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INTRODUCTION 

Flexible pavements are subject to several types of distress. These 
i~clude cracking, rutting, raveling, slippage and structural failures. 
The cracking distress covers longitudinal, transverse and alligator 
cracking. The general area of rutting includes longitudinal or con
tinuous wheel path 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 wheel paths 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 layer would function 
in the field. Among the questions asked were the following: 
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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 characteristics 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 letters 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 limitations 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 
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depths measured and roadway eva 1 uations 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, laydown 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 (TTl) 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 determining 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, IIDesirable Asphalt Properties ll

• 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 laboratory 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. In all, 10 different 

SDHPT districts were involved. The laboratory test results from all 
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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 laboratory test sequence 

number under which the roadway section field cores or field laboratory 
compacted specimens were tested. The table area "Commentsll 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 IIData 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 ACQUISITION 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 cores 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 

4 



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 certa in sampl es, as for Marshall Stabil ity and 
indirect tension in the top and bottom legs of the series, and then 
done after water soaking under 00 to 1400F 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 susceptibil ity 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, r-ing 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 (I) on specially prepared samples of the job aggre

gates and asphalt cements as another indicator of potential water 
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susceptibility, and (3) performing the one-cycle (0 to 140oF) Lottman 
water test in the second test leg 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 TTl 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 TTl 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 19 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 (l), 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, little 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 TTl 
with 30 compined 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 follows this 
report. 
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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. (l). 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 laid 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 pav~lent cores 

were obtained for subsequent laboratory testing. Usually half were 
taken from a wheel path and half from between the wheel path. 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 location, 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

lished 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
lished on this 285 study. 

SUMMARIES OF DATA 

Fi el d Data 

Tables. Field and some general data concerning the laboratory 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 limits of the roadway sites. Also included are 
the laboratory 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 19 under Data Code Numbers 
1 through 7. Field cores obtained~from the US 77 Bypass around Kings
vill e in Kl eberg County and tested under study 285 Laboratory Sequence 
II are noted under Table N~mber 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 TTl personnel and a TTl 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 TTl 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 0 to 13 mm). Finally, two different paving 
layers 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 lists 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 lA and Code Number 15 
denoting field cores tested and shown in Table 3A. 
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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 after 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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modulus MR data; Table 26, indirect tension; Table 27, Hveem stability 

and Table 28, ~1arshall 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 ~radation 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 line in each figure represents the actual gradation figured on a 
weight basis. The lighter, dashed line represents the continuously 
graded curve specified by the American Society for Testing and Mater

ial s (ASTM) (~J 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 (75jAm) sieve, (3) the percent hump above the 

No. 30 (600r m) sieve, and (4) the percent of material retained be

tween the No. 10 and No. 40 (2.00 mm to 425j1m) 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 TTl 

extracted asphalt content. Also included are SDHPT laboratory density 

values and any SDHPT field densities from the placed and compacted 

materials. 

Table 32, Part lIB, contains Hveem stability data and a place for 
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any Marshall 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 laydown for the pavement site cored. 

Table 33 covers the SDHPT extraction 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) sieve. 

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 stabil ity 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 has 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 1400 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 0C 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 1300 F for the top 10 numbers or 
sections and an average of 1370 F for the bottom nine numbers. 

Even with excepting the two high viscosity values at 1400 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 
1400 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 little 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. Finally, this low 
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. 

Table 35. This table illustrates average air voids and MR data at 
different temperatures for the pavements represented by Data Code Numbers 
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 limited number of 
pavements. The average air void content for the top ten rutted pave-
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ments is 3.6 t and excluding Data Code Numbers 40 and 48 t 2.2 percent. 
The average air void 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 t 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 lower (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 -130 F and 330 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 770 F and 1040 F, the deeper 

rutted sections have average MR averages of 0.390 and 0.140 x 106 psi 

versus 0.526 and 0.134 x 106 psi for the lower rutted sections t 

respectively. Excluding Data Code Numbers 32 MR at 1040 F, the average 
of the nine more rutted sections would be 0.067 x 106 psi at 1040 Ft or 
about one-half of the less rutted pavements I average. 

Based on the above, the 10 more rutted sections appear to have 
higher MR dynamic strengths at the lower temperatures and lower strengths 

at the higher temperatures and lower strengths at the higher temperatures 

than the nine less rutted pavements. Thus t 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 t 77 and 1040 F (25 and 400 C), the less rutted pavement 

sections show MR dynamic strengths approximately twice those of the more 

rutted pavements t 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 less 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 MR 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: 106 psi is equal to 6.895 x 106 pascals (Pa). 
14 



For instance, for the difference between MR at -130 F to 330 F, 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 0 F and 1040 F, the average MR strength at 1040 F 
was previously rated higher by a factor of two for the less rutted 
pavements. Thus, since the difference is also higher for the less 
rutted pavements, the MR value at 770 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 
~r 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 l8-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 pav~lents versus stability values for the less rutted pavements. 
the a verage Hve~l 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 little 
actual difference in Hveem values, and the fact that the higher Hveem 
average is associated with the more rutted pavements is probably not 
s; gnifi cant. 

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 less rutted pavements group. The average dry Marshall for 
the more rutted pavement sections is found to be 1659 lbs*. This is com
pared with 2432 lbs making for a much higher average for the less rutted 
group. 

The average Marshall stability after 24-hour Lottman testing for 
the more rutted group is 1527 lbs. This is compared with a slightly 
higher average of 1698 lbs 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 Ilheavy'l traffic category requirement of 
750 lbs (~). 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 Marsha~l flow values for the more rutted pavements, Data Code 
Numbers 44 through 29, have an average of 10.1 which is almost identic~l 
to that for the less 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 lb = 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 rrm) sieve, the 
more rutted pavements, Data Code Numbers 44 through 
of 53.9 percent, and the less rutted, 60.1 percent. 
passing the No. 200 (75 m) sieve, the averages are 

29, show an average 
For the percent 

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 less rutted is 6.9, or about 
half that of the rutted pavements. Concerning the percent retained 
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 MR 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. One;s 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 (~), 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{I), the higher the 
hump at the No. 30 sieve the higher the potential for the bituminous 
mixture to have stabil ity problems. These authors stated that IISuch 
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 larger particles and destroy stability that might otherwise result 
from coarse aggregate interlock. In addition, fine sand is inherently 
1 ess stabl e than coarse sand H (I). 

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 Stability. 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 sti.ll seen as in Figure 34. 

Figures 36 and 37 indicate results of Hveem stability testing for 
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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. On 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 low 
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 lbs (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 lowest 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. 
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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 swbjected 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 770 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 106 psi (0.6 x 109 pascals) is not shown because of 
being off the figure scale. Also noted on this figure is the tendency 
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 MR 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 1040 F (40oC), which temperature is close to 

road service 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 Stren~th. 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 laboratory_and field core speci~ens 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 

lower 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 



eight percent. The l8-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 51. 
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 ;s how 
low air voids specimens have declined very little 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 l8-cyc1e 
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. 

3. 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 770 F (25 0 C) and 1040 F (40oC), 0.292 and 0.067 x 106 

psi versus 0.526 and 0.140 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. 

4. 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 less rutted. 

5. There is little 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. 

6. 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. 

7. The more rutted pavements tend to have grading curves with 
the higher humps above the No. 30 sieve (600;Um) of the ASTM 
continuous grading curve. 
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fable lao Test Sequence I results for Item :.I4fJ Type "0" 1I~1AC usiny r'lac;~illan AC-20, U.S. 02, nickens, Texas . 

.. iii.'lk .. -.. ~ -.-"~ -~ - ._ ... 

I~II I~ 
Speci fie 

IOfi I'h'l ~;(' ~)ilIIIP I p lil'clVi Ly 7FT J( 

M<1I'shilll Tes L 

_S_L.aI~(Hty (IJI,SJ.. .. Llo~_ .19-,~n L!.~L 
Percent 

, .. "-5 pJ !,1J."- ..._ 
Penetration, dliRIl 

2-2 2.263 0.1179 1 fi III 17.5 

2-111 2.239 0.363 1533 16 1j.7 20 30 

2-15 2.279 0.378 1513 21 

twq. 2.260 0.1107 1553 lB 
N ....... 

IIveem Stahi 1 i ty Ilveem Stah iIi ly* I~ar'sha 11 Test'" 

Per-ccnf M "" @ Percent StaLJi Ilty Flow R 6 
(!'!i_CJ .. J!!~UL .JEL ..x_.!!I .. _jl~J J!!..Nfl __ J!!.~~L . _J)Ou!lj~ __ .!l.: 01 __ 1!1_ 

II ?-3 2.2110 0.1174 113. I) 37.0 0.119 34.1 28.0 1,716 23 

2-7 2.253 0.331 46.5 1I0.S 0.269 33.6 27.9 994 25 

2-fl 2.2fi3 0.319 4S.3 112.5 0.280 33.1 27.3 1,065 22 

2-9 2.265 0.375 4B. I 112,? 0.273 31. B 25.9 

2- lIJ 7..269 0.343 3fl.0 31.9 0.276 2fl.B 22.6 

2- 17 ;>.267 0.349 43.2 37.6 0',300 2B.9 2.l.2 

Av£}. 2.2fi6 0.365 45.0 39,0 0.303 32.0 26.0 1,260 23 

Viscosity, poises 

2/5 n r -.~ -- . - - ... 

11,250 B.3 

SpllLtlng Tensile Test 

llill~1 dllll 8<111 
SofLening 

.. Puint, nr 

no 

@ 7rr'" 

.5 tre_s~_JJl.~!L_~tT~.~ .. .ti!!lJ.!lL J1()d(j!.us . (p" i) 

75 .00412 18,186.2 

71 .001142 16,160.6 

74 ._09]~l] !.I),911J~_,! 

73 .00412 17,929.1 



hble la (continued) Test Sequence I results for Item 340 Type "0" IIMAC using tlacMillan At-20, U.S. 82, Dickens, rexas. 

111 

N 
co 

1-2 

2-4 

2-5 

2-11 

2-12 

2-13 

AVlj. 

2.290 

2.2A9 

2.280 

2.256 

2.254 

2.,?~!. 

2.270 

0.316. 

0.348 

0.328 

O,36R 

0.331 

P...,:U.I! 

0.355 

49.9 44, I 

41.7 35.3 

46.9 40.A 

55.7 49.9 

49.9 44.11 

5?~.2 .4 7 .. :.4. 
50.0 114.0 

r~R 'x 106 
lIS j 

0.020 30.4 24.6 59.0 

0.177 39.6 33.3 103.B 

0.081 41. 3 35.3 99.1 

0.205 44.2 3B.tt. 106. I 

0.076 33.9 28.1 7B.B 

f'-,.£3J~ iQ:f. .41,1. '!Q~'!"~ 

0.133 40.0 34.0 'It'. I 

splitting Tensile Test @ 77°r Rice 
Specific 

-n~'L __ n°.L_ 68 u f._J.Q.4"'L Stre~I!ill. S t ra i .!!..i!!tJJ!!L._!~odu 1 us j~!L .... ~~!.j!L 

IV 2-1 2.254 0.398 I. 410 1.337 0.539 0.099 101.7 

2-6 2.272 0.344 I. 935 1.214 0.610 0.094 101. 5 

2-16 ~,?!if! Q,l~§' f:P9 Q!.?~§. [·JIZ Q.J(j] . Ug,,2 

Avg. 2.265 0.369 I. fl75 1.172 0.575 0.100 101.8 

Notes 

• Ilcnotl:!s test resul ts after (24-hour) LoLLlllan lIloisture trciltlllent procedure. 

H Ill:!notes test results aftl:!r (HI cycle) Lottman moisture treatment llrocedure. 

MR - I{es iii cut Moliu I us 

.I~.S.G. - Rice Specific Gr'avHy 

0.00354 28749 2.404 

0.00304 33443 2.404 

[&Qlli . l.2429 ?:.~.Q! 

1),00325 315·10 2.404 

0.00383 15,393.2 

0.00472 . 22,016.0 

0.00560 17,693.5 

0.00413 25,715.9 

0.00671l 11,617.9 

QJ)Q4J) ?~A;OL 1.'1 

0.00'1117 19,673. I 

Percent 
Air 

_.~.Q.L~1 . 

6.2 

5.5 

.. 5 . .7. 

5.B 



lable lb. Test Se(IUenCe I results for Item 340 Type "D" HMAC Dorchester AC-20, U.S. 02, Dickens, Texas. 

rllilse 

II 

4-1 
4-4 

4-5 

4-11 

4-7 

Hl 

4-13 

4-14 

4-15 
4-16 

AV!j. 

2.277 

2.264 

2.271 

2.261 

2.26g 

2.272 

2.2M 

2.268 

2.280 
2.276 

L~~2 

2. no 

.560 

.769 

.463 

:.!l!!. 
.557 

.618 

.545 

.460 

.434 

.423 

.:.."o.~ 

.482 

Marshall Test 

.S_~i!..b.iJ.i.ty Jlp~L .fl~!i.J!l.,~ •... i_n1 

1904 

2307 

2006 

2072 

IIveem Stallil ity 

I'erl;cnt 
J!JN~l .H!IQJ. 

