY UNC THD UNC THD MODULUS | STRESS | STRAIN
7-6 1,486 2.067 156 39.1 22.6 .072 3.8 16.3 3,038.4 |14.5 .00476
. 7-7 1.213 2.059 14 44.4 22.5 045 39.8 17.8 1.930.0 | 9.2 .00476
I 7-12 1.535 2.082 126 34.4 18.8 055 24.5 TLTC 1,307.3 [10.4 .00793
AVG. 1.411 2.069 NEL 39.3 21.3 057 32.4 17.v 2,091.9 (11.4 . 00582
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Table 36. {Continued) Test Sequence Il results for ltem 140 fype “B" cores using Cosden AC-10, U.5. 82, Uickens, Texas.

Denotes Test Results Following the Accelerated {24 hour} Lottman Moisture Treatment Procedure.

Denotes Test Results Following the 7-day Soak Period.
*
penotes Test Results Following the (18 cycle) Lottman Moisture Treatment Procedure.

*&

Wk

++ See attached notes.
HR Modulus af Resiliency.

LEG |SAMPLE BULK Me Ma My My HVEEM My HVEEW*** |  INDIRECT TENSION*++ | #s%
No. | mo. HEIGHT | SPECIFIC o (Yar fo 335 o 77°F o 104°F STABILITY |4 770p | STABILITY f— MARSHALL
] ) GRAVITY UNC THD func THD | MODULUS | STRESS | STRAIN | STABILITY
7-6 1.486 | 2.058 1.255 .549 106 028 +r
7-8 1.213 | 2.050 1.292 .766 123 032 +
v 7-14 1.535 | 2.095 1.869 .742 L1851 .04 b
AVG. 1.411 | 2.068 1.472 .686 127 .034
LEG { SAMPLE BULK INDIRECT TENSION RICE PERCINT
No. | NO. HETGHT  [SPECIFIC Lo 150r |o 33oF o 77°F e 104°F EC 0 SPECITLL AIR
GRAVITY MODULUS | STRESS | STRAIN | GRAVITY VoI DS
7-4 1.267 | 2.085 130 1,420.7 | 50.9 |.03583 | 2.4z8 15.4
7-13 [.288 | 2.100 134 1.378.3 | 57.6 |.08179 | 2.423 13.3
v 7-16 1.293 | 2.070 119 1,008.3{ 54.2 |.08375 | 2.429 14.8
AVG. 1.283 | 2,07 128 1,269.1 | s4.2 |.04379 | 2.427 14.5

ko

MARSHALL
FLOW




US 82 DICKENS, TEXAS PROBLEMS

In Table 3A (MacMillan AC-20) the sample (1-5) in the
fourth leg of the test procedure fell apart after the
standard Lottman. The Marshall tests could not be
performed, and therefore there are no results. The
sample (1-9) was damaged in the Hveem stability test
after the Lottman in leg 4. No Marshall tests could
be performed.

In Table 3B (Dorchester AC-20), the sample (2-9) fell
apart after the standard Lottman, and no further test-
ing could be performed. The sample (2-6) was damaged
in the Hveem stability test following the standard
Lottman. Both samples were in the fourth leg
sequence.

In Table 3C (Exxon AC-20), the samples [(3-10), (3-11)]
fell apart after the standard Lottman in the fourth leg.
No other tests could be performed.

In Table 3G (Cosden, AC-1Q) in the 3rd leg, all of the
samples were allowed to completely dry out. After they
were relocated, they were allowed to soak at 77°F over
a weekend. The Hveem stability test was run at 77°F.
Also, starting with 3G, the 4th Tleg was dropped from
the testing procedgre sequence, Only the resilient
modulus tests (-13°F, 33°F, 77°F, and 104°F) were
performed. The sequence was modified due to the long
period of time required to perform the 18-cycle

Lottman testing performance.
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Table 4A. Test Sequence 11 results ‘for Item 340 Type "D* cores using MacMillan AC-10, U.5, 287, Dumas, Texas.

LiG | SAMPLE BULK M, CMARSHALL | MARSIALL wscumv pmnammu RING & | PERCENT
NO. NO. HETGNT SPECIFIC | o 470 STABILITY FLOW e s - BALL ASPHAL
GRAVITY @ 77°F @ 140 r w275 39 z R
1-2 1.604 2.138 .149 1,180 n
1-7 1.313 2.123 165 982 13
I 1-17 1.707 2.115 22 874 12
NS e |2 -145 Lol 12 7.000° | 1 A83 (3892 |30 ] %0 | ”6‘1 oaor

LEG SAMPLE BULK M HVEEM M » HVEEH* INDIRECT TENSION* MARSHALL MARSHA[L

NO. NO. HEGHT SPLCIFIC R STABILITY r STABILITY s sl STARLTTY FLOW

oty | @7 | e | O e mo | wewnes | simess s

1-4 1.535 2.130 .129 50.8 35.2 011 27.6 11.9 10,857.8 77.8 .00716
1-9 1.707 2.107 .D91 43.3 31.2 014 28.0 15.9 11,207.1 76.9 . 00686
1-12 1.555 2.122 L 143 48.5 33.4 .044 40.6 25.5 14,405.1 77.4 00537

AVG. 1.599 z2.120 21 47.5 33.3 .023 32.1 17.8 12, 156 7 77.4 00646 |

LEG SAMPLE BULK MR HVEEM MR *ok HVEEM *k INDIRECT TENSION  »«
NO. NO. HETGHT SPECIFIC @ 77°T STABILITY @ 71°F STABILITY T e e e e e

GRAVITY UNC wo | e THD MODULUS | STRESS | STRAIN

1-1 - 1.558 2.143 144 57.0 41.9 .035 + + z, 795 6 20.0 .00716
1-5 1.570 2.131 .149 an.6 33.7 023 + + ga9.2 5.1 .00579
I-14 1.709 2.109 .129 14.7 32.7 037 + + 7,801.8 46.6 .00597

i

AVG. 1 612 {4 2.128 141 50.1 36.1 .032 + + 3 slﬁ,éw...%%;?.w_ :EEE%{~M

RO UNUNRIE (S ROR————




Table 4A. {Continued) Test Sequence 11 results for Item 340 Type *p* cores using MacMillan AC-10, U.S. 287, Dumas, Texas.

1EG  |SAMPLE BULK Mo M My Mo UVEEM i HVEEM*** INDIRECT TENSION***
NO. NO. HETGHT { SPECIFIC _120r v A or STARILITY STABILITY - o oo — oo
grAvITY |@ -13°F [0 33°F 1@ 77°F e 1047 e g 1@ 77F dune thp | MoouLus | sTess | sTratw
1-3 1.555 | 2.091 1.377 | .71%1 .14 .026 8.5 | 33.4| .o18 |35 | 17.4
1-8 1.516 | 2.129 1.547 | .788 128 .030 52.8 | 36.9 | .om 41.2 | 25.3
v 1-10 1.559 | 2.114 1.416 . 785 121 .026 47.3 32.2 | .029 3.7 | 20.7
1-13 1.608 | 2.1 1.588 | .805 125 .026 49.5 | 35.4| .035 |3s.6 | 24.5{2,709.8 } 15.0 | .00555
1-16 1.667 | 2.118 1.692 .B823 .11s .026 47.5 1 34.6 ] .033 [39.9 | 27.002,785.9 ] 15.5 .00555
1-18 1.646 | 2.129 1.639 913 . 146 .029 47.3 |1 33.9] .044 |41.0 | 27.6]3,413.6 | 19.0 | .00555
L _45!9-____»14592 2.15 1.543 | .an 29 .027 48.8 | 34.4 ] .032 |38.2 | 23.8]2,969.8 ] 16.5 | .00555
N
LEG | SAMPLE BULK HR M MR Me INDIRECT TENSI1ON RICE PERCENT
NO. NO. HEIGHT ISPECIFIC |0 3o g 3§Er 6 77°F e 104°F SPECIFIC AIR
GRAVITY MODULUS | STRESS | STRAIN | GRAVITY vo1DS
1-6 1.388 2.124 .159 13,928.9| 49.9 | .c0358 | 2.451 13.3
1-11 1.363 2.110 .15 12,717.0) 49.3 | .o0388 | 2.459 14.2
L] 1-15 1.602 2.130 J134 13,060.6 | 50.7 .00388 | 2.465 13.6
AVG. 1.45) 2.121 136 13,235.5§ 50.0 |.00378 | 2.458 13.7

h Ak

MARSHALL
STABILITY
50
181
175

Denctes Test Results Fallowing the Accelerated (24 hour) Lottman Moisture Treatment Procedure.

*k

Denotes Test Results Following the 7-day Soak Period.

*

+ Denotes No Test Values Available.

MR Modulus of Resiliency.

' penotes Test Results Following the {18 cycle} Lottman Moisture Treatuent Procedure.

-
MARSHALL
FLOW
9
4
N




US 287 DUMAS, TEXAS PROBLEMS

In Table 4A (MacMillan AC-10) the results for the Hveem stability test
following the 7-day soak and resilient modulus (77°F) tests were lost
in the lab.

In Table 4C (Exxon AC-10) the asphalt properties were lost and no
samples could be located to rerun an extraction and recovery. In the
2nd leg, all samples fell apart before the testing sequence could be
completed. In the 4th leg the samples (3-5, 3-18) were damaged during
the testing sequence and no further tests could be run on them.

In Table 4E (Shamrock AC-10), the 4th leg testing sequence was dis-
continued due to the long period of time required to perform the
18-cycle Lottman. The program has been revised to include the resilient
modulus tests at different temperatures in another leg. Also, there

are no resulits for the indirect tension test run on Sample 5-8 because
the test was incorrectly run.

75
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Table 4B. Test Sequence 11 results for Item 340 Type “0" cores using Dorchester AC-10, U.S. 287, Dumas, Texas.

LEG SAMPLE BULK M TwwsnaL. | maesiALL | wviscosiTy " PENETRATION | RING &
n. | N perant | specific | o Mo | STABILITY FLOW |~ —mmo o oo oo oo | e pALL
) U GRAVITY @ 77°F | @ 110°F | @ 275°F | 139.2°F 77°F
2-2 1.192 2:154 .295 1460 1
2-7 1.251 2.146 .323 1405 10
I 2-15 1.128 2.157 .292 1362 10
AVG. 1.190 2.152 303 vos | 1w [128xad® [ e | 403 | 2 | 11 | 2w
i e ame N I o 2 o - i o e+ o s b e e e 2l sk e S e ) s e e s o e e om0 —meesed o s e Mo e e
LEG SAMPLE BULK Ma HVEEM M HVEEM* © INDIRECT TENSION* MARSIALL
NO. NO. NELGHT SPECIFIC 0 77°F STABILITY 0 ?§0F STABILITY USRS —————— S VY TR 2
1 GRAVITY UNC o UNC ™o MOLULUS | STRISS | STRAIN
2-1 1.242 2.146 .275 8.7 37.3 Nix} 43,3 | 21.9 |2957.9 17.9 .00607
2-9 1.180 2.145 .328 1.1 38.5 .035 47.5 | 24.9 |2890.9 17.5 . 00607
i 2-17 1.246 2.146 .325 57.5 36.2 .034 43.7 | 22.4 |3316.9 17.9 .00539
PUUIII SPT - [P e s e Jror e o s o - —- —
AVG. 1.223 2. 146 .309 59,1 7.3 .033 44.8 23.1 3055. 2 17.8 00584
LEG SAMPLE BULK My HVELM Mo HVEEM INDIRECT TENSION
NO. NO. HE TIGHT SPECIFIC 8 77°F STABILITY e 77°F STABILITY —-
- Gavity | " L ewe wn T | uwe  twp | MODULUS | STRESS | STRAIN
2-3 1.037 2147 .37 69.2 43.7 .031 54.3 | 28.8 475.2 |25.3 . 00607
2-12 1.263 2.155 .32 57.0 36.0 035 43.0 | 22.1 4541.0 | 21.4 .00472
1 -16 1.214 2.148 .38 58.3 36.3 .044 an.2 | 19.2 3890.7 | 23.6 00607
AVG. 11N 2.150 329 61.5 38.7 .037 6.2 | 23.4 4202.3 | 23.4 .00562

PLRCENT
ASPHALT

499

MARSHALL
FLOW




Table 4B, (Continued) Test Sequence 11 results for Item 340 Type "D" cores using Dorchester AC-10, U.S. 287, Dumac

(STRAIN

-
MARSHALL
STABILITY

Trxas.
LEEI ‘ﬁhMP[Em” S BULK MR MR ”R MR HVEEM Mrns WVELMA*** INDIRLCT TENSION***
NO. NO. HEIGHT | SPECIFIC o N 770 ; STABILITY ar STABILITY i CER
cravity  [@ -13°F [0 33°F fe 77°F e 104%F L™ iy @ 7T e o | wonuLus [ stress
v
AVG.
% .
~J
LEG | SAMPLE BULK INDIRECT TENSION RICE PERCENT
NO. NQ. HETGHT  |SPECIFIC e -13°F le 33°F e 77°F e 100°F SPECIFIC AIR
GRAVITY - MODULUS | STRESS ] STRAIN | GRAVITY VOIDS
2-8 1.226 2.150 1.784 .981 .310 .094 36920.6 | 74.6 .00202 | 2.453 12.4
v 2-13 1.202 2,156 1.906 1.085 .332 .098 29471.3 | 79.4 .00270 | 2.447 11.9
2-18 1.204 2.147 1.787 1.093 .315 .099 28932.0 | 78.0 .00270 | 2.450 12.4
AVG. 1.211 2.151 1.826 1.053 .319 .097 31774.6 |77.3 .00247 2.450 12.2 |
* Denotes Test Results Following the Accelerated (24 hour) Lottman Moisture Treatment Procedure.
** NDenotes Test Results Following the 7-day Soak Period.
e Denutes Test Results Following the (18 cycle) Lottman Moisture Treatment Procedure,
+ Denotes Ko Test Values Available.

MR Modulus of Resiliency.

Taen

MARSHALL
FLOW
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Table 4C. Test Sequence 11 results for Item 340 Type "D" cores using Exxon AC-10, U.5. 287, Dumas, Texas.

LEG
NO.

LEG
NO.

H

11

3-4
3-8
3-15

SAMPLF
HO.

HNETGHT

1.252
1.295
1.380

HELGIT

BULK
SPECIFIC

GRAVITY

2.072
2.081
2.113

BULK
SPECITIC
GRAVITY

SIARILITY
905
893
1,099

ke

SAMPLE
NO.

3.6
3-10
3-14

3-2 1.381
3-12 1.324
3-17 1.387
AVG. 1.364

2.057
2.109
2.055

41.9
57.7
40.6

. 196

46.7

MARSHALL

12
1

HVIEM
STABILITY

mo_
23.3
37.9
22.1

MARSHALL
FLOW

L

27.8

HETGHT

BULK
SPECIFIC
GRAVITY

R
e 77°f

STABIL
e

1.334

2.041

1300 | 2058 | im9
1.303 2.098 “924
1,394 2. 118 243

a0.2
48.6
55.5

.219

49.4

NVEEM

ITY

LN

24.1
28.4
37.1

29.9

MR

@ 77°F

++

023
++

@ 77°F

(IVEEM>
STABILITY
UNE __

i+

_Thp,

viscosity

8 14077

@ 275°1

39,2°¢

STRESS

MODULUS

HVEEM
STABILITY

UNC

56.2
3.1
%.5

42.9

LU |

36.0
16.0
18.1

23.4

INDIRECT TENSION

MODULUS | STRESS

0.7 11277

PENTTRATION

INDIRECT TENSION*

STRAIN

STRAIN

| 4.64 .
16.54 .
17.13 .

00955
00418
00567

RING &
- ---- | BALL
17F

MARSHALL
STABILITY

PLRCENT
ASPHALT

MARSHALL
FLOW




Table 4C. (Continued) Test Sequence I} results for Item 340 Type "D" cores using Exxon AC-1D, U.S. 287, Dumas Texas.

LEG  (SAMPLE BULK M, My Mo My HVEEM pass HVEEI* ** INDIRECT TENSIONA** | *ax
no. |no.  |ueiemn |seccific fn e X R \ sapiiry [ N | swasiomy | oo - MARSHALL
graviTy |® CT37F [@33°F (e 777F AR 104 lne i 18 7P lune tho | moourus | sTRess | sirary | sTamiLiTy
-1 [ 1306 | 2.043 1361 | 105t 195 | 035 5.4 [ 25.3 | .os4 |34.8] 146 89
35 11361 | 2.061 1106 | o846 | 133 | .00 a1 201 | e
v -9 {13 | 2.087 1,427 |o.e76 | 151 | ;a5 m.al21.2] .os0 |309]| 0.7 72
3-13 {10335 | 2.0% 1239 |oma | 175 | o043 as.1 | 2806 | 092 |az2.0| 22.4 266
316 [1.457 | 20123 1.561 | 1.061 213 | 044 60.6 1412 131 |s1.7] 38.6]2,0081 .01507
38 a9 | z2iea7 | 1226 foiesa | 142 | 028 38.0 | 216 | —o7a | 33.7 [ 73] e
we. 1376 | z.07 1,320 | 0,918 168 | 039 a7.0 {27.8 | .o78 | 38.6 | 19.9]2.408.1 0507 | a2
PR Rl e - . S I - : i e
(Yo
LEG | SAMPLE ALK INDEHECT TENSION RICE "ERCENT
no. | wo.  [ucieet  |sPEciFic . . op . sprCiFIc | AIR
GrRAvITY [° TI37F |@ 33°F 1@ 77°F 4@ 104°F  Tuonoius [STREss |STRAIN | GRAVITY | voips
3-3 1.379 | 2.07 .202 16,989.5 | 69.2 | .00408 | 2.469 15.8
3-7 1,331 | 2.084 “201 19.301.2 ] 69.4 | .00359 | 2.463 15.4
v -1 s | 2.0% 214 18.666.5 | 70.1 | .00375 | 2.455 14.9
awe. | 1297 2.085 206 T Ts.mer) 606 |.o0381 | 2.462 | 15.4

Denotes Test Resulls Following the Accelerated (24 hour) Lottman Moisture Treatment Procedure.

ok

penotes Test Results Following the 7-day Soak Period.
penotes Test Results Following the (18 cycle) Lottman Moisture Treatwent Procedure.

L3 8.4

++ See attached notes.

MR Modulus of Resiliency.

e e e
whok

MARSHALL
FLOW

17

13
14




US 287 DUMAS, TEXAS PROBLEMS

In Table 4A (MacMillan AC-10) the resulits for the Hveem stability test
following the 7-day soak and resilient modulus (77°F) tests were lost
in the lab.

In Table 4C {Exxon AC-10) the asphalt properties were lost and no
samples could be Tocated to rerun an extraction and recovery. In the
2nd leg, all samples fell apart before the testing sequence could be
completed. In the 4th leg the samples (3-5, 3-18) were damaged during
the testing sequence and no further tests could be run on them.

In Table 4E (Shamrock AC-10), the 4th leg testing sequence was dis-
continued due to the long period of time required to perform the
18-cycle Lottman. The program has been revised to include the resilient
modulus tests at different temperatures in another leg. Also, there

are no results for the indirect tension test run on Sample 5-8 because
the test was incorrectly run.

80
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Table 4D. Test Sequence Il results for Item 340 Type "D" cores using Shamrock AC-20, U.5. 287, Dumas, Texas.
LEG SAMPLE BULK HR MARSHALL MARSHALL VISCOSITY PENLTRAT IOH RING &
NO. NO. HEIGHT SPECIFIC | o o STABILITY FLOW e s e | e AL
GRAVITY e 77°F @ 14077 @ 21%°r 39.2°F 77°F

4-1 1.851 2.168 . 395 1094 14

4-7 1.818 2.069 411 1074 14
I 4-12 1.786 2.120 .373 905 12
S M 1618 | 2119 goa_ | 024 |13 lesao® | amss SR U NN LN L
LEG SAMPLE BULK MR HVEEM M HVEEM* INDIRECT TENRSION*» MARSHALL
HO. NO. HEIGHT SPECIFIC @ 77°F STABILITY @ 7§°F STABILITY it e e o e o e e | STABLLTTY
] | GavITY |- L | I UNC Thp | MODULUS | STRESS JSTRAIN {

4-3 2.003 2.158 .389 40.2 34.0 .096 31.3 25.1 14148.6 47.7 .Q0337

4-8 1.833 2.147 . 385 37.9 28.3 .069 32.6 23.0 6135.2 34.7 . 00566
1 4-20 1. 837 2.147 . 380 39.7 30.2 . 069 29.5 20,0 7633.2 32.9 .00431

AVG, 1.891 2.151 . 385 39.3 30.8 .078 311 22.7 9305.7 38.4 . 00445
LEG SAMPLE BULK MR HVEEM MR HYEEM INDIRECT TENSION
NO. NO, HEIGHT SPECIFIC @ 77°F STABILITY e 77°F STABILITY e i i [t
N GRAVITY i UNC THO UNC THD MODULUS STFESS ST?fIN

4-5 1.926 2.160 . 402 10.5 32.8 L1056 n.o 21.3 6621.4 44.6 .00674

4-13 1.685 2.10 L3017 41.2 28.7 .082 33.7 21.2 6131.8 26.4 .00431
111 4-19 1.784 2.154 .281 39.4 28.9 .084 0.7 20.1 62688.0 33.9 .00539

AVG. 1.798 2.151 .333 40.4 30.1 .090 31.8 21.5 6347.1 | 35.0 .00548

PERCENT
ASPHALT

4.9

MARSHALL
FLOW




Table 4D. (Continued) Test Sequence 11 results for Item 340 Type "D" cores using Shamrock AC-20, U.S. 287, Oumas, lexas.

LEG  [SAMPLE BULK ' MR MR "R Ml‘{ HVEEM ME“’ HVEEM*** INDIRECT TEN—SI();"‘-'_*“—*_**—“ “*;—
HO. NO. HETGHT SPECIFIC @ <13°F ko 33°F I 77°F e 108°F STABILITY @ 77°F STABILITY s =g e | MARSHALL | MARSHALL
GRAVITY UNC THD UNC THD | MODULUS | STRESS | STRAIN STABILITY FLOW
1v
" AUU RN FER
Doy PUR . ST ISR IR NI U NN RPN Y SN JUNUSTN SN RN USRI WU B .-
N
LEG | SAMPLE BULK INDIRECT TENSION RICLC PERCINT
NO. NO. HCIGHT SPECIFIC _ya0 a ° o SPECIFIC ATR
gravryy (& 13°F (@ 33TF @ 77TF @ A04F TuatULus [STRESS [STRAIN | GRAVITY | voiDS
4-6 1.856 2.162 1.809 1.156 .371 .088 26721.0 | 90.0 .00337 | 2.42% 10.8
4-13 |1.85%6 2.108 1.549 1.095 .338 .082 31810.8 | 72.9 .00229 | 2.422 13.0
v 4-18 |1.780 2.158 1,816 1. 120 . 388 .088 38697.2 | 93.9 .00243 | 2.429 1.2
AVG. 1.831 2.143 1.725 1.124 . 366 .086 32409.7 | 85.6 00270 | 2.425 11.6
Denotes Test Results Following the Accelerated (24 hour) Lottman Moisture Treatment Procedure.
*
' Denotes Test Results Following the 7-day Soak lMeriod.
*x

' Denotes Test Results Following the (18 cycle) Lottman Moisture Treatment Procedure.
+ Denotes No Test Values Available.

MR Modulus of Resiliency.
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Table 4E. Test Sequence Il results for Item 340 Type “D" cores using Shamrock AC-10, U.S. 287, Dumas, Texas.

LEG
N}

LIG
NO.

1

SAMPLE
Ho.

AVG.

SAMPLE
NO.

5-6
5-1
5-16

1.308

1.446

HECIGHT

1. 345
1.248
1.330

BLULK
SPECIFIC
GRAVITY

2.219
2.208
2.190

2.206

MARSHALL
STABILITY

1249
1155
893

HEIGHT

1.472
1.379
1.414

BULK
SPECITIC
GRAVITY

2.214
2.202
2.189

B 77°F

.139
126
. 162

1.422

2.202

HEIGHT

BULK
SPECIFLIC
GRAVITY

1099

UNC

43.4
44.3
44.7

44.1

JUNC THD

1.455
1.454
1.429

2.221
2.212
2.182

2.205

. 158

43. 1
2.3
42.2

42.5

STABILITY

MARSHALL
FLOW -

IVEEM

L

14
12
16

VISCOSITY

2263

& 140°F

HVEEM*
STABILITY

UNC

35.9

40.1
37.3

19.

HIVEEM
STABILITY

THp

1

21.5
19.4

4.813

—— ey

MODULL,

2717.4
2513.9
2812.7

39.2°F

15

THBIRECT TENSION*

STRESS

PINLTRATION

STRAIN

.059 37.8 20.0 2714.7 31.2 0z

.01z
.012
.01l

@& 77°F

HVEEM
STABILITY

UNC THO

[ INDYRECT TENSION

MODULUS

STRESS

STRAIN

-1o8
.092
.059

086

7753.9
7195.0
5187.8

6712.2

00776
.00776
.00576

71°F
57

MARSHALL
STABIUTTY

PLRCLNT
ASPUHALT

5.95
MARSHAL L.
LW




Table 4E. (Continued) Test Sequence 11 results for Item 340 Type "D" cores using Shamrock AC-10, U.S. 287, Dumas, lexas.

vl s puLK " M Mg M HIVEEM Hpre IVEEM» INDIKECT TENSION®A® | *%»  Jssr ]
vo. | no.  luerewr |speciric |, N R R , STAGBILITY STABILITY |- - pomo o) MARSHALL | MARSNALL
- 3 ] 1@ ©
raviTy @ C1IF IR 33 {0 7770 e 0F e iy 1@ TP fune tin | MobuLus | STRESS | STRAIN | STABILITY | rioM
c1 1103 | 2.227 1509 | .947 | 136 | o020 "+
v o5 | 1450 | 2.222 1.789 | 1002 | 163 | 023 +
sq0 | 1269 | z.221 1788 | Lo | 143 | a2z +
ez | 1319 | 2.200 1579 | .os2 | 169 | o6 ++
aie s | o209 1563 | 902 | [1aa | Loao +
eam t1a | 2213 1,350 | oo | iea | lo3r | B
ave. |1.38s | 2.213 1.596 | .958 | .153 | .03 - :
U R A S R
5
LEG {SRNPLE BuLK INDIRECT TENSION RICE PERCENT
NO. NO. HEIGHT  |SPECIFIC RET o o o SPECIFIC AIR
sraviTy B C13°F 1@ 33°F H@ 7°F 1@ N04%F o s [STRess | STRAIN | GRavITY | voips
5-4 1.350 | 2.216 148 18s51.9 | 70.73 |.oos97 | 2.364 6.3
5-8 1.302 | 2.215 123 N + + 2.366 6.3
v s-17 | 1,363 | 2222 170 13529.1 | 78.819 00597 | 2.366 6.0
AVG. 1.368 | 2.218 Tar | hzsze |7a.777 Yooser | 2365 6.2

Dengtes Test Results Following the Accelerated {24 hour) Lottman Moisture Treatment Procedure.
*
"™ Denotes Test Results Following the 7-day Seak Period.
: 23
* . Penotes Test Results Following the (18 cycle} Lottman Moisture Treatment Procedure.