46.5 40.6 

49. I 43.1) 

41.8 35.8 

46.2 39.8 

46.8 40.3 

.19.·Jl. 
46.0 40.0 

15 

17 

16 

16 

.490 

.509 

.440 

.393 

.465 

.387 

.447 

Percent Penetration, dll.~ 

.lI.Sjl!I.!I.1..t_ ... _ ._ .. _)_~.2."!. _ . 

5.65 21 32 

42.1 36.2 1725 21 

39.7 33.6 
38.1 32.1 1555 22 

34.7 28.3 1397 22 

35.7 29.6 
34.5 

38.0 31.0 1559 22 

Viscosity, Imises 

.. }J."f .. Yl0''L ._ .. nXL 

1.4 x 106 11355 8.737 

122.7 .00324 

106.9 .00501 
1116.3 .00422 

112.0 .00422 

Rin', .11111 nail 
SuHeniug 
Po.int, "f. 

144 

37839.8 

21346.4 

27741.0 



Table lb. (continued) Test Sequence I results for Ttem 340 Type "0" IIMAC Dorchester AC-20, U.S. Dickens, Texas. 

III 4-3 2.226 

4-10 2.289 

4-12 2.269 

4-17 2.266 

lJ-18 2.272 

lJ-20 2.276 

w Avg. 2.?66 
0 

TV 4-6 2.274 

4-9 2.283 

4-19 2.270 

AVI/. 2.276 

Notes 

* Ilellules lest results after 

** nelloles test resulls after 

Mil - Res ill ell!. MOIlu I us 

.608 

.427 

.419 

.402 

.4lJ2 

.508 

.468 

.579 

.438 

.477 

.49B 

--------------------------nveenITtaljilTty·.--r.farsIiiH·Test**-----------·_---------------------------
IIveelll Slahility 

Percent 
j!!~il ____ D!!!!l_ 

MRU @6 Percent Stahility Flow SJllltliny Tensile Tesl @ 77°Fu 

.lIT_~.J_L_.P_sJ.. _1~&_ .1TIID_L __ £.ound~J!·J~Ll!!... 5'Ies~Jjl~1~train l!!'J.tnJ __ Mod'~_lus _(lliJl 

50.6 45.5 .476 47.4 42.3 1223 35.5 

42.3 35.9 .289 23.0 16.6 lOU.O .00634 157fl:J.6 
43.9 37.9 .318 35.9 29.9 1338 24.0 

45.9 39.9 .277 29.8 23.8 106.6 .0060lJ 17649.2 

lJ lJ . 1 38.0 .331 3lJ.0 27.9 1617 22.0 

46.6 40.5 .389 37.9 31.8 128.9 .00501 25733.2 .. _._---- --
46.0 40.0 .347 35.0 29.0 1393 27.0 112.0 .00580 19723.U 

6 Splltting Tensile Test @ 77°F Rice Percent 
1~1l x lOps i Spec Hi c Air 

~Jr~~1.~L __ ._68~ F 104°F Stress (psi) S t ra 1 n U!!L!!!.L_ 140du L'!~_JjlsLL Grav t9'.._ Voids 
~- -.-,--

3.536 1 .3Bl .678 .128 127.5 .00324 39314.56 4.11 
1.529 1.322 .5BO _ 1 00 109.5 .00354 30970.44 2.389 4.4 

J! 65_1_ L}_O] .698 .122 127.B .00368 34720.911 5.0 -_ .. _- -

2.239 1.335 .652 .117 121.6 .00349 35002.0 2.389 4.7 

(?4-hOl\l') tollman moisture trealment procedure. 

(HI cyc I e) Lo t lilian mol s lUl'e treatment procedure. 



Table lc. Test Sequence I results for Item 340 Type "0" III-lAC using Exxon ;IC-20, U.S. 82, Dickens, Texas 

-----~----- [Ju 1 k ~---.-------- .-.. ---- -----------. -----.---------------- .-----------"-~. 

Ring and Dall 
Speci ftc 

I1
R 

@ Milrsha 11 Test Percent Penetration, linin Viscosity, poi ses 
Softening 6 

Phase _ 3'!.1I1JlJ!! __ __ ~avt~~~ Stabil ity (lbs) _ L!1!.~_(Q.J>Li!!.L ~J_t _ 39.2"r nor nor 140 0 r 275e r ~!.b __ ~I --------

3-7 2.246 0.838 2,035 19 

3-fl 2.252 0.639 2,068 15 5.17 8 21 1.6 x 10
7 

0,668 6.055 136 

3-12 2.2fil\ 0_703 1_,.'I~~ 16 

Avq. 2.251\ 0.727 2,023 17 

flveem Stabtl ity Hveem Stabi 1 i ty" 11arshall Test· 
w 

Percent M • @ 
Percent ...... Stabi 1 ity Flow Spli ttiny Tensile Test @ nor· 

_J!!'~C..L ___ .J..D!JJl 
R 6 

_]L~!..Ll°--.1~ j.!:!~C) (THO) _PEl!.n_d_s ___ .J!.. QLtl!_ j.!!~~_~J~ i) Stra i n J..!.n.LLrU ___ !1Odul.l!.~.-<fl_S_U 

II 1-1 2.<'74 0.562 iI7.0 '10.9 0.596 35.7 

3-2 2.281 0.657 44.3 38.0 0.622 36.9 

3-10 2.252 0.629 <13.6 30.1 0.660 41.5 

3-11 2.2<10 0.016 <19.6 1\4.0 0.fi91l 49.9 

3-11\ 2.266 0.609 '11\.1 3fl.S 0.592 37.7 

3-17 2.282 0.li23 1\1\.9 ]0.4 0.622 37.0 

AvCJ· 2.267 0.649 46.0 40.0 0.612 40.0 

Notes 

• E1enotes test results after (<'<1-hour) tottlllan moisture t.n'<ltmcllt IW(lcedur-e . 

... Denotes te5t results arter (III cycle) lottlJlJn moistllre tr'eatOient procedure. 

M

" 

- flesilient H(lilu11JS 

29.6 1,611 19 

30.6 lll.3 .U()<142 3117<11.2 

35.9 16B.2 .001\13 1\0773.15 

44.3 2,23H 22 

32. I 1,667 19 

30.5 156.0 .OUI\<12 ~~t?~.~~. ".,---- ~ .. 

34.0 1 ,341 20 165.0 .00432 .lB211 .0 



Table Ie. (continued) Test Sequence I results for Iteftl 340 Type "0" tlWlC using [xxon AC-20, U.S. 82, Dickens, Texils 

........ __ ..... _-----
Bulk MR @ HYcem Stabil ity 

Splitting Tensile Test.@ 77°F·· Sped fic Percent Percent . Stabll ity Flow 
pJ.!!se _ -. Sample _~r:~ nOF x 106 

--.i!JNC ) ( TlID) (lINC) (TliI) ) pounds 0.01 in .?tre~J..p2Jl.. _ Strain-Iln/fn) M~~~JP2.il 

III 3-4 2.2110 0.6511 45.2 39.0 0.533 36.3 30.1 1 ,816 19 

3-5 2.2/4 0.554 46.7 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 24.3 160.1 

1~ 13 2.258 0.564 46.3 40.4 

3-15 2.269 0.612 50.2 44.2 0.5110 46.1 40.1 1711.0 

3-16 2.2611 o.~]?6 46.4 lieu 0.498 }8.1 32.1 lfiZ.A 
AVfJ· 2.269 0.623 '17.0 41.0 0.526 37.0 31.0 , .827 18 166.0 

w 
N 

11" )( 10
6 

psi Splitting Tensile Test @ 7]OF 

:J.l:1 ____ }XI. __ .Ji!tf __ l.!!'!:L Stress (psi) Strain (In/in) 11odull!~~ 

Rice 
Speci fic 

Grayi ty 

IV 3-3 2.266 0.641 1.6!11 1.793 1.0115 0.124 151. 9 

3-9 2.271 0.711 2.895 1. 631! 1.0115 0.149 178.2 

3- HI 7..253 0.6112 2.30!) 1.555 Q·2A? 1117.6 

Avg. 2.263 0.665 2.29<1 1.662 1.026 0.128 159.0 

Notes 

• Denotes test results after (24·hollr) Lottman moisture treatlllent procedure. 

** Oenotes test resul ts after (18 cyclc) I.ottlllan moistlH"e treatillent procedure. 

HR - Res i lient Modulus 

.00383 

.003211 

_,QQ)JJL 
.00363 

39640.112 

54956.02 

J!3.1ifl,.O.§. 
44373.0 

2.416 

2.1116 

.005115 

.00516 

•. QQanIL 

.005110 

Percent 
Air 

.JI!lJ9~_ 

6.2 

6.0 

.§.,l 

6.3 

29467.0 

337112.6 

29.Utl3 L O 

3U738.tl 



Table Id. Test Sequence I results for Item .)110 Type "IJ" IIIIIIC lJsill(j SII<'"lI'ock lIe-20, U.S. 82, ilickens, Texas. 

Phase 

w 
w 

II 

lIulk 
Spec Hie 

Sawpl.e.. __ ~_r~,!.i ty. 

5-4 2.261 

5·5 2.260 

!,-9 2.262 

IIv'!. ;>.261 

5-2 2.261 

5-] 2.274 

5-6 t~'?J!Q. 

Avg. 2.265 

r~R @ 

7l"F x' 106 

.526 

.796 

.607 

. (i44 

.566 

.524 

.656 

.569 

1620 

1606 

1507 

1578 

IIveem Stability 

Percent 
CU!l~_L_ .. U!ID)_ 

42.] 36.5 

41.6 ]5.5 

43.7 36.1 

43.0 37. I) 

17.0 

17.5 4.91 14 29 

15.5 

17.0 

IIveern 5 tabillty* r~arsha II Test* 
M ~ @ 

Perc.ent Stability Flow R 6 
.JL°£..~.J~I ... v..~.L J!!rlc) ._D~~!L _.£.o~.~~s. __ Q.,.Q.l_!!L 

.446 37.5 ]1.8 

.397 ]5. I 29.0 

.510 ~?,-L 37.1 

.451 311.4 ]3.0 

1.64 x 10
7 9564 11.026 141 

Spll tting Tensile les t @ 7]oF* 

.. StI~.s.s_.(P2.!l ___ SJ..r~!!!. .. (inj !.!IJ .. Jo\()~t~.1.us (psi) 

114.93 .00413 27854.66 

117 .49 .00766 15332.6 ------- ---.. ~ 

116.0 .00590 21594.0 



Table Id. (continued) Test Sequence I results for Item 340 Type "0" IIMAC using Shamrock AC-20, U.S. B2, Dicken!>, Texas . 

Il [ 5-7 2.269 .548 113.6 37.8 . 240 44.6 38.8 122.18 .00825 
5-10 2.262 .654 411.5 3/"1.8 .263 44.S 39. I 129.36 .00701 

2.26/l ._'H.Q 1"-'-.1\. 3B.6 .236 46.4 ll.(),,20 .,Q0f!8.:J 
2.266 .547 44.0 38.4 .2116 45.0 39.5 121.00 .00305 

w 
+=-

I~R x 106 psi Sill HUng Jens1Je Test @ n"F Rice Percent 
SpecifiC Air 

_13°F . Str~~~ .(j~s il_ .. _~.!.!.n_jJ!if_I!~_) _.!,'od!!.!~(I:l~JL __ Gra.!i!L Voids -'----.-.'-

IV 5-1 2.259 .435 2.557 1. 67!j .766 .103 1011.0 

5-8 2.270 .636 2.376 1.96<1 . lin .159 131.5 

!i-13 ;>,26,6 ·.~'W 1.86/1 1.654 .877 .106 IH.l 

AV'J. 2.265 .537 2.267 1.764 .1309 .123 1l7. (I 

Notes 

* U/!IIotes lest results after (?4-hour) l.ottlll(}n moisture treatment procedure . 

•• Uenotes test results after (III cycle) I.ottllldll moislul'e treatment IJrm:edure. 

MR - Hl!s 11 i ent Molin Ius 

.00825 12607.40 5.8 

.00530 2477'1.69 2.398 5.3 
:.<)()7Q7 16121L07 .~,~. --~ -------.~--.-

.on6fll 17638.00 2.398 5.5 

14B06.72 

lH21.l9.35 

J?4§L!! 

15187.UO 



Table Ie. Test Sequence I results for Item )40 TWe "0" "MIIC using Skilllwnck I\C-IO, U.S. 82, Dickens, Texas. 

Phase 

5-14 2.269 .319 

5-17 2.273 .375 

5-23 2.277 .363 

IIv!). 2.273 .352 

w 
U1 

11 5-16 2.269 .372 

5-1/) 2.2Gl .317 

5-20 2.257 .349 

IIv<j. 2.1'62 .346 

I1fl7 

1444 

14.5 

14.0 

1285 14.0 

1305.0 11.0 

5.06 

Penetration, dllill 

39.2"F 77"F 

21 62 

IIveenl Stabil ity IIvcem Stabil ity· Itarshall Test" 

Viscosity, poises 

_.J !~L. ____ ~Jt L . .. ___ 215_" f. __ 

1.20 x 107 2000 5.931 

Ring and lIall 
Snflcning 

. __ 1'!l.i.!1.l.> ''!. _._ 

122 

I'ercenl HR" @ 6 Percenl Stability flow Splitting Tensile Test @ 77"r' 
(~CJ. ___ JT!IJ~) _}r!.".!'.".!O __ p~_i_ J~NiL_(J-'I~L __ .p'~un.!'~ __ O.:_.o'!'J!~ ..?tre.~~_~_~r~.i.'!_i!!"!!.i!!L !"~'!..u}!l~ .. (J)r,:ij 

43.6 37.6 .327 29.9 23.9 71 .16 . () II 79 6036.15 

42.8 37.0 .285 31.9 26.3 70.81 .01002 7066.26 

44.0 3B./) .314 33.7 28.1 66.51 .01031 6447.95 

44_0 38.0 .309 32.0 26.0 70.0 .01071 6517.00 



Table Ie. (continued) Test Sequence I results for Itell] JIlO TYrJc "0" IIMJ\C IJsing Shilmrocl; 1\1.:-10, U.S. 82, Didens, Texas. 

Bulk M
R 

@ 
IIveellI StabiliLy M" @ 

Specific Percent R 
r!~~!!._ ~1llJ!!~ Gra~H.L 1.?~L~!!~ J!I.~.f.L __ 1!!!QJ _ .lL'J_~_J~'---

ill 5 -19 2.266 .369 46. I 40.2 .251 47.3 

5 -21 2.263 .309 44.9 39.2 .227 45.3 

5 -22 7. ~ ?1t:i_ .3<15 44.9 39.4 .239 46.4 

Av\]. 2.2511 .341 <15.0 <10.0 .239 46.0 

IV 5 -2<1 2.264 .360 2.096 1.665 .616 .053 109.9 

5 -7.5 2.277 .2H1 2.413 1.556 .671 .051 74.5 

5 -;>6 2.274 .335 2.658 I. 531l .602 ',Q,SJ! N.,§. 

AV'J. 2.7.72 .328 2 . .189 I. 5 lit) .630 .053 06.0 

Notes 

• Denoles test results after (24-hour) Lottman moisture treatment procedure . 

•• Denotes lest results after' (III cycle) toUman molsLure treatment procedure. 

Mn - Ilesilil!nt Modulus 

41.4 flO.7 

39.6 8<1.4 

40.9 H~'. 9 

41.0 1l11.0 

.01179 9320.12 

.00943 7900.15 

,!l.Q.!t!l.~ !R1Q,J~ 

.01002 8477 .00 

.01267 6369.6 

.01650 5111.0 

.00004 9lJ~-,Q 

.01267 7066.0 

<1.5 

2.370 3.9 

.1. . .1 

2.370 4. I 



Table If. Test Sequence I results i1r Itelll )40 1ype "I)" IIMAC usiny Costlen AC-20, U.S. 82, Dickens, Texas. 

w ....... 

II 

6-5 

6-11 

6-2 

Avy. 

6-3 

6-3 

6-13 

Avq. 

2.260 

2.255 

2.225 

c.2iJl 

2.278 

2.239 

2.223 

2.248 

.733 

.611 

.653 

.667 

.589 

.543 

.674 

.(;02 

1433 20 

lB.IB 16 5. 17 9 29 

1451 27 

1567 21 

I/veelll Slability IIveelll Stability' 11arshilll lesl* 

1.4 x 107 4750 4.49 

Hiny and lJall 
Softening 

__ . P!JJ.I~J, "y. 

132 

Percent MR* @ Percent Stability Flow Splitting rensile Test @ llor' 

(!J.!iCJ .... lT~~UJ .Jr..r..~J!l~.jl~}_ J.'!f!~L _ .. m.~).L. .._J).9~~I~:tS, ... ,Q-,!tLl'!.,_~.!~·~~~.JJ,.s}L_ .S,l,r.iI.i!' .. U!lIiDL J-I911uJ.us Jp'.iJ 

43.0 36.9 .558 35.8 35.1 142.6 .00325 IllBO.50 
49.6 44.3 .475 33. I 36.6 112.74 .00707 1593B.9B 

42.1 37 .1 .459 37.9 36.2 104.15 .00589 17669.50 -_ .. - - .. ~ ~, .. "-->< 

44.9 39.4 .497 37.3 36.0 119.B .00707 16%3.00 



Table If. (continued) 

III 

w 
CO 

(,·6 
6-7 

6-12 

'AI/II. 

2.247 

2.235 

~=}?i 

2.2:15 

Test Sequence I results for Itelll 340 Type "IJ" UP1AC using Cosden AC-20, U.S. 82, Dickens, lexas. 

.565 50.7 45.1 .444 50.7 /15.2 1011.9 .01002 

.50B 40.6 35.4 .45B 47.S 42.6 85.2 .00884 

44.4 1~·,~ :J.11 113.5 T!.:J 
.575 4r). 2 40.0 .425 49.0 43.S 90.4 .00904 

I1R x 
6 Splitting Tensile Test @ 77"'F Rice Percent 10 fist Sped fie Air 

-13"f ,litt".L .-.!!!.4 0 F.... _~~es~~L_~.!hl!!.!Il!!L~4odulus(Jl.~U_ ~~~jJ~. Voids -- --.~. ---

IV 6·1 2.269 .502 2.276 1.990 ,907 • lOB 135.11 

6-4 2.258 .6i1A 2. IO~ 1.408 .914 .I!)U 154.9 

6-10 2.243 .555 ~. 1.9.6 I. 'Vto .11B2 ,Jl~ 130.4 

Avq. 2.251 .568 2.162 1.626 .901 . 130 140.0 

Noles 

,. Denotes test re~lJlts lifter (24-hour) 1-00.111,," IIlili,tun~ lfeiltmellt procedure. 

*" llenotes lest. result.s after (111 cycle) ttlllman Ilulisl.tll'e l.!·e.ll.lIlent In·ocedun~. 

HI( - RI!siJicnt Hodulu~ 

.00B84 15]6].36 6.2 

.00013 19041.00 2.418 6.6 

.,QQ7~!i.. !Ji!.?9., Q4 

.001121 17144.0 2.418 6.7 

10863. I 

9640.3 

.. r.i }9 ._~. 

9947.8 



Table Ig. Test Sequence I results for ItC1" 3~O iypc "0" IIMAC using (osd(~11 AC-IO, U.S. 1'12, lJickens, Texas. 

II 

6-16 

6-21 

6-24 

A"g. 

6-15 

6-17 

6-18 

AvCJ· 

2.235 

2.295 

?,~21 

2.27/1 

2.253 

2.256 

2.252 

.470 

.505 

.709 

.561 

.501 

.466 

.513 

1480 

1539 

1755 

1591 

lI"celII Stah ility 

Percent 
_(l!Ni.t ,UnO}. 

44.9 39.3 

45.7 39.9 

44.7 39.2 

45.0 40.0 

--------_.-.-.. ------_. -'--- -_._.-, ... -----
ny and Oa II 
Softening 

_ ... f~h~L..._~F. 

13.5 

15.0 1\ A8 8 28 1.3 x 106 4322 4.155 132 

15.5 

15.0 

tI"cern Stability" /·Iarshilll Tesl"· 
f1n" @ "crcent Stability Flow Splitting Tensile Test @ 1rr" 

r!:..1'.-'Q~Jl~J Jur!cl..,_f!JI~L _'p...Q~J1(!s ___ 9..,.!Hin_ ~_I:!"_e.s~_ Jl!'sJl_~_~r?"!!!'JlnL!.!'.L 11~!I!,-!~.s.(J~:; i) 

.440 36.7 35.5 95.9 .00825 11621.5 

.356 36.7 35.6 106.16 .00B25 12864.32 

.473 39.5 38.2 99.47 12054.35 -----

.423 38.0 36.0 101.0 .00825 12100.00 



Table 19. (continued) Test Sequence I resul ts for I tem 3~0 TYJle "U" IIMIIC using Cosden I\C-IO, U.S. 82, Dickells, lexas. 

III 

IV 

Notes 

6 -14 

6 -22 

6 -25 

Avg. 

6 -19 

6 -20 

6 -23 

I\V!!. 

2.242 

2.234 

2.295 

2.274 

2.2]2 

2.?90 

2.299 

2.2M 

.440 

.488 

.,.~?.J. 

.486 

.457 

.517 

. 485 

.486 

1\ 7.2 

43.3 

43.4 

45.0 

1.668 
2.050 

2.205 

1. 974 

1\1.8 

37.3 

36.9 

39.0 

1. 291 

1. 267 

1.1H4 

1. 4'l7 

.806 

. 755 

.821 

.794 

.364 46.9 

.1163 49.3 

.4"79 ~q:J. 

. ~35 50.0 

.091 

.0117 121.4 

.094 l)f!,.2 

.092 131.0 

• Uenoles lest results after- (24-IKlur) totlman moisture treatment ill"occdur"e . 

•• Denot.es tesL results after (HI cycle) LoLLllliln moisture tn!i1Lmcnt prO!:edure. 

Mn - Resilient Mudulus 

111.6 85.6 
43.4 126.4 
43.7 !36.:.Q 

43.0 116.0 

.00943 13189.72 

.00072 15838.75 
-.-~.- --_ .. _"--

.00908 14514.0 

.01179 7262.1 

.01210 9750.6 

.01150 Ua.z .. 9_,I. 

.01l73 9614.0 

6.9 

2.396 4.4 

._4·.IL. 

2.396 5.1 



Table 2a. Test SCf)uence I results for ]tem 340 Type "£J" IIHAC Mac~\i.llan I\C-IO, U.S. 287, OlUna>, Texas 

j'/hlse S.,lllll' 1 I' 

1-10 2.261 

1 II 2. loS 

1- 15 ('. ?I\l 

!\v9· 2.?Sfl 

..f!::> ..... 

II 1-2 2.236 

1-3 2.225 

1-5 2.739 

1-9 2.250 

1 12 2.272 

1- In 2.250 

I\v11. 2.245 

.310 

.319 

,n~ 

. 301 

. 2"7 

.2Jfl 

.1'9? 

.307 

.318 

.21l9 

.281 

2591\ 

2528 

IIveem Slab i I ity 

Percent 
(UNfJ _.F!I!}) 

49.7 "7. I 

46. I 1\2.9 

1\9.H "6.1 

50.B "6.8 
55.3 50.6 

53.9 1\8.1 

51. 0 1\7.0 

Penetrd t ion, dllill 

}~:.tT ... .!I~f_._ 

18 5.26 57 107 5.6 x 105 1360 :3. "91 112 

11 
HI 

IIveem Slabi I ity" Ilarshd II Test'-
r11t @ 6 Percent Stahility Flow Splitting lensile Te>l @ /7

o r" 
1J~L!..I!Lp~J_. J.Y._f!~L .. J!.I~IJ __ .p.I!Ulld.s._ .. !!'~ . .QJ. j!!_ ~.!!.~xLJI!~_ll_ . ..J.I:!~in .. ti.nll."-L.It0~~!~~ .(J,.:-.I I .. 

. Oil I 27.3 2".8 

.OB3 26.6 23.4 

.IIB 26.2 22.7 

.092 2B.7 2".7 

.OAB 18.5 13.8 

.074 26.B 20.9 

.089 26.0 22.0 

1032 

1105 

1069 

21\ 

27 

26 

52.7 

49.8 
4].3 

49.0 

.00794 66].L6 

.01079 4617,11 

.00992 11)63.8 

.00955 52()5.0 



-Table 2a. (Continued) Test Sequence I results for' Item 340 Type "0" HMAC MacMillan AC-IO, U.S. 2117. BUIlIi),>, T(',as 

III 

IV 

Notes 

1-1 

1-4 
1-6 

1-8 
1-16 
1-17 

Avg. 

1-7 

1- 11 

I 111 

I\vg. 

2.233 

2.227 

2.230 

2.235 
2.250 

2.·?n 

2.241 

2.250 

2.262 

2:?.5Q 

2.2511 

.285 

.236 

.155 

.317 

.263 

'.~~

.260 

.311 

.303 

.279 

.298 

49.5 

41.9 
42.9 

58.8 

50.2 

57.6 

50.0 

1.792 

1.958 

? .. ~~4. 

2.015 

46.2 

39.5 
39.3 

53.3 

46.4 

54.5 

47.0 

1.656 
1.681 

L.61?" 

1.657 

.387 

.377 

.363 

.042 

.045 

.030 

.036 

.034 

.0]4 

.0]8 

.080 

.ORO 

.ORO 

21.9 

24.9 

20.9 

21. 7 
17.4 

18.6 

21.0 

133.4 

74.6 
60.] 

73.0 

• Denotes test resul ts after (211-hour) Lottman moisture treatment procedurl! • 

.. OcnCltes test results after (Ill cydc) l.oUnml lIIoisture tr(!,llment {lroc:edure. 

Mil Resilient Modulus 

18.7 

22.4 

17 .3 

16.2 
13.5 

17.0 

851 

93B 

839 

076 

.00454 

.00462 

.00454 

.00463 

22 

34 

28 

28 

18372 .R 

15469.4 

13279.fl 

15707.1I 

]0.04 

]] .16 

32.00 

2.464 

2.464 

.01357 

.:ilJ?08_ 

.own 

Percent 
I\ir 

Voids 

11. 7 

1'1.2 

H.' 

fI.5 

2213.211 

?l~ 5 .. 0!>. 