+ Denotes No Test Values Available.

HR Modulus of Resiliency.
H o See the footnute on the attached page.



US 287 DUMAS, TEXAS PROBLEMS

In Table 4A (MacMillan AC-10) the results for the Hveem stability test
following the 7-day soak and resilient modulus (77°F) tests were lost
in the lab.

In Table 4C (Exxon AC-10) the asphalt properties were lost and no
samples could be located to rerun an extraction and recovery, In the
2nd leg, all samples fell apart before the testing sequence could be
completed. In the 4th leg the samples (3-5, 3-18) were damaged during
the testing sequence and no further tests could be run on them.

In Table 4E (Shamrack AC-10), the 4th leg testing sequence was dis-
continued due to the Tong period of time required to perform the
18-cycle Lottman. The program has been revised to include the resilient
modulus tests at different temperatures in another leg. Also, there

are no results for the indirect tension test run on Sample 5-8 because
the test was incorrectly run.
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Table 4F. Tlest Sequence Il results for Item 340 Type "D" cores using Cosden AC-20, U.5. 287, Dumas, Texas.
LIG | SAmPLE BULK My MARSHALL MARSHALL v15c0s11v lLN[lRA1lUN NG &
NO. NO. HEIGHT SPECIFIC 8 77 STABILITY FLOW e - | BALL
GRAVITY @ 77°r e 140 r e 275 r 39. 2“r 71“F
6-1 1.580 2.155 .377 634 10
6-1 1.382 2.152 .393 606 n
I 6-17 1.471 2.152 . 392 606 9
; AVG. 1.478 2.153 .387 {_ 615 10 4.6x10 2453 5.800 43 126°
LEG SAMPLE BULK M, HVEEM M HVEEM* lNDlREFT TENSION® MARSHALL
ND. NO. REIGHT SPECIFIC o 77°F STABILITY 0 7§“F STABILITY e e e | STABILITY
- GRAVITY UNC THD UNC THD MODULUS mmﬁ %mmn
6-2 1.576 2.176 .43 50,2 35.4 .229 48.8 3.1 3r021.7 84 é .00229
6-4 1,430 2.150 .39 50.5 32.9 185 46.0 28.4 21568.6 | 63.9 . 00297
n 6-7 1.366 2.131 .337 45.6 26.7 .87 40.8 21.8 17357.7 | 44.5 .00256
AVG. 1.457 2.152 .388 48.8 3.7 .200 45.2 28.1 25316 0 64 4 { .00261
LEG SAMPLE BULK My HVEEM M HVEEM lNDlRLCT TENSION
NO. NO. HETGHT SPECIFIC @ 71°F STABILITY @ 77° STABILITY e
i GRAVITY 1. e Two | UNC__ THD _,,_'i'E'l“}_“ﬁ_, ‘_?_‘A'*_Ei__ STRAIN
6-3 1.399 2.169 .422 54.3 36.1 173 53.4 35.1 14702.7 | 61.4 .00418
6-6 1.444 2.142 . 397 50.7 33.3 147 49.2 31.8 13738.0 | 46.3 .00337
il 6-16 1.647 2.170 . 395 45.1 31.8 .163 44.1 30.8 13495.5 | 61.8 . 00458
—— S (U VU - : S R S
| e 1.497 2.160 .405 50.3 33.7 161 48.9 32.2 13978.7 | 66.5 | .00404

PLRCLNI
ASPIALTL

5.16

MARSHALL
FLOW




Table 4F. (Continued) Test Sequence i1 results for ltem 340 Type "B" cores using Cosden AC-20, U.S. 287, Dumas, lexas,

wkk

STRAIN

MARSHALL

STABILITY

LEG  |SAMPLE BULK MR MR “R HR HVYEEM M&** HVEEM**; '_‘}NDIRECT TENS1ON***
N, NO. HEIGHT | SPECIFIC . n a o STABILITY STABILITY i
-1 ')I, o} o
graviTy |© 130T (R 3FE 0 7TF R 04T L™ rwo |* 7P June oo | mobuius | stress
v
AVG. B o o
0 e b - S D J— [T
~1
LEG | SAMPLE BULK INDIRECT TENSION RICE ég;ggﬁ;
NO. NO, HEIGHT  |SPECIFIC @ -13°F e 33F e 772 o 10a°F SPECIFIC AlR
GRAVITY 1 1 MODULUS | STRESS | STRAIN | GRAYITY vO1DS
g:g :323 2.148 1.836 1.317 | .4m . 089 39406.1 | 90.3 .00229 ] 2.398 10.2
] 613 .325 2.120 1.€641 1.164 .34 .078 32655.3 | 88.0 .00270 | 2.387 11.4
- 1.5 2.158 1.563 1.389 | 405 .084 47184.3 ho1.8 .00216 | 2.390 9.8
.
AVEG, 1.401 2. 142 1.677 1.290 -373 .084 33748.6 | 93.4 .00238 | 2.392 10.5
Denote§ Test Results Following the Accelerated {24 hour) Lottman Moisture Treatment Procedure.
N
Denotes Test Results Following the 7-day Soak Period.
*
e penotes Test Results Following the (18 cycle) Lottwan Moisture Treatment Pracedure.

+ Denotes No Test Values Available.

HR Modulus of Resiliency.

(2 3]

MARSHALL
FLOW
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Table 4G. Test Sequence Il results for Item 340 Type "D* cores using Cosden AC-10, U.5. 287, Dumas, Texas.

LFG SAMPLE BULK HR MARSHALL MARSHALL VISCOSITY PENITRA][ON RING & PLRCENT
HO. N, HEIGHT SPECIFIC e 77°F STABILATY rLOW oo ——— - o —--- BALE ASPHALT
GRﬂVITY 9 77°F @ 140"F a 2751 jq.d“f 71°F

7-1 l 392 2.106 499 1116 10
7-7 1.494 2.100 . 454 1046 10
7-1 1.427 2.093 . 405 909 12

AVG. 1.438 2.100 .453 1024 11 B 5x10 4492 4 384 8 26 1307 5.26

S S IR - JRSU FSSNURTU SRRR JNPRSOM SIS F oA e

LTG SAMP[T BULK MR HVE[M MR HVE[M* ’ lNUlﬂ[CT TENS[ON* MﬁRaNﬂll hﬂt HALL
NO. NO. HETGHT SPECIFIC 0 7I°F STABILITY @ 77°F STABILITY T e i e e~ L STARTLTTY Lol

N . GRAVITY ] _,ﬁp_ﬂ_(;,, L © UNC THD MOUULU") SI fIESS Q»TW\IN
7-5 1.561 2.099 . 449 47.8 2.8 136 35.3 20.3 21180.6 57 I .00270
7-9 1.560 2.106 450 42.9 27.9 L1985 36.0 20.9 27249.6 73.5 .00270
It 7-13 1.460 2.084 .419 46.7 28.6 .204 37.5 20.4 34839.7 61.0 .00175

AVG. 1.527 2.096 .439 45.5 29.8 178 36.3 20.5 27756 6 63.9 00238

LEG SAMPLE BYLK M HYLEM M HYEEM INUIRECT TENSIGN

NO. NO. HEIGHT SPECIFIC R STABILITY STABILITY e

e 77°F @ 77°F . ;
GRAVITY UNC THO e THD MonuLu STRESS | StRAIN

7-6 l 577 2.104 . 481 42.9 28.2 .126 32.3 17.6 8904.3 44.4 .00438
7-10 1.457 2.0492 . 432 47.4 30.2 .18 35.3 18.2 11022.0 37.1 .00337
1 7-15 1. 356 2.111 .428 52.1 33.0 .132 42.5 23.4 11843.0 39.9 .00337

AVG 1.463 2.102 . 447 47.5 30.5 125 36.7 19.7 10589.8 40.5 L0039




Table 4G. (Continued) Test Sequence Il results for [tem 340 Type "D" cores using Cosden AC-10, U.S. 287, Dumas, Texas.

LEG  [SAMPLE BULK My My n, M HVEEM Has* HVEEHA % INDIRECT TENSIONA**
No. | w0, |mErGHT | SeEcIFIC [, N R R 1 R | staiLamy oo | STABILITY  Jome e I
graviTy |® 13T R 3F e TTF R T0AF L e iy (@ 7T fune o | movurus | sTress | sTrals
ool - DU oty DERE hiadua Bisttondsl bl
v
AVG.
(0]
(Sl
LEG | SAMPLE BULK INDIRECT TENSION RIce PERCENT
no. | no.  |ueiewt  |speciFic . . . . SPECIFIC | AIR
GRAVITY |& "13°F @ 33°F 1@ 77°F 1@ YOA°F  Looniius [ STRESS [STRAIN | GRAVITY | volDs
7-3 1.352 2.065 1.817 1.196 . 387 .088 40221.7 {103.0 .00256 2.407 14.4
v 7-12 | 1,365 | 2.085 1.7a7 | 1.262 | .a22 | .o85 70129 |108.6 | .00220 | 2.4016 13.6
7-14 | 1.ns | 2.087 10752 | 1,230 | 456 | os9 40408.2 | 108.9 | _o0270 | 2.420 13.5
AVG. 1.377 | 2.079 1772 {ven |.az .08t a2680.9 |106.8 | .00252 | 2.413 13.8

Denotes Test Results Following the Accelerated {24 hour} Lottman Moisture Treatment Procedure.

%

Denotes Test Hesu[ts Following the 7-day Soak Period.

*kh

¢+ Penotes No Test Values Available.

MR Modulus of Resiliency.

Denotes Test Results Following the {18 cycle) Lottman Moisture Treatment Procedure.

s
HARSIIALL
STABILITY

ko

MARSHALL
FLOH




Table 5. Test Sequence [1 results for IH 45 18-core section, Madisonville, Texas.
Bulk . Marshall fest T  penetration. dmm  Viscositv. teicee  Ring and Baly
Specific R 6 Percent enetratlion, dine Viscosily, poises Softening

Phase  Sample Gravity _J7°F x 10° Stability (1bs) Flow (0.01 in) _Asphalt = 39.2°F  77°F _ _7I°F _ 140°F __ 2I5°F Painl, °F
2-10 2.374 .14 1390 7

1 2-12 2.384 .848 1208 8
2-18 2.389 . 960 1196 8
AVG 2.382 .852 1265 8 4.13 1 22 |.4x]0? 8300 5.24 135

w
o
liveem Stability ‘ Hveem Stability* Marshall Test*
Percent Mo @ 6 Percent Stability Flow Splitting Tensile Test @ 77°F*
(ONC) _ (TMB)  77°F x 307 psi  (UNC)__(TND) _pounds _0.01 in_ Stress (pst)__ Strain (in/in) Modulus_ (psi)

2-1 2.395 .684 49.0 30.4 _ .8 36.5 17.6 96 11 .

11 2-2 2.374 .576 38.1 25.1 . 365 29.2 16.1 715 14
2-3 2.416 . 885 46.3 32.6 . 364 35.2 21.5 624 14
2-9 2.383 .650 42.8 27.6 .397 147.7 .00244 60468.2
2-13 2.418 .657 47.3 31.2 .532
2-17 2.392 .798 39.3 29.5 .400 128.7 .00172 7466.0
AVG 2.396 .708 43.8 29.4 .413 33.6  18.4 752 i3 i38.2 .gazo8 33967.1



Table 5. Test Sequence Il results for IH 45 18-core section, Madisonville, Texas {Continued}.
jiveem Stability** Harshall Test®* - o
Bulk Hveem Stability . , oA
specific ”R e . Percent "R** @6 Percent Stability Flow Splitting Tevsnle Test & 77°F ‘
Phase Sample Gravity 77°F x 10 {UNC) {THD)  77°F x 10 pst  (UNC) (1up) pounds 0.01 in Stress {psi)  Strain {infin} Modulus {psi}
2-5 2.367 .797 . 51.2 38.3 .474 40.7 27.7 678 13
I 2-7 2.388 .546 36.2 22.3 412 6.0  22.1 908
2-11 2.1366 .854 49.9 3.4 .530 51.9 36.14 788
Z-14 2.415 .613 41.4 25.7 © 537 42.2 26.5 227.7 .00395 - 57624.4
2-15 2.419 .651] 50.1 32.0 53 47.7 29.6 209.1 .00442 47358.9
2-16 2.418 . 666 51.3 34.3 .578 40.1 23.1 244.8 .00407 60184.7
AVG 2.396 .688 46.7 31.2 510 43.1 27.6 791 13 227.2 .00415 55056.0
w
ot
’ 6 : o Rice Percent
MR x 107 psi Splitting Tensile Test @ 77°F Speci fic Air
~13°F  33°F  68°F  104°F_ Stress (psi) Strain {infin) Modulus {psi) Gravity Yoids
2-4 2.387 .749 2.637 2.430 . 187 230.8 . 00402 57381.0 2.481 3.8
v 2-6 2.396 .853 2,711 2.138 186 236.9 00460 51527.7 2.4962 2.7
2-8 2.389 .661 2.726  1.950 .069 226.3 . 00569 39786.2 2.482 1.7
AVG 2.391 .754 2.691 2.173 . 147 231.3 00477 49565.0 2.475 3.9
Notes

*  penotes Lest results after (24-hour) Lottman moisture treatment procedure.
** Denotes test results after (18 cycle) Lottman moisture treatment procedure.
M, ~ Resilient Modulus

R

+ Denotes No Data Available.



Table 6.

Test Sequence Il results for IH 45 12-core section, Madisonville, Texas.

Bulk Marshall Test

Specific HR e Percent

Viscosity, poises

Penetration, dim Ring and Ball

Softening

Phase  Sample — Gravity JE.‘?.F.AJDi _Stabilily (Ibs) _Flow (0.01 in) _Asphalt  39.2°F 77°r  _77°F _ _ 140°F.___ 275°F  _ Point, °F
1-1 2.414 0.683 1056 7 4.01 7 32 5.3x10° 4038 4.089 127

[ 1-6 2.391 0.646 1537 7 4.52 10 40 + e 2450 3.947 128
1-9 2,398 0.763 1300 5 4.1 4 23 9.8x10 6422 6.132 131
VG 2.401 0.697 1298 6 4.21 7 32 7.6x106 4303.3  4.723 129

O

™

Hveem Stability liveem Stability*

Percent
{UNC)

M v e
Percent R 6
J(uNc)  (Tp) - 77°F x 10 psi

11

(1ho)

Marshall Test*

Stability
pounds

Splitting lensile Test @ j7°r*
strain (in/in) Hodulus (psi)

Flow
0.01 in




Table 6. Test Sequence Il results for IH 45 12-core section, Madisonville, Texas {Continued).

liveem Stability** Harshall Test**

Bulk Hveem Stability A - o
Specific Mg @ 6 Percent Mt @6 Percent Stability Flow Splitting Tensile Test @ 779F**
Phase  Sample  Gravity J7°F x 10 (UNC)  (TuB) 77°F x 10° psi (UNC) {(THD)  pounds 0.01 in  Stress {psi) Strain {in/in) Modulus {psi}
1-2 2.404 0.576 79,2 46.3 .614 69.0 36.1 186.0 .00699 26604.0
i 1-4 2.390 0.618 7.6 3.9 619 65.7 30.0 185.0 00641 28848.0
1-5 2.398 0.675 74.9 40.4 .644 64.5 29.9 173.0 00350 49366.0
1-7 2.389 0.754 67.1 38.4 .510 58.5 29.9 + + .
1-10 2. 1401 0.562 76.3 38.6 . 668 73.2  35.5 + +
1-1 2.399 0.596 73.1 38.5 .585 631.2 29.1 364 12
AVG 2.397 0.630 13.7 39.7 . 607 65.8 K} n64 12 181.0 00563 34939.0
o)
W
6 ya Rice Percent
MR x 107 pst Splitting Tensile Yest @ 77°F Specific Air
-13°F  33°F  6B°F  104°F  Stress {pst) Strain (in/in} Modulus (psi) Gravity Yoids
1-3 2.394 0.694 2.501 2.039 .075 .00519 162.0 31243.0 2.481 3.5
IV 1-8 2.389 0.617 2.468 2.143 .094 .00384 130.0 33821.0 2.449 2.4
-1z 2.402 0.675% 4.119 2.316 .058 . 00396 202.0 50993.0 2.477 3.0
AVG 2.395 0.662 3.029 2.166 .076 .00433 165.0 38686.0 2.469 3.0
Notes

* DPenotes test resulis after {24-hour) Lottman moisture treatment procedure,
*& Denotes test results after (18 cycle) Lotiman moisture treatment procedure.
MR ~ Resilient Modulus ,

+ HNo Test Value Available.



Table 7. Test Sequence 11 results for IH 45, Huntsville, Texas.

«

T o e o e o i s e e e
Spezific U @ 6 Marshall Test Percent Penetration, dum Viscosity, poises ]ggfi::»izu}‘
Phase  Sample = Gravity _77°7 x 10 Stability {lbs) = Flow (0.0 in)  Asphalt = _ 39.2°F 77°F _  J7°F _ _ _140°F __ _2J5°F Puini, °F
3-1 2.403 LA426 2148 8
3-2 2.354 . 461 1560 7 4,219 29 52 2.l§3x106 3583 3.832 128
' 3-3 2. 389 L4717 2155 7 oo - -
',&g"'— dﬂ;Z'l. 382 .445 1954 7 4.24 29 52 2183){105 3583 3.832 128
@0
.
Ilveem Stability Hveem Stability* Marshall Test*
] 'Y » » np &
Percent e 6 Percent Stability Flow Splitting Tensile Test @ 77°F
{UNc)  (Tno)  77°F x 10° psi_ (UNC) _ (THD) ~  pounds _ 0.01 fn  Stress {psi) Strain (in/in) Modulus {psi)
3-4 2.38] .435 66.0 57.4 066 39.5 30.9 223 17
11 3-5 2.350 .854 70.1 58.2 .19z 52.9 a1.0 672 12
3-6 2.343 .466 2.6 39.5 . 150 39.7 31.6 577 11
3-7 2.363 483 61.0 47.7 .148 48.9 35.6 29.0 . 00290 99733.3
3-8 2.420 .484 51.7  42.6 .194 0.6 3.6 67.7 .00383 176560.2
3-9 2.338 . 748 63.7 51.8 .223 49.% 37.7 L '4'3;5' .‘:-(10267 152920.9_”
ANG 2. 366 .578 _—5»9 ;_ 43.5 162 45,2 34.7 491" 13 46.7 .00313 146408.1



.

Table 7. Test Sequence II results for IH 45, Huntsville, Texas (Centinued).

R —— - RSO ————

Hveem Stabilit¥**  Harshall Test**

Bulk Hveem Stabllfty

Specific L Percent M e Percent Stability Flow Splitting Tensile Test @ 77°F**
Phase _Sample Gravity 77°F x .10 {UNC) {THD}  77°F x 10" psi  (UNC)  {TuD) pounds 0.01 in_ Stress (psi)  Strain {in/in} Modulus {(psi}
3-10 2.440 .564 63.0 53.7 . 365 55.8 46.5 2138 12
m 3-11 2.396 .303 49.4  39.2 174 42.1 3.9 1002 12
3-12 2.346 .514 50.4 39.3 .078 41.1 30.0
3-13 2.364 .409 50.9 41.2 .083 38.7 28.9 21.0 .00431 . 5345.2
3-14 2.334 .824 59.2 52.3 . 168 37.4 30.5 31.5 .00316 9979.8
3-15 2.335 - .936 63.7 50.9 ,078 48.4 35.7 22.3 .00431 5181.3
AVG 2.368 .592 56.1 46.1 . 158 43,9 33.9 1570 12 22.3 .00393 6835.4
v
o
6 o Rice Percent
MR x 107 psi Splitting Tensile Test @ 77°F Spect fic Air
-13°F  13°F  6B°F  104°F  Stress {psi} Strain {in/in} Modulus (psi) Gravity  Voids
3-16 2.355 2,205 1.%42 .727- .3V7 130.5 L0016 112281.5 2.496 5.6
v 3-17 2.344 2.093  1.307 .425% .197 88.6 00151 58676.5 2.496 6.1
3-18 2.427 2.421 1.474 .514 237 107.9 .00186 58016.4 2.504 3.1
AYG 2.375 2.240  1.441 555  .250 109.0 .00151) 76324.8 2.499 5.0
Notes

* Penoles test results after {24-hour) Lottwan moisture treatment procedure,
** fenotes test results after (18 cycle) Lottman moisture treatment procedure.
MR - Resilient Modulus



Table 8. Test Sequence Il results for IH 35, Waxahachie, Texas.

Bl T P ) e . . "7 " Ring and Bald
specific Hn @ 6 Marshall Test Percent Penctration, dum Viscosity, poises Sof Lening
Phase  Sample  Gravity _77°F x 10 Stability (lbs) = Flow (0.01 in)  Asphalt _ _ 39.2°F 77°F  77°F  _ WAQ°F ___ 2I5°F _  Poinl, °F
400-3 0S 2.225 1.244 2544 g
i 405-325 BWP 2,229 1.180 2678 8
404 BWP 2.2 1.026 2618 8 '
VG 2.229 1.150 2613 B 5.14 14 39 1.5x107 22920 8.4 135
w
e
Hveem Stahility Hveem Stability* Marshall Test*
Percent "RM‘a 6 Percent Stability Flow Splitting lensile Test @ /7°T*
(UNC) _ (ThB)  77°F x 10_ psi (UNC) _ (TID) = _ pounds 0.0V in_ Stress (psi) _ Strain (in/in) Hodulus (psi)
399 puWp 2.375 1.055 56.4 40,5 .74 57.9 42.1 2460 10
t 406-575 0S 2,337 1.481 88.3 61.9 .629 50.6 24.1 1890 21
406-575 BHP  2.166 0.506 75.2 52.3 .445 66.4 43.4 3023 14
406-575 BWP  2.372 1.643 87.2 63.5 1.064 66.9 43.2 77.6 L0010 455843
399 BWP 2.382 1.137 78.2 57.0 . 808 45.3 24.0 68.1 . 00284 22887.4
406 BWP 2.350 1.192 85.0 58.1 775 66.8 39.9 57.5 .op227 253k2.2
AVG 2.330 1.169 78.4 55.6 .11 59,0 36.1 2458 15 67.7 .002217 31308.0



Table 8. Test Sequence Il results for IH 35, Waxahachie, Texas (Continued).

T Hveem Stability™  Harshall Test**

Bulk Hveem Stability . . o
Specific HR @ 6 Percent MR @6 Percent Stability Flow Splitting Tensile Test @ /7°F**
Phase Sample Gravity 77°F x 10 (UNC) (THD}  77°F x 10" psi (UNC)  (ThD) pounds 0.01 in  Stress {psi) Strain (in/in} Modulus (psi)
404 0S 2.390 1.048 89.0 59.6 .492 78.0 418.7 2372 15
Pl 399 0SWP 2.395 1.213 89.4 61.7 .596 85.1 57.4 2363 13
399 0S 2.391 0.935 71.3 47.6 .430 67.1 43.3 2389 15
404 BWP 2.366 1.132 80.0 52.1 .315 63.6 35.6 30.5 0.00144 21236.0
399 BWP 2.389 1.086 88.9 60.1 .263 81.3 52.6 45.4 0.00345 13159.3
402 0S 2.315 0.863 85.0 54.5 .074 72.0 41.6 29.7 0.00373 6472.7
AVG 2.374 1.046 83.9 55.9 . 362 74.5 46.5 2375 14 33.3 0.00287 13622.7
Vo)
~J
6 o Rice Percent
MR x 107 psi Splitting Tensile Test ® 77°F Speci fic Air
-13°F  33°F  6B°F 104°F Stress (psi) Strain (in/in) Wodulus (psi} Gravity  Voids
v 400-3 BuP 2.347 2.177 2.372 .816 .835 120.0 .00086 138805.0 2.456 4.4
400-30 SWP 2.375 3.564 3.844 1.538 .541 207.1 .00056 373169.0 2.439 2.6
399 BWP 2.394 4.065 2.482 1.460 .804 177.5 .00077 230912.0 2.4 3.1
AVG 2.372 3.269 2.899 1.271 L7127 168.2 .00073 247628.7 2.455 3.4
Notes

* penotes test results after (24-hour) Lottman moisture treatwent procedure.
** Denates test results after (18 cycle) Loltman moisture treatment procedure.

MR - Resilient Modulus



FUSELENIS SO

Jable g,

Phase

86

Test Sequence I results for US 77, Kingsville, Texas.

specific HR @ . 6 Marshall Test Percent Penetration, dim Viscosity, poises mg?.r::::iﬁfj“
Sample  Gravity 77°F x 10_  Stability (Ibs) = Flow (0.01 in)  Asphalt LU39.27F 17k JICF o MM0°F 2is°F point, °F
5-1 2.194 .442 + + 8.43 10 18 4. 75x10° 2861 4.144 130
5-2 2.199 .470 + +
5-19 2.192 575 2984 8
AVG 2.195 .496 2984 8 8.43 10 48 4.75x10° 2861 4.144 T
Hveem Stability , Hveem Stability* Harshall Test*
Percent Mt @ Percent  Stabillty Flow splitting Tensile Test & 7/71*
{uNc)  {Th) o 77°F x 10 psi (UNC)  (TiD)  pounds  0.01 in_ Stress {psi) _ Strain {in/in)_Fodulus_(psi)
5-3 2.217 462 21.7  2.60 106 6.8 12.3 43.0 .00417 10310.0
5-8 2.207 . 362 2.15 4.2 .244 4.1 13.2 58.90 . 00444 13049.0
5-9 2.180 .430 32.0 11.6 .244 3.0 17.5 38.0 .00418 9087.0
5-10 2.185 .400 34.6 14.5 170 3.8 16.3 1250 18
5-13 2.211 .507 31,3 17.0 .378 5.7 8.6 1300 19
5-15 2.219 .374 0.0 20.7 .447 1.3 8.0, 1636 17
AVG 2.203 423 30.2  11.8 . 265 5.8 12.7 1395 18 15.3 .00426 10815.3



PR

Table 9.

Test Sequence [ results for US 77, Kingsville, Texas {Continued).