2479.00 



Tahle 2b. Test Sequence I results for Item 3'10 Type "0" IU1AC using Dorchester AC-lO, U.S. 287, OUillaS, Texas. 

iluU--
Spec Hic 

Phase Sil!lIl'le _(irayi ty_ 

2-10 2.261 .371 1522 14 

2-13 2.249 .344 1533 14 

2-16 2,_2!!? .318 1745 16 

Avg. 2.252 . '144 1600 15 

IIveern Stallil ityt 

Percent 
M *1 @ 

It 
.. J!!~SJ ___ J!!!!!.L JTJ~!_106.J~J_ 

[[ 2-1 2.233 .290 .060 

2-6 2.239 .260 .066 

2-8 2.238 .313 .061 

2-9 2.262 .342 .110 

2-11 2.2.,9 .360 .107 

2-15 . ~,1}J. .300 _Jl1.!! 

AV9· 2.243 .311 .079 

t rhe Ilefore - Saturation Testing of the IIVEEM Stability santp I es ill 

after being subjected to the accelerated Lottman test. 

rene t ra t i 011, dliin 

39.2"F 7rF t . -.- ----_. -.~. ~ - --.-., -,- - . -

5.7 26 66 

IIveclII Stallil ity* f1arshall Test· 

Percent Stallil ity now 
J'llIS:l_(!!.Il>L __ p..9_t!nds _ . ..Q.Jll.J..n __ 

11.9 5.7 558 20 

11.8 5.8 621 21 

11.B 5.9 595 21 

10.9 4.4 

21.4 15.7 

9.9 4.0 

13.0 7.0 591 21 

1.5 x 

. _______ ,,_. _ _ ._._._u. w ____ _ •• ~.~ ._~. __ .~ ___ *'_ 

Ring and ilal-I 
Suftcnillg 

Viscosity, poises 

. ___ .P!-'.1!'_t., . . "T: 

]06 1989 3.976 122 

Splitting Tensile Test @ 7rr· 

_~~!~s.~_.(p.!..!l ___ .2y'~J!'_ .l1-'-!/J.nJ _ ~ofl)~!:'J.u~_JJl:; iJ 

'10.0 .00851 4698.0 

51.1 .00682 7498.6 

31.6 .00910 3474.6 

41.0 .00814 5224.0 

this leg was inadvertently.omitted and the samples were only tested 



Table 2b. (continued) Test Sequence results for Item 340 Type "0" "MAC using Dorchester AC-IO, U. S. 201, DUlIlas, Texas. 

III 2-2 2.240 .303 ' 49.3 43.9 .061 6.9 1.5 149 21 

2-4 2.254 .204 57.0 51.0 .045 6.7 0.8 818 24 

2-5 2.248 .291 118.5 43.3 .063 12.9 7.7 839 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 3.5 27.66 .00063 3205.74 

2-18 2.232 .325 49.9 43.9 .040 13.6 7.5 23.76 .01611 1474.95 -----,-"' ~ . -

Avg. 2.247 .293 52.0 46.0, .056 10.0 5.0 802 26 28.00 .DlO14 3064 .00 
~ 
+-

"R x 
6 

Splitting Tensile Test @ 7]oF Rice Percent 10 psi Sped fi c Air 
::-J3°F __ 33°F __ 68°J __ IOIIQF 2!ress (Ilill Straln_ ( in/in) f.1odulus(~ __ Gra'{Hy, _ __ VQ.J.II.L 

IV 2-3 2.266 .301 1.B09 I .211 .472 .101 07.4 .00397 22003.8 6.9 

2-12 2.247 .346 1.833 1.379 .463 .101 88.0 .00426 20681.4 2.433 1.6 
2-17 2.239 .323 I .731 1.102 .415 .095 fl2.4 -,_OO:U~. 26402.4 ..J.l,JL 

Avg. 2.251 .323 1.791 1.257 .450 .099 B6.0 .00378 23029.2 2.433 7.5 

Notes 

• Denotes lest r'esults after (24-hollr) Lottman moisture treatment procedure, 

~. lJennles test resul ts after (Ill cyde) Lollman moisture Lreatment procedur·c. 

MR - Resilient MOllulus 



Tahle 2c. Test Sequence 1 results for Item 340 Type "0" II~IJ\C Exxon AC-lO. U.S. 287. Dumas, Texas. 

Phase 

.j::. 
CJ1 

II 

S~III~"~ 

3· 12 

3-14 

3-16 

I\vg. 

3·6 

3-7 

3·£1 

3-9 
]-13 

3-18 

AV!J. 

iluli("-- .-"~.-.~-- "---- ~- .. - ~.-. ~.-. ~ ~ --'--~'---.-,. --.-'.~-.--~----.-- ---.-.. -- _____ ~._u ___ . __ · ______ ~ 

I~n @' Marshall lest Percent Penetration. WI.II Viscosity, poises II i n(1 and lIall 
Softening SI)()ci fic 

G.r!l_v.~ ~.Y. 

2.219 

2.202 

2.202 

2.208 

2.205 

2.226 

2. 197 

2.215 

2.22£1 

2. 1911 

2.212 

n:'F..x, _lI)~__ __S.!_ah.i" _1,ty_ JI ~)s). _LL~~ _H!: OJ_"i!,~t ,_AsJlJ~~L! ___ . __ ._}_~~_?~L __ .1! ~L _ _ po£. _ , __ 11.1tL... __ P5.oJ _ _ PIJ.irl to' or 

.415 

.525 

.424 

.455 

.380 

.400 

.422 

.343 

.371 

.512 

.405 

llOIl 

1020 

1633 

1720 

15 

16 

15 

15 

5.7 7 45 

IIveelll StalJlllty+ IIveem Stabili.ty* r~rshall Test* 

2995 3.1158 126 

Percent fin'" @ Percent Stahility Fluw Splitting Tensile Test @ 7rr* 

_ J ~,N_~J. , __ JI~ ~!.L .1.7.:! __ ~JQ~ J!~!...iUNC)_JJJ~!L _.£.2~ni~ ____ 0.0 l1n__ S.~,~:;s_Jp_~_ iJ __ ~!.rit!!~_U_nLi!!LJ1.':!_t!Il.I_~_~ __ ( p~; i) 

.086 2£1.9 23.8 327 17 

.119 28.9 23.5 367 23 

.124 24.~ 19.5 4]1 l£I 

.113 27.6 22.9 23.7 .U0709 4049.2 

.117 27.0 21. 9 30.7 .00767 5047.4 

.260 40. I 35.1 73.2 -,.9Q?_~1 25805.£1 
-~---.- --". 

. 1]7 30.0 25.0' ]75 19 47.0 .005£17 116]4.0 

+The before·saturation testing of the liVE EM Stability samples in this leg was inadvertently omitted and sillIIJlles were only tested after 

heing subjected to the accelerated Luttman test. 



Table 2c. (continued) Test Sequence I results for Item 340 Type "0" IIMAC Exxon AC-IO, U.S. 287, DUlRas, Texas. 

III 3-2 2.202 0417 49.5 44.2 .025 26.4 21.6 199 1 7 

3-3 2.202 .339 51. 5 46.2 .027 33.0 28.2 224 19 

3-4 2.198 .378 51.4 46.2 .027 211.4 18.9 247 20 

3-5 2.193 .3U7 53.1 43.3 .024 30.2 25.6 15.37 .01035 14U4.53 

3-51\ 2.204 .396 '19.6 44.a .026 B.4'1 .01151 1167.94 

3-10 2.240 .351 50.0 44.5 .028 19.52 .01035 1885.71 

3-17 2.210 .464 4_'LS 43.11 .050 26.79 .00920 ~~!L~ 
~ 
0'1 

Avg. 2.207 .390 51.0 45.0 .030 29.0 24.0 223 19 19.00 .01027 1862.00 

I1R x 10
6 

ps i Splitting Tensile Test @ 77 n r Rice Percent 
Sped fic flir 

-13"F 33"F 68°F 104°F ~tress ~ Stra!!!'J~n/!r!L .11qd!!!_!!.~_jl'-~LL _---.!ir~~i!1_._ ._VQ.i~_~_ "._---,---- .--'~ ---

IV 3-1 2.209 .4'10 2.370 1.440 .591 .116 IOU. 1 .00255 42322.0 10.5 

3- Jl 2.202 .383 2.073 1.342 .540 .124 97.6 .00341 2U658.2 20467 10.7 

]-15 2.:.£.91 .!4.L~ 2_.:-!?§_ 1.26B .626 .126 11)1 . .2. .00397 26]95.8 10.8 ____ ' __ R_ 

I\vl]. 2.204 .Ill] 2.206 1.350 .586 .122 104.0 .00331 32459.0 2.467 10.7 

Notes 

• Denotes test results after (l4-hour) Lottlllan moisture treatment procedure. 

*" lJenu tes test results after (Ill cycle) I.oltman IIKJistlwe treatment procedure. 

Mn - lies II i ent Mothrl us 



Table 2d. Test Sequence r results for Item 340 Type ·0" UMAC Diamond Shamrock AC-20, U.S. 287. Dumas, Texas. 

Phase 

+:> 
-..,J 

II 

'ull11l l .1.e 

.1\-10 

4- II 

4-l/l 

AI/g. 

4-4 

4-5 

4-7 

4-12 

4-13 

4-H 

4-16 

AvtJ. 

'nu ~1 k" " .. '. -. '. ~ ~ "'-.. ~ --- --,-
I~R @. Marshall Test Percenl Penetration, <.111.11 Viscosity. poises RillY ami fla 11 

Sortclling 
.. fo.int.,. "L 

')pcc ific 
. G.r.,!vJY_. . JI"f_~. !.Q~..s_til!l.il.l.lL(J~IS L. J J.l!.liJ!.l.· (!L~!I t . f\.sI!.!!.al.t_ .... . __ }9 .~."L ... !.7."I. .. 

2.250 .4R6 HI25 16 

2.253 .512 1788 16 5.39 12 51 2984 7. 13 125 

.441 1988 17 

2.253 .480 1867 16 

III/eeill Stabll ity + IIveellI Stabiltty* r11lrshlll1 Test* 
Percenl MR*' @ 6 Percent Stabflity flow Splitting Tensile Test@ 7rr A 

J,!.N.C1 _.till!)} JInL~.l~._J)s i JI!.tt.I;.L .. _LTn0l.. _JJOu~~ __ . .Q.:.9l.l.!l_. _S!!.·~2.~.h~~i.L .. ~_tT~.I!l_ JJ!llJ!!L !'I~d~l.u~ .. (P5i ) 

2.242 .422 .261 7.5 2.6 1022 26 

2.242 .417 .295 fLO 2.2 1001 26 

2.245 .406 • 11.)0 12.5 7. 1 922 25 

2.223 .3011 .150 20.4 15. I 54.4 .00511 10656.6 

2.25.1\ .429 .253 19.8 14.2 55.0 .00680 80113.4 

2.25.1\ .460 .231 12. 1 5.9 54.S .00539 10170.4 

2.270 ~§H !,2.2Q _6.."~ 75.4 .004B2 15634.2 -- ~-'-'-."'. 

2.247 .434 .227 13.0 8.0 9H2 26 60.0 .00553 11136.0 

+The before-saturation testing of the HVE[M Stability samples in this leg was inadvertently omitted ilnd sillllples were only tested after 

being slIbjected to the accelerated Lottillan test. 



Table 2d. (continued) Test Sequence I results for Item 3<ln Type "0" IlMl\C Diamond Shamrock AC-20. U.S. 2B7. Dumas. h'X<lS. 

--._----------------------

III 4-1 

"-6 

4-9 

q -15 

q-17 

4-19 

Avg. 

-t.:> 
<Xl 

IV 4-2 

4-3 

4-8 

Avg. 

Notes 

2.251 

2.238 

2.248 

2.259 

2.252 

2.253 

2.250 

2.2"9 

2.239 

2.245 

2.241 

.417 , 

.401 

.423 

.458 

.498 

.409 

.'134 

.423 

.0146 

.487 

-" 52 

50.5 

41.6 

53.6 

57.1 

50.9 

511.3 

51.0 

44.6 

36." 

48.0 

50.7 

"5.1 

48.1 

46.0 

6 ' 
'''R /I. 10 ps I 

.413 

.. 265 

.235 

.358 

.294 

. 124 

.2H2 

-13 n r 33 D F 60°F IO'laF 
--.~ .. ~-.. -~----,.~------- ~--,----

1.989 1.421 .5'17 .137 

? .039 1.460 .571 ."'2 

1. 764 1.'195 .5017 .13'1 

1.931 1.'159 .555 .138 

15.9 

18.1 

10.0 

15.0 

97.4 

101.0 

100.2 

100.0 

• lJenotes test rcsul ts after (711-110111') Lottman lIIoisture I.re.1LIIII~lIt procedure. 

H DeJlotes test results after (HI cycle) L.otLJlmn moisture tre,lLmcrrt procedure. 

Mil - ftes iIi ent MutlulliS 

9.5 

12.2 

4.2 

9.0 

.00426 

.003'10 

.00340 

.00369 

1407 

1107 

1001 

1172 

25 

25 

24 

67.88 

'15.28 

43.25 

25 52.00 

22891.6 

29672 .0 

29442.0 
~.---.-. 