Bulk

lveem Stability

fiveem Stability**  Harshall Tesi**

* » . :
specific Mp @ 6 Percent Mp** @6 Percent Stability Flow Splitting Tensile Test @ 77°F**

Phase_ _Sample _Gravity 77°F x 10 (UNC) _ (TWD) 77°F x 10" psi  (UNC)  (THD) pounds 0.01 in  Stress (psi) Strain {in/in) Modulus (psi)

5-6 2.201 ATS 41.7 21.1 .296 19.7 .7 95.0 .00297
i 5-7 2.202 .383 22.7 4.5 .316 1.0 7.2 125.0 .00538

5-11 2.216 .54 39.1 23.4 .259 15.8 N 114.0 .00238

5-12 2.218 . 425 37.3 22.5 .317 14.2 .6 1419 14

5-14 2.214 , 368 30.5 18.8 .31 34.2 22.4 1421 18

5-16 2.218 .346 20.7 3.9 .286 11.7 5.7 1779 17

AVG 2.212 -409 32.0 15.7 .299 17.8 6.1 1540 16 111.3 . 00358

e
)
6 o Rice Percent
Hﬂ x 107 psi Splitting Tensile Test @ 77°F speci fic Air
-13°F__ 33°F  6B°F  104°F  Stress {psi) Strain {in/in) Hodulus {psi) Gravity _Vpids

v 5-4 2.198 A7 2.272 1.368 117 173.0 00418 41415

5-5 2.190 .452 2.063 1.245 .096 + + + 2.266

5-17 2.203 .319 2.034 0.938 . 065 166.0 00716 23170

5-18 2.194 .409 2.370  1.261 .076 2.256

AYG 2.196 413 2.185 1.203 .089 170.0 .00567 32293 2.261 3.0
Notes

*

Denotes test resulls after {24-hour) Lottman moisture treatment procedure.

** Denotes test results after (18 cycle) Lottman moisture treatment procedure.

"R - Resilient Modulus

+ No Test Value Available.

31983
23247
47930

34386.7



Table 10 . Test Sequence II results for US 77, Sinton, Texas.

T TRk T T T T T T T T T T e e e e e T T T T T T Ry and Ball
Specific ”R Q . Marshall Test Percont Penetration, dum Viscosity, poises Softening
Phase  Sample Gravity 77°T x 10 Stability {1bs) __¥low (0.00 in)  Asphalt _ 39.2°F  77°C  77°F  1A0°F 275°F  Puint, °F
6-2 2.251 .483 2667 11
| 6-12 2.182 .548 2335 N
6-16 _2.189 608 2832 e e e .
AVE. 2.207, €46 2611 1 6.51 10 55 1.95x08 2712 4.078 128
)
3
liveem Stability Hveem Stability* HMarshall Test*
'Y K3 ok
Percent MR*{@ 6 Percent Stability Flow Splitting Tensile Test @ 7770
func)  {THD)  77°F x 10" pst  (UNC)  (THO) _ pounds  0.01 dn_  Stress {psi} _Strain (in/in) Wodulus (psi)
6-5 2.246 .463 30.1 16.7 .469 25.6 12.2 + + 1
11 6-6 2,251 450 0.2 19.4 .A05 3.9 21.0 68.0 .00361 185843.0
6-7 2.250 .478 29.3 19.1 . 338 31.3 21.0 71.0 .00419 16941.0
6-13 2.154 416 16.7 23.1 .210 42.6 18.9 1251 10
6-15 2.179 .602 30.2 19.4 .251 34.9 24.1 816 19
6-17 2.191 .545 29.1 16.8 .367 34.0 21.6 1196 18

AVG. 2.212 . 497 32.6 19.4 .340 33.4  19.8 1088 16 69.5 00350 T iImeze



Table 10 . Test Sequence I1 results for US 77, Sinton, Texas (Continued).

S TTILL AN
Hveem Stability liveem Stability Rarshall Test**

|]u'|k * & 5 i @ *
Specific My @ 6 Percent MR @6 Percent Stability Flow Splitting Tensile Test @ 777F*
Phase _Sample _ Gravity 77°F x 10" (UNC)  (THD) 77°F x 10" pst  (UNC) (THD) ~  pounds 0.01 in  Stress (psi) Strain (in/in) Modulus (psi).
6-1 2.224 .330 35.2 20.8 .097 22.6 8.1 .00149 88.0 59076.0
111 6-4 2.216 .448, 34.7 16.5 .244 36.8 18.6 . 00060 114.0 189772.0
6-8 2.192 .61 37.5 22.1 .096 35.8 20.4 .00089 49.0 54878.0
6-10 2.183 .536 48.2 298.3 .255 38.2 19.3 916 15 .
6-11 2.204 .456 34.7 18.9 .215 33.5 15.5 1321 15
6-14 2.170 .476 42.0 24.0 .251 3.9 19.1 1136 n ,
AVG 2.193 .476 38.7 21.9 .193 33.6 16.8 1124 14 .00099 83.7 101225.3
—t
-
= 6 Rice Percent
MR X 107 psi Splitting Tensile Test @ 77°F Speci Fic Air
-13°F _ 33°F  68°F _ V04°F_ Stress {psi) Strain {in/in) Hodulus (psi) Gravity  Voids
6-3 2.235 .470 1.087 1.59 .083 222.0 .00418 53061.0 2.309 3.2
v 6-9 2.229 .508 2.056 1.546 .080 240.0 .00417 57514.0 2.3 4.4
6-18 2.154 .556 1.880 1.429 .148 236.0 .00658 65854.0 2.292 6.0
AVG. 2.206 51 2.008  1.522 101 232.7 .00498 58809.7 2.311 4.5
Notes
* Denotes test results after {24-hour) Lottman moisture treatwent procedure.
** Denotes test results after (18 cycle) Lottman moisture treatment procedure.
MR - Resilient Modulus ,

+ - No Test Data Available.



Table 11. Test Sequence Il results for IH 37, Oakville, Texas.

T T o - “Ring and all
Penetration, dnm Viscosily, poises Saftening

_39.2°F _77°F 0 _7I°F . 180°F  275°F  Point, °T .

B © T T e e e e
Specific Hy @ 6 Marshall Test Percent

Phase _ Sample Gravity _77°F x 10 Stability (Ibs)  Flow (0.00 in) _ Asphalt

q-1 2.161 .M2 2572 12 7

I 4-4 2.162 .399 2340 18 5.59 10 33 1.30x10 B776 5.837 140

4-11 ~2.061 . 455 2@y _ 16

AVG. 2.161 .422 2412 15

¢01

Hveem Stability Hveen Stability* Marshall Test*

Percent MR*{ e 6 Percent Stability Flow Splitting Tensile Test @ 77°T*
(UNC) _(TiD)  77°F x 10" psi  (UNC)  (TiD)  pounds 0.01 in_ Stress {psf) _Strain (in/in) Modulus (psi)

I



Table 11. Test Sequence 11 results for IH 37, Oakville, Texas (Continued).
B “Hiveen StahiTity*  Marshall Test**

Bulk liveem Stability * . . o
Specific MR @ 6 Percent MR * @6 Percent Stability Flow Splitting Tensile Test @ 77°F**
Phase _Sample  Gravity 77°F x 10" (UNC)  (THD)_ 77°F x 10" psi  (UNC)  (THD) pounds 0.01 in Stress {psi)  Strain (in/in) Modulus {psi)
4-3 2.168 .382 35.2 26.8 .283 32.1 23.7 112.0 . 00089 125234
i 4-8 2.152 .379 8.7  28.5 .283 29.9  19.7 97.0 .00090 108008
4-9 2.158 . 397 44.8 30.2 .290 3.8 21.1 120.0 . 00060 200590
4-10 2.153 .06 10.0 35.8 L2717 3.3 27.2 1494 28
4-12 2.161 . 428 4.3 33.3 . 307 27.7 19.7 1677 25
4-13 2.155 . 386 3.1 3.3 .260 . 24.6 17.8_ 1323 27 L e
AVG, 2.158 .39 39.7 3.0 .283 3.2 21.5 1498 27 109.7 . 00080 144611
—
o
@
6 . o Rice Percent
"R x 10 psi Splitting Tensile Test @ 77°F Specific Air
-13°F 33°F_ 6B"F__ 104°F  Stress {psi} Strain (in/in) Modulus {psi) Gravity  Voids
4-2 2.157 .402 1.768 1.02Q .078
1V 1-5 2.173 .432 2.039 1.133 .080 141.0 .00418 33728.0 2.306
4-6 2.150 373 1.647 1.083 .070 135.0 .00419 32219.0
4-7 2.145 386 1.980 1.206 .077 143.0 .00417 34288.0 2.297
AVG. - ' 2.156 . 398 1.859 1.131 .076 139.7 .go118 33411.7 2.302 6.3
Notes

*  penotes test results after (24-hour) Lottman molisture treatment procedure.
** Denotes test resulls after (18 cycle) Lotiman moisture treatment procedure.

MR - Resilient Modulus



Tahle 12, Test Sequence II results for SH /71, Columbus, Texas.
TR T T e T e e o S s e s sonman
Spnxific Mo © 6 Marshall Test Percent Penetration, dum Viscosily, poises R'gg;?:ﬂiﬁ;[‘

Phase _Sample _ Gravity _77°F x 107 Stahility (Ibs) _ Flow (0.01 fn) _ Asphalt  _ 39.2°F 77°F _ _7/°r__ 140°F _ _215°F_  Point, °F
2-9 2.256 . 764 2380 12

i 2-12 2.298 .875 4462 ) 6
2-15 2.271 721 2890 11 5.41 3 20 1.6x10 10,200 6. 851 139
AVG 2.275 .787 3244 11 5.41 3 20 i.ﬁxlO5 10,200 6.851 139

o
g .
Hveem Stahility tiveem Stability* Marsbhall Test*
) e . or %
Percent Mt @ 6 Percent Stability Flow Splitting Tensite Test @ 77°F
AUNe) o (ann) o 77°F x 10” psi o (UNC)  (THD) pounds_ 0.0l fn_ Stress (psi) Strain (in/in) Modulus (psi)

2-3 2.258 . 548 44.7 20.9 . 562 32.9 17,2 2224 16

I 2-4 2.250 .720 2.3 2.1 .491 3.1 20.5 2250 11
2-5 2.234 . 760 52.2 38.2 . 520 40.8 26.8 1793 15
2-11 2.298 .526 48.3 26.8 . 369 40.6 19.1 174.0 .00479 36349.0
2-13 2.261 .592 41.5 23.2 .482 3.5 12.2 202.0 .00358 56427.0
2-18 2.273 .653 50.8 29.7 L 476 32.6 13.4 196.0 .00298 65817.0
AVG 2.262 .683 46.6 27.8 . 483 35.4 18.2 2089 14 190.7 .00378 52864. 3




Table 12. Test Sequence II results for Sil 71, Columbus, Texas (Continued).

"liveem StabiTity¥*  Marshall Test**

Bulk fiveem Stability ‘ ‘ .
specific " ® " rercent LI Percent Stability Flow Splitting Tensile Test B 777F**
Phase  _Sample  Gravity 77°F x 10" {UNC) _ (THD)  77°F x 10” psi  (UNC}  {(THD) _ pounds 0.01 in  Stress {psi) _Strain_(in/in) Modulus (psi)
2-2 2.254 740 0.2 24.1 .694 a1.5  25.4
111 2-6 2.250 .691 40.1 26.0 .666 42.5  28.5
2-8 2.247 .818 42.6 26.7 .778 45.0  29.1
2-10 2.308 466 42.9 23.4 .415 37.0  17.6 1725 1 203.0 .00358 - 56735.0
2-14 2.274 .638 1.5 25.5 .561 39.9  20.6 2225 14 218.0 . 00359 60732.0
2-17 2.283 .560 a2.7 20.3 .524 .0 21.6 2602 13 226.0 .00018 54027.0
AVG 2.269 .652 2.2 24.3 .606 1.7  23.8 z184 14 215.7 .00378 57164.7
—
[ 1
o
6 o Rice Percent
MR x 107 psi Splitting Tensile Test @ 77°F specific Alr
-13°T  33°F prF  V04°F_ Stress {psi) Strain (In/in) Modulus (psi) Gravily  Voids
W 2-1 2.250 2.803 2.137 .795 .120  284.0 . 00030 952000.0 2.353 4.4
2-7 2.281 2,286 1.659 .727 .086 277.0 .00030 920562.0 2.335 2.3
2-16 2.259 2.304 2.001 .687 . .089  259.0 00060 433651.0 2.318 2.5
AVG 2.263 2.464 1.932 .73 .098  273.3 . 00040 17737.7 2.335 31
Notes

* flenotes test results after {24-hour) Lottman moisture treatment procedure.
** Depotes test resylts after {18 cycle) Lottman moisture treatment procedure.
"R - Resilient Modulus



Table 13. Test Sequence 11 for US 90A Colorade County, Texas.

Tk T ‘ o . . “Ring and Ball
Specific “R 8 6 Marshall Test Percent Penetration, dmm Viscosity, poises Soflening
Phase  Sawple =~ Gravity _77°F x 10 Stability (1bs) Flow {0.01 in) Asphalt  39.2°F 77°F  _j7°F 140°F___275°F  __Pgint, 'F
3-2 2.234 .533 + +
I 3-3 2.232 .477 1444 12
310 2,200 492 s + 5.45 Y 5.2x108 6508 6.209 132
AVG 2.223 .501 1444 12 5.45 16 a 5.2x10° 6508 6.209 132
ot
Lo ]
o Hveem Stability Hveem Stability* HMarshall Test*
#*; M Lol 3
Percent e @ Percent Stability Flow Splitting Tensile Test @ 77°F

{UNC) {THD)  77°F x lﬂﬁpsi {UNC}  {TUD) ounds  0.01 in_ Stress {psi) _Strain (in/in) Hodulus {psi)
- - 1. otre -2t i Hodulus \psi)

I



Table 13. Test Sequence 1! for US 90A Colorado County, Texas {Continued)

— ] - o— P
Bulk Hiveem Stability liveem Stability Marshall Test*#*

Specific HR e 6 Percent HRH 56 Percent Stability Flow Splitting Tensile Test @ 77°T**
Phase _Sawple  Gravity 77°F x 107 _(UNC) _ (TMD) 77°F x 10" psi (UNC) (TID) _ pounds_0.01 in  Stress {psi) Strain (in/in) Modulus (psi)
3-1 2.253 .507 50.8 36.5 . 155 51.3 37.0 160.0 .00299 53467.0
11 3-5 2.267 .43 49.9 41.7 .370 15.8 38.6 188.0 00477 39453.0
3-6 2.249 . 469 46.6 10.7 .451 44.4 38.5 164.0 .00359 45677.0
3-8 2.222 . 489 48.7 36.9 .103 48.9 37.1 1620 15 -
3-9 2.209 . 456 43.4 33.8 . 306 41.2 31.6 1285 15
3-1 2.215 .464 0.6 29.5 L3347 43.5 32.4 1373 18
AVG 2.236 4N 46.7 36.5 .389 46.0 35.9 1426 16 170.7 .0o378 46]5610 o
()
o
~ 6 Rice Percent
MR x 107 psi Splitting Tensile Test @ 77°F Specific A
~13°F  33°F  17°F  104°F  Stress (psi} Strain {infin)} Hodulus (psi) Gravity  Voids
v 3-4 2.226 1.723 1,155 .506 ..075 154.0 . 00060 258309.0 2.404 7.4
3-7 2.232 2.147 1.506 .481 .078 136.0 .00052 260911.0 2.387 6.5
3-12 2.224 2.468 1.316 .469 .075 137.0 . 00030 459487.0 2.309 3.7
AVG 2.227 2.113 1.326 .485 .076 142.3 .00047 326262.3 2.367 5.9
Notes

*  Denotes test results after (24-hour) Lottman meoisture treatment procedure.
** pDonotes test results after (18 cycle) Lottman moisture treatment procedure,
MR - Resilient Modulus

+ No Data Available.
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14. Test Sequence II for FM 2061 McAllen, original design (Loop 374}

Btk

Penetration, dmm

Ring and Ball

specific MR @ 6 Marshall Test Percent Viscosity, poises Softening

Sample Gravity _77°F x 107 Stability (Ibs) Flow (0.01 in) _Asphalt _  39.2°F _77°r _ _77°T_ 140°T 2757 Point, 7T

29 oo hravity  J0F x 10 otabiilly (Mbs;  viow \LUL AN _aAspRdil L . UL g

7-3 2.591 .27 1169 10 5.8 15 64 1.73x10 2000 3.605 122

7-10 2.394 . 360 1599 9

7-12 2.377 .287 647 10

AVG 2.454 .307 1138 10 5.8 15 64 1.733105 2000 3.605 o }22 o
Hveem Stability * Hveem Stability* Marshall Test* . op s

Percent MR*.@ 6 Percent Stability Flow Splitting Te?stle Test @ 77 '

C(UNC) _ (THD)  77°F x 10° psi  (UNC)  (THD) ~ pounds  0.01 in_ Stress {psi) _Strain (in/in) Modulus {psi)

7-1 2. 365 . 286 29.3 15.3 .299 28.2 14.1 119,0 . 00659 18069.0

7-2 2.369 .283 19.3 10.3 . 301 18.6 9.6 124.0 .00716 17315.0

7-7 2.372 .227 20.2 12.4 . 289 19.8 12.0 128.0 .0on4 17930.0

7-8 2.370 .226 24.9 16.3 ,297 14.8 6.1 1164 12

7-9 2.403 . 355 52.0 30.2 .416 55.3 33.5 1636 10

7-11 2.389 .21 62.1 47.5 .373 64.4 39.3 1479 13

AVG 2.378 . 265 34.6 22.0 . 329 33.% 19.1 1426 12 123.7 . 00696 17771.3



Table 14. Test Sequence II for FM 2061 McAllen, -original design (l.oop 374). {(Continued)

o Hiveem Stability**  HMarshall Test**

RBulk Hveem Stability R .
Specific Mp @ 6 Percent M @6 Percent Stability Flow splitting Tensile Test @ 77 F.“
Phase _Sample  Gravity 77°F x 10 {UNC) (TnD)  77°F x 10° psi  (UNC} (THD)  pounds 0.0 in  Stress (psi) Strain (in/in) Modulus {psi)
I
o M x 10° psi splitting Tensile Test @ 77°F Rice  Percent
el R ; Specific Air
-13°F 33°F 31°F__104°F  Stress {psi) Strain {in/in) Modulus (psi)-  Gravity  Voids
7-4 2. 366 2.112 1,384 .259 .03 -141.0 . 00597 23602.0 2.375 0.4
1v 7-5 2.358 1.594 1.389 .214 .033 135.0 .00418 32330.0 2.368 0.4
7-6 2.352 2.121 1.817 .232 .037 148.0 .00598 24760.0 2.399 1.8
7-13 2.382 2.554  1.962 .350 .046 142.0 .00537 26444.0 2.914 1.3
AVG 2.365 2,095 1.563 .264 .038 141.5 .00538 26784.0 2.388 1.0
Notes

* Denotes test results after (21-hour) Lottman moisture treatment procedure,
** Denotes test results after (18 cycle) Lottman moisture treatment procedure.
M, - Resilient Modulus

R
+ Data Not Available - Estimated Weights Used in Calculation of BSG.



Table 15, Test Sequence II for FM 2061 McAllen, modified desian (Loop 374),

3

" Ring and Ball

T Bulk ’ . ‘ i ‘ o .
SpecifFic "R e, . Marshall Test Percent Penetration, dum Viscosity, poises Saftening
Phase  Sample  Gravity _77°F x 107 Stability (Ibs) = Flow (0.0) in) _Asphaly = 39.2°F 77°C  77°F  __ MAO°F _ _275°F Point, °F
8-3 2.3717 .513 2093 9
[ 8-5 2.335 478 1125 13 7
8-1 2.372 .675 1970 12 5.09 5 32 1.1x10 6280 5.414 135
AVG 2.361 .555 1729 H 5.09 5 32 l.lx107 6280 5.414 --;ggﬂ S
Pk
P fiveem Stahility llveem Stability* Marshall Test?*
. . S
Percent MR*iﬂ 6 Percent Stability Flow Splitting Tensile lest @ 7771
(uNe) (Tho)  77°F x 107 psi (UNC) (THD) _ pounds 0.01 in  Stress (psi}  Strain (in/in) Modulus (psi)
8-1 2.358 .264 52.2 3.6 .337 57.8 32.5 122.0 .00418 29220.0
I 8-2 2.372 . 200 55.8 47.% L372 64.7 40.3 117.0 .00018 29760.0
8- 2.3 .432 48.4 25.5 .478 52.4 29.5 1460 19
8-7 2.326 .513 47.2 3.5 .591 66.6 41.5 1953 14
-8 2.358 .293 an.7 20.4 .253 45.3 23.9 109.0 .00659 16538.0
8-12 2,362 .669 50.3 26.4 .605 54.3 30.4 1252 19

AYG 2.358 . 395 49.3 3.0 .439 56.9 3j3.0 1555 17 16.0 .00498 25172.7



Table 15. Test Sequence II for FM 2061 McAllen, modified design (Loop 374). {Continued)

Bulk Hveem Stability

liveem Stabifity**  Harshall Test®*

Specific " @ 6 Percent et Ee Percent, Stability Tlow Spitting Tensile Test @ 77°r**
Phase _Sample Gravity 77°F x 10" _(UNC) _ (TD) 77°F x 10" psi  (UNC)  (THD) pounds 0.01 in  Stress (psi) Strain (in/in) Modulus {psi)
1Mt
ot
- 6 Rice Percent
My X 107 psi Splitting Tensile Test B 77°F Specific Air
-13°F_ 33°F _ 77F __104°F_ Stress {psi) Strain {in/in} Modulus (psi) _ Gravity  Voids
8-6 2.3% 2.604 2.352 611 .139 208.0 .00238 87288.0 2.435 4.3
v 8-9 2.367 2.396 1.540 417 .062 139.9 .00416 33374.0 2.400 1.4
8-10 2. 366 2.401 1.791 489 .071 172.0 .00298 57647.0 2.400 1.4
AVG 2.354 2.467 1.894 .506 .09l 173.0 .00317 59436.3 2.412 2.4
Notes

* penotes Lest results after {24-hour) Lottman moisture treatment procedure.
** nenotes test results after (18 cycle) Lottman moisture treatment procedure.
HR - Resilient Modulus
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Table 16. Test Sequence Il results For U.S. 59, Shelby Zounty pavement distrass crosle,
LEG | SAMPLE BULK Mg MARSHALL MARSHALL VISCOSITY PENETRAT ION RING & | PERCENT
ND. NO. HEGHT | SPECIFIC | o R STABILITY BALL ASPHALT
: GRAVITY @ 77°F | @ 140°F | @ 275°F | 39.2°F | 77°F
2A 1.270 2.605
3N 1.146 2.589
1 an 0.919 2.580
AVG. 1112 2.594 6.0x10° 3693 3.554 22 55 130° 4.69
S
LEG | SAMPLE BULK My HVEEM My HVEEM* INDIRECT TENSION* MARSHAL L MARSHAL . |
NO. NO. HEIGHT | SPECIFIC | R STABILITY o Tk STABILITY STABILITY FLOW !
GRAVITY (INC)  (THD) (INC)  (THD) | MODULUS | STRESS | STRAIN
28 1.616 2.303 .087 36.2 | 22.7 .074 34.4 | 20.4 | 34561.0 | 52.0 |.00150
3B 2.937 2.353 103 35.0 | 47.5 .094 20.6 | 331 0015 260 13
y 4B 2,842 2.346 “093 22.4 | 35.0 -084 20.3 | 30.9 | 26798.0 | 48.0 |.00179
AVG. 2.465 2.334 .094 3.9 | 34.9 084 2.1 | 281 30679.5 | 50.0 | -00165 260 13
LEG | SAMPLE . BULK My HVEEM M, HVEEM INDIRECT TENSION
ND. NO. HEIGHT | SPECIFIC o 10oF STABILITY o 73 STABILITY
GRAVITY (IC)  (THD) (UNC)  (THpD) | MODULUS | STRESS | STRAIN
0
AUG‘ ot ot et 6 M A i e g R 3 [r— e ——



€T

MARSHALL
FLOW

Table 16. {Continued} Test Sequence Il results for U.S. 59, Shelby County pavement distress problem. Page 2
LEG | SAMPLE [ BuLk Ma | Me Me HVEEM LN IIVEEH MARSIIALL
ND). NO HETGHT ?;ﬁs:g&c @ -13F | @ 33°F |e 77°F | @ 104°F STABILITY e77°F STABILITY | STABILITY
R . s e | | tuNC) A(THDY
1y
AVG. J
LEG SAMPLE BULK HR INDIRECT TENSION RICE PERCENT
NO. NO. HEIGHT SPECIFIC @ 77°F - SPECIFIC AIR
GRAVITY MADULUS STRESS STRAIN GRAVITY vOIDS
T--__.. - - RS —
2h 1.270 2.605 2.686
A 1.146 2.598
v 4A a.919 2.580 2.693
AVG. 1.112 2.594 2.690 3.4
NOTES:
1) 'A' samples are from 4 inch diameter cores testing item 340 surface material.
2) 'B' samples are from the same 4 inch diameter cores testing underlying item 292 materials.
3} '6' samples are testing item 292 materials from layers A, B, and C of 6 inch cores.

‘Denotes test results following the accelerate Lottman (24 hour moisture treatment).

MODULIS

STRESS

O

INDIRECT TCNSION

STRAIN
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Table t6. (Continued) Test Sequence 1] results for UY.S. 53, Shelby County pavement distress problem. Page 3
LEG | SAMPLE BULK My MARSIALL | MARSHALL VISCOSI Y PENETRATION RING & | PERCENT
NO. NO. NEIGHT | SPECIFIC | o 0. STABILITY e e e | AL ASPHALT
GRAVITY @ 77°F | e 140°F @ 275°F 39.2°F 77°F
6A s.axlog 4356 5.626 19 a4 135 4.2
6B 5.0x 107 5301 5.937 21 a2 134 5.8
: 6C 4.5x10 4320 5,368 20 a5 17 5.6
AVG. 5.1x10° 4659 5.660 20 a4 133 5.2
LEG | SAMPLE BULK [ My IIVEEM My HVEEM* INDIRECT TENSION* MARSHALL MARSHALL
NO. NO. netens | seeciFre | R STABILITY L STABILITY  |— - STABILITY FLOW
GRAVITY 7 MODULUS | STRESS | STRAIN
I
AVG.
LEG | SAMPLE BULK Mg HVEEM My HVEEM INDIRECT TENSION
NO. NO. HEIGHT | SPECIFIC o 1oF STABILITY o ToF STABILITY R
GRAVITY MODULUS | STRESS [ STRAIN
I
I o -~ . 1  LS--
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Table 16. (Continued) Test Sequence 11 results for U.S. 59, Shelby County pavement disiress problem. Page 4

O e
LEG | SAMPLI

RUEK ) , HR HR MR { MR HVFEM HR HYEEM MﬁRSHALL MARSHALL INDIRECT TENSION -
no. | NO HETGHT | SPECIFIC | o 13 { @ 3301 |@ 77 | @ 100°r STARTLITY a77F STABILITY | SIABILITY FLOW oo
GRAVITY MODULOS | STRESS | SERAIN
v
e - RN ISR I R R
LEG | sAMPLL BULK Mo INDIRECT TENSION RICE PERCENT
NO. NO. NEIGHT | SPECIFIC | o jlor  f———— e —p | SPECIFIC AIR
GRAVITY MODULUS | STRESS | STRAIN GRAVITY VoI DS
3B 2.937 2.353 2.649 n.2
v
J AVG. 2.937 2.353 2.649 1.2
NOTES

1} 'A" samples are from 4 inch diameter cores testing item 340 surface waterial.
2)

'B' samples are from the same 4 inch diameter cores testing underlying item 292 materiais.
3)

'6' samples are testing item 292 materials from .layers A, B, and C of 6 inch cores.

*
Denotes test results following Lhe accelerate Lottman (24 hour moisture treatment).



- Table 17A. Test Sequence 11 results for Ttem 340 Type "D black cores on U.S. 290, Hempstead, Texas.

911

ke | s BULK My MARSHALL MARSHIALL VISCOSITY PENETRAT{ON RING & | PERCENT
NO. NO. MEIGIT | SPECIFIC | o 0. STABILITY FLOW [ o e e e | BALL ASPHALT
GRAVITY @77°T | @ A0°F | B27s°F | 39.2°F | 7F°F
1-68 1.404 2:277 .494 1,318 1.5
1-7A 1.379 2.321 816 2,202 6.0
1 1-108 | 1.499 2.297 557 904 5.5
1-118 | 1.004 2.224 .63 268 5.5
Tme. | 1.542 2.280 500 1,233 5.4 . . + N + v +
N [N B T (RO U —. D - - .
66 | sampLe BULK M HVEEM M HVEEM* INDIRECT TENSION* MARSHALL % | MARSHAL(®
NO. NO. NETGHT | SPECIFIC R STABILITY RoF STABILITY  |—mome oo | STABILIIY FLOW
craviTy | @7 UNC THD e UNC o MODULUS | STRESS | STRAIN
1-5A 1.538 2.312 .538 6.4 | 40.9 356 42.4 26.9 | 1,209 8.0
1-50 1.239 2.278 .695 3.6 | 22.0 .201 58.9 37.5 | 32,392 51.0 | .o00157
I 1-9A 1.901 2.310 .314 37.0 | 28.8 281 34.5 26.3 640 8.5
1-98 1.209 2.288 .482 57.0 | 4.9 .254 60.2 38.1 | 34,524 69.0 | .00200
1-10A | 2.009 2.322 .454 32.1 | 26.0 376 30.2 24.1 1,081 9.0
1-11A [ 10999 2.288 .382 3.2 | 27.0 .255 34.6 28.4 | 18,571 59.0 | .00318
VG. 1.649 2.300 478 3.2 | 29.9 .287 43.5 30.2 | 28,49 59.7 | .00225 977 8.5
e | sampLe BULK My HVEEM My IVEEM INDIRECT TENSION
NO. NO. neient | seecieic | o 0, STABIEITY e 77°F STABILITY
GRAVITY NG THD e THD MODULUS | STRESS | STRAIN
(1
AVG. .




Table 17A. (Continued) Test Sequence 11 resylts for Item 340 Type D" black cores on U.S. 290, Hempstead, Texas.

LEG  |SAMPLE BULK M My Hy My IVEEM Mars HVEEN##+ INDIRCCT TENSION*** | #ex
no. | N, fuetent | SPECIFIC |o Sop boaate o g o rener | STABILITY o R staeriry |- — . MARSHALL
GRAVITY | : fme i (€ [ovcTup | moouLus | sTRess [sTramn | STABILITY
v
AVG. _
fuy
[y
~J
LEG ] SAMPLE BULK M Mo Mo M INDIRECT TENSION RICE PERCENT
no. | no.  |uerehr [seeciFic o 30 o a3 [e 77 o v0aor SPECIFIC | AIR
GRAVITY MODULUS | STRESS | STRAIN | GRAVITY | voiDs
168 |r.om | 2.319 2.524 |2.0a7 | .an | 142 |sa,805 | 218.0 | .00397 | 2.413 3.9
1-8 |1.34 | 2.273 2.537 |2.737 | 529 | 275 | 7.633 |170.0 | .00237 | 2.421 6.1
v 188|186 | 237 2.377 | 185 | 32 | J153 |ea,826 |206.0 | .00318 | 2.415 4.5
1-88 [1.319 | 2.208 2.028 [2.123 | 677 | 186 |s53.451 | 1480 | .00277 | z.ava 6.0
awve. |16 | 2.29 2.a67 |2.188 | 515 | 189 |e1,201 |185.5 |.00307 | 2.416 | 5.1

AW

* ok

+

Mh HModulus of Resiliency.

Denotes Test Mesults Following the Accelerated (24 hour} Lottman Moisture Treatment Procedure.
Denotes Test Results Following the 7-day Soak Period. .
penotes Test Results Following the (18 cycle) Lottman Moisture Treatment Procedure.
Benotes No Test Values Available.

LA E]

MARSHALL
FLOW
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Table 17B. Test Sequence Il results for Item 340 Type “D" iron ore cores on U.S5. 290, Hempstead, Texas.

e g et e ce o f e 6% et o e s e o e oy a o m e & e o g PR b g e n ma  mw  — - [

LEG | SAMPLE BULY. My MARSIALL MARSHALT. VISCOSITY PENETRATION | RING & | PERCINT
NO. NO. NESGHT | SPECIFIC | R | sTARILTY FLON  fommmsme o mmmms e e o o | AL ASPHALT
GRAVITY @77°F | e1aotr | earst | osgzer | 7708
1-2 1.050 2.372 .587 4,925 1.0
1-18 1.477 2,377 705 5,240 10.5
I 1-20 1.350 2.368 199 5,461 1.0
1-21 1.518 +|  2.418 .75 5, 796 10.0
D e e e N Tt 1 et E e e et ST IR
A e 2.389 -702 5,356 10.6 3.0x10 82085 11.13 10 21 160° a.46
LEG | SAMPLE BULK M HVEEM My HVEEMY INDIRECT TENSION® MARSIALL HARSHALL
NO. NO. WELGHT | spECIFIC | o B STABILITY . STABILITY  [omeo oo e o | STABILTTY FLOW
Gl we_ mo_ we o | vewnus | simes [ sty
-1 .873 2.376 .553 85.0 | 56.2 .301 86.4 | 57.6 4,170 14
1-4 .945 2.374 537 77.4 | s0.0 265 + + + N
i 1-16 1.541 2.422 .676 54.9 | 39.5 567 55.2 | 33.8 5,463 16
1-19 1.578 2.404 775 59.4 | 44.7 .600 61.3 | 46.6 | 67,823 161.0 |.00237
1-23 1.227 2.318 621 73.8 | s52.1 370 | 68.0 | 46.3 | 31,5% 100.0 |.00317
1-24 1.334 2.350 -425 60.2 | 40.6 .38 | 62.3 |42.7 /33,93 | 108.0 |.00318
AVG. 1.250 2.374 .598 68.5 | 47.2 a1z 66.6 | 45.4 | 44,450 123.0 |.00291 | 4,817 15
LEG | SAMPLE BULK Mo AVEEM My HVEEM INDIRECT TENSION
NO. NO. NEIGHT | SPECIFIC | o ;lop STABILITY 0 77°F STABILITY
3 i GRAVITY UNE ™ we  THD MODULUS | STRESS | STRAIN
1-3 .972 2.39 619 83.7 56.9 .14 83.2 | 56.4 38,709 |123.0 |.00318
1-17 1.622 2.392 .673 57.7 43.9 612 56.3 | 42.5 69,282 | 165.0 |.00238
| o1-22 1.381 2.398 621 61.3 22.7 .520 70.9 |52.3 70,910 | 141.0 {.0019
AVG. 1.370 2.395 638 67.6 47.8 515 {701 | 50.4 | 59,630 [143.0 [ .00252




Table 17B. (Continued) Test Sequence 11 results for Item 340 Type "D" irc.

re cores on U.S. 290, Hempstead, Texas.

LEG |SAMPLE BULK My My Ny M, HVEEM Hass HVELHA** INDIRECT TENSION®**
NO. NOD. HEIGHT | SPECIFIC 1, .o o o o STABILITY o STABILITY |- oo oo oo
craviTy & C13°F [RI3F R 777F 1@ 104°F e e @ 7TF fune to | MonuLus [ sTress | stratn
v
AVG.
— ___ o
=
(Cs )
LEG | SAMPLE BULK MR MR MR MR INDIRECT TENSION RICE PERCENT
no. | wo.  fueenr Jseectric o R 1o o Re o % e roaeF SPECIFIC | AIR
: GRAVITY : MODULUS | STRESS |STRAIN | GRAVITY | volps
113 [1.337 2.386 2.005 | 1.256 | .e43 2n |o7,558 | 155.0 | .0059 | 2.s40 6.1
1-12 |1.320 2.392 2.059 | 1.2a8 | .608 274 02,135 |165.0 |.00158 | 2.532 5.5
v 1-15  |1.a52 2.198 2.308 | 1.409 | .737 ‘272 |67.259 |160.0 |.00238 | 2.568 6.6
AVG. {1,370 2.392 2.126 | 1.308 | .663 212 |89.651 |160.0 |.otes | 2.547 6.1

Denotes Test Results Following the Accelerated (24 hour) Lottman Moisture Treatment Procedure.

Denotes Test Results Following the 7-day Soak Period.
- Denotes Test Results Following the (18 cycle) Lottman Moisture Treatment Procedure.

+ Denotes No Test Values Available.

MR Modulus of Resiliency.

LR 23
MARSHALL
STABILITY

Tk

MARSHALL
FLOW




et

Table 18. Test Sequence 11 results for Item 340 Type "D Asphadure” cores on U.5. 62 in Lubbock, Texas.
MARSHALL MARSHALL. VISCOSITY
STARILITY FLOW .. .

LEG SAMPLE BULK Mr
NGO. NO. HETGHT SPECIFIC R JIF
GRAYITY
7-6 1.340 2.083 A6 1,000 16.0
7-9 1.433 2.069 M3 1,318 12.0
I 7-10 1.383 2.123 647 1,894 12.0
7-14 . 898 2.026 517 1,33 10.0

PENETRAT ION RING & | PERCINT
SR S T Rt Tt B ASPHALT
@ 77F | P 140°T | @ 2757 9.2°F | 77°F

| fmwe ) azea | ozors | s06 | 1,387 | 125 |a7sae® | s | cosze |3 | 20 | e | 6.0

LEG | SAMPLE BULK Mo HYEEM mo* HVEEM* INDIRECT TENSION* MARSHALL* | MARSIALL™
ND. NO. WEIGHT | SPECIFIC | o . STABLLITY 0 11°F STABILITY  |-—m=mm —miomom o oo | STARILETY FLOW
GRAVITY UNC THD NG THD MODULUS | STRESS | STRAIN

.105 .436 64.6 1.1 .284 34.7 23.1 27,511 109.0 . 00396
.089 .352 40.3 28.8 161 28.4 16.2 a41 16.0
.075 .408 50.6 29.4 184 48.2 27.8 1,061 17.0
.069 . 380 58.2 35.7 .185 47.9 26.7 16,562 79.0 .00477
. 061 .503 51.5 na .218 68.6 36.2 1,619 16.0
.088 .592 42.6 30.4 . 309 61.1 37.6 30,383 121.90 .00398

7-3 1.736
7-4 1.703
1 7-5 1.293
7-8 1.252
7-1
7-1

021

2 .19
3 1.136

NN N

AVG. 1.385 2.081 . 445 51.3 32.8 .225 48.2 27.9 24,819 103.0 | 00424 | 1,174 16.3
LEG | SAMPLE BULK Mo HVEEM My HVEEN INDIRECT TENSION
NO. NO. HETGHT SPECIFIC @ 77°F STABILITY 0 77°F STABILITY e e
| eI o lwe me ) unc T | MOWULUS | STRESS | STRAIN
i

J ; I




Table 8. Test Sequence I! results for TH 35, Waxahachie, Texas (Continued).

- - liveem Stability** Harshall Test**

Bulk Hveem Stability x . o
Specific MR Q 6 Percent MR. @6 Percent Stability Flow Splitting Tensile Test @ 77°F+*
Phase  Sample Gravity 77°F x 10 {UNC) (Nib)  77°F x 10° psi  (UNC)  (TID) pounds 0.01 in  Stress {psi) Strain {in/in} Modulus (psi)
404 05 2.390 1.048 89.0 59.6 . 492 78.0 48.7 2372 15
111 399 0SWP 2.395 1.213 89.4 61.7 .596 85.1 57.4 2363 13
399 0S 2.391 0.935 71.3 47.6 .430 67.1 43.3 2389 15
404 BWP 2.366 1.132 80.0 52.1 .315 63.6 35.6 30.5 0.00144 21236.0
399 BWP 2.389 1.086 88.9 60.1 .263 81.3 52.6 45.1 0.00345 13159.3
402 05 2.315 0.863 85.0 54.5 .07 72.0 11.6 24.2 0.00373 6472.7
AVG 2.314 1.046 83.9 55.9 . 362 74.5 46.5 2375 14 33.3 0.00287 13622.7
O
~
o x 108 psi Splitting Tensile Test @ 77°F Rice ~ Percent
R Specific Air
-13°F  33°F  6B8°F  104°F  Stress {psi) Strain {infin) Modulus (psi) Gravity  Voids
v 400-3 BWP 2.347 2.177 2.372 .8l6 .B35 120.0 . 00086 138805.0 2.456 4.4
400-30 SWP 2.375 3.564 3.844 1.538 .541 207.1 .00056 373169.0 2.439 2.6
399 BWP 2.394 4,065 2.482 1.460 .804 177.5 .00077 230912.0 2.471 3.1
AVG 2.372 3.269 2.899 1.271 .727 168.2 .00073 247628.7 2.455 3.4
Notes

* penotes lest results after (24-hour) Lottman moisture treatment procedure.
** flenoles test resulls afler (18 cycle) Lottman moisture treatment procedure.
M" - Resilient Modulus



Table 9.

Phase

86

Test Sequence 11 results for US 77, Kingsville, Texas.
- TRk M—@"'Mﬂrs', allT—Pst“ e ‘“’"""‘;’ 'tt "“ _d “"V'.‘ T T T T T Ring and Ball
Specific R ' 6 ! i Percent enetration, dim iscosity, poises Softeniny
Sample  Gravity _77°F x 10 Stability (1bs}) —[flow (0.01 in) _Asphalt = 39.2°F 77°F  _7/°F  _ _140°F _ 2/5°F _  Point, 'T
5-1 2.194 .442 s + 8.43 10 8 4.75x10% 286 4.144 130
5-2 2.199 470 + +
5-19 2.192 .575 2934 8
AVG 2.195 . 496 2984 8 8.43 10 48 4.75xl()6 2861 4.144 130
Hveem Stability Hveem Stability* Marshall Test?*
Percent MR*‘@ 6 Percent Stability Flow Splitting Tensile lest @ 7/7¢*
AUNC) (D) 77°F x 10" psi {(UNC)  (TID)  pounds  0.01 in_ Stress {pst} Strain (in/in)_Fodulus (psi)
5-3 2.217 .462 21.7 2.60 . 106 6.8 12.3 43.0 .00417 10310.0
5-8 2.207 . 362 2.15 4.2 .244 4.1 13.2 58.0 . 00444 13049.0
5-9 2.180 .430 32.0 11.6 .244 3.0 17.5 38.0 .00418 9087.0
5-10 2.185 .400 34.6 14.5 .170 3.8 16.3 1250 18
5-13 2.211 .507 31.3 17.0 .378 5.7 8.6 1300 19
5-15 2.219 .374 40.0 20.7 .447 11.3 8.0, 1636 17
AVE_ ‘__—_Ei203 .423 30.2 11.8 . 265 5.8 12.7 1395 18 46.3 .00426 10815.3



v &

[RI- .

Table 9. Test Sequence II results for US 77, Kingsville, Texas (Continued].

Bulk M o liveem Stability Mo g liveem StabiTity*™  Harshall Test**
Specific (1] 6 Percent R P Stability Flow
Phase _Sample  Gravity 77°F x 100 _(UNC) 77°F x 10° psi (UNC) __pounds 0.01 in
5-6 2.201 475 41.7 1.1 .296 T 95.0
mn 5-7 2.202 .383 22.7 4.5 .316 0 7.2 125.0
5-11 2.216 454 39.1 3.4 .259 8 . 114.0
5-12 2.218 . 425 37.3 2.5 L7 2 .6 1419 14
5-14 2.214 . 368 30.5 8.8 321 2 2.4 1421 18
5-16 2.218 .346 20.7 3.9 .286 7 5.7 1779 17
AVG 2.212 .409 32.0 5.7 .299 6. 1540 16 111.3
O
o
My x 10° psi Splitting Tensile Test @ 77°F
-13°F  33°T_ 68°F  104°F  Stress {pst) Strain (in/in) _Medulus {psi} _ Gravity  Voids
v 54 2.198 AN 2.272 117 41415
5-5 2.190 LA452 2.061 . 096 *
5-17 2.203 . 319 2.034 . 065 23170
5-18 2.193 .409 2.370 .076
AVG 2.196 A3 2.185 .089 32293
Notes

*

MR - Resfilient Modulus
+ No Test Value Available.

Denotes test results after (24-hour) Lottman moisture treatment procedure.
** pepotes test results after (18 cycle) Lottman moisture treatment procedure.

Splitting Tensile Test @ 77°F**
Stress {psi) Strain (in/in) Modulus (psi)



Tahle

Phase

00T

I

10

Test Sequence Il results for US 77, Sinton, Texas.
BTk T T T T T T T T T Rimg and Bald
specific MR e 6 Marshall Test Percent Penetration, dm Viscosity, poises Softening
Sawple  Gravity 77°T x 107 Stabilily (1bs) _flow (0.01 in)  Asphalt = 39.2°F 77°T _  _77°F _ 140°F ___275°F  Tuoint, °F
6-2 2.251 .183 2667 1"
6-12 2.182 .548 2335 11
6-16 __2.189 -608 2832 . A
Ave. 2.207. -€46 2611 Iy 6.51 10 55 1.95¢0° 2712 a.078 128
Hveem Stahility Hvcem Stability*  Marshall Test*
i . R I
Percent "R‘ 0 6 Percent Stability Flow Splitting Tensile Test @ 77°F
{unc) (o) 77°F x 10" psi  (UNC)  (THD) _pounds 0.01 in Stress (psi) __Strain (in/in) Modulus (psi)
6-5 2.246 .463 30.1 16.7 .469 25.6 12.2 + + 1
6-6 2.251 .450 30.2 19.4 . 405 31.9 21.0 68.0 .00361 18843.0
6-7 2.250 .478 29.3 19.1 .338 31.3 21.0 7.0 .00419 16941.0
6-13 2.154 .416 16.7 23.1 .210 2.6 18.9 1251 10
6-15 2.179 . 602 30.2 19.4 .251 34.9 29.1 816 19
6-17 2.191 .545 29.1 16.8 .367 31.0 21.6 1196 18
AVG 2.212 . 492 32.6 19.4 .340 33.4  19.8 1088 16 T 695 .00390 “17892.0



Table 10 . Test Sequence 11 results for US 77, Sinton, Texas (Continued).

liveem Stabiiity** HMarshall Test**

Bulk Hveem Stability *; . opa
Specific M @ 6 Percent MR @6 Percent Stability Flow Splitting Tensile Test @ 777°F**
Phase _Sample ~_ Gravity 77°F x 100 _(UNC)  (THD) 77°F x 10° psi  (UNC) _ (TID) pounds  0.01 in  Stress (psi) Strain (in/in) Modulus (psi)
6-1 2.224 . 330 35.2 20.8 .097 22.6 8.1 .00149 88.0 59076.0
Hi 6-4 2.216 .48, 34.7 16.5 .24 36.8 18.6 . 00060 114.0 189772.0
6-8 2.192 .61 37.5 22.1 .096 35.8 20.4 00089 49.0 54878.0
6-10 2.183 .536 48.2 29.3 .255 38.2 19.3 916 15 .
6-11 2.204 . 456 34.7 18.9 .215 33.5 15.5 1321 15
6-14 2.170 .476 42.0 21.0 .251 4.9 19.1 1136 11 -
AVG, 2.193 .476 38.7 21.9 .193 33.6 16.8 1124 14 . 00099 83.7 101225.3
—t
o
= 6 Rice Percent
MR x 107 psi Splitting Tensile Test @ 77°F Speci Fic Air
-13°F _ 33°F  6B°F  10M°F  Stress {psi) Strain {in/in) Modulus (psi) Gravity  Voids
6-3 2.235 .470 1.087 1.591 .083 222.0 .00418 53061.0 2.309 3.2
v 6-9 2.229 .508 2.056 1.546 .080 240.0 .00417 57514.0 2.331 4.4
6-18 2.154 .556 1.830 1.429 .148 236.0 .00658 65854.0 2.292 6.0
AVG, 2.206 511 2.an3 1,522 104 232.7 .00498 58809,7 2.31 4.5
Notes
* penotes test results after (24-hour) Lottman moisture treatment procedure.
*+ Denotes test results after (18 cycle) Lottman moisture treatment procedure.
MR - Resilient Modulus .

+ - No Test Data Available.



Table 11. Test Sequence T1 results for IH 37, Oakville, Texas.

Phase  Sample

Bulk
Specific

_ Gravily

2.161
2.162
2.161

W, &
R
_77°F % 007 Stability (ihs)  Plow (0.01 in)  Asphait _ __39.2°F 77°F 71 140°F__275°F_ TPoint, °F

Marshall Test Penetration, dum Viscosity, poises Ring and Dall

Percent Sofiening

.412 2572 12 7

.399 2340 18 5.59 10 33 1.30x10 8776 5.837 140
. 455 2323 16

201

11

2.161

.422 2412 15

Hveem Stability Hveem Stability* Marshall Test*

Percent MR*iﬁ Percent Stability Flow Splftting Tensile Test @ 77°7*
{unc)  (vw) - 77°F x 10° pst (UNC) _ (1) pounds._ 0.01 in_ Stress (psi)_ Strain (in/in). Modulus (psi)




Table 11. Test Sequence H results for IH 37, Oakville, Texas (Continued).
. o fiveem Stability**  Harshall Test**

Bulk Hveem Stability . . o
Specific MR e 6 Percent MR** @6 Percent Stability Flow Splitting Tensile Test @ 77°F4+
Phase _ Sample _ Gravity 77°F x 10" (UNC)  (THD)  77°F x 10" psi  (UNC) (7ID) pounds  0.01 in_ Stress (psi)  Strain {in/in) Modulus (psi)
4-3 2.168 . 382 35.2 26.8 .283 32.1 23.7 112.0 .00089 125234
1 4-8 2.152 379 38.7 28.5 .283 29.9 19.7 97.0 . 00090 108008
4-9 2.158 - 397 14,8 30.2 .290 35.8 21.1 120.0 . 00060 200590
4-10 2.153 . 406 40.0 35.8 L2177 31.3 27.2 1494 28
4-12 2.161 . 428 41.3 33.3 . 307 27.17 19.7 1677 25
4-13 2.15% . 386 38.1 31.3 .260 __.24.6 A17.8_ 1323 27 N
AVG, 2.158 - 396 39.7 31.0 .283 30.2 21.5 1498 27 109.7 .000830 14461
—
o
@
M, x 10% psi Splitting Tensile Test @ 77°F Rice  Percent
R Specific Air
-13°F  33°F 68°F  104°F_ Stress (psi} Strain (in/in} Modulus {psi} _ Gravity  Voids
4-2 2.157 . 402 1.768 1.020 - .078
1y 4-5 2.173 .432 2.039 1.133 .080 141.0 .00418 33728.0 2.306
4-6 2.150 L3713 1.647 1.083 .070 135.0 .00419 32219.0
1-7 2.145  .386  1.980 1.286 .077 143.0 00417 34288.0 2.291
AVG. - : 2.156 .398 1.859 1.131 .076 139.7 .004i8 33411.7 2.302 6.3
Notes

* Denotes test results after (24-hour) Lottman moisture treatment procedure.
** Denotes test results after (18 cycle) Lotiman moisture treatment procedure,

MR - Resilient Modulus



Table 12, Test Sequence 1! results for SH 71, Columbus, Texas.

B T R ST, S, . .
Phase  Sample  Gravity 77°F x 107 Stability (Ibs) _Flow (0.00 in) _Asphalt__ _ 39.2°F 72°F  _7/°r___140°f _ _ 275°F_  Point, °F
2-9 2.256 . 764 2380 12
i 2-12 2.298 .875 44162 11 6
2-15 2.2N 721 2890 1 5.41 3 20 1.6x10 10,200 6.851 139
AVG 2.275 .787 3244 11 5.4 3 20 1.6x10° 10,200 6.851 ”139 B
et
O .
o .
Hveem Stahility llveem Stability* HMarshall Test*
e s s o
Percent HR ¢ 6 Percent Stability TFlow Splitting Tensile Test @ 77°1*
(uNc) _(um)  77°F x 10_psi  (UNC}  (THD} pounds _ 0.01 fn_ Stress (psi) _Strain (in/in) Hodulus (psi)
. 2-3 2.258 .848 44.7 20.9 .562 32.9 17.2 2224 16
2-4 2.250 720 42.3 27.7 491 35.1 20.5 2250 n
2-5 2.234 . 760 52.2 38.2 .520 40.8 26.8 1793 15
2-1 2.298 .526 48.3 26.8 . 369 40.6 19.1 174.0 .00479 36349.0
2-13 2.261 .592 41.5 23.2 .482 n.5 12.2 202.0 .00358 56427.0
2-18 2.273 .653 50.8 29.7 .476 32.6 13.4 196.0 .00298 65817.0

AVG 2.262 -683 46.6 27.8 .483 35.4 18.2 2089 14 190.7 .00378 52864.3



Table 12. Test Sequence 1I results for SH 71, Columbus, Texas (Continued).

liveem Stability**

Harshall Test**

Bulk tiveem Stability . ) . o
Specific Mg @ 6 Percent Mo ** @6 Percent Stability Flow Splitting Tensile Test @ 77°F**
Phase  Sample =~ _Gravity 77°F x 10" (UNC)  (TUD) 77°F x 10" psi (UNC) (TMD) _ pounds 0.01 in  Stress (psi)__Strain (in/in) Modulus (psi)
2-2 2.254 780 40.2  24.1 .694 a1.5  25.4
111 2-6 2.250 .691 40.1 26.0 .666 42.5  28.5
2-8 2.247 .B18 42.6 26.7 .778 45.0  29.1
2-10 2.308 .466 42.9 23.4 .415 37.0 17.6 1725 14 203.0 .00358 56735.0
2-14 2.274 .638 44.9 25.5 .561 39.9 20.6 2225 14 218.0 .00359 60732.0
2-17 2.283 .560 42.7 20.3 .524 44.0 21.6 2602 13 226.0 .00418 54027.0
AVG 2.269 .652 42.2 24.3 .606 4.7 23.8 2184 14 215.7 .00378 57164.7
—_
o
(8]
6 o Rice Percent
MR x 107 psi Splitting Tensile Test @ 77°F specific Air
-13°F  33°F _prF 104°F  Stress {psi} Strain {in/in) Modulus (psi)  Gravily  Voids
v 2-1 2.250 2.803 2.137 .79% .120 284.0 .00030 952000.0 2.353 4.4
2-7 2.281 2.286 1.659 .727 .086 277.0 .00030 920562.0 2.335 2.3
2-16 2.259 2.304 2.001 .687 . .089 259.0 :00060 433651.0 2.318 2.5
AVG 2.263 2.464 1.932 .736 .098 273.3 .00040 771737.7 2.335 3.1
Notes

* penotes test results after (24-hour) Lottman molsture treatment procedure.
** Denotes test results after (18 cycle) Lottman moisture treatment procedure.
M, - Resilient Modulus

R



Table 13. Test Sequence 11 for US 90A Colorado County, Texas.