27335.0 

2.402 

2.402 

.00748 

.00690 

.00978 

.00805 

Percent 
Air 

Voids --_._-----

6.4 

6.8 

.-§!.~ -

6.6 

9077.77 

6560.41 

4422.97 

6687.00 



Table 2e. Test Sequence I results for Item 340 lype "0" 1I11AC Oiaillond Shalll,"ock AC-lO. U.S. 287. DUlllas, Texas 

..J::o 
1.0 

II 

5-1 

5-17 

~-Ill 

I\V!J. 

5-11 

5-fI 

5-10 

!;- 11 

5-15 

5-16 

AV!I· 

2.277 

2.259 

2.253 

2.263 

2.266 

2.281 

2.263 

2.259 

2.263 

~,-??g 

2.264 

.362 

.317 

.330 

.336 

.290 

.311 

.305 

.322 

.2M 

.!-349 

.310 

1764 
1241 

Jlt'! 
1440 

IIveem Stability 

Percent 
"JQ!~ __ l!!.~l 

51.0 44.8 

46.8 40.3 

44.5 38.4 

46.8 40.4 

46.0 39.6 

47.2 41.0 

16 

15 

J2 
15 

1111 * Et 
6 

.JLoL~.l~ J~!. 

.286 

.317 

.333 

.315 

.286 

.246 

.297 

6.18 

IIveem Stab i 1 ity* 

Percent 
J UNC) _EllO )_ 

15.1 8.8 

15.5 9.0 

12.7 6.6 

14.3 7.9 

19.7 13.3 

J1-,-~ _L? 
15.0 9.0 

20 75 

11arshall Test* 

Stability Flow 
~UIU.lS. _!1...:!!Lt'!.. 

1250 25 

1261 22 

1183 25 

1233 24 

1723 5.236 121 

Splitting Tensile Test @ 11°F· 

.?J!:..~~_tt!~_!L~tr~kJ1_nLi& __ ~~.~.u)_~s_JJ>.~_i ) . 

99.9 .00110 14079.8 

95.8 .00681 14065.6 

J1L1 •. QQ!JJtQ .Llli02 .~ 

106.0 .00757 13983.0 



Tilhte 2e. (continued) Test Sequence I Results for Item 340 Type "0" HMAe Diamond Shamrock At-l0. U.S. 287, DUlIlas. Texas. 

Percent Stability Flow Splitting Tensile Test @ 77 G F·· 

JUNe) (TIIOL ~~~_.0.01 J.!'_ ~~TE!~1I!.si) Strain. Jlrl/in) Ho~ul!!~JI!Vl 

III 5-3 2.265 .303 33.3 21.8 .272 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 

5-9 2.277 .319 ., 7,1 40.6 .285 21.3 14.9 67.54 
5- J3 .311 48.1 41.4 .200 66.32 

01 Avg. 2.260 .306 45.0 39.0 .265 17.0 10.0 12211 22 67.00 0 

11H x )06 ps 1 Splitting Tensile Test @ 77°F Rice 
Sped flc 

-13°F 33°F 60°F Stress J~_ .. 1!.rai'!.....li.nll!!L-'1odYll!~.J~1., Gravity . --_.- --.-.-,-~,-,--.. 

IV 5-2 2.269 .335 1.903 I .437 .410 .075 66.6 

5-12 2.269 .306 1.530 1.275 .386 .071 63.1 

5-14 ?,.f~1. .,.3E '.,J8J.I . .!: .. ~ ?!l .06.~ ?2.Jl. 
Avg. 2.267 .319 1.010 1.363 .391 .072 6).0 

Notes 

.. Ilelloles lest results after (74-hour) I oltman moisture trealme/lt IJrocetlurc . 

.. IlcnoLes test resulls after (III cyeld loUlilan lIIoisture treatment procc<lul'e. 

"I! lies ill en l Mmlu Ius 

.00454 14678.6 

.00511 12360.1) 2.398 

~9051l 11700.0 -_. 

.00492 12913.1) 2.398 

.00690 9735.15 

.00690 9785.15 

.00805 8235.15 
-",~- ... ~'-~ 

.00728 9269.00 

Percent 
Air 

_YQ..M~_ 

5.4 

5.4 

.lL . .Q. 

5.5 



fable 2f. Test Sequence I results for Item 31\0 Type "0" IIMAC Cosden AC-20, U.S. 2137, Dumas, Texas 

"hase SiI~np I~ .. 

7 -I 

7-7 

7 -15 

/lvcl· 

U1 
I-' 

11 /-2 

I-H 
1-11 

7·11\ 

7-17 

7 - IIJ 

/Iv,!. 

S\ll~ci f ic 
. !il'.il!d !Y-

2.276 

2.249 

2.236 

2.254 

2.268 
2.235 

2.21\9 

2.251 

2.222 

2.273 

2.250 

.541 

.673 

.578 

.597 

.510 

.520 

.519 

.61\9 

.559 

.535 

.51\9 

Hl98 

1935 

20BO 

1971 

IIveem Stability 

Pet'cent 
tlJ!~CL __ .en IQ) . 

54.5 48.2 

55.13 50.1 

51\.1 1\8.0 

55.8 49.fl 

51\.11 1\9.1\ 

48.5 42.1\ 

51\.0 1\8.0 

16 

16 

17 

16 

1111 * @ 

.JJ"L x.1Q~_.1'_~L 

.260 

.194 

.193 

.21\9 

.192 

.209 ___ .v_ 

.216 

5.56 

IIveem Stability* 

Percent 
.~f!CJ_._ (.!!!~L 

14.9 B.6 
24.2 18.5 

16.2 10. I 

12.1 6.2 

25.4 20.0 

13.8 7.13 

18.0 12.0 

Penetration, dilln 

12 41 

11arshal I Test* 

StabiJ Hy Flow 

Viscosity. poises 

_ll.O!. _._ ... . l.1!J.."L __ 

5.0 x 106 
2374 3.415 

Ring and Ball 
Softening 

__ . ..P.!!'UI.t., ... oL .. 

125 

Splitting Tensile Test @ 77°r* 

. jJOunds. _Q:.!!I.J.n .. .1>y~s~_(I!s i ) _2!r.~.!E. J!!lLi..!lL 11f)~Y.~u_s . (p.si) 

970 26 

754 24 

91\9 20 

79.1 .001\51\ 17416.0 

54.5 .00425 121313.0 

106.8 .00596 17931.4 

891 23 no.o .001\92 16054.0 



Table 2f. (continued) Te5t Sequence r results for Item 340 Type "0" IlMAC (o5den lIe-20, U.S. 2117, DUlIlas, Texas. 

-- -----.--.----------- ---·---------M-@-·---;v~;.I1--;·~~b f I ;~~.-.- --~--:-.~-··--·-lrvcelll S tiliJIffiY··-- HarSft~rn es l..---------· 
R . Percent R Percent Stabi Ii ty Flow 

Bulk 
Sped fic 

Splitting Tensll£i Test @ 7rFH 

Phase __ ~~.IIl!~ . .. _'§!~L!:J .. _ .?1~1!)~ j.!!.I!.~L .. __ U!!QJ.. .1rnL~_ J_U6.~!., JY!!~L.jJl!Q.L ---.E0un!!s __ Q..Q.LJ_I!.. _:,y...!!.ss._(ps1) Stra In..ll.!1/fl!L __ ~du 1l!~_.(E.~1l 

III 7-4 2.261 .519 51.1 45.0 .132 569 23 

7-5 2.213 .533 53.5 47 .'1 .277 993 23 

7-6 2.269 .516 42.0 35.8 .259 825 21 

7-9 2.336 .478 55.9 50.7 .063 13.7 8.5 3(J.99 

7-12 2.254 .558 55.9 49.8 .192 14 3 8.2 41.56 

7-13 2.248 .632 57.0 5l.1 .172 23.7 17.8 47.39 

c.n /lvg. 2.274 .539 53.0 47.0 .lll3 17.0 12.0 796 22 42.00 
N 

t~R x 106 ps i Splitting Tensile Test @ 71"F Rice 
Specific 

-.L!°L. 33°f 6Uor 104 ''r i~~~tLJ.!!~.~ ~._U~/ !ltL---.!!~~t.~l~Jpill_ __ GravBL -- --.------"---.~ .,-.---~~--

IV 7-3 2.256 .531 1.964 1.1\49 .~60 .151 146.2 

7-10 2.231\ .545 1.911 1.439 .6[12 . I til! 136.9 

7-16 2.236 .596 1.915 1.274 .714 . I till 137.3 

/Ivy. 2.2t12 .557 1.930 1.387 .6BS • III 8 140.0 

NoLes 

• J)cnotes test ..-eslJI Ls after (2t1-holJr) Lottmiln lIIoisture treatmcnt proccdure . 

•• Dellotcs test resul t5 after (JIj cycle) LoLtmiln moisture t..-eatlllcnt procedure. 

Mn - i!esilient Modulus 

.00llB2 

.00312 

.003t10 

.00378 

30309.11 

tl3£174.0 

40336.8 ----

38173 .n 

2.451 

2.451 

.00798 38£14.24 

.00532 8939.76 

.00532 ll908.70 -----,._--_. 

.00621 7244.00 

Percent 
IIiI' 

Voids -- ----_.---- -

0.0 

8.9 

B.8 

8.6 



Table Test Sequence I tesuJts for I tern 34(1 Type "D" IIMAC osden AC-lO, U.S. 287, Dumas. Te)(as 
2!J' 

ilii'ik ---
~_., ___ ._, .... ~ ~ ____ ,.," __ " __________ ._ • _______ ~._ ~ .~" _~_' __ h ___ ' __ _ • ___ ~ • ., __ ,, _____ ... _ -- -------~-~~.-,-,-- -,-- .'--

11,i @ Harshal I Test Penetration, dllin Viscosity, poises Rin!.! alld Oa)) 
',pccific Percent Soflening 

Phase Si):II(l1 e !;ra\l] ty. nOF x' lU6 
~_a~~ .1..!ty~j 1~~L ... L~~d!t~~'- .!J1 J. _ [\'sJ!.!1it.LL ..•. _ -'LT .. 175°F __ p.I!!!l!-.LoL .. -,-,,-- ----,. ----, 

6-3 2.275 .523 1752 16 

b·6 2.262 .5'14 1552 15 5.77 12 47 2.0 It )0 19'1l 3.078 122 

6-16 2.254 .E~~ l§ 
AVIJ· 2.264 • ;,5'1 1701 16 

<..TI IIveelll Stability IIveem Stabil ity* 14arsha 11 Test· w t~ * @ Spl Htlng Tensile Test @ 77<'r* 
"erceflt R 6 Percent Stallil ity Flow 

_ (!I!'~l ___ .tr!I_~). _JJ:1'_!~JO __ . j)~.!. .J!I!4fL_tl!~)j __ _. poullds_.!l.: 01_' I!... _U .oj in L .~"91.u J IJ_~ _(p~i ) 

II 6-2 2.26] ABO 46.7 40.7 .237 17.7 11.7 840 25 

6-7 2.27'1 .1163 53.1 46.5 .283 9.7 3.0 1020 24 

b·lI 2.268 .515 50.0 44.2 .242 16.0 10.1 964 26 

6-11 2.259 .530 45.0 39.0 .226 16.0 10.0 15.1 .00596 12599.6 

6-13 2.283 .456 50.B 44.3 .254 12.9 6.4 10'1.2 .00515 20230.8 

6-17 ,,2.36 .L.568 52...1 ll.A _.224 34.3 28.9 J1.~Q .00454 l§f21'!!' .. -
Avq. 2.264 .505 50.0 4'1.0 .244 18.0 12.0 941 25 134.0 .00522 16378.0 



fable .b;l. (continued) Test Sequence I results for Item 340 Type "0" HMAt: Cosden AC-lO, U.S. 2A7, flUlRdS. TC)<;i1c,. 

III 6-1 2.275 .4 27' 52.9 '16.6 .325 1169 22 
6-/1 2.269 .IJ 5 7 53.7 47.3 .352 1110 24 
6-5 2.271 .510 52.IJ 46.1 .320 1014 23 
6- 14 2.21)7 .480 53.2 47.3 .216 28.B 22.9 43.38 
6-15 2.253 .551) 56.0 49.8 210 28.7 22.6 55.59 
6-18 2.245 .532 55.6 ??-,4_ lIJ. 56.40 

Alllj. 2.260 .493 511.0 48.0 .270 27.0 21.0 1098 23 52.00 

fiR )( 106 rs i SplitUng Tensile Test (!I 7rr Rice 
Spec i f1 c 

'!.J"F~l~aL_.~?_OL __ JO'!.:'.L .~tr!:;1.Jjl~l_.~tr~'lil!f~_fiod!!!uu~U. _ _ ~ra~. 

IV 6-9 2.270 .496 1.131 1.1)011 .694 .144 123.5 
6-10 2.257 .526 1.793 1.761 669 .135 126.6 
6-12 ? ,?:~L !.~~.? 2 .093 1.667 ~?ljl .. 1.1.~ 127.11 

Avg. 2.265 .525 I.B72 1.676 . bill) . liJ 1 126.0 

Noles 

* flenoles lest resulls after (24-hour) I.ottman lIloisture treatment procedure. 