T ek

— : . R R S
Spocific MR & . Marshall Test Percent Penetration, dmo Viscosily, poises nggr?;:;::i:;;”
Phase  Sample  Gravity _77°F x 10 Stability (1bs) Flow (0.01 in) _Asphalt _ _ 39.2°F _77°F __ _77°F 140°F _ _ 275°F  __Point, °F
3-2 2.23 .533 + +
I 3-3 2.232 .477 1444 12
3-10 2.204 -492 ' + 5.45 16 4) 5.2x10® 6508 6.209 132
AVG 2.223 5m 1444 12 5.45 16 41 5.2x10° 6508 6.209 132
=
o
o fiveem Stability Hveem Stability* Marshall Test*
. . ora
Percent- MR‘U @ 6 Percent Stability Flow Splitting Tensile Test @ 77°T
_(Unc) (L) 77°F x 10__psi  (UNC) (TID)  pounds 0.0} in  Stress (psi) Strain (in/in) Modulus (psi)

I



* Denotes test results after [24-hour) Lottman moisture treatment procedure.

** Denotes test results after (18 cycle) Lottman moisture treatment procedure.

MR - Resilient Modulus

+ No Data Avéilahle.

Table 13. Test Sequence 11 for US 90A Colorado County, Texas (Continued)
- fivecm Stability**  Farshall Test** T e
Bulk Hveem Stability . o
Specific MR e 6 Percent MR** @G Percent Stability [Ilow Splitting Tensile Test @ 77°7**
Phase _Sample =~ Gravity 77°F x 107 _(UNC) _ (¥ID) 77°F x 10" psi  (UNC) (¥D) __pounds 0.01 in  Stress (psi) _Strain (in/in) Modulus (psi}
3-1 2.253 .507 50.8 36.5 . 155 51.13 37.0 1600.0 .00299 53167.0
Ir1 3-5 2.267 . 443 49.9 41.7 . 370 46.8 38.6 188.0 .00477 39453.0
3-6 2.249 .169 46.6 40.7 .A51 44 .1 38.5 164.0 .00359 45677.0
3-8 2.222 .489 8.7 36.9 .403 48.9 37.1 1620 15
3-9 2.209 .456 43.9 33.8 . 306 41.2 31.6 1285 15
3-1 2.215 . 464 10.6 29.5 . 347 43.5 32.1 1373 18 B
AVG 2.236 AN 46.7 36.5 . 389 46.0 35.9 1426 16 170.7 00378 46199.0
—_
o
~ 6 Rice Percent
n
MR x 107 psi Splitting Tensile Test @ 77°F speci fic Nir
-13°F 33°F  77°F _ 104°F_ Stress {psi) Strain (in/in) Modulus {psi) Gravity  Voids
v 3-4 2.226 1.723 1.155 .506 -.075 154.0 . 00060 258389.0 2.404 7.4
3-7 2.232 2.147 1.506 .481 .078 136.0 .00052 260911.0 2.387 6.5
3-12 2.224 2.468 1.316 .469 .075 137.0 .00030 453487.0 2.309 .7
AVG 2.227 2.113 1.326 .485 .076 142.3 .00047 326262.3 2.367 5.9
Notes



Tahle

Phase

80T

14. Test Sequence Il for FM 2061 McAllen, original design (Loap 374).

TRk

M, @

Marshall Test

Penetration, dmm

A I
1.73x10

Specific R 6 Percent

Sample  Gravity _77°F x 107 Stability (Ibs) _ Flow (0.01 in) _Asphalt _ _ _39.2°F 77°F

7-3 2.591 .21 1169 10 5.8 15 64

7-10 2.394 . 360 1599 9

7-12 2.377 .287 647 10

AVG 2.454 . 307 1138 10 5.8 15 64
Hveem Stahility * (ivean Stability* Marshall Tesl*

Percent My ©@ 6 Percent Stability Tlow

_{uNc)  (Tim) - 77°F x 10° psi_(UNC)  (TIID)

7-1 2.365 .286 29.3 15.3 .299 28.2 14.1

7-2 2.369 .283 19.3 10.3 2301 18.6 9.6

7-7 2.372 .227 20.2 12.4 .289 19.8 12.0

7-8 2.370 .226 24.9 16.3 . 297 14.8 6.1 1164 12

7-9 2.403 . 355 52.0 30.2 .416 55.3 33.5 1636 10

7-1 2.389 2N 62.1 47.5 .373 64.4 39.3 1479 13

AVG 2.378 .265 34.6 22.0 . 329 33.5 19.1 1426 12

Viscosity, poises

].73x106

a

softening

T

Ring and Ball

Jdaoer o 2i5°F _ Paint,
2000 3.605 122
2000 3.605 122

Splitting Tensile Test @ 777F*
_pounds__ 0.01 in_ Stress (psi) _Strain (in/in) Modulus (psi)

119.0 .00659
124.0 .00716
128.0 .00714
123.7 . 00696

18069.0
17315.0
17930.0

17771.3



Tahle 14. Test Sequence II for FM 2061 McAllen, original design (l.oop 374). (Continued)
- flveem Stability**  HMarshall Test** T 7__‘ Tttt o
Bulk Hveem Stability . 70
Specific Mp @ 6 Percent Mt @6 Percent Stability Flow Splitting Tensile Test @ 77 F**
Phase ~_Sample  _Gravity 77°F x 10 (unc) (mo}  77°F x 10" psi (UNC) (THD)  pounds 0.01 in_ Stress (psi) Strain (in/in) Modulus (psi)
I
5 M, x IO6 psi Splitting Tensile Test @ 77°F Rice Percent
o R Specific Air
-13°F 33°F  y73°F__104°F _ Stress (psi) Strain {in/in) Modulus (psi)  Gravity  Voids
7-4 2.366 2.112 1.384 .259 .0M4 -141.0 .00597 23602.0 2.375 0.4
v 7-5 2.358 1.594 1.389 .214 .033 135.0 .00418 32330.0 2.368 0.4
7-6 2.352 2.121 1.517 .232 .037 148.0 .00598 24760.0 2.394 1.8
7-13 2.382 2.554 1.962 .350 .046 142.0 .00537 26444.0 2.414 1.3
AVG 2. 365 2.095 1.563 .264 .038 141.5 .00538 26784.0 2.388 1.0
Notes

*  Denotes test results after (24-hour) Lottman molsture treatment procedure.
** Denotes test results after (18 cycle) Lottman mojsture treatment procedure.

MR - Resilient Modulus

+ Data Not Available - Estimated Weights Used in Calculation of BSG.



Table 15, Test Sequence 11 for FM 2061 McAllen, modified design {Loop 374),
T T e Rt T I e T
Specific "R e . Marshall Test Percent Penctration, dum Viscosity, poises Softening
Phase  Sample  Gravity _77°F x 10 Stability (1bs)  Flow (0.01 in}_ _Asphalt __ 39.2°F 77°C  77°F 1A0°F__275°F_ _ Peint, °F
8-3 2.377 L5113 2093 9
1 8-5 2.33 .478 1125 13 7
8-11 2.372 .675 1970 12 5.09 5 32 1. 1x10 6280 5.414 135
AVG 2,361 .5565 1729 n 5.09 5 32 I.lxl[)7 6280 5.4\4 | -”iégﬁ o
ot
E; Hveem Stability tiveem Stability* Marshall Test*
. . . .
Percent nni @ . Percent Stability Flow Splitting Tensile Test & 7771
AUNC)  {Two) - 77°F x 107 psi {UNC)  (IWD)  pounds  0.01 in  Stress {psi) Strain {in/in) Modulus (psi)
8-1 2. 358 .264 52.2 34.6 .337 57.8 32.5 122.0 .00418 29220.0
il 8-2 2.312 .200 55.8 47.5 .372 64.7 40.3 117.0 .00418 29760.0
8-1 2.31 432 48.4 25.5 .478 52.4 29.5 1480 19
8-7 2.326 .513 47.2 3.5 .591 66.6 1.5 1953 14
8-8 2.358 .293 1.7 20.4 .253 45.3 23.9 109.0 . 00659 16538.0
8-12 2.362 . 669 50,3 26.4 . 605 54.3 30.4 1252 19
AVG 2. 358 .395 19.3 31.0 .439 56.9 33.0 1555 17 116.0 .00498 25172.7



Table 15. Test Sequence I1 for FM 2061 McAllen, modified design {Loop 374). {Continued)

Hyeem Stabifity**

Harshall Test**

Bulk Hveem Stability i : op
Specific M ® o Percent Mgt Percent Stability Flow splitting Tensile Test @ 77°F**
Phase _Sample Gravity 77°F x 107 {UNC) {THD) 77°F x 10" pst  (UNC)  (Tilp) pounds_ 0.01 in  Stress (psi) Strain {in/in} Modulus {psi)
111
[a—y
: 6 Rice Percent
Mp x 10 psi Splitting Tensile Test @ 77°F Specific Ar
-13°F  33°F  17F 104°F  Stress {psi) Strain {iIn/in} HModulus {psi) Gravity  Voids
8-6 2.330 2.604 2.352 .611 .139 208.0 .00238 87288.0 2.435 4.3
v 8-9 2.367 2.396 1.540 .417 .062 139.0 .00416 33374.0 2.400 1.4
8-10 2.366 2.401 1.791 489 .on 172.0 .00298 57647.0 2.400 1.4
AVE 2. 354 2.467 1.894 506 .091 173.0 .00317 59436.3 2.412 2.4
)
Notes

* penotes Llest results after (24-hour) Lottman moisture treatment procedure.
** penotes test results after (18 cycle) Lottman moisture treatment procedure.

HR - Resilient Modulus
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Table 16. Tast Sequence 11 results “or U.5. 59, Shelby Touniy savement disirass prodlam. Pag2 1
LEG SAMPLE BULK Mg MARSHALL MARSHALL YISCOSITY PENETRATION RING & | PERCENT
NO. NO. HEIGHT SPECIFIC @ 77°F STABILITY FLOW BALL ASPHALT
’ GRAVITY @ 77°F @ 140°F @ 275°F 39,2°F 77°F
24 1.270 2.605
3A 1.146 2.589
I an 0.919 2.580
AVG. 1.2 2.594 6.0x10° 3693 3.554 22 55 130° 4.69
 —
LEG SAMPLE BULK Mo HVEEM Mo HVEEM* INDIRECT TENSION* MARSHALL MARSHALL |
NO. NO. HE IGHT SPECIFIC o 77°F STABILITY 8 79°F STABILITY STABILITY FLOW |
B - GRAVITY (UNC)  (THD) (UNC)  (THD) | MODULUS | STRESS | STRAIN g
28 1.616 2.303 .087 3.2 22.2 074 34.4 20.4 34561.0 | 52.0 001 |
3B 2.937 2.353 .103 35.0 47.5 .094 20.6 33.1 ) 00150 260 13 |
. 48 2.352 2.346 .093 24.4 35.0 .084 20.3 30.9 26798.0 | 48.0 |.00179 |
-
AVG. 2.465 2.334 094 3.9 | 34.9 .084 25.1 | 28.1 | 30679.5 | 50.0 | -00165 260 L
LEG SAMPLE . BULK Mo HVEEM M HVEEM INDIRECT TENSION
NO. NO. HEIGHT SPECIFIC @ 77°F STABILITY a 77°F STABILITY
GR&YITY {UNC) {THD) (UNC)  (THD) MODULUS | STRESS | STRAIN
[t

AVG.
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Table 16. (Continurd) Test Sequence 11 results for U.5. 59, Shelhy County pavemeni distress problem. Page 2

ol ke | Me Mg Mo weew | om wveen | mwsiacL | marsuaLL | INDIRECT TENSION
N NO HEIGRT | SPECIFI a ” o o STABILITY n STABILITY | STABILITY FLOW |- oo oo i e i
@ -13°F | @ 33°F |@ 77°F | e 10a°F F
GRAVITY 3 T ey (o) MODULUS | STRESS | STRAIN
v
— J SN B R
LEG | sampLe BULK My INDIRECT TENSION RICE PERCENT
No. | M. WETGNT | SPECIFIC | o ;hng SPECIFIC {  AIR
GRAVITY MoOULUS | STRESS | STRAIN | GRAVITY | voips
2n 1.270 2.605 2.686
3 1.146 2.598
v | 0.919 2.580 2.693
e, |z 2.50 2.690 3.4
NOTES:

1) 'A' samples are from 4 inch diameter cores testing item 340 surface material.
2} ‘D' samples are from the same 4 inch diameter cores testing underlying item 292 materials.
3) '6' samples are testing item 292 materials from layers A, B, and C of 6 inch cores.

* N ¥
Denotes test results following the accelerate Lottman (24 hour misture treatment).
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Table 16. (Continued) Test Sequence Il results for U.S. 59, Shelby County pavement distress problem.

Page 3
LEG | SAMPLE BULK My | marsuawe MARSHALL VISCOSITY PENETRATION RING & | PERCENT
NO. NO. NEIGHT | SPECIFIC [ o R STABILITY N U P BALL ASPHALT
| GRAVITY @ 77°F | @ 140°F | e 275° 39.2°F | 77°F
[ 6A 5.8x10° 1356 5.626 19 a4 135 a2
68 5.0x100 5301 5.987 21 12 134 5.8
: 6C 1.5x10 4320 5. 368 20 15 131 5.6
VG 5.1x10° 4659 5.660 20 14 133 5.2
LEG | samrie BULK My HVEEM M HYEEM* INDIRECT TENSION* MARSHALL MARSIALL
NO. NO. netGnr | SPECIFIC o STABILITY o ToF STABILITY ~ STABILITY FLOW
GRAVITY e MODULUS | STRESS | STRAIN
1
AVG
LEG | SAMPLE BULK My HYEEM My HVEEM INDIRECT TENSION
NO. NO. HEIGHT | SPECIFIC o Thop STABILITY o 7hoF STABILITY -
GRAVITY MODULUS | STRESS | STRAIN
11
A A4 I D R e B -
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Table

LEG

SAMPLE

2}
3)

16. (Continued) Test Sequence I1 results for 1).S. 59, Shelby County pavement distress problem. Page 4

'A' samples are from 4 inch diameter cores testing item 340 surface material.

* *
Denotes test results following the accelerate Lottman (24 hour moisture treatment}.

‘' samples are from the same 4 inch diameter cores testing underlying item 292 materials.
'6' samples are testing item 292 materials from layers A, B, and C of 6 inch cores.

BULK , MR MR HR MR HYFEM MR thEFM““
N0, NO HEIGHT | SPECIFIC “ n “ n STARILITY " STABILITY
GRAVITY @ -13°F | # 33°F (@77 | @104TF 877°F
v
e, i e
LER SAMPLE BULK MR lNUlREé} TENSION RICE PERCENTM
NO. NO. HEIGHT SPECIFIC @ 77°F - g e e SPECIFIC AIR
GRAVITY MooULUS STRESS STRAIN GRAVITY voios
k1 2.937 2.353 2.649 11.2
v
AVG. 2.937 2.353 2.649 11.2
NOTES:
L]

MARSHALL | MARSHALL INDIRECT TENSION

STABILITY FLOW | ooomom e o o o
MODULUS | STRESS

T, e v [N DRI

SIRAIN




- Table 17A. Test Sequence Il resylts for [tem 340 Type "0" black cores on U.S5. 290, Hempstead, Texas.

ke | smnue BULK M, MARSHIALL MARSHALL VISCOSITY PENETRATION RING & | PERCENT
NO. NO. SPECIFIC | o 50 STABTLITY FLOW e T e e | OBALL ASPHALT
GRAVITY @ 77°r | @ 10°F 39.2°F
1-68 2:277 194 1,318 a5
1-7A 2.321 846 2,202 6.0
{ 1-108 2.297 557 904 5.5
1-118 2.224 463 468 5.5
e 2.280 590 1,233 5.4 R 1 R + _
b - [ - S [ P e
LEG | SAMPLE BULK w HVEEM M HVEEM* INDIRECT TENS [ON* MARSHALL + | MaArsiaUI+
NO. NO. SPECIFIC 7R“F STABILITY N 720}: STABILITY R g e STABILTTY FLOW
GRAVITY © 7 UNC THD UNC THp STRESS ) STRAIN
fad - —— (SNSRI GRS S — [RONEURERI S
& I-5A 2.312 .538 56.4 | 40.9 356 42.4 26.9 1,209 8.0
1-58 2.278 .695 43.6 | 22.0 .201 58.9 37.5 51.0 | .00157
1" 1-9A 2.310 314 . 37.0 | 28.8 281 34.5 26.3 640 8.5
1-98 2.288 .482 57.0 | 34.9 .254 60.2 38.1 69.0 | .00200
1-10A 2.322 -454 32.1 | 26.0 .376 30.2 24.1 1,081 9.0
1-11A 2.288 . 382 3.2 | 27.0 .255 1.6 28.4 59.0 | .00318
AVG. 2.300 478 43.2 | 29.9 .287 a3.5 30.2 59.7 | .00225 977 8.5
LEG | SAMPLE BULK M HVEEM My HVEEM INOIRECT TENSION
NO. NO. SPECIFIC | o 570 STABILITY @ 77°F STABILITY —
GRAVITY UNE THD We THD STRESS | STRAIN
1t
AVG. )




Table 17A. (Continved) Test Sequence TI results for [tem 340 Type "D" black cores on U.5. 790, Hempstead, Texas.

LEG ]SAMPLE BULK MR MR HR MR HYEEM Hﬁ** HVEEM*# IRBIRLCT T[NSION;**
NG NO. HEIGHT | SPECIFIC _y1oF o o o STABRILITY » STABILITY e e B
gravity |® VTP R3IE e 7T e T04F ™ i [T TTF fune i | moouwws [ stress [ strain
v
AVG.
[y
fu—y
et |
LEG | SAMPLE |’ BULK Me Mp Ma Mo INDIRECT TENSION RiCE PERCENT
NO. NO. HEIGHT  |SPECIFIC e -13°F e 33°Fr e 77 |e 100°F SPECIFIC AlR
GRAVITY MODULUS | STRESS | STRAIN | GRAVITY voIps
1-6A 1.974 2.319 2.524 2.047 A7 .142 54,895 218.0 . 00397 2.413 3.9
1-78 1.354 2.273 2.537 2.737 .529 275 71,633 170.0 .Q0237 2.421 6.1
v 1-8A 1. 896 2.7 2.377 T.B45 .32 .153 64,826 206.0 .00318 2.415 4.5
1-88 1.314 2.268 2.428 2.123 677 . 186 53,451 148.0 00277 2.414 6.0
we.  |1.e3 | 2.292 2.467 |2.188 | .515 | 189 |e1,201 |185.5 |.00307 | 2.m6 | 5.1
fenotes Test Results Following the Accelerated (24 hpour) Lottman Moisture Treatment Procedure.
* Denotes Test Results Following the 7-day Seak Period.
E2 2]

+_ Denotes No Test Values Available.

MR Modulus of Résiliency.

penotes Test Results Following the {18 cycle) Lottman Moisture Treatment Procedure.

A ik

MARSHALL
STABILITY

R

MARSHALL
FLOW
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Table 178.

Test Sequence 11 results for Item 340 Type "D" iron ore cores on U.5. 290, Hempstead, Texas.
e e e | Dt e e e e e e e e e e . _ R e,
LLG SAMP[E BULK MR MARSHALL MARSHA|| VIQCOSITY PINL[PATION RING & PERC[NT
NO. NO. HETGHT SPECIFIC | o o, SIABILITY rLOW e e it e - ce=| BALL ASPHALT
GRAVITY @ 77°F @ ]40 F ﬁ 275 | 39.2"F 77 F
1-2 1.050 2.372 .587 4,925 11.0
1-18 1.477 2,377 . 705 5,240 10.5
I 1-20 1. 350 2.388 799 5,461 11.0
1-21 1.518 2.418 715 5,796 10.0
| e R j 2.389 702 5,356 10.6 3. OxIO 82085 n. 13 0|2 160° 4.6
LEG SAMPLE BULK MR HVE[M ( M HVELM* INUIRECT TFNSION* MARQHALL MARSHALL
NO. NO. HEIGHT SPECIFIC @ 77°F STABILITY @ 7¥“F STABILITY e e poe e e | STABTLITY FLOW
N GRAV l‘TY UNC .._,,_.J_i.l_D_,‘, 3 UNC THD ”2‘1""1{5_, SjRESS STR_I\IN
1-1 .873 2.376 .553 85.0 56.2 . 301 86.4 57.6 4,170 14
1-4 .945 2.374 .537 77.4 50.0 .265 + + + +
I 1-16 1.541 2.422 .676 54.9 39.5 . 567 55.2 33.8 5,363 16
1-19 1.578 2.404 . I75 59.4 44.7 .600 61.3 46.6 67,823 161.0 . 00237
1-23 1.227 2.318 .621 73.8 52.1 .370 68.0 46.3 31,590 100.0 .00317
1-24 1.333 2.350 . 425 60.2 40.6 .368 62.3 42.7 33,936 108.0 .00318
AVG 1.250 2.374 .598 68.5 47.2 412 66.6 45.4 44,450 123.0 .00291 4,817 15
LEG SAMPLE BULK HR IIVEEM "R HVEEM INDIRECT TENSION
NO. NO. HEIGHT SPECIFIC @ 77°F STABILITY e 77°F STABILITY -
L GRAVITY UNC THD o UNC THD MODULUS ﬂ_FTRESS STRAIN
1-3 .972 2.390 .619 83.7 56.9 .44 83.2 56.4 38,709 123.0 .00318
1-17 1.622 2.392 .673 57.7 43.9 .612 56.3 42.5 69,282 165.0 . 00238
11 1-22 1. 381 2.398 .621 61.3 42.7 .520 70.9 52.3 70,910 111.0 .00199
AVG. 1.370 2.395 .638 67.6 47.8 .515 70.1 50.4 59,634 143.0 .00252




Table 17B. {Continued) Test Sequence 1l results for Item 340 Type "D" ire. re cores on U.S. 290, Hempstead, Texas,

—_— - S S — - 4500 <2 . o e g 3 o, A b 15 7 w2 o i et ag h 4 e h W e g e o e g

LEG |SAMPLE BULK LM Mo M Mo HVEEM Mass IVEEM | INDIRECT TENSION**+ | ses wrn
NO. | NO. HEIGHT [ SPECIFIC o 1Yop o 330 o 77°F o 108°F STABILITY | oo0c | STABILITY |-~ --— poemmemepomo— | MARSHALL | MARSHALL
GRAVITY . UNC THD lunc THD | MODULUS | STRESS | STRAIN | STABILITY | FLOW
v
AVG. 1 1 T
T R NN F
—t
(Ee]
LEG | SAMPLE BULK HR HR HR HR INDIRECT TENSION RICE PERCENT
NO. | NO. HEIGHT  [SPECIFIC 1o 1 5c o 395 |a 775F e 100°F SPECIFIC AIR
GRAVITY MODULUS | STRESS [STRAIN | GRAVITY Vo105
-13 bl 2.1386 2.015 1.256 | .643 271 |97.558 |155.0 |.00159 | 2.540 6.1
1-14 1,320 2.392 2.059 1.248 | .608 274 hoa, 135 | 165.0 | .00158 | 2.532 5.5
v 1-15  |1.452 2.398 2.304 1.409 | .737 272 67,250 | 160.0 | .00238 | 2.568 6.6
AYG. 1.370 2.392 2.126 1.308 | .663 272 89,651 l1e0.0 | .obis5 | 2.547 6.1

Denotes Test Results Following the Accelerated {24 hour) Lottman Moisture Treatment Procedure.
i
Denotes Test Results Following the 7-day Soak Period.
Denotes Test Results Following the {18 cycle) Lottman Mofsture Treatment Procedure.

+ Denotes No Test Values Available.
Hn Modulus of Resiliency.

ik
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Table 18. Test Sequence Il results for Item 340 Type "D" Asphadure® cores on U.5. 62 in Lubbock, Texas.
LEG SAMPLE BULK MR MARSHALL MARSHALL VISCOSITY PENETRATION MRIN(z &
NO. NO. HEIGHT SPECIFIC ® J1°F STARILITY: FLOW R A R L R TR BALL
GRAVITY @ 77°F J @ 14077 @ 275°¢ 30.2°F 717°F
7-6 1. 340 2.083 L4465 1,000 16.0
7-9 1.433 2.06% .13 1,318 12.0
[ 7-10 1.383 2,123 .647 1,894 12.0
7-14 . 898 2,026 517 1,334 10.0
LV e ] 2o ] s | 17 | 128 jarsad® | s | coms |3 |z | e
LEG SAMPLE BULK MR HVEEM Mo* HVEEM*™ INDIRECT TENSION* MARSHALL *
NG, NO. HEIGHT SPECIFIC @ 77°F STABILITY @ 7’7?‘,‘7 STABILITY S s e e e p e e | STRBTLYTY
GRAVITY UNC ™o UNC ™o MODULUS | STRESS | STRAIN
7-3 1.736 2.105 .436 64.6 41.1 .284 4.7 23.1 27,511 109.0 .00396
7-4 1.703 2.089 . 352 40.1 28.8 .161 28.4 16.2 a1
1 7-5 1.293 2.075 .08 50.6 29.4 . 184 48.2 27.8 1,061
7-8 1.252 2.069 .380 58.2 35.7 195 47.9 26.7 16,562 79.0 00477
7-12 1.191 2.061 .503 51.5 n.t .218 68.6 6.2 1,619
7-13 1.136 2.088 .592 12.6 30.4 . 309 61.1 37.6 30,383 121.0 .00398
AVG. 1.385 2.081 445 51.3 3.8 .225 48.7 27.9 24,819 103.0 .00428 | 1,174
wil?ﬁm A SI\MP;LE_ BULK My HWVEEM Ma HYEEM INDIRECT TENSION
NO. NO. HEIGHT SPECITIC @ 77°F STABILITY @ 77°F STABILITY —
GRAVITY UNC THD UNC D MODULUS | STRESS | STRAIN
11
AG. 5 — el

PLRCL N
ASPHALT

6.94

MARSHAL LS
TLOW

~4 O

1
1

L o

i

on

16.3




Table 18. (Continued) Test Sequence 11 resulls for Ilem 340 [ype "D" Asphadure" cores on 11.5. 62 in Lubbock, Texas
LEG |SAMPLE BULK MR Mo ”R HR HVLEM HE* HVE[M**; N ;hﬁ{REEf }ERS]BB:::~—‘”;;:~_M_—m"
NO. NO. HEIGHT | SPECIFIC @ -13F e 31r e 777 e 108°F STABILITY @ 77°F STABILITY R MARSHALL
GRAVITY ’ UNC THD JUNC THD | MOBULUS | STRESS | STRAIN | STABILITY
v
AVG. S - ) )
S PV S . . —- SR S I U .
—
)
st
LEG | SAMPLE BULK M M M M INDIRECT TENSION AE]CE AbERCENT
no. | N fwesenr fseecieic o R Lo RO RS o SPECIFIC | AIR
GRAVITY ‘ . MODULUS | STRESS | STRAIN | GRAVITY VoIS
7-1 1.430 2.091 2.079 1.679 . 485 .101 44,204 140.0 | .00317 2.269 7.8
7-2 1.635 2.113 2.073 1.527 .419 .087 47,866 152.0 | .00318 2.242 5.8
v 7-7 1.363 2.080 1.945 1.483 .06 .080 41,223 131.0 | .00318 2.254 7.7
7-1 1.359 2.085 2.798 1.821 .581 110 63,002 150.0 | .00238 2.257 7.6
AVG. 1.447 2.092 2.224 1.628 .473 . 095 49,074 143.3 | .00291 2.256 7.3

*k

*k

+

Mo Modulus of Resiliency.

Denotes Test Results Following the Accelerated (24 hour) Lottman Moisture Treatment Procedure.

Denotes Test Results Following the 7-day Soak Period.

Denotes No Test Values Available.

*
Denotes Test Results Following the (18 cycle) Lottman Moisture Treatment Procedure.

*hk
MARSHALL
FLOW




Tabie 19.

Test Sequence Il results for field cores of surface hot-mix Ttem 340 {rom U.S. 87 at 34th Street in lubboik, Texas
G SAMPLE BULK My MARSHALL MARSIALL | VISCOJ]TY P[NFTRAIION RING &
Ho. NG HETGHT SPICIFIC P STARTLITY FLOW - -1 pALL
BRAVITY ® ?3~r @ 140"r @ 27571 M. z~1 77"r
6-10 1.011 2.257 504 1375 H
6-15 1.187 2.7 .274 2085 21
i 5-16 1.17 2.259 .293 2606 14
6-17 1.021 2.268 212 2375 14
G, 1. 09n 2.275 LN 7610 15 6 4x10 3434 4.85 10 37 |30°
LEG SAMPLE BULK Me WERM M HVEEM* :nnrnfrr TFNSiDN* MARSIAL L
NO. HO. HEIGHT SPECIFIC @ 77°F STABILITY o 7¥"r STABILITY . oy STABILITY
= [N I e T e oo | 7 e e | e | siss | s
i 6-7 1.109 2.213 197 68.6 44.6 215 41.0 17.0 | 12,4390 79.0 F.OUﬁJS
6-9 1.092 2.173 .279 56.7 32.3 .244 3.7 10.3 1479
" 6-11 0.930 2.251 526 38.1 10.4 .2n 35.8 8.2 | 17,979.0 | 128.0 | .00712
5-12 1.073 2.290 .210 20.1 TLTC .314 17.0 e 2002
6-13 0. 997 2.281 .187 38.1 11.8 .283 3.6 5.3 2050
6-14 1.175 2.266 282 22.5 TLTC .432 19.8 TLTC | 14,002.0 | 111.0 | .00793
VG 1.063 2.246 .274 10.7 24.8 .29 0.0 10.2 | 14,806.7 | 106.0 .00?13 1844
LEB SAMPLE BULK Mo veem M HVEEM INDIRECT TENSION
NO. NO. HEIGHT SPECIFIC @ 77° STARILITY o 77°F STABYLITY P —
e GRAVITY UNe mo | UNC O Moumqi~ fjgﬁss STRn1N
-1 1.198 2.267 .395 59.5 37.2 .330 44,8 22.5 |29,030.0 | 138.0 | .o0a75
6-3 1.033 2.247 .209 56.8 34.2 .181 14.4 TLYC | 31,078.0 1 136.0 | .00438
i 6-8 1.182 2.206 .227 13.7 TLTC .218 53.2 30.6 |25,220.0 | 140.0 | .00555
6-18 1.080 2.267 .236 3.4 8.8 .230 13.8 TLTC | 26,275.0 | 146.0 | .00556
J AVG. 1.123 2.247 267 1.1 26.7 .240 3.6 26.6 | 27,900.8 | 140.0 | .00506

5.64

PERCINT
ASPHALY

MARSIALL

[ARES

16

18
19




Tahle 19. (Continued) Test Sequence Tl vesults for field cores of surface hat-mix ltem 340 from U.S. 87 at 34th Sireet in Lubbock,

¢

LIG  |SAMPLE BULK My Mo | M My IIVEEM Hges HVEF e INDIRLCT TENS LON®**
NO. ND. HFIGHT | SPECIFIC _13°r o oy . e N STARILITY . STARILETY e g e R
graviry | PP ROATE AR T7TE AR 1007T ™ e [® TP lune ton | monuwws | sTress | strarn
v
AVG
—
(]
(%) -
LEG | SAMPLE BULK INDIRECT TENSION RICE PERCENT
wo. | wo.  {uetent  |sPEciFic . . . . SPECIFIC | AIR
craviTy  [@ C13F |@ 33°F |@ 77°F R 104 IeohiUS | STRESS | STRAIN | GRAVITY | voIps
T 6z |r.oss | 2.227 2.951 | 1.0a3 | .310 | .04 19,890.0| 158.0 | .00m7 | 2.252 1.1
6-4 |o.enn | 2.245 2.903 | 1.740 | .208 070 | 18.431.0] 132.0 | .o0ns | 2.259 0.6
v 65 |0.961 | z.251 2.785 | 1.608 | .282 ‘065 | 26.519.0| 147.0 | .00s54 | 2.273 1.0
66 |1.237 | 2.200 2.879 | 1.434 | .227 093 | 35.689.0| 113.0 | .00%17 | 2.27n 1.
e, 10w | 224 2.867 | 1.681 | .257 078 | 32.639.8| 137.5 | 00476 | 2.764 1.0

Denotes Test Results Following the Accelerated {24 hour) Lottwan Moisture Treatment Procedure.
Denotes Test Results Following the 7-day Soak Period.

L2

+

MR Modulus of Resiliency.

* Denotes Test Results Following the (18 cycle) Lottman Moisture Treatment Irocedure.

Denotes No Test Yalues Available.

Texas.

wh ok

MARSHALL
STABILITY

aar
MARSHAL L
FLOW
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Table 20A. Test Sequence I results for field cores of surface hot-mix Item 340 from Loop 287 in Lufkin, Texas

Le6 | sawpLe BULK “n | owwsmae | mwsiace | viscostty | pewermation | RING & | PeRceNT
NO. NO. HETGHT SPECIFIC | o ,';,,F SIABILITY FLOW g ST ] AL * aﬁmi‘l
V GRAVITY ®77°F | ©@140°T | @ 275" 39.2°F 77°F
4-10 .610 2.363 152 1251 10 o
4-12 . 708 2.371 .124 1390 10
I 4-14 .680 2.367 .202 1390 D)
4-15 .840 2.304 136 1807 12
. 710 2.361 154 1460 1 3.15x10° | 3427 5.638 17 52 128° 5.59
LEG SAMPLE BULK My HVEEM [y HVEEM* INPIRECT TENSION* MARSIALL | MARSUALL
NO. NO. HEIGHT speciFic | o0 STABILITY o 7§°r STABILITY —| sTABILITY FLOW
B - GRAVITY R THD UNC o MODULUS. | STRESS | STRAIN
4-1 .973 2.361 .074 63.4 36.6 .295 71.3 | 448 2224 T
4-2 .948 2.359 .077 61.4 37.1 .233 45.9 | 18.6 17,197.0 | 109.0 | .ou63a
" 4-4 877 2.370 RiL 70.3 41.6 N2 70.9 | 86.2 2641 18
4-6 .822 2.360 130 68.1 38.3 .270 79.0 | 49.2 19,527.0 | 108.0 | .00553
4-7 _710 2.367 .143 78.0 46.0 .308 72.5 | 40.5 1946 15
4-13 176 2.369 187 68.1 37.4 272 76.4 | 45.6 18,423.0 | 117.0 | .00635
AVG 851 2. 364 122 68.7 | 39.5 282 70.0 | 40.8 |18,382.3 | 111.3 | .oo607 | 2270 | 17
LEG SAMPLE BULK Mo HVEEM Mg HVEEM INDIRECT TENSION
NO. NO. HETGHT | SPECIFIC 8 77°F STABILITY @ 77°F STABILITY ~ —
B GRAVITY UNC THD WNC TID MOWLUS | STRESS | STRAIN
4-5 .779 2.362 .13 84.0 53.3 .260 73.3 42.6 | 18,030.0 {129.0 {.00715
4-9 .678 2.360 .162 87.2 54.5 .282 80.2 47.5 | 32,822.0 |143.0 |.00436
m -1 .735 2.347 127 82.9 51.4 .245 80.2 28.6 | 24,959.0 |139.0 |.00557
a-18 .926 2.363 . 143 76.7 19.0 .487 58.4 30.7 | 23,525.0 | 131.0 |.00557
AVG. . 780 2.358 136 82.7 52.1 .319 73.0 | 42.4 |24,830.0 [135.5 |.00566




fable 20A. (Continued)

f

lest Sequence Il results for field cores of surface hot-mix Item 340 from Loop 287 in.Lpfkin, lexas.

IEG  [SAMPLE BULK M mo | T o T weem | mees | e | inoirecT Tonsionees
no. | wo.  lietar |seectfic fo B s b ser o voner | STABILITY g Mo [ sty T
T GRAVITY e o |° [oxc mw | monuwws | sTress | s1rarn
v
AVG. B I o I D
ot
N2
o
LEG | SAMPLE BULK »  INDIRECT TENSION RICE PERCENT
wo. | vo. et fseectFic | sor [ aaer e 77or o 1000k DIRECT TENS! SPECIFIC | AIR
| leraviTy  [° MODULUS | STRESS | STRAIN | GRAVITY | volDs
4-3 775 | 2.366 3.921 1.689 | .092 | .067 | 35,214.0] 140.0 | .00398 | 2.427 2.5
4-8 -758 | 2.350 3.762 1375 | D125 | loss | 19.855.0| 126.0 | .00635 | 2.398 2.0
v 4-16 o7 | 2,362 3.267 veas | 156 | loss | 2s.4a8.0| 113.0 | .00397 | 2.389 1.1
a-17 778 | 2,360 3,295 1se0 | o136 | los2 | 19.260.0] 107.0 | .00556 | 2.423 2.6
AVG. .806 | 2.360 3.561 1575 | 127 | .os8 | 25.690.3] 121.5 | .o0a97 | 2.400 2.0

Ak

Akk

Menotes Test Results Following the Accelerated {24 hour) Lotiman Moisture Treatment Procedure.

Denptes Test Results Following the 7-day Soak Period.
Denctes Test Results Following the (18 cycle) Lottman Moisture Treatment Procedure.
+ Denotes No Test Values Available.

"R Modulus of Resiliency.

Kbk

MARSHALL
STABILITY

s
MARSHALL
FLOW
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Tahle 208B.

VISCOSITY

Test Sequence 11 results for field cores from second layer of hot-wixed material from Loop 287 in Luikin, Texas.

PLRCENT
ASPHALT

5.68

MARSHALL
FLOW

12

14

LEG SAMPLE BULK My MARSHALL MARSHALL PENCTRATION RING &
NO. NO. HETGHT SPECIFIC | o ;7o STABILITY FLOW e e e e e AL
GRAVITY @ 77°F @ 140°F @ 276 39.2°F 77°F
4-1A 1.122 2.4 .093 1138 12.5
4-2R 1.046 2.366 125 1625 14.0
1 4-11IR 1.106 2.354 110 1547 13.0
4-18A 0.929 2.360 .081 1279 1.0
[ AVG 1.051 2.349 02 1397 12.6 3.0x10% | 3938 5.674 15 13 | 1290
LEG SAMPLE BULK My HVEEM M HVEEM* INDIRECT TENSION* MARSIALL
NO. NO. HEIGHT SPECIFIC | o o7ar STABILITY 0 7§"r STABILITY - STABILITY
. GRAVITY UNC T‘”-D'—_“ UKC THD MOBULUS STRESS STRAIN
4-3A 1.082 2.366 .109 66.0 41.4 .265 55.8 3.2 2000
4-4n 0.973 2.1397 125 74.4 47.6 292 70.4 a3.6 | 19,332.0 | 123.0 |.00636
u 4-7A 1.073 2.388 .079 55.2 30.4 134 6Y.1 36.3 1800
4-12A 1.098 2.367 .073 54.2 29.9 123 47.5 23.3 | 10,964.0 87.0 | .00794
4-13A 1.224 2.382 .093 44.9 23.1 141 45.4 23.6 | 16,393.0 | 104.0 |.00634
A-14A 1.250 2.363 .068 54.1 32.8 172 42.9 21.8 1444
AVG. 1.137 2.377 09N 58.1 34,2 .190 53.9 30.0 | 15,563.0 | 104.7 | .00688 1748
LEG SAMPLE BULK Mo HVEEM Mo HVEEM NDIRECT TENSION
NO. NO. HEIGHT SPECIFIC 0 77°F STABILITY 0 79°F STABILITY .
B | GRAVITY we  C THD INC THD MODULUS | STRESS | STRAIN
4-5A 1.249 2.386 .090 51.6 30.4 .154 30.3 9.0 15,188.0 | 133.0 | .00876
4-9A 1.253 2.354 .079 51.6 30.5 125 2.4 | 1.2 16,013.0 | 127.0 | .00793
i 4-10A 1.088 2.359 .105 52.8 28.3 .138 51.0 | 26.5 13,412.0 | 117.0 | .00872
4-16A 1.152 2.347 Rt 58.0 34.8 .148 48.4 | 25.2 16,449.0 | 117.0 |.007N
AVG. 1.186 2.362 .097 53.5 3.0 .14 40.5 | 18.0 15,265.5 | 123.5 | .00813




Table 208. (Continued)

Test Sequence I results for field cores from second layer of hot-mixed material frow Leop 2B/ in Lufkin, Texas

STRAIN

L2 3]

MARSHALL
STABILITY

e
MARSIHALL
FLOW

Denotes Test Results Following the Accelerated {24 hour) Lottman Moisture Treatment Procedure.

Denotes Test Results Following the 7-day Soak Period.

E3 ]

+ Denotes No Test Values Avajlable.

Mh Modulus of Resiliency.

*
penotes Test Results Following the (18 cycle) Lottman Moisture Treatment Procedure.

LEG sagwts - ngtKlFlc My Mo Mo My HIVEEM M IVEEM*** | INDIRECT TENSION*+*
NO. . EIGHT | SPEC 138 |0 3r e 99 . STABILITY . STABILITY | o N
eraviTy O -13°F [0 33°F e 77t0 e 104%F e e 1B 77 Leve e | Monuus | sTress
v
AVG. o 1 D
oy
[p%]
N — e . e
LEG | SAMPLE BULK INDIRECT TENSION RICE PERCENT
ND. | NO. HEIGHT  [SPECIFIC 1o aor 1o 337 e 771 e 100°F o SPECIFIC AIR
GRAVITY MODULUS | STRESS | STRAIN | GRAVITY voIDs
a-6n | 1.055 2.387 3.188 1.409 .083 .025 17,119.0f 109.0 | .00637 | 2.39 0.2
v 488 |02 2.384 3.348 1,580 .078 .032 14,365.0| 103.0 | .00717 | 2.427 1.8
A-15A | 1.072 2.315 2.417 1.412 RiE .040 17,315.0] 110.0 | .00635 | 2.429 4.7
4-17A {1.273 2.354 2.721 1.214 .095 .035 18,916.0] 105.0 | .00555 | 2.449 3.9
AVG. 1.126 2.360 2.919 1.404 .092 .033 16,928.8] 106.8 | .o0636 | 2.428 2.7




Table 21A. Test Sequence 11 results for field cores of surface hot-mix Item 340 from U.S. 59 north of Lufkin, Trxas.

LEG SAMPLE BULK My MARSHALL MARSHALL VISCOSITY PENETRATION RING & | PERCENT
NO. NO. HE1GHT SPECIFIC 8 77°F STABILITY rLow e e B B et I 1 N ASPHALT
GRAVITY . @ 77°F @ 140°F @ 275°1 19.2°F 77°F
5-9 0.876 2.3 .193 2085 "
5-10B .997 2.356 ,222 2780 9
1 5-13 0.953 2.372 179 2085 10
5-16 0.99 2.365 . 168 2641 9
AVG. 0.956 2.366 .191 2398 10 1.5x10° 1685 '_gf;; R “Ig“"‘””"”;g "‘"‘“‘]5}2’“'” 614
 JUORNN . S SO - . SN RSSO FOUS N SO OO RN R P -
LEG SAMPLE BULK My IIVEEM " HVEEM* INDIRECT TENSTON* MARSHALL MARSHALL
NO. NO. HEIGHT SPECIFIC ° 77°F STABILITY . 7§°r STABILITY e — 3 . TR R § FLOW
GRAVITY UNC THD e UNC o MODULYS | STRESS | STRAIN
—— o —_— S, e A e s s 2 i R - S N S —— }_.. PR RO _
o 5-28 0.772 2.363 .213 72.2 1.4 . 350 59,3 28.4 |[19,168.0 |122.0 .00636
oo 5-3B 0.812 2.372 174 64.5 3.5 312 67.8 37.8 |17,915.0 | na4.o .00636
1 5-8 0.855 2.372 190 60.0 30.8 .274 56.7 27.5 1946 14
5-14 1.067 2.348 47 33.9 9.0 .286 44.8 19.8 [18,387.0 |131.0 . 00712
5-17 1.052 2.37 . 144 3.8 11.6 .266 37.9 12.7 2300 14
5-18 1.050 2.362 .166 12.6 17.3 L7 48.4 23.2 2125 17
AVG. 0.935 2.361 72 51.7 24.1 ,301 51.6 24.9 |18,490.0 |1223 . 00662 2124 15
LEG SAMPLE BULK My HVEEM Mo HVEEM INDIRECT TENSION
NO. NO. HEIGHT SPECIFIC @ 77°F STABILITY @ 77T STABILITY L -
“M GRAVITY UNC TIo UNC ™D __ﬂouJLus STRESS | STRAIN
5-18 0.695 2.373 .205 72.7 40.4 .194 79.4 47.1 18,9080 | 117.0 | .00636
5-6 0. 980 2.368 .190 50.8 24.1 130 56.5 29.9 [39,924.0 | 127.0 | .00318
i 5-7 0.798 2.375 165 68.1 37.8 153 73.8 23.5 |15,157.0 96.0 | .00633
5-15 1.059 2.364 1169 43.9 18.8 133 47.3 22.2  |29,229.0 | 185.0 | .00633
AVE .883 2.370 .182 58,9 30.3 153 64.3 35.7 |25,678.5 | 131.3 | .00555




Table ?IA. (Continued) Test Sequence TP results for field cores of surface hot-mix Item 340 from U.S. 59 north of Lufkin, Texas.

LEG  [sAmPLE BULK 1 My My M My HVEEM M HVE Fit%s* INDIRECT TENSION*&» | *as  [ass |
n. | no. HEIGHT | SPECIFIC . A " . STABILTTY STABILITY |- — opmo— - MARSHALL | MARSHALL
@ -13°F F ; @ 77° r g
craviTy |® V1V R IE R ZIE 4@ T00°F  hne e |®77°F fune o | Hovurws | stress | strain | stasiLniv | riow
v
AVG. Li-' ) o I
—
(%)
w
[ e [P s o | |
crAvITY  |@ -13°F |@ 33°F |@ 77°F @ 104°F  Loonius | STRESS | STRAIN | GRAVITY | volps
5-48  |0.802 2.342 2.700 1.583 .201 .051 17,515.0| 139.0 | .0079a | 2.398 2.3
5-58  |0.999 2.363 2.782 1.499 .186 ‘050 |24.105.0| 138.0 | .o00556 | 2.375 0.5
v 5-11 |1.020 | 2.359 2.905 1.345 169 ‘042 | z20.657.0| 131.0 | .00644 | 2.366 0.3
5-12  |0.847 2.356 2.835 1.493 -160 .060 15.268.0| 109.0 | .00714 | 2.379 1.0
AVG. 0.917 | 2.355 2.796 1.480 179 .051 19,386 | 128.3 | .00677 | 2.380 1.1
Denotes Test Results Following the Accelerated (24 hour) Lottman Moisture Treatment Frocedure.
* Denotes Test Results Following the 7-day Soak Period.
oAk

Denotes Test Results Following the (18 cycle) Lottman Moisture Treatment Procedure.
+ Denotes No Test Values Available.

MR Modulus of Resiliency.
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Table 21B. Test scquence I1 results for field cores from hottom layer of hot-mixed material frowm U.S. 59 north of Lufkin, Texas.

LEG | SAMPLE BULK , MARSHALL MAKSHALL vIscosiTy | penciraTion | RING & | PERCENT
NO. NO., HETGHT SPECIFIC o 77 STARELATY FLDW e s T L e e (SR —— " 7.1 § ASPHALT
GRAVITY e77°r | e1a0vF | e 2t | wmoacF | 77°F
5-9 1.011 2.198 .19 925 10
5-12 1929 2.23) 130 612 12
. 5-13 | 1.058 2.189 163 900 9
5-18 888 2,216 a2 556 9
L AVG. 972 2.209 158 748 10 3.7x10° | s100 8.509 12 2 |26 | 679
LEG | saMpLE BULK My HVEEM M, HVEEM* . INDIRCCT TENSION* | MARSHALL | MARSHALL
NO. NO. nernt | seecieic | R STABILITY o e STABILITY |~ . - -| stABILIIY FLOW
GRAVITY - T UNC - MODULUS | STRESS | STRAIN
5-38 842 2.240 121 78.5 48.5 .095 75.7 | 45.7 me | 1z
5-5B 1.010 2.178 158 80.5 54.3 ~084 8.5 | 42.2 612 1
. 5-7 1,071 2.230 “083 67.8 37,5 101 59.0 | 28.7 25,772.0| 82.0 | .00318
5-8 1,030 2.239 139 76.5 7.4 [079 61.2 | 3.1 12.203.0] 73.0 | .oo%98
5-15 1.170 2.161 169 61.5 36. 4 -097 53.8 | 28.8 14.778.0| 59,0 | .o0o399
AVG. 1.025 2.210 134 73.0 2.8 091 62.0 | 3.5 17,586.3| 7.3 | .o0438 862 12
LEG | SAMPLE BULK M IVEEM My HVEEM INDIRECT 1ENSION
NO. NO. NEIGHT | SPECIFIC o Jop STABILITY o T STABILITY
GRAVITY « e o We  THD MODULUS | STRESS | STRAIN
5-28 901 2.218 117 8.5 | 54.7 .108 0.2 | 45.9 | 22,002.0 | 70.0 00317
5-45 980 2.203 ‘168 na | a2 2 61.0 | 34.3 | 25.018.0 | 99.0 -0039
i 5116 |1.017 2.160 154 0.3 | 44.5 102 62.0 | 36.1 |21.638.0 | 69.0 ~00319
5-17 119 2.175 138 56.5 | 31.3 J082 53.3 | 31.0 |20.217.0 | 80.0 100396
V. 1.023 2.189 144 70.9 | 42.9 .101 62.6 | 36.8 |22,241.3 | 79.5 00357




Table 218. (Continued)

Test Sequence [1 results for field cores from bottom Tayer of hot-mixed material from U.S. 59 north of Lufkin, Texas.

MARSHALL
STABILITY

e fswnce | Jou o o T T ] ke ] e | weemess | inornecs 1ens1onees
No. | NO. wetGnT [ sPECIFic | 4hop hw L A qonrr | staswnry R spagrry [
GRAVITY b3 UNC  THD UNC  THD | MOUULUS | STRCSS | STRAIN
v
— (S AN RSN DU NN SN N R R ]
- N VNN NN — e et e PRGNS KNI NP S U (RN I
—a
w
—a
LEG ] SAMPLE BULK INDIRECT TENSION RICE ﬁ——'PERCEN;T
no. [ wo.  [ueteHT [SPECIFIC [ s o a3or [o 770 o 100oF 10 SPECIFIC | AIR
GRAVITY MODULUS | STRESS |STRAIN | GRAVITY | vOl0S
5-18 802 | 2.242 2.155 | 1.15a | .1aa | 038 |12,919.0| 92.0 [.00mz | 2397 | 65
5-10 pas [ 2.199 260 | 0.909 | c1is | o33 |iojest.0] 780 |.o07mz | 2.375 7.2
v 5-14 _960 | 2.182 2.000 | 1.08a | 162 | 041 |21,600.0| 103.0 |.00477 | 2.354 7.3
5-16 | 1.018 | 2.199 2.889 | 1.419 | (134 | o3 |18.015.0| 143.0 |.00794 | 2.368 71
VG, 907 | 2.206 .15 | 1.2 | o139 | .03m |is.870 | 104.0 | .0067a | 2.374 7.1

Denctes Test Results Following the Accelerated (24 hour) Lottman Moisture Treatment Procedure.

*h

Denotes Test Results Following the 7-day Scak Period.

*ok ok

Denotes Test Results Following the {18 cycle) Lottman Moisture Treatment Procedure.