U flenoLes te'>t ,'csult.s after (Ill cych:) LotlmM, moisture treat.ment ,lrocedure. 

Nn - ((es i Ii eut ~ll)tlu IllS 

.00425 

.00410 

"Q0483 

.00439 

29010.8 

30866.6 

28789.0 

2.411 

2.'111 

.00532 

.0063B 

.00532 

.00567 

Percent 
I\ir 

_VQ..i,d.L 

5.8 

6.4 

6.0 

6.1 

BI51).17 

87O£.!. 78 

10601.58 
,-~,--.-

9155.00 



U1 
U1 

Table 3A. Test Sequence II results for Item 340 Type "U" cores using MacMillan AC-20, U.S. 82, Dickens, Texils. 

lEG 
NO. 

LEG 
NO. 

SAr-II'LE 
NO. 

I-II 
1-8 
1-10 

/lVIi. 

SAMPLE 
NO. 

1IE1 GIlT 

1.406 
1. 370 
1.206 

BULK 
SP[CIFIC 
GRAVITY 

2.159 
2. 141 
2. 'l37 

"1.354 2.146 

II[[GIIT 
BULK 
SPECIFIC 
GRAVITY 

.347 

.325 

.433 

I1AHSIIAll 
S r /lUlU TY 

1,065 
990 

1,150 

IIVHM 
STABILITY 

UNC HID 

MARSIfALl 
flOW 

11 
13 

9 

M .. 
R 

@ 77'T 

@ n'T 

VISCOSITY 

[~ IIIO"F 

ItVHI1" 
STABILITY 

UNC THO 

/'[NHRAT [ON 

til 275"1 39.2nr nOF 

3 17 

INDIR[CT T[NSION" 

MODULUS STRfSS STRAIN 

RING Po 
BAll 

HRUNT 
ASI'II/1LT 

143 5.95 

MIIRS/lAll 
STABILITY 

MIIR\II/11.L 
flOW 

----"_.- -_._,---. .. -"-- ,-- -- _._., ----,., 

Il 

1-7 
1-12 
1-15 

AVG. 

1.07] 
0.792 
1.331 

1.065 

2.126 
2.134 
2.151 

2.137 

--_._---_.--"--'~'--'-------
L[G SAMPLE BULK 
NO. NO. IIE1GIIT SPECIFIC 

GRAVITY 
. ------- _ ............. _--_ . ------

1- 13 1. 273 2.143 
1-14 J. 419 2.145 

I I I 1-16 L 193 2.141 

.432 

.324 

.343 

.366 

--~--,-,-,-,~, 

MR 
@ 7rF 

-"-'-
.324 
.342 
.409 

58.9 
66.1 
30.9 

54.6 

34.1 
35.6 
19.3 

29.7 

HV[EM 
STABILITY 

UNC HID 

.156 

.082 

.285 

.174 

.-.. ------.. 

MR .. * 
@ 7rF 

---.---.. -----.- ----.-
45.5 211.7 .301 
38. 1 20.2 .275 
117.3 211.9 .310 

.. _________ ....... -_. _-_ .. - .. - .. - -.-.----.. - - ... _,-- --... -.'- -_···_------1 

AVG. 1. 295 2.143 .358 43.6 23.3 .295 

45.3 
63.5 
41.7 

50.2 

20.5 
33.0 
22.1 

25.2 

--,~--.---. 

IIVHM .... 
STABILITY 

UriC litO ----_.'--, -~-.-,-. -.-. 
51. 9 31.1 
44.0 26.1 
57.4 35.0 

51.1 30.7 

6,225.0 22.0 .00353 
5,471.0 13.0 .00238 

12,272.0 29.0 .00236 

7,9fl9.3 21. 3 .00276 

-.--- - -~,.--.--~-~-.-
.,. "---", 

INDIIlECT TENSION .... 
.--~ _.-_. -- , -----.~ - --_. 

MODULUS STRESS STRAHl 
--- ---- _. .._- .. - ._-" - .. - ._--.--- . --_ .. 
32,315.0 51.0 .00518 
18,586.0 52.0 .002BO 
26,492·0 42.0 .00159 

25,797.7 48.3 .00319 

I-------L .-- .. - .-.-- ------- '-'-"'--'-'" ----,.- -_._- ----.----_ .. --'--_.-, .... _ .. - --'" --.... 



Table 3A.(Continued) Texa;Sequence II results for Item 340 Type "Il" cores uSing MacMillan AC-20, U.S. H2, Uitkens,rexds. 

• 

I.Hi SAMPLE 
NO. NO. HE I GIlT 

1-2 
1- 5 

IV 1-6 

_._-_. 
LEG 
NO. 

V 

1-9 
111 
1-17 

I\VG. 

-------
SAMPLE 

NO. 

-,-----, 
I I 
1-3 
1-18 

J\VG • 

.356 

.465 

.332 

.106 

.019 

.274 .-_._-

.259 
----

tlEIGIiT 

1.335 
I. 493 
1.080 

1.303 

,-
BULK 
SPECIFIC ' 
GRAVITY 

2.172 
2.157 
2.137 
2.051 
2.139 
2.154 

2.135 

OULK 
SPECIFIC 
GRAVITY 

2.155 
2.162 
2.142 

2.153 

I1R 
@ -13 

-

M"_ 

--- ,-------,..-----
HR 

OF ~ 33"F 
lin 

@ nOF 

..... , .. ----
.388 
.295 
.294 
.114 
.320 
.337 

.291 

-" .. _-,," 

MR MR '\ 
@ -13"r @ 33°r @ nor 

2.736 l. 307 .378 
1.994 1.285 .315 
2.244 1.348 .327 

2.325 1.313 .340 

. -.-----~-- ----~. 

"R IIVEHI 11R"" flVEEW"* 

@ 104°F STAOlllTY @ nOF STABILITY 
UNC THO UNC TIIIl 

1--- ---- --_. 
40.6 21.4 .053 37.6 17.6 
34.6 17.6 .040 + + 
34.3 14.7 .040 36.2 16.5 
44.7 20.6 .013 39.0 14.9 
47.3 21. 4 .033 42.0 16. I 
42.5 21. 7 .053 41.7 21.0 ,-_.- --- --~-.~ ----
40.7 19.6 .039 39.3 17.2 

. ~ ~ .... -. ~ _.--. .~.-".- ---

"R INDIIlECT HNS ION RICE 

@ 1Q4°r SPECIFIC 
HODULUS STRESS STRAIN GRAVITY 

-- ---. 
.072 33,292.0 119.0 .00357 2.366 
.049 20,413.0 85.0 .00416 2.406 
.072 39,506.0 118.0 .00299 2.400 

.064 31,070.3 107.3 .003572.391 

Ileflotes Test Resu1 ts Following the Accelerated (24 houd Lottman Moisture Treatment Procedure. 

Denotes Test Results Following the 7-day Soak Period. 
1<." 

IJenotes Test Results Following the (IS cycle) Lottman Moisture Treatment Procedure. 

f Denotes No Tcst Values Available. 

MR Modu I us of Res il i ~nr.y. 

INDIRECT TENSION··· 

HOIlULUS SlRESS STRAIN 
-. ---_. 

2,748.0 15.0 .00346 

2,385.fl 11.0 .00461 

1.253.0 11.0 .00878 

._----_.-
2.128.7 12.3 .00562 

------'" 

PE:RCfNT 
AIR 

VOIOS 

8.9 
10.1 
10.8 

9.9 

'.--'~.--'''-'-

",.1< ••• 
MARSHALL MAnSIiALL 
STABILITY now 

-----.- .. -.- ---.---~-

+ + 

+ t 

93 25 
-----_._---

93 25 
~n~ ... ~,_ ..... _,_, _ ._ 



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)J 
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 770 F over 
a weekend. The Hveem stability test was run at 77oF. 
Also, starting with 3G, the 4th leg was dropped from 
the testing procedgre sesuence. Only the resilient 
modulus tests (-13 F, 33 F, 77oF, and 104oF) 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 SI!fJuence II results for Itern 340 Type "D" cores using Dorchester AC-20, U.S. Ht', lJit.kens, Texas. 

L[G slIMPn DULK f1f{ 
NO. NO. III: IGIIT SI'fCIFIC 

@ n 'f 
GRAVITY 

- . ---~, -- ". 

2-8 .855 2.066 .341 
2-10 1.358 2.035 .359 
2-17 1.328 2.114 .320 

AVG. 1.1ll0 2.0B8 .3<10 

-----,-_ .. _". ---_.".,_.-.....-.--- -.---_. 
SAMPU IlULK MR 

NO. HUGill SPECIFIC 
@ 7]Of GRAVITY 

4 ~> ____ • ___ ----_., 

2-2 1.024 2.084 .337 
2-3 1. 232 2.091 .313 

II 2-5 .956 2.085 .350 

~·0. ---,-<---_ .. ~.- ..--... -.,--
AVG. 1.071 2.087 .333 

-_._- . . ~---.---. -- -- ., 

.- " __ •• __ ~ __ ~ __ '0'_-

LEG SAMPL[ BULK HR 
NO. NO. IIElGHT SPEC I FI C 

(d nor 
GR1\Y ITY 

- .... ---~-. .... - -~.-,.-~--

2-11 .043 2.112 .337 
2-13 1.380 2.009 .349 

III 2-16 1.IIB4 2.112 .21lA 

1\VG. 1.236 2.104 .325 
w _w ___ _ ~_ , ___ ___________ .. _W._H 

Hl\RSlfl\l.l 
ST1\DI LI TV 

1,112 
550 

1.160 

941 

HV[[M 
STAllfL ITY 

UNC THO 

14ARSIIAU. 
HOW 

12 
17 
13 

14 

@ 

MR * 

7rf 
,---._,-- ----,----

70.0 42.9 .192 
45.9 24.3 .154 
62.6 36.8 .105 

_._-----_.- ~-- . 

50.9 34.7 • 150 

/lVEEH "R ** 
STAIlILITY @ 77"F 

UNC 
~;-""" .. 

73. I 43.7 • 164 
45.1 26.5 .270 
40.3 23.8 .272 

~~-----

52.6 31. 3 .235 

VISCOSITY 

(3 275'T 

PEt~fl RAT ION 

nnr 

RING & 
BALL 

8,670 5.787 2 20 140 

IIYEEM* 
STADILITY 

UNC 1110 ____ v_, ._--,--,--, 

54.1 28.4 
41. 7 20.0 
62.7 35.6 

52.8 2a.0 
----

IIV[EM ** 
STABILITY 

lINC 1110 
-.----.-.-~-

76.5 47.1 
47.9 29.2 
40.4 23.9 

-~~,----.-

54.9 33.4 

10.417.0 
5,772.0 
5,579.0 

'- --.--.---~-

7,256.0 
---.~--.- .-

19.0 
21.0 
13.0 

-- --.. _-" 
17.2 ,-_._-_.-

-~-.- -- -~,-

INOIIl[CT l£NSION 
~--'-'-- . 
MODULUS STRESS 

14,759.0 29.0 
22,5:19.0 36.0 
26,143.0 31.0 

21,147.0 32.0 
~- ._._._.- ,,",-

.00182 

.00364 

.00233 

.00260 

** 

STRAIN 

.00196 

.00160 

.00119 

.---,._---

.00156 
--~.~---. ---. ---------

P[RCUIT 
ASPHALT 

4.96 

.---.-.-.--. --

_.- ~.- -- _ .... 



Table 311. (Continued) Test Sequence 11 results for Itl.~11 340 Type "0" cOl'es using Dorchester AC-cO, U.S. 82, Dickl'IIS, lexas. 

INDIRECT'TENSION""* *** **" \.EG 
NO. 