+

MR Modulus of Resiliency.

Denotes No Test Values Available.

e
MARSHALL
FLOW
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Table 22. Supmary of roadway pavements with Item 340 layers evaluated under Project 2-3-B0-285.
Laboratory Control- Laboratory
Test Data Highway Section District Location or Limits of Test Srquente
Table Number* Number** Number Number County Roadway Section Nuntber Comments
From 4.9 miles east of . .
< Joint 285/287 Studies.
la- 1g Us 82 132-1 25 Di ckens N igs't:gm“f‘é“t:';li?eg"‘St { Seven different subsections
(1-7) ()] lane: R having different asphalt
e cements.
From approximately 4.5 Joint 285/287 Studies.
Za - 29 us 287 66-4 4 Moore miles north of Dumas to { Seven different subsections
(8-14) (4) several miles north in north- having different asphalt
bound traveled lane, L. cements
Same as above Joint 285/287 Studies.
3A - 36 Us 82 132-1 25 Dickens US 82 roadway. 11 Seven different subsections
(15-21) {4) having different asphalt
cenents.
Same as above Joint 285/2B7 Studies.
qp - 46 Us 287 66-4 4 Moore US 287 roadway. B Seven different subsections
(22-28) {4} having different asphalt
cements.
T L northbound tra;r_e-f;iuw- ) T
5 IH 45 675-4 17 Madison Tane, Mile Post 144,72, I 18-core section.
{29) {4} Madisonville.
L north bound traveled
6 m 45 675-4 17 Madison lane, Hile Post 143.7, 11 12-core section
{30} (8} Madisonville,




Table 22. (Continued) Summary of roadway pavements with Item 340 layers evaluated under Project 2-9-80-285.
Laboratory Control- Laboratory
Test Data Highway Section District Location or Limits of Test Sequence
Table Number* Numbe y** Number Number County Roadway Section Hunber Comments
R souinbosmd traveled
7 IH 45 675-6 17 Walker lane, Mile Post 117.4, It
(31) (4 Huntsvilie
8 IH 35 48-4 18 Ellis Approximately MP 397 to il Cores taken and furnised
(32) {4} 407, southbound and north- by district.
bound traveled lanes.
R southbound traveled
9 us 77 371-4 16 Kleberg lane, 0.4 mile south of 17
(33} Bypass FM Road 1356, Kingsville,
— (9 Texas.
%] us 77 L. northbound traveled lane,
10 Bypass 102-4 16 San Patricio 0.5 mite south of JCT with I
(33) (4} north end of US 77 Business
— —— ... Route, Sinton, Texas - e e
L northbound traveled lane,
LR IH 37 74-1 16 Live Mile Past 66.8, north of [}
(35) E)] Oak George West.
SH N Southbound lane, 0.3 mile
12 Business 266-3 13 Colorado south of north JCT with SH It
(36) (2) 71 in Columbus, Texas.
13 S 90A 466-3 13 Colorado Eastbound lane, 0.2 mile 11
(37) (2} west of Colorado River Bridge.
14 Loop 374/ 39-3 21 Hidalgo R, westbound traveled lane, I Surface layer of original
(38) FM 2061 in McAllen. design.

(4)
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Table 22. (Continued) Summary of roadway pavements with Item 340 léyers evaluated under Project 2-9-80-285.
Laboratory Control- Laboratory
Test Data Highway Section District Location or Limits of Test Sequence
Table Number* Number** Numbe r Number County Roadway Section Numbyer Comnents
l.oop 374/ R, westbound traveled Surface after modifica-
15 FM 2061 39-3 21 Hidalgo lane, in McAllen I tion of design.
(39) (4)
Cores taken and furnished
16 uUs 59 63-6 & 11 Shelby Tenaha, Texas I1 by district. Testing
(40) {9) 175-4 Timi ted,
R, southbound traveled
uUs 290/ lane, 0.1 mile north of
177 SH 6 50-5 12 Haller intersection of US 290 I Black cores.
(1) (1) with FM Road 159 in
Hempstead.
178 Us 290/ 12 Kaller Same location as 17a I Iron ore hot-mix cores
SH 6 50-5 above.
(42) (a)
N 8 US 62 130-5 5 Lubbock Intersection of US 62 Il Hot-mix containing
(43) (4) with US 84 in Lubbock. *Asphadure"”
Intersection of US 87
19 us 87 68-1 5 Lubbock with 34th Street in 11
(14) (4) Lubbock.
T L, northbound traveled Surface layer of hot-mixed
20A Loop 287 2553-1 11 Angelina lane, 1.0 mile south of I material.

(45) (1)

FM Road 1271 in Lufkin.




Table 22. (Continued) Summary of roadway pavements with Item 340 layers evaluated under Project 2-9-80-286.
Laboratory Control- Laboratary
Test Data Highway Section District Location or Limits of Test Sequence
Table Number* Number** Number Number County Roadway Section Number Conments
20B Loop 287 2553-1 1 Angelina Same Iocation as 20A [l Second layer of hot-
(16) {4) above. wixed material.
L northhound traveled Hot-mixed surface layer.
217 Us 59 176-1 n Angelina lane, 1.0 mile north 1
(47) (2) of FM 2021.
218 Us 59 176-1 1 Angelina Same location as 21A 11 Second or bottom layer
{48) (1) above. of hot-mixed material.

GeT

*Numbers in ( ) indicate Data Code numbers.

**Numbers in ( ) indicate number of lanes.




Table 23. PRS scores and average rut depth measurements for Study
285 roadway sites.
Data* Average
Code Highway PRS Rut Depth,
Number Number Score mm
1- 7 us 82 100** Q**
8-14 us 287 100** Q**
15-21 us 82 98-100%*** 0-1***
22-28 us 287 -- --
29 IH 45 89 9
30 IH 45 94 7
31 IH 45 95 1
32 IH 35 -- 12 est.
33 us 77 92 5
Bypass
34 us 77 100 2
Bypass
35 IH 37 100 5
36 SH 71 97 1
Business
37 Us 90A 100 0
38 Loop 374 76 10
39 Loop 374 98 3
40 US 59 -- 12 est.
41 US 290/SH 6 67 6
42 US 290/SH 6 (Same) (Same)
43 us 62 96 2
44 us 87 88 23
45 Loop 287 90 12
46 Loop 287 (Same) (Same)
47 us 59 -- 9
48 US 59 (Same) (Same)

+*
See Table 22.

*

*kk .
Evaluation one year after placement.

-- Data not taken.

*Assumed at time Item 340 hot-mix Tayers were placed.



Table 23A. Breakdown of US 82 and 287 roadway section subsites by
asphalt supplier, type and grade.

Data Test Asphalt

Code Highway Table Asphalt Type and
Number Number Number Supplier Grade
1 Us 82 la* MacMillan AC-10
2 Us 82 b Dorchester AC-20
3 us 82 lc Exxon AC-20
4 us 82 1d Shamrock AC-20
5 us 82 le Shamrock AC-10
6 us 82 1F Cosden AC-20
7 us 82 g Cosden AC-10
8 us 287 2a* MacMillan AC-10
9 Us 287 2b Dorchester AC-10
10 Us 287 2c Exxon AC-10
11 US 287 2d Shamrock AC-20
12 us 287 2e Shamrock AC-10
13 us 287 2f Cosden AC-20
14 us 287 29 Cosden AC-10
15 us 82 JA** MacMillan AC-10
16 Us 82 3B Dorchester AC-20
17 us 82 3C Exxon AC-20
18 us 82 3D Shamrock AC-20
19 us 82 3E Shamrock AC-10
20 us 82 3F Cosden AC-20
21 us 82 3G Cosden AC-10
22 Us 287 4A** MacMillan AC-10
23 us 287 4B Dorchester AC-10
24 us 287 ac Exxon AC-10
25 Us 287 4D Shamrock AC-20
26 us 287 4E Shamrock AC-10
27 us 287 4F Cosden AC-20
28 us 287 4G Cosden AC-10

*
In 1 and 2 series tables, field laboratory compacted specimens were tested.

deke .
In 3 and 4 series tables, roadway cores were tested from same sections.
37



Table 24. Summary of test results on extracted asphalts from Study 285 roadway sites.

Extracted Extracted Ring & Percent Test
Data Viscosity Viscosity Penetration Penetration Ball Asphalt Sample
Code at 1400F, at 2759, at at Point, by Age,
Number  poise centipoise 39.2°F, 77°F, OF weight  Years
dmm dmm
1 11,250 8.3 20 38 138 5.7 0.0
2 11,355 8.7 21 32 144 5.7 0.0
3 8,668 6.1 8 21 136 5.2 0.0
4 9,564 11.0 14 29 141 4.9 0.0
5 2,000 5.9 21 62 122 5.1 0.0
6 4,750 4.5 9 29 132 5.2 0.0
7 4,322 4.2 28 132 4.5 0.0
8 1,360 3.5 57 107 112 5.3 0.0
9 1,989 4.0 26 66 122 5.7 0.0
10 2,995 3.9 7 45 126 5.7 0.0
11 2,984 7.1 12 51 125 5.4 0.0
12 1,723 5.2 20 75 121 6.2 0.0
13 2,374 3.4 12 41 125 5.6 0.0
14 1,943 3.1 12 47 122 5.8 0.0
15 9,787 5.7 17 143 6.0 1.0
16 8,670 5.8 20 140 5.0 1.0
17 5,523 8.1 25 143 5.9 1.0
18 12,300 11.8 37 137 6.2 1.0
19 12,439 7.3 15 37 140 -—- 1.0
20 15,466 7.4 0 18 142 5.3 1.0
21 23,155 9.7 10 21 141 4.2 1.0
22 1,453 3.6 30 90 116 4.0 0.7
23 1,930 4.0 26 71 123 5.0 0.7
24 - —— ——— -— - -—— 0.7
25 4,468 8.4 10 41 130 5.0 0.7
26 2,263 4.8 15 57 123 6.0 0.7
27 2,453 5.8 8 43 126 5.2 0.7
28 4,492 4.4 8 28 130 5.3 0.7
29 8,300 5.2 4 22 135 4.1 0.7
{Continued)
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Table 24. (Continued) Summary of test results on extracted asphalts from Study 285
roadway sites.

Extracted Extracted Ring & Percent Test
Data Viscosity Viscosity Penetration Penetration Ball Asphalt Sample
Code at 1409F  at 2759F  at at Point, by Age,
Number  poise centipoise 39.2°F, 77°F, Of weight Years
dmm dmm

30 4,303 4.7 7 32 129 4.2

31 3,583 3.8 29 52 128 4.2

32 22,920 8.4 14 39 135 5.1

33 2,861 4.1 10 . 48 130 8.4

34 2,712 4.1 10 55 128 6.5

35 8.776 5.8 10 33 140 5.6

36 10,200 6.9 3 20 139 5.4

37 6,508 6.2 16 41 132 5.5

38 2,000 3.6 15 64 122 5.8

39 6,280 5.4 5 32 135 5.1

40 3,693 3.5 22 55 130 4.7

41 --- --- --- --- --- ---

42 82,085 11.1 10 21 160 4.5

43 14,725 10.8 3 20 141 6.9

44 3,434 4.9 10 37 130 5.6

45 3,427 5.6 17 52 128 5.6

46 3,938 5.6 15 43 129 5.7

47 3.685 8.2 18 50 131 6.1

48 5,100 8.5 12 42 126 6.8

--- Samples were lost or data is missing.
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Table 25. Summary of resilient modulus, Mp, results for Study 285 roadway

sites.
Data MR g MRO@ MR @ MRO@ MR g Average
Code -13°F, 33°F, 68°F, 77°F, 104°F, Percent

Number  x 10% psi x 10% psi x 10% psi x 10%si  x 10% psi  Air Voids

1 1.875 1.172 0.575 -—- 0.100 5.8
2 2.239 1.335 0.652 --- 0.117 4.7
3 2.294 1.662 1.026 ——- 0.128 6.3
4 2.267 1.764 '0.809 ~--- 0.123 5.5
5 2.389 1.586 0.630 --= 0.053 4.1
6 2.162 1.626 0.901 --- 0.130 6.7
7 1.974 1.447 0.794 -—- 0.092 5.1
8 2.015 1.657 0.363 --- 0.080 8.5
9 1.791 1.257 0.450 --- 0.099 7.5
10 2.206 1.350 0.586 -— 0.122 10.7
11 1.931 1.459 0.555 -— 0.138 6.6
12 1.810 1.363 0.391 -—-- 0.072 5.5
13 1.930 1.287 0.685 - 0.148 8.6
14 1.872 1.676 0.640 --- 0.141 6.1
15 2.325 1.313 -—- 0.340 0.064 9.9
16 1.872 1.248 --- 0.308 0.062 14.1
17 2.129 1.203 --- 0.217 0.044 9.9
18 1.734 0.970 --- 0.257 0.048 10.0
19 1.302 0.804 --- 0.223 0.076 14.3
20 2.534 1.428 -——- 0.394 0.056 11.8
21 1.472 0.686 -—- 0.127 0.034 14.5
22 1.543 - 0.811 -—- 0.129 0.027 13.7
23 1.826 1.053 -—- 0.319 0.097 12.2
24 1.320 0.918 --- 0.168 0.039 15.3
25 1.725 1.124 -—- 0.366 0.086 11.6
26 1.596 0.958 -—- 0.153 0.033 6.2
27 1.676 1.290 --- 0.373 0.084 10.5
28 1.772 1.231 --- 0.422 0.087 13.8
(Continued)
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Table 25. (Continued) Summary of resilient modulus, MR’ results for Study 285
roadway sites.

Data MR @ MR @ MR @ MR @ MR @ Average

Code -13°F, 33°F, 68°F, 77°F, 104°F, Percent

Number  x 108 psi  x 10% psi  x 108 psi  x 10% psi  x 10° psi  Air Voids
29 2.691 2.506 - 0.733" 0.147 3.4
30 3.029 2.166 - 0.655 0.076 3.0
31 2,240  1.441 0.555 .- 0.250 5.0
32 3.269 2,899 1.271 - 0.727 3.4
33 2.185 1.203 - 0.428" 0.089 3.0
34 2.008 1.522 - 0.499" 0.104 4.5
35 1.859 1.131 - 0.403" 0.076 6.3
36 2.464 1.932 - 0.736 0.098 3.1
37 2.113 1.326 - 0.485 0.076 5.9
38 2.096 1.563 - 0.264 0.038 1.0
39 2.467 1.894 —- 0.506 0.091 2.4
40 - - - 0.094 - 11.2
41 2.467 2.188 - 0.515 0.189 5.1
42 2.126 1.304 - 0.663 0.273 6.1
43 2.224 1.628 - 0.473 0.095 7.3
44 2.867 1.681 - 0.257 0.078 1.0
45 3.561 1.575 - 0.127 0.058 2.0
46 2.919 1. 404 - 0.092 0.033 2.7
47 2.796 1,480 - 0.179 0.051 1.1
48 3.145 - 1.142 - 0.139 0.037 7.1

--- Test not run or data not available.
Overall My for all of test sequence samples.
Note: 106 psi = 6.895 x 109 pascals (Pa)
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Table 26. Summary of indirect tension, Ors test results for Study 285
roadway sites.

“1D °T24
Dry After °T18¢C °17D
Data Splitting 24-Hour After After Average
Code Tensile Lottman, 18 cycle 7-day Air Voids,
Number Stress, psi Lottman, Soak, Percent
psi psi psd
1 102 73 92 --- 5.8
2 122 112 112 -—- 4.7
3 159 165 166 --- 6.3
4 117 116 121 ~-- 5.5
5 86 70 84 --- 4.1
6 140 120 90 -— 6.7
7 131 101 116 -—- 5.1
8 73 49 32 - 8.5
9 86 41 28 - 7.5
10 104 47 19 -—- 10.7
11 100 60 52 -— 6.6
12 63 106 67 -— 5.5
13 140 80 42 --- 8.6
14 126 84 52 --- 6.1
15 107 21 12 48 9.9
16 94 17 11 32 14,1
17 83 33 17 ' 57 9.9
18 51 35 35 41 10.0
19 76 18 7 25 14.3
20 129 45 67 55 11.8
21 54 15 --- 11 14.5
22 50 77 17 24 13.7
23 77 18 --- 23 12.2
24 70 0 38 -- 15.3
25 86 38 -—- 35 11.6
26 75 31 —— 49 6.2
27 93 64 -—- 57 10.5
28 107 64 -—- 40 '13.8
(Continued)
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Table 26. (Continued) Summary of indirect tension, O1s test results for Study
285 roadway sites.

°TD o124
Dry After °18C 170
Data Splitting 24-Hour After After Average
Code Tensile Lottman, 18 cycle 7-day Air Voids,
Number Stress, psi Lottman, Sogk Percent
ps1 ps] ps1 ’
29 231 138 227 - 3.4
30 165 - 181 -—- 3.0
31 109 47 22 --- 5.0
32 168 68 33 --- 3.4
33 170 46 111 - 3.0
34 233 70 84 - 4.5
35 140 -— 110 -— 6.3
36 273 190 216 -—- 3.1
37 142 -——- 170 --- 5.9
38 142 124 - ——— 1.0
39 173 116 -—- - 2.4
40 -—- 50 -— --- 11.2
41 186 60 --- --- 5.1
42 160 123 -—- 143 6.1
43 143 103 --- --- 7.3
44 138 106 --- 140 1.0
45 122 111 --- 136 2.0
46 107 105 123 2.7
47 128 122 --- 131 1.1
48 104 71 - 80 7.1
3

Note: 1 psi = 6.895 x 10 pascals (Pa).
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Table 27. Summary of Hveem stability test results for Study 285
roadway sites.

Hveem Hveem Hveem
Overall After After After Average
Data Dry 24-Hour 18-cycie 7-day Percent
Code Hveem Lottman Lottman Soak Air
Number Percent Percent Percent Percent Voids
1 41.2 25.8 34.1 - 5.8
2 39.8 31.4 28.7 -— 4.7
3 40.2 33.8 31.3 - 6.3
4 38.6 32.6 39.5 - 5.5
5 38.7 26.1 40.6 --- 4.1
6 39.7 36.0 43.8 - 6.7
7 39.1 .36.4 42.9 -—- 5.1
8 46.8 21.7 17.3 --- 8.5
9 46.3 6.9 4.4 ——— 7.5
10 45.4 24.5 23.6 --- 10.7
11 45.5 7.7 8.6 -—- 6.6
12 39.8 8.8 10.2 -—- 5.5
13 47.3 11.9 11.5 -—- 8.6
14 45.8 11.7 20.9 -—- 6.1
15 23.0 25.2 17.2 30.7 9.9
16 26.9 28.0 16.3 33.4 14.1
17 25.9 27.7 24.6 34,4 9.9
18 25.8 20.2 26.1 34.6 10.0
19 24.2 19.9 16.3 22.3 14.3
20 27.0 21.7 25.9 34.3 11.8
21 21.2 24.3 - 17.1 14.5
22 34.5 17.8 23.8 --- 13.7
23 38.0 23.1 - 23.4 12.2
24 28.3 -—- 19.9 23.4 15.3
25 30.5 22.7 -—— 21.5 11.6
26 25.5 20.0 - 23.2 6.2
27 32.7 28.1 -— 32.6 10.5
28 30.1 20.5 -— 19.7 13.8
(Continued)
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Table 27. (Continued) Summary of Hveem stability test results for Study
285 roadway sites.

Hveem Hveem Hveem
Overall After After After Average
Data Dry 24-Hour 18,cycle 7-day Percent
Code Hveem Lottman Lottman Soak Air
Number Percent Percent Percent Percent Voids
29 30.3 18.4 27.6 --- 3.4
30 39.7 -—- 31.8 --- 3.0
31 47.8 34.7 33.9 -—- 5.0
32 55.7 36.2 46.5 -—- 3.4
33 13.7 12.7 6.1 -— 3.0
34 20.5 19.8 16.8 --- 4.5
35 31.0 -—- 21.5 -—- 6.3
36 26.0 18.2 23.8 - 3.1
37 36.5 -—- 35.9 -—- 5.9
38 22.0 19.1 - --- 1.0
39 31.0 33.0 -—- -—- _ 2.4
40 34.9 28.1 --- —- 11.2
41 29.9 30.2 -—- -—- 5.1
42 47.4 45.4 --- 50.4 6.1
43 32.8 27.9 -—- -—- 7.3
44 25.6 10,2 -—- 26.6 1.0
(17.9) (6.8) (13.3)
45 44.5 40.8 -—- 42.4 2.0
46 32.9 30.0 ——— 18.0 2.7
47 26.6 24.9 -— 35.7 1.1
48 44.0 35.5 -—- 36.8 7.1
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Table 28. Summary of Marshall stability test results for Study 285 roadway sites.

Overall Marshall Marshall 24-Hour 18 cycle
Dry Strength Strength Dry Lottman Lottman
Data Marshall After 24- After 18 cycle Marshall Marshall Marshall
Code Strength, Hour Lottman, Lottman, Flow, Flow, Flow,
Number  1bs 1bs 1bs 0.01 in 0.01 in 0.01 in
1 1,553 1,258 --- 18 23 --
2 2,072 1,559 1,393 16 22 27
3 2,023 1,841 1,827 17 20 18
4 1,578 --- -—- 17 -- --
5 1,305 --- --- 14 -- --
6 1,567 --- --- 21 -- --
7 1,591 --- --- 15 -- --
8 2,528 1,069 876 18 26 28
9 1,600 591 802 15 21 26
10 1,720 375 223 15 19 19
11 1,867 982 1,172 16 26 25
12 1,440 1,233 1,224 15 24 22
13 1,971 891 796 16 23 22
14 1,701 941 1,098 16 25 23
15 1,068 --- 93 11 -- 12
16 941 --- 77 14 .- 15
17 1,093 --- 93 11 -- 15
18 934 -—- 445 14 -- 16
19 1,121 --- 105 11 -- 14
20 1,220 ——- 711 10 -- 21
21 1,012 --- --- 13 -- --
22 1,019 --- 135 12 -- 8
23 1,409 --- --- 10 -- --
24 966 --- 142 11 -- 15
25 1,024 - --- 13 -- --
26 1,099 --- --- 14 -- --
27 615 --- -— 10 -- --
28 1,024 --- --- 11 -- --
(Continued)
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Table 28. (Continued) Summary of Marshall stability test results for Study 285
roadway sites.

Overall Marshall Marshall 24-Hour 18 cycle
Dry Strength Strength Dry Lottman Lottman
Data Marshall After 24- After 18 cycle Marshall Marshall Marshall
Code Strength, Hour Lottman, Lottman, Flow, Flow, Flow,
Number  1bs 1bs 1bs 0.01 in  0.01 in 0.01 in
29 1,265 752 791 8 13 13
30 1,298 --- 864 6 -- 12
31 1,954 491 1,570 7 13 12
32 2,613 2,458 2,375 8 15 14
33 2,984 1,395 1,540 8 18 16
34 2,611 1,088 1,124 10 16 14
35 2,412 --- 1,498 15 -- 27
36 3,244 2,089 2,184 11 14 14
37 1,444 --- 1,426 12 -- 16
38 1,138 1,426 --- 10 12 --
39 1,729 1,555 -—- 11 17 --
40 --- 260 --- -- 13 --
41 1,233 977 -—- 5 9 --
42 5,356 4,817 --- 11 15 --
43 1,387 1,174 --- 13 16 --
44 2,610 1,844 -— 15 18 --
45 1,460 2,270 --- 11 17 --
46 1,397 1,748 -—- 13 13 --
47 2,398 2,124 --- 10 15 --
48 748 862 --- 10 12 --
Note: 1 1b = 0.454 kg
1 in = 25.4 mm
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Table 29. Characteristics of extracted aggregate grading curves from Study
285 roadway sites.

Percent Hump Percent
Above No. 30 Retained

Percent Percent Sieve of Between *
Data Plus Minus Continous No. 10 and Assigned
Code No. 10 No. 200 Grading No. 40 Performance
Number Sieve Sieve Curve Sieves Rating
1-14 -- -- -- -- --
15 66 4 None 20 --
16 62 3 none 23 -~
17 57 5 None 26 --
18 58 4 None 26 -
19 -- -- -- -- -
20 -~ -- -- -- --
21 59 4 None 23 -—
22 60 3 None 22 -—-
23 60 4 None 20 -
24 -- -- -- -- -
25 60 4 None 20 -
26 67 Q None 16 --
27 61 3 None 21 --
28 62 4 None 18 --
29 62 3 6 17 F
30 50 3 8 27 P
31 61 6 2 15 G
32 62 3 3 14 P
33 57 3 12 10 F
34 67 4 1 8 G
35 59 3 10 10 F
36 64 4 0 11 G
37 56 7 4 19 G
38 61 3 4 14 P
39 77 6 None 6 G
40 41 2 25 13 3
41 48 2 14 19 F
(Continued)
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Table 29. (Continued) Characteristics of extracted aggregate grading curves
from Study 285 roadway sites.

Percent Hump Percent
Above No. 30 Retained

Percent Percent Sieve of Between *

Data Plus Minus Continuous No. 10 and Assigned
Code No. 10 No. 200 Grading No. 40 Performance
Number Sieve Sieve Curve Sieves Rating

42 h2 9 20 ) F

43 60 5 6 10 G

44 62 7 3 12 P

45 55 6 13 12 P

46 55 7 13 11 P

47 54 5 10 12 P

48 37 6 31 9 P
*

G = Good

F = Fair

P = Poor
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Table 30. Texas freeze-thaw pedestal test results for US
287 and US 82 roadway subsections.

Us 287
Data Number of
Code Cycles to
Number Failure

8 6

9 : 8

10 6

11 12

12 7

13 9

14 10

us 82

Data Number of
Code Cycles to
Number Failure

1 ——

2 _——

3 —

4 -

5 —

6 ——

7 ——-

--- Data not available
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Table 31. Part I, design and construction records data for pavement
sections covered by Data Code Numbers 1-48.

Accumlated Accumulated
Data Date Traffic per Average Equivalent 18-
Code Pavement Age,* Tested Lane Percent Kip Single
Number Placed Years x 106* Trucks Axle Loads
1 6/82 0 N/A N/A N/A
2 6/82 0 N/A N/A N/A
3 6/82 0 N/A N/A N/A
4 6/82 0 N/A N/A N/A
5 6/82 0 N/A N/A N/A
6 6/82 0 N/A N/A N/A
7 6/82 0 N/A N/A N/A
8 9/82 0 N/A N/A N/A
9 9/82 0 N/A N/A N/A
10 9/82 0 N/A N/A N/A
11 9/82 0 N/A N/A N/A
12 9/82 0 N/A N/A N/A
13 9/82 0 N/A N/A N/A
14 9/82 0 N/A N/A N/A
15 6/82 1.0
16 6/82 1.0
17 6/82 1.0
18 6/82 1.0
19 6/82 1.0
20 6/82 1.0
21 6/82 1.0
22 - 9/82 0.7
23 9/82 0.7
24 9/82 0.7
25 9/82 0.7
26 9/82 0.7
27 9/82 0.7
28 9/82 0.7
(Continued)
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Table 31. (Continued) Part I, design and construction records data for pavement
sections covered by Data Code Numbers 1-48.