SAMPLE 
NO. HUGill 

BULK 
SP[CIFIC 
GRAVITV 

MR MR 
,@ -13°F @ 33"F 

MR 
@ J04'T 

IIV[[M 
STAOlllTV 

"VEm"'" 
ST /10 III TV .. ---- ----- MARSIlAlL MARSIIALL 

lINC THO UNC 1110 HOUULUS STRESS STRAIN STABILITY FLOW 
~~~"--- -----_. --.~---

2-1 1. 373 2.097 .348 t12.1 23.3 .052 37.2 18.4 l,9lB.0 12.0 

2-4 1. 216 2.101 
1 V 2-6 l. 48B 2.101 

22.7 .052 33.9 12.0 1,:>38.0 10.0 
17.2 .046 32.4 15.9 t 

.2n7 44.7 

.277 ]3.6 
c-9 1.3t10 2.085 
2-lB 1.337 2.095 
2-19 1.374 2.093 

18.0 .017 + + 
23.1 .039 35.7 16. 1 
20.0 .037 37.9 19.1 

.238 37.5 

.327 42.7 

.235 3B.8 
----~.- ~-~"-' 

-_._. 
MG. 1.355 2.095 .2El5 39.9 20.7 .041 35.'1 16.3 1.!i7B.0 11.0 

" 

-- --~.-, --. _._-,--- ----1----' '--'-

._---._-,----- .. _._._,,_ .. _,_.- -,,-------_._.- .-.. ----- ----,,------ ----,_.- ... _,--
LEG SAMPLE 
NO. NO. IIEl GIlT 

BULK MR ~ MR MR INDI RECT TENS JON R I C[ 
SPECIFIC ...... __ -.. ___ ..--__ -1 SPECIFIC 
GRAVITY @ -13°F @ 33°F @ 77"F @ 104°F MODULUS STRESS STRAIN GRAVITY 

PERCENT 
AIR 

VOIDS 
. -_ .... -,--_., .. _.--- ------I----.. -.~-.. ,--- --.-,---.. -.--. --.---- --_ .. ---. '--'-'-' .-----

2-7 
2-12 

V 2-14 
2-15 

1. 347 
1.387 
1.348 
1.464 

2.088 
2.101 
2.0B4 
2.0B7 

1.707 
2.009 
2.132 
1.641 

I. 204 
1.3B2 
1. 235 
1. 171 

.277 

.3'13 

.326 

.2B'1 

.059 

.076 

.058 

.056 

27,716.0 83.0 
32,044.0 115.0 
32,641.0 97.0 
22,769.0 82.0 

.00299 

.00359 

.00297 

.00360 

2.439 
2.419 
2.449 
2.419 

l'1.4 
13.2 
14.9 
13.7 

·· .... ---.... ·--.. J .. --· .... ---I·---·-·-...... ---.- .. --.--,- ---- .. '-''''----'- ----,---- -----·1---·------1 ---.. -1 

MG. 1.387 2.090 1.872 1.24B .30B .062 28,792.5 94.3.003292.432 14.1 ____ ...I ______ I_ .... ___ ~-.-- .... _____ ~ ___ ... _________ ._L.. __________ .... _ 

Oenutes Test Results Following the Accelerated (24 hour) Lottman Moisture Treatillent Procedure. 

"" Oenotes Test Results Following the 7-day Soak Period. 

""" Denotes Test Results Following the (IB cycle) Lottman ~loisture Treatlilent Procedure. 

+ See a ttached notes. 

MR Modulus of Resiliency. 

.00626 

.008011 
+ 

._---,'-
.00717 

.----.---

t 

121. 0 
33.3 

----~--,- ,- , 

77.2 

t 

13 
17 

15 



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)J 
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 t all of the 
samples were allowed to completely dry out. After they 
were relocated, they were allowed to soak at 770 F over 
a weekend. The Hveem stability test was run at 77oF. 
Also, starting with 3G t the 4th leg was dropped from 
the testing procedure sesuence. Only the resilient 
modulus tests (-130 F, 33 F, 77oF, and 104oF) 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 3C. Test Sequence II results for Item 340 Type "0" cores uSing exxon AC-20, U.S. 82. Dickens, Texas. 

LEG 
NO. 

LEG 
NO. 

II 

tEG 
NO. 

.-

III 

SAMPLE 
NO. 

3- 3 
3-9 
3-16 

AVG. 

------
SAM!' 

NO. 
LE 

.. - ------
3-2 
3-B 
3-18 

AVG. 

SAMPLE 
NO. 

3-6 
3-7 
3-14 

t-··_-

AVG. 

,"'-

--

lIE I GIlT 

~.----~ .. -
1.352 
1. 217 
1. IS6 

1. 252 

IIE1GUT 

1. 431 
I 292 
1. 214 

1. 312 
---

IiEIGHT 

1.398 
I. 279 
1. 247 

1-

I. 308 

~ ..... --~,.,- ----- ~ -.~ - ~-" ........ ~- ------ .. _ .. _.- '.-
OlllK r-'R MARSHALL MARSlIAI.L VISCOSITY 
SPECIFIC @ nnF ST 1'01 LI 1'( HOW 
GRAVITY @ 77"r @ 140 0 r 

---'--'~-- , _.-... - -------.--. . - - ~~ ..... -- _.- .-...... ~-.... -- ~.-. 

2.173 .211 9136 10 
2. 160 .ISI 1,1BB 12 
2.139 .165 1.105 11 

2.157 .186 1,093 
.. --- ----- ·---------0--
11 8.0xIO 5,523 

• ___________ -1 _______________ _ 

"-

BULK MR 
SPECIFIC 
GRAVITY @ nor 

2.173 .248 
2. 163 .200 
2.163 .177 

2. 166 .208 

IIVEEH 
STAOILlTV 

UNC litO -------
44.4 26.S 
45_4 24.9 
51.6 29.1 

- -----'- --.-. ~----
47.1 27.1 

M • R 
@ 17"F 

· 181 
· 172 
.123 

· 159 
.. --- ---~-

_ ...... _--

-'-~'---- --
BULK MR 
SPECIFIC 

@ 17"f GRAVITY 

HYEEH MR ** 
STAOILITY @ nOf 

UNC HID 
--~--.. .... - -------------- --------

2.170 .221 413. 1 29.8 .204 
2. WI .196 46.5 25.9 .1 B2 
2. 160 .116 48.1 26.S . 164 

-- .. --,._-- ._._--
2.165 .200 47.6 27.5 .183 

----- - '---- ---'----- ----- ---,_.-------

IIVEEM* 
STABILITY 

UNC HIO 

43.9 26.3 
4B.l 27.1 
51.0 29.0 

47.1 27.7 