Accumlated Accumulated

Data Date Traffic per Average Equivalent 18-
Code Pavement Age,* Tested Lane Percent Kip Single
Number Placed Years x 106% Trucks Axle Loads

29

30

31 11/67 15.1

32

33 4/78 5.1

34 5/80 3.0

35 1/81 2.3

36 7/80 2.8

37 9/82 0.7

38 3/74 9.3

39 5/74 9.2

40

41 9/78 4.7

42 3/79 4.2

43

44

45 4-27-78 4.7

a6 4-17-78 4.7

47 3-06-81 1.8

48 1-27-81 1.9

Age = Date pavement cored minus date pavement Tayer placed.

3
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Table 32, Part IIA, design and construction records data for pavement sections
covered by Data Code Numbers 1-48.

Overall
SDHPT SDHPT TT1 SDHPT
Data Asphalt Design Extracted Extracted  SDHPT Project SDHPT
Code Source & Percent Asphalt, Asphalt, Laboratory Laboratory Field
Number Grade Asphalt  Percent Percent Density Density Density
1 * 5.5 5.7
2 * 5.5 5.7
3 * 5.5 5.2
4 * 5.5 4.9
5 * 5.5 5.1
6 * 5.5 5.2
7 * 5.5 4.5
8 * 6.2 5.3
g * 6.2 5.7
10 * 6.2 5.7
11 * 6.2 5.4
12 * 6.2 6.2
13 * 6.2 5.6
14 * 6.2 5.8
15 * 5.5 6.0
16 * 5.5. 5.0
17 * 5.5 6.2
18 * 5.5 5.9
19 * 5.5 .
20 * 5.5 5.3

(Continued)
153



Table 32. Part IIA, design and construction records data for pavement sections
covered by Data Code Numbers 1-48,

Overall
SDHPT SDHPT 171 SDHPT

Data Asphalt Design Extracted Extracted  SDHPT Project SDHPT
Code Source & Percent  Asphalt, Asphalt, Laboratory Laboratory Field
Number Grade Asphalt  Percent Percent Density Density Density
21 * 5.5 4.2

22 * 6.2 4.0

23 * 6.2 5.0

24 * 6.2 S

25 * 6.2 5.0

26 * 6.2 6.0

27 * 6.2 5.2

28 * 6.2 5.3

29 4.1

30 4.2

31 4.0 4.1 4,2

32 5.1

33 6.0 5.9 8.4

34 6.2 6.2 6.5

35 6.2 6.6 5.6

36 5.5 5.5 5.4

37 5.0 4.8 5.5

38 5.5 5.5 5.8

39 4.5 5.1 5.1

40 -

(Continued)
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Table 32. Part 11lA, design and construction records data for pavement sections
covered by Data Code Numbers 1-48.
Overall
SDHPT SDHPT TTI SDHPT
Data Asphalt Design Extracted Extracted  SDHPT Project SDHPT
Code Source & Percent Asphalt, Asphalt, Laboratory Laboratory Field
Number Grade Asphalt  Percent Percent Density Density Density
41 4.8 4.6 ---
42 4.9 4.4 4.5
43 6.9
44 5.6
45 Texaco 5.5 5.8 5.6 98.1 98.0 -—
AC-20
46 Texaco 5.2 5.2 5.7 98.2 98.4 -——-
AC-20 A
47 Texaco 6.0 6.0 6.1 97.7 97.2 -———-
AC-20
48 Texaco 6.5 6.7 6.8 92.7 93.3 -—
AC-20

--== Data not available

* See Table 23A
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Table 32. Part IIB, design and construction records data for pavement sections
covered by Data Code Numbers 1-48.

SDHPT SOHPT SOHPT Aggregate Cumbinations
Data Overall Hveem Design
Code Project for Cored Hveem
Number Hveem Area Yalues

10

11

13

14

15
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Table 32. (Continued) Part IIB, design and construction records data for pavement
sections covered by Data Code Numbers 1-48.

SOHPT SDHPT SDHPT Aggregate Combinations
Data Overall Hveem Design
Code Project for Cored Hveem
Number  Hveem Area Values

16
17
18
19
20
21
22
23
24
25
26
27
28
29

30
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Table 32. (Continued) Part IIB, design and construction records data for pavement
sections covered by Data Code Numbers 1-48.

SDHPT SDHPT SOHPT Aggregate Combinations
Data Overall Hveem Design
Code Project for Cored Hveem
Number  Hveem Area Values

31

32

33

34

35

36

37

38

39

40

42

43

44

45 30 35 40 62% Gifford-Hi1l rhyolite;19% Butler coarse
sand; 19% Tremble fine sand.

46 19 27 39 62% Gifford-Hi11, perch-Hi11, limestone; 18%
Butler coarse sand; 18% Tremble fine sand.
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Table 32. (Continued) Part IIB, design and construction records data for pavement
sections covered by Data Code Numbers 1-48.
SOHPT SDHPT SDHPT Aggregate Combinations
Data Overall Hveem Design
Code Project for Cored Hveem
Number  Hveem Area Values
47 - - - 55% Gifford-Hill rhyolite; 15% Gifford-Hill
lTimestone screenings; 15% Dickerson coarse
sand; 15% Dickerson fine sand.
48 - -- .- 20.0% Holsey pea gravel; 15.0% Gifford-Hill,

Perch Hill, crushed limestone; 15% Gifford-
Hill, screenings; 50% Dickerson fine sand.
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Table 32. Part IIC, design and construction records data for pavement sections
covered by Data Code Numbers 1-48.

Type Type of Weather
Data of Break- Temperature  Temperature Thickness and
Code Hot-Mix  down of Mix of Hot-Mix of Temperature
Number  Plant Ro1ling at Plant on Road Hot-Mix at Laydown
1 drum-
dryer
2 drum-
dryer
3 drum-
dryer
4 drum-
dryer
5 drum-
dryer
6 drum-
dryer
7 drum-
dryer
8 drum-
dryer
9 drum-
dryer
10 drum-
dryer
11 drum-
dryer
12 drum-
dryer
13 drum-
dryer
14 drum-
dryer
15 drum-
dryer
16 drum-
dryer
17 drum-
dryer
18 drum-
dryer
(Continued)
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Table 32. (Continued) Part IIC, design and construction records data for pavement
sections covered by Data Code Numbers 1-48.

Type Type of Weather
Data of Break- Temperature Temperature Thickness and
Code Hot-Mix  down of Mix of Hot-Mix of Temperature
Number  Plant Rolling at Plant on Road Hot-Mix at Laydown
19 drum-
dryer
20 drum-
dryer
21 drum-
dryer
22 drum-
dryer
23 drum-
dryer
24 drum-
dryer
25 drum-
dryer
26 drum-
dryer
27 drum-
dryer
28 drum-
dryer
29
30
31
32
33
34
35
36

(Continued)
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Table 32. (Continued) Part IIC, design and construction records data for pavement
sections covered by Data Code Numbers 1-48.

Type Type of Weather
Data of Break Temperature  Temperature Thickness and
Code Hot-Mix  down of Mix of Hot-Mix of Temperature
Number  Plant Ro1ling at Plant on Road Hot-Mix at Laydown
37
38
39
40
41
42
43
44
45 Weigh- 260-280°F 260-280°F ™ Clear & mild,
Batch 43 to 73°F.
46 Weigh- 260°F 250°F 1-1/2" Cloudy & mild,
Batch 62 - 73°F.
47 Drum- 290°F 290°F 1IN Clear & mild,
Dryer 47 to 62°F.
48 Drum- 295°F 295°F ™ Foggy, cloudy,
Dryer and mé]d
54 - b66°F.
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Table 33.

Part III, design and construction records data for
pavement sections covered by Data Code Numbers 1-48.

Data
Code
Number

SDHPT SDHPT
SDHPT SDHPT Design Extracted
Design Extracted Minus Minus
Percent Percent No. 200 No. 200
Plus No. Plus No. 10 Sieve, Sieve,
10 Sieve Sieve Percent Percent

W 0 N O W N
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(Continued)
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Table 33. (Continued) Part III, design and construction records data for
pavement sections covered by Data Code Numbers 1-48.

SDHPT SDHPT
SDHPT SOHPT Design Extracted
Design Extracted Minus Minus
Data Percent Percent Minus Minus
Code Plus No. Plus No. 10 Sieve, Sieve,
Number 10 Sieve Sieve Percent Percent

29
30
31
32
33
34
35
36
37
38
39
40
41
42
43

44
45 58.3 52.5 2.4 4.7

46 59.5 56.9 1.6 6.6
47 52.7 53.8 3.5 5.9
48 37.4 36.8 4.5 3.6
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Table 34. Asphalt properties for roadway sections ranked in order of decreasing

rut depths,
Viscosity

Data Decreasing Viscosity at 275°F Penetration Penetration Ring &

Code  Rut Depths, at 140°F  centi- at 39.2°F  at 77°F Ball Temp-

Number  mm poise poise dmm dmm ature °F
44 23 3,434 4.9 10 37 130
45 12 3,427 5.6 17 52 128
46 12 3,938 5.6 15 43 129
32 12 est. 22,920 8.4 14 39 135
40 12 est. 3,693 3.5 22 55 130
38 10 2,000 3.6 15 64 122
30 9 4,303 4.7 7 32 129
47 9 3,685 8.2 18 50 131
48 9 5,100 8.5 12 42 126
29 7 8,300 5.2 4 © 22 135
41 3 + + + + +
42 6 82,085 11.1 , 10 21 166
33 5 2,861 4.1 10 48 130
35 5 8,776 5.8 10 33 140
39 3 6,280 5.4 5 32 135
34 2 2,712 4.1 10 55 128
43 2 14,725 10.8 3 20 141
31 1 3,583 3.8 29 52 128
36 1 10,200 6.9 3 20 139
37 0 6,508 6.2 16 41 132

+ Data was misplaced and is not available.
165



Table 35. Air void and resilient modulus, M,, values for roadway sections
ranked in order of decreasing rut depths.

Data Decreasing Percent MR at MR at MR at MR at

Code Rut Depths  Air -13%F 33°F 77%F 104°F

Number  mm Voids X 106 psi X 106 psi X 106 psi X 106 psi
44 23 1.0 2.867 1.681 0.257 0.078
45 12 2.0 3.561 1.575 0.127 0.058
46 12 C 2.7 2.796 1.480 0.179 0.051
32 12 est. 3.4 3.269 2.899 1.271 0.727
40 12 est, 11.2 === === 0.094 -
38 10 1.0 2.096 1.563 0.264 0.038
30 9 3.0 3.029 2.166 0.655 0.076
47 9 1.1 2.796 1.480 0.179 0.051
48 9 7.1 3.145 1.142 0.139 0.037
29 7 3.4 2.691 2.506 0.733 0.147
41 6 5.1 2.467 2.188 0.515 0.189
42 6 6.1 2.126 1.304 0.663 0.273
33 5 3.0 2.185 1.203 0.428* 0.089
35 5 6.3 1.859 1.131 0.403 0.076
39 3 2.4 2.467 1.894 0.506 0.091
34 2 ' 4.5 2.087 1.522 0.499* 0.104
43 2 7.3 2.224 1.628 0.473 0.095
31 1 5.0 2.240 1.441 0.555* 0.250
36 1 3.1 2.464 1.932 0.736 0.098
37 0 5.9 2.113 1.326 0.485 0.076

--- Data not available

100 psi = 6.895 x 107 pascals (Pa)
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Table 36. Differences between resilient modulus, MR, values at different
temperatures for roadway sections ranked in order of decrea-
sing rut depths.

Data -139F to 33%F to 77°F to -139F to -13%F to
Code 33°F 77°F 1049F 77°F 1049F

Number X 106 psi X 106 psi X 106 psi X 108 psi X 106 psi

44 1.186 1.424 0.179 2.610 2.789
45 1.986 1.448 0.069 3.434 3.503
46 1.316 1.301 0.128 2.617 2.745
32 0.370 1.628 0.544 1.998 2.542
40 -—- - --- -—- -—-

38 0.533 1.299 0.226 1.832 2.058
30 0.863 1.511 0.579 2.374 2.953
47 1.316 1.301 0.128 2.617 2.745
48 2.003 1.003 0.102 3.006 3.108
29 0.185 1.773 0.586 1.958 2.544
41 0.279 1.673 0.326 1.952 2.278
42 0.822 0.641 0.390 1.463 1.853
33 0.982 0.775 0.339 1.757 2.096
35 0.728 0.728 0.327 1.456 1.783
39 0.573 1.388 0.415 1.961 2.376
34 0.566 1.023 0.395 1.588 1.983
43 0.596 1.155 0.378 1.751 2.129
31 0.799 0.886 0.305 1.685 1.990
36 0.532 1.196 0.638 1.728 2.366
37 0.787 0.841 0.409 1.628 2.037

--- Data not available
Note: 100 psi = 6.895 x 109 pascals (Pa)
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Table 37 . Indirect tensile strength results for roadway sections
ranked in order of decreasing rut depths.

o TD o T24 o T18C
Data Decreasing Percent Dry Split- After 24-Hour  After 18
Code Rut Depths. Air ting Tensile Lottman, Cycle
Number  mm Voids strength, psi psi Lottman,

psi

44 23 1.0 138 106 ---
45 12 2.0 122 111 ---
46 12 2.7 107 105 ---
32 12 est. 3.4 168 68 33
40 12 est. 11.2 --- 50 ---
38 10 1.0 142 124 ---
30 9 3.0 165 -— 181
47 9 1.1 128 122 ——-
48 9 7.1 104 71 ---
29 7 3.4 231 138 227
41 6 5.1 186 60 ---
42 6 6.1 160 123 ~——
33 5 3.0 170 46 111
35 5 6.3 140 --- 110
39 3 2.4 173 116 -
34 2 4.5 233 70 84
43 2 7.3 143 103 ---
31 1 5.0 109 47 22
36 1 3.1 273 190 216
37 0 5.9 142 --- 170

--- Data not available.
est. = estimated 3
1 psi = 6.895 x 107 pascals (Pa)
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Table 38. Hveem stability results for roadway sections ranked in order of
decreasing rut depths

Hveem Hveem
Dry Stability Stability
Data Decreasing Hveem After 24- After 18-
Code Rut Depths, - Percent Stability, Hour Lottman, Cycle Lott-
Numbers  mm Air Voids Percent Percent man, Percent
44 23 1.0 25.6 10.2 26.6"
45 12 2.0 44.5 20.8 42.4"
26 12 2.7 32.9 30.0 18.0"
32 12 est. 3.4 55.7 36.2 -
40 12 est. 11.2 34.9 28.1 ---
38 10 1.0 22.0 19.1 ---
30 9 3.0 39.7 -—- -
47 9 1.1 26.6 - 24.9 35.7"
48 9 7.1 44.0 35.5 3%.8"
29 7 3.4 30.3 18.4 -
41 6 5.1 29.9 30.2 -
42 6 6.1 47.4 45.4 50.4"
33 5 3.0 13.7 12.7 6.1
35 5 6.3 31.0 - 21.5
39 3 2.4 31.0 33.0 -
3 2 4.5 20.5 19.8 16.8
43 2 7.3 32.8 27.9 -
31 1 5.0 47.8 34.7 33.9
36 1 3.1 26.0 18.2 23.8
37 0 5.9 3.5 --- 35.9
est. = estimated.

7-day soak test.
--- Data not available 169



Table 39. Marshall stability results for roadway sections ranked in order of
decreasing rut depths.
Marshall Marshall
Stability Stability
Dry After After 18-
Data Decreasing Percent Marshall 24-Hour Cycle
Code Rut Depths, Air Stability, Lottman, Lottman,
Number mm Voids 1bs 1bs 1bs
44 23 1.0 2,610 1.844 ---
45 12 2.0 1,460 2,270 ---
46 12 2.7 1,397 1,748 ---
32 12 est. 3.4 2,613 2,458 2,375
40 12 est. 11.2 --- 260 -
38 10 1.0 1,138 1,426 ---
30 9 3.0 1,298 --- 864
47 9 1.1 2,398 2,124 ---
48 9 7.1 748 862 -
29 7 3.4 1,265 752 791
41 6 5.1 1,233 977 ---
42 6 6.1 5,356 4,817 ---
33 5 3.0 2,948 1,395 1,540
35 5 6.3 2,412 --- 1,498
39 3 2.4 1,729 1,555 ---
34 2 4.5 2,611 1,088 1,124
43 2 7.3 1,387 1,174 ---
31 1 5.0 1,954 491 1,570
36 1 3.1 3,244 2,089 2,184
37 0 5.9 1,444 - 1,426
est. = estimated.

7-day soak test.
Data not available

1 1b = 0.454 kg
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Table 39A. Marshall stability flow results for roadway sections ranked in order of
decreasing rut depths,

Marshall Marshall
Dry Flow After Flow After
Data Decreasing Percent Marshall 24-Hour 18-Cycle
Code Rut Depths, Air Flow, Lottman, Lottman,
Number mm Voids .01 in .01 in .01 in
44 23 1.0 15 18 --
45 12 2.0 11 17 --
46 12 2.7 13 13 --
32 12 est, 3.4 18 15 14
40 12 est. 11.2 -- 13 -
38 10 1.0 10 12 --
30 9 3.0 6 -- 12
47 9 1.1 10 15 --
48 9 7.1 10 12 --
29 7 3.4 8 13 13
41 6 5.1 5 9 --
42 6 6.1 ]i 15 --
33 5 3.0 8 18 16
35 5 6.3 15 -- 27
39 3 2.4 11 -- -
34 2 4.5 10 16 14
43 2 7.3 13 16 --
31 1 5.0 | 7 13 12
36 1 3.1 11 14 14
37 0 5.9 12 - 16

-- Data not available
1 9n = 25.4 mm
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Table 40. Extracted aggregate grading characteristics for Study 285 roadway
sections ranked in order of decreasing rut depths.
Percent Percent
Hump Above Retained

Data Percent Percent No. 30 Sieve between Assigned

Code Plus No. Minus No. of Continuous No. 10 and Performance

Number 10 Sieve 200 Sieve Grading Curve 40 Sieves Rating
44 62 7 3 12 P
45 55 6 13 12 P
46 55 7 13 11 P
32 62 3 3 14 P
40 41 2 25 13 P
38 61 3 4 14 P
30 50 3 8 27 P
47 54 5 10 12 P
48 37 6 31 9 P
29 62 3 6 17 F
41 48 2 14 19 F
42 52 9 20 -6 F
33 57 3 12 10 F
35 59 3 10 10 F
39 77 6 Below Tine 6 G
34 67 4 1 8 G
43 60 5 6 10 G
31 61 6 2 15 G
36 64 4 0 1 G
37 56 7 4 19 G
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Figure 3. Extracted aggregate gradation curve for US 82. MacMillan
AC-10 subsection, Data Code Number 153,
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Figure 4. Extracted aggregate gradation curve for US 82, Dorchester
AC-20 subsection, Data Code Number 16.

17¢

Accum. Percent Retained



Total Pcrcent Passing

Extracted aggregate grading curve

e —— CoOntinuous grading curve

100 2 14 T 13 1 H ¥ * ¥ ¥ LR I 1 A 1 4 O
90 7 10
20 }f, 20
70 30
60 éf 40
f //7
50 = 50
40"“ P 11
30 70
— A
20 A 80
| ES—— - ‘/ .
; 90
Eed i i! S, i 1 dod i 4 i 4 1
10 1 7100
50 30 16 8 4 3/8" 3/4" 1-1/2"

Sieve Number

Figure 5. Extracted aggregate gradation curve for US 82, Exxon
AC-20 subsection, Data Code Number 17.
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Figure 6. Extracted aggregate gradation curve for US 82, Shamrock
AC-20 subsection, Data Code Number 18.
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Figure 7. Extracted aggregate gradation curve for US 82, Cosden

AC-10 subsection, Data Code Number 21.
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Figure 8. Extracted aggregate gradation curve for US 287, MacMillan
AC-10 subsection, Data Code Number 22.
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Figure 9. Extracted aggregate gradation curve for US 287, Dorchester
AC-10 subsection, Data Code Number 23.
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Figure 10. Extracted aggregate gradation curve for US 287, Exxon AC-10
subsection, Data Code Number 24.
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Figure 11. Extracted aggregate gradation curve for US 287, Shamrock
AC-10 subsection, Data Code Number 26.

183

Accum. Percent Retained



Total Percent Passing

————— Extracted aggregate grading curve

—— — — Continuous grading curve
]OQ 71 ) | T T T S | Ty s ™7 Y T T O
Fd
90 10
- /
80 7 20
/4
70 > 30
60 2z 40
A,x}/'
50 .
B 17 »0
40 — P ,/ 60
e /
30 v 70
-
20 P - 30
e
b :’r;:""f 90
L
i b H i i L i R i 1 { 3 ol £ 1 i’ i
” 5 1] TS T 100
200 109 50 30 16 = 4 3/8" 374" 1-1/2¢

Sieve Number

Figure 12. Extracted aggregate gradation curve for US 287, Cosden

AC-20, Data Code Number 27.
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Figure 13. Extracted aggregate gradation curve for US 287, Cosden
AC-10 subsection, Data Code Number 28.
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Figure 14. Extracted aggregate gradation curve for IH 45, Madison

County, 18-core section (Table 5), Data Code Number 29.
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Figure 15. Extracted aggregate gradation curve for IH 45, Madison

County, 12-core section (Table 6), Data Code Number 30.
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Figure 16. Extracted aggregate gradation curve for IH 45, Walker

County, Data Code Number
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Figure 17. Extracted aggregate gradation curve for IH 35, El1lis

County, Data Code Number 32.
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Figure 18. Extracted aggregate gradation curve for US 77 Bypass,

Kingsville, Texas, Data Code Number 33.
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Figure 19. Extracted aggregate gradation curve for US 77 Bypass,

Sinton, Texas, Data Code 34.
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Figure 20. Extracted aggregate gradation curve for IH 37, Oakville,

Texas, Data Code Number 35.
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Figure 21. Extracted aggregate gradation curve for SH 71 Business,
Columbus, Texas, Data Code Number 36.
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Figure 22. Extracted aggregate gradation curve for US 90A, west of
Colorado River, Data Code Number 37.
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Figure 23. Extracted aggregate gradation curve for Loop 374 (FM 2061)
original design section in McAllen, Data Code Number 38.
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Figure 24. Extracted aggregate gradation curve for Loop 374 (FM 2061)
modified design section in McAllen, Data Code Number 39.
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Figure 25. Extracted aggregate gradation curve for US 59, Shelby

County, Data Code Number 40.
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black cores in Hempstead, Texas, Data Code Number 47.
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Figure 27. Extracted aggregate gradation curve for US 290/SH 6,

iron-ore cores in Hempstead, Texas, Data Code Number 42.
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Figure 28. Extracted aggregate gradation curve for "Asphadure"

cores on US 62 in Lubbock, Data Code Number 43,
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Figure 29. Extracted aggregate gradation curve for US 87 at 34th

Street in Lubbock, Data Code Number 44.
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Figure 30. Extracted aggregate gradation curve for Loop 287 (top

layer) in Lufkin, Texas, Data Code Number 45.
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Figure 31. Extracted aggregate gradation curve for Loop 287 (second

layer) in Lufkin, Texas, Data Code Number 46.
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Figure 32. Extracted aggregate gradation curve for US 59 (top layer)

north of Lufkin, Texas, Data Code Number 47.
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Figure 33. Extracted aggregate gradation curve for US 59 (bottom

Tayer) north of Lufkin, Texas, Data Code Number 48.
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Ficure 34. QOverall Hveem stability versus percent air voids for US 82 and 287 roadway sections, Data Code
Numbers 1-23.
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FMoure 35, Hveem stability after 24-hour Lottman test versus percent air voids for US 82 and 287 roadway
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Figure 36. Overall Hveem stability versus percent air voids for roadway sections covered by Data Code
Numbers 29-43.
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Hveem stability after 24-hour Lottman test versus percent air voids for roadway sections covered
by Data Code Numbers 29-48.
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Figure 38. Harshall stability versus percent air voids for US 82 and 287 roadway sections, Data Code
Numbers 1-28,
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Figure 39. Marshall stability versus percent air voids for roadway sections covered by Data Code Numbers

29-48.
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Figure 40. Marshall stability after 24-hour Lottman test versus percent air voids for roadway sections

covered by Data Code Numbers 29-43.
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Figure 41. Overall resilient modulus MR at 77°F versus percent air voids for US 82 and 287 roadway sections,

Data Code Numbers 1-23.
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Figure 42. Resilient modulus MR at 77°F after 24-hour Lottman test versus percent air voids for US 82 and
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287 roadway sections, Data Code Numbers 1-2B.
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Resilient madulus MR at 77°F after 18-cycle Lottman test versus percent air voids for US 82 and

287 roadway sections, Data Code Numbers 1-28.
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Figure 44. QOverall resilient modulus MR at 77°F versus percent air voids for roadway sections covered by

Data Code Numbers 29-48.
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Figure 45. Resilient modulus HR at 77°F after 24-hour Lottman test versus percent air voids for roadway

sections covered by Data Code Humbers 29-48.
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Figure 46. Resilient modulus MR at 77°F after 18-cycle Lottman test versus percent air voids for roadway
sections covered by Data Code Numbers 29-48.
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Fiqure 47. Resilient modulus MR at 104°F versus percent air voids for roadway sections covered by Data Code

Numbers 29-48.
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Figure 48. Splitting tensile strength, Orp» versus percent air voids for US 82 and 287 roadway sections,
Data Code Numbers 1-28.
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Figure 49. Splitting tensile strength after 24-hour Lottman test, Orpgy® Versus percent air voids for US 82

and 287 roadway sections, Data Code Numbers 1-28.
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Fiqure 50. Splitting tensile strength after 18-cycle Lottman, Or1gce Versus percent air voids for US 82 and
287 roadway sections} Data Code Numbers 1-28.
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Figure 51. Splitting tensile strength, Orps Versus percent air voids for roadway sections covered by Data
Code Numbers 29-43,
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Figure 52. Splitting tensile strength, after 24-hour Lottman test, Orpgy> VErsus percent air voids for
roadway sections covered by Data Code Numbers 29-48.
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Figure 53. Splitting tensile strength after 13-cycle lLottman test, 0118c> VErsus percent air voids for

roadway sections covered by Data Code Numbers 29-48.