~~~ ~~--~'----'~-~ 

IIVHM ** 
STABILITY 

lINC litO 
~~~--~--~----~ 

48.6 30.3 
55.7 35.0 
59.2 37.9 

54.5 34.4 

,. .. ~--- . - - - - : --- ._--- --- .-. __ .. _._-
rLNHRATJOI~ RING & PER(LNT 

.. _._._----- ----.'"_. BALL ASPIIALT 
@ 275"r 39_2°r 7/"F 

_____ ._u, 
,,- -,,-----.- ~ -._-- ~-'--' - --_. -- "--

8.082 8 32 137 6.19 

INUIRlCT TENSION* MAIlSIlAll- --- -;R-SIIAl.~ I 
MODI/LUS STRESS STRAIN 

13.045.0 39.0 
9,460.0 34.0 
9,445.0 28.0 

10,650.0 33.2 

INDI RECT TENSION 

MOOOLUS STRESS 
-~,-

13,158.0 63.0 
16,670.0 53.0 
14,160.0 56.0 

14,442.7 57.3 

.00299 

.00359 

.00296 

.00397 

** 

STRAIN 

.00479 

.00318 

.00395 

.00397 

STADILITY FLOW 



hule 3C.{Continued) Test Seljuence II resuHs for item 340 TYVe "11" cores using [)(XOII AC-20, U.S. 82, Dickens, hXilS 

" ... ~~-----.--- --~-,.~ 

LEG SAMPLE IlULK MR f~R 
NO. NO. li[fGIIT SPECIFIC @ -13"F @ 33°r 

GRAVITY 
-~,----. - -,--~-.. --. 

3-4 1. 376 2.165 .216 
3-10 I. 218 2.147 . 148 

IV 3-11 1.353 2.140 .164 
3-lJ 1.229 2.150 .194 
3-15 1.144 2.150 .169 
3-17 1. 289 2.157 .159 

-~----- ---~~--, .,---- ---,,,--
AVG. 1.268 2.152 .175 

- '--'-- -.-._- --- ._. , - .... "" ........ _- ------~ --,---,--
m 
N 

MR 
@ 104"F 

-~-------. 

IWHM 
STABILITY 

UNC TlID 

40.4 21.6 
50. 1 21l.2 
4£.9 23.7 
41.9 26.3 
50.6 27.3 
40.8 20.3 
---
45.5 24.6 

----_ .. ---........--

.040 

.035 

.046 

.046 

.039 

.040 

.042 

IIV£EI~"" 
STABILITY 

UNe 1I1D 

37.7 19.0 
t- + 
t- + 

52.6 31.0 
51.7 28.3 
41.4 21.0 

45.9 24.S 

INDIRECT TENSION··· ••• • ... 
--_ .... -.---. "<---. MARSHAll .1ARSIIALL 

MOUULUS STRESS STRAIN STAllllITY FLOW 

2,917.0 19.0 

4,082.0 16.0 
3,362.0 16.0 

--.. ----
3,453.7 17.0 
--,,' -'-~-

.00651 

.00392 

.00476 

.00490 

+ i 

t t 

93 15 

93 15 

------- ~, -- - ---.--.---- _ .. _--_._-, --.. -.. -
LEG SAMPLE BULK 
NO. NO. flEIGliT SPECIFIC 

GRAVITY 

MR MR M 

~ -13Q F • JJ"F @ 77 
R MR INDIRECT TENSION RICE 
OF @ 104"F SPECIFIC 

MODULUS STRESS STRAIN GRAVITY 
--,----- _. --..--- ' ._--.-- --

V 

.. 
•• 
.... * 

3-1 1. 432 
3-5 1.420 
3-12 1. 196 

AVG. 1. 349 

2.152 
2.155 
2.151 

2.155 

2.026 
2.0011 
2.357 

2.129 

1.307 
1. 233 
1.068 

1.203 

.26 

.21 

.18 

.21 

0 .049 18.622.0 89.0 .00478 
0 .043 15,128.0 81.0 .00535 
0 .039 12,162.0 80.0 .00658 

--- .- -"---
7 .044 15,304.0 83.3 .00557 

Denotes Test Results Following the AcceleraLed (24 hour) LoUman Moisture Treatment Procedure . 

Denotes Test Results Following the 7-day Soak Period . 

Denotes Test Results following the (HI c.vcle) lottlllan floisture Tre.ltment Procedure. 

+ t See attached notes. 

MR Modulus of Resil iency. 

2.400 
2.387 
2.392 

--
2.393 

,- -- -.---".----~ 

PERCENT 
AIR 

VOIDS 

10.3 
9.7 
9.8 

-. __ .. 
9.9 

._-



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)J 
fell apart after the standard Lottman ;n the fourth leg. 
No other tests could be performed. 

In Table 3G (Cosden, AC-IO) in the 3rd leg, all of the 
samples were allowed to completely dry out. After they 
were relocated, they were allowed to soak at 770 F over 
a weekend. The Hveem stability test was run at 770 F. 
Also, starting with 3G, the 4th leg was dropped from 
the testing procedure sesuence. Only the resilient 
modulus tests (-130 F, 33 F. 770 F, and 1040 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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l·eet. Selillence II r'e~u1ts fo,' I tell1 3110 Type "0" cores usiog Shamrock AC-20, U.S. fl2, Dickens, leXiiS. Titble 30. ~ 

L.EG 
NO. 

LEG 
NO. 

II 

-- ... _- _." _.-
SJ\MPI.[ 

NO. 

--+._- - .. -

4- 3 
4-14 
4-16 

MG. 

SJ\MPLE 
NO. 

4-4 
4-5 
4-15 

AVG. 

liE I GilT 

.-----.. - .. ~ 

1. 215 
1.193 
1.331 

1.246 

IIEIGllT 

1.376 
1.494 
J. 457 

1.442 

IlULK 
SPECJr IC 
GRAVITY 

.--.-~--- ~ .. ,.. ...... ~ 

2: 114 
2.180 
2.117 

2.137 

DULK 
SPECIFIC 
GRAVITY 

2.139 
2.121 
2.131 

2.130 

Mit 
rJ l7°F 

.-.-.~ ... -........ -

.315 

.253 

.266 

.218 

.264 

.290 

.244 

f·IIIIN IIIU 
SlIUlIUTY 

674 
1,147 

9fl2 

934 

IIVHM 
STABILITY 

UNC Tlio 

46.2 
42.7 
39.9 

27.4 
26.3 
22.0 

-------- ... -_.---f.... 

.266 42.9 25.2 
._-- ... ,-_. __ . ---.-~--'--- ---- --_._.,._. 

MARS'IAII. 
FLOW 

20 
9 

13 

M * R 
@ 17"F 

.113 

.205 

.185 

• 188 

@ 

. __ ._-.-. __ .. _-_. --_. ---
LEG 
NO. 

~~ ~ . --, .~ .. ~ 

III 

SAMPLE BUI.K 
NO. IIEIGIIT SPECIFIC 

GRAVITY 
----_._' .. _. .-. -.-~-- ._-----

4-8 1.258 2.105 
4-10 1. 437 2.151 
4-17 1.415 2.156 

"'R 
@ nor 

-----
.289 
.264 
.240 

IIVEEM 
STJ\lllli TV 

UNC TIll) 
.-~-.-- ..... --,- .--~~--

44.6 23.5 
50.5 33.0 
44.3 26.4 

M ** 
R 

@ 7rr 

.189 

.167 

.20t 

... __ ... _ .. --.. ~ ... ----.- -_._---- ,. __ .... _-_ ......... __ .. _- ----_._----+._---_.---
AVG. 1.370 2.137 .264 46.5 27_6 .186 

'" M ___ • " ".,,,. , -.. - - -

V 15(05 11 Y 
. .. -",. - - --

nOF la 140"F 
___ ,. __ ·_ur._ 

12.300 

IIVEEH* 
STA61lflV 

UNC HID 

41.4 
37.5 
33.9 

37.6 

22.6 
21.2 
16.8 

20.2 

... - -.- .. -- -_.-
PUfET RJ\ T lOti RING 

'~·~T._~ ___ . __ _.- - - --- --"-"-_._-- BJ\LI. 
@ 275"1 39.2°F n"r 

,-.-.-.-.~. ~,. -~--~~--

11. 762 5 25 

INIJIRECT T[NSlor~* MRSIIALL 
--- .. ----- STAllIlITV 

MODULUS STRE.SS STRAIIl 

11,628.0 
lO,412.0 
lO,982.0 

11,007.3 

34.7 
37.3 
32.8 

34.9 

.00298 

.00358 

.00299 

.00318 

" 

---_._.,....------"---_.- ... _ .•.. 
IIVEEM ** 

STJ\8IL ITY 

46.6 
51. 7 
48.1 

48.8 

25.5 
48.1 
]0. I 

34.6 

INDIRECT TENSION ** 

MODULUS STRESS STRA IN 
_.-.... - --- - ---- -.-

11,356.0 47.4 .00417 
14,846.0 44.3 • Q0298 
14,134.0 30.6 .00358 

···_--1-·-----1 

13,445.3 40.8 .00358 
~"" ..... ---"~ ~~-- --~--

--
II[RCENT 
ASP'IAI. T 

5.86 

HARSIIALL 
now 



Table 30. (Continued) Test Sequence II n~su1ts for Item 340 lYI)e "0" cores using Shamrock AC-20, U.S. fl2, Dickl'n~, Texas 

.-.--- -"-" --- .. - ------
t£G 
NO. 

SAMPLE 
NO. 

auu: "R MR IIVEEN 
STAO III TY 

IIVHI1.... IN/l[R[CT TENSiON ..... 
HEIGIIT SPECIFIC STA81l1TY 

GRAVllY 
@ -ll"r ~ 33"F @ 

tlNC HID UfiC lIIO MOnULUS STRESS STRAIN 
1--- -----~ 

1. 4B7 2.120 .282 36.9 20.3 .060 39.5 23.0 8,fi37.0 
1. 357 2.132 .237 42.0 22.9 .075 41.0 21. 9 5,792.0 

IV 

4-2 
4-6 
4-11 
4-12 
4-13 
4-18 

1. 507 2. llB .25B 40.7 24.6 .157 41.7 25.6 13,316.0 
1.330 2.151 
1.378 2. )51 
1.556 2.151 - ._ .. _---_. 

AVG. 1. 436 2.141 
··· __ ···----1-- .. ···-

lEG SA MPlE BULK 
NO. NO. U£IGJIT SPECIFIC 

GRAVITY -....... ,-...~ ... ~~~ .. . _--
4-1 1. 410 2.141 

v 4-7 1.295 2.129 
4-9 1. 2H2 2.141 

-'--'---'-" 
A VG. 1.329 2.137 
-~--.--~-

-
__ • __ l ..... 

--.-- .--. 
HR 

@ -13"F 

.--. 
1.413 
1.978 
1.810 

1.734 

@ 

- .. 

1. 
980 
010 
921 

970 

.228 

.239 

.236 
-... -----

.247 .. __ ._-

'-" 

.2 

.2 

.2 

.2 

R 
OF 

--'--'~ 

79 
53 
38 

--
57 

"R 
@ 104°F 

----" 

.051 

.051 

.042 

1---

.048 

50.B 31.1 .067 47.9 28.3 
47.0 28.3 .071 50.5 31.8 
39.0 23.9 .081 40.B 25.7 --.---
42.7 26.1 L~~~_ 26.1 

--..... ,~ .. -~-

INDIRECT TENSION RICE 
SPECIFIC 

MODULUS STRESS STRAIN GRAVITY 
-- ~ ... " ...... -

9,456.0 56.0 .00592 2.383 
9,724.0 52.0 .00535 2.364 
6,619.0 44.0 .00665 2.377 

8,599.7 50.7 .00597 2.375 ._-- .----~-.--

• 
• * 

Denot(es Test Results Following the Accelerated (24 hour) lottman Moisture Treatmcnt Procedure . 

Denotcs Test Results Following the 7-day Soak Period. 
"''''. Denotes Test Results Following the (18 cycle) Lottman Moisture Treatmcnt Procedure. 

-+ Denotes No Test Values Avaflilble. 

Hn MOdulus of Resiliency. 

9,248.3 

P£RClNT 
AIH 

VOJl)S 

10.2 
9.9 
9.9 

10.0 

34.0 .00394 
28.0 .00483 
42.0 .00315 

34.7 .00397 

.*. "' .. * 
MARSIIAll HARSIIALl 
STABilITY FLOW 

446 18 
515 16 
375 13 

445 16 
~." ,--- .. - .- . ...-



Table 3L Test Sequence II results for Item 340 Tyre "0" cores using Shamrock AC-l0, U.S. 82, Dickens, Texas . 

LEG 
NO. 

L[G 
NO. 

" 

ur. 
NO. 

III 

. --- -----_._._-_. ~ "-- , . .-,_._-_. --,- ------
SAMPLE nULK MR MARSHAll MARS itA Ll VISCOSITY PENETRATION RING & I'I::RC£NT 

NO. IfElGtIT SPECIFIC STAnlllTY flOW . ~---.-~~- .---- ~-~---- .. _ .. ,_. --~-~-- ~-~---,- BALI. ASPIIALT 
GRAVITY 

@ 7]OF 
@ 

~ -~----... , .... -~ ~,-
5-3 1.796 2.128 .261 1029 
5-6 1.795 2.095 .204 895 
5-7 1. 401 2.108 .235 ]q39 

A\lG. 1. 663 2.110 .250 1121 

SAMPLE 
NO. 

5-1 
5-5 
5-9 

AVr.. 

-, 
SA~1Pl[ 

NO. 

liE I GIlT 
HULK 
SPECIFIC 
GRAVIlY 

IlVElM 
STfIfIllITY 

1.647 2.074 .251 37.9 24.6 
L7fl2 2.107 .234 313.1 27.5 
1.651 2.07B .238 34.9 21.6 

___ ~6_'_'_ -=~.~~--= _~~~l =_=L7~~_ ~i.~= 
~ ... ___ ._~ ___ •• ______ • ____ • _________ "_4 __ ~' ___ .. ____ ~ ,~_,,,,,,, __ ,~,_~ .. - . - ~ --

BULK "'n IIVlFM 
IIE1GUT SPECifiC SlAB/LIlY 

(.I 7r'F GRAV lTV 
-.-... - ----.- .. - -~ -- - , .... '" 

5-2 I. 767 2.120 .2111 34.7 23.8 
5- 4 1.646 2.103 .274 37.2 23.9 
5-8 1.6HB 2.084 .115 35. 1 22.6 

10 
12 
12 

11 

M I< 
R 

@ n"F 

.103 

.116 

.093 

.104 

MR 
1<* 

@ nOF 

.107 

.127 

.102 

77"F @ l40"F @ 275°f 39.2°F 77°F 
~~.------.'-----, ---_." .. .- ~--,--,--

7.2U9 15 37 139.5 .. 

HVHH" INDIRECT TENSION" MARSUALl MARSIIAI.l 
STABllI lY -- ,-_._.-.. -- .. STAOlll TV HOW 

MODULUS STRESS 5 IRA HI 
------", ._----, 

30.2 16.9 7207 14.5 .00201 
34.5 23.9 7668 26.4 .00345 
32.2 19.0 5956 13.7 .00230 

32.3 19.9 6944 Hl.2 .00259 

,----~-~-------.. - _.----, - '''.~- -~ - ~ 

IIVEEM ** INDIRECT TENSION U 

STABILITY .-~---'-' _._. ---~---- ----- ~ .. .. - . 

MOIl/LUS STRESS STRAIN 
-~-- ~--

-.. ... _. __ . __ .- - ~ ~ 

~ --.~-- --- ----

36.9 26.6 8360.0 2B.B .00345 
34.8 21.5 8273.4 28.5 .00345 
31. 2 18,7 5046.8 18.9 .00373 

-~ L~~·~' 
. - --.~ -¥.-~-~~ .-,~---- -.-- . 

AVIi. 1. 7011 2.102 .202 ]5.7 • 112 34.3 . 22.3 7227.4 25.4 .00354 



lable 3L (Continued) Test Seque!lce 11 results for Item 3110 'fype "0" cores using Shallll'Ock A(-IO, U.S. 82, Oick"ns, Texas 

III; ',I\tWl I' UIILK "',{ ~11l ~ln iiI! IIV[ Ul "111 *** IIvn :·1**" fIMSIIAU** • l'IAIl~;IIAU ItUlIHI (f HI'ISION'" 

I till. WI III If; II I Sl'IClI Ie (J lJ"F rl J.n l' 11"1 '.1 lOft I 
<.,IIU:IIIH 

~'/I' I '.IMILll, '; 1 Ailil IT \ flOW 
"IU/lII' 11 S I ~.lIl1~;' • r,nAVllY ...... 

:,1111\111 I 

5-10 1. 6711 2.0119 l. 215 .7111 .2:JO • tWo 41.2 2ft.5 . all 31.9 19.3 135 16 I 
!}-13 1.71111 2.039 l. 2311 . rUB .210 .067 j!i.7 23.5 .011 30.0 17.1l 104 16 
~- I!, 1.11711 2.035 1.496 . fill .?56 .0110 ]'J. I n. ] .015 ]O.B 13. I 76 II 

IV 5- 17 1. 511] 2.039 1.1171 .a711 . "~1Il .0112 35. I 19.7 .014 30.2 14.H 3721.7 B.] .0022] 
5-11 1.6!l6 2.05/l 1. 219 . Mil .2i'H .111\0 35.3 22.8 .015 27.2 1'1.6 697.3 7.9 .01133 
5- 12 2.065 2.065 1.176 .6!:.1 .176 .O!>fl 3'1.11 29.a .014 23.0 18.1 91B.7 5.5 00595 

CJ) 

J .. '"~ ".- - -- ~ .~ 

1IVr.. 1.1)92 2.0"fI 1,302 .B04 .223 .Olfi J!i.9 24." .013 2f1.9 16.3 105 14 1J79.2 7.2 .00650 

"." _ .. _.-... - ¥ .. ~ 
_ ... ~ - _ .• , _._ - _0, ._ •• . - --.~.---.. 

Ill, SII/-tI'Lr BULK HR IHUIf!lel IIW;lrll'l Rlf:E PrRCHH 
NO. NO. U(IGIIT SI'f( I F I( t'I 77"1= "lOum.us. I' ').TI{lSS .~ 

SPlClrlC IIIR 
GRIIVITY '\]I(AI1I GIUlV lTV valns 

... -~-.~ -.'- - -~ ' .. -- . ..,_."' .. . ,_._-
- ~> - --

S-lIJ 1.754 2.037 .211 194 35 • ] 72 .6 .0037:1 2.391 111.9 
5-16 1.640 2.054 .251 23035.6 80.5 .002[17 2.39B 111.2 

v 5-JH 1.656 2.062 .276 18637.2 75.0 .00"02 2.390 13.11 

IIVG. 1.6R3 2.051 .2116 220]6. I) 76.0 .003511 2.]93 14.3 

NOHS: 

•• Oenotcs lest Results Following The 7-dilY SCMk Period . 
• •• lIen,otes lest Results Followinq lhe (III cycle) tottDlilll r~lIistlll'(~ rr'pilltllf:nl Ilrncedure. 

l Ilenotes No Test Volues AVlIilah1e. 
MR Modulus or Resiliency. 



0'1 
0:> 

Table 3F. Test Sequellce 11 results for Item 340 Type "0" cores using Cosdcn AC-20, U.S. 62, Otd:cns, Texas. 

LEG 
NO. 

LEG 
NO. 

11 

LEG 
NO. 

III 

SAMPt[ 
NO. 

6-6 
6-9 
6-11 

AVG. 

SAMPLE 
NO. 

6-3 
6-5 
6-14 

'--'~-~-

AVG. 

IlEiGIIT 

1.413 
1.250 
1. 375 

BlILK 
SPECIFIC 
GRAVITY 

2.090 
2.'092 
2.106 

1.346 2.096 

.,._--- ------~--

IlULK 
liE I6I1T SPECIFIC 

GRAVITY 

1.578 2.102 
1. 547 2.101 
1.450 2. lOB 

---_. 

1.525 2.104 

.446 

.427 

.425 

.433 

------_ .. -
MR 

@ 77"F 

loIARSItALL 
STABILITY 

-~--.--.-. -'-'----

1167 
1194 
1299 

1220 

,~--~#_ •• "- .• 

liVE EM 
STMI L1TY 

UIK Tim 
- ._-- -

.429 42. I 24.7 

.461 43.6 28.3 

.440 44.5 27.3 

.443 43.4 27.7 

---~-~- -----------~---~ 

SJ\MPLE 8ULK MR HVEEM 
NO. HfiGl1T SPECIFIC @ 77"F STMILITY 

GRAVITY UNC TlID ,-----.-'-
6-2 J. 492 2.090 .444 44.0 28.4 
6-12 1.400 2.104 .437 47.7 29.4 
6-17 1.400 2.097 .435 45.B 27.5 

'--'--'-"'-~ ,._. ----~-- .•. -~ --.... -~-.--~ 

AVG. I. 431 2.100 .439 46.1 28.4 
...... ~---~~- ---- --~--.--.----

Ml\RStIAU. VISCOSITY 
rLOW 

@ nOF @ 140"f 

9 
10 
10 

.-._ ....... , ..•. --- -' _. _ ... .. 

10 3.0xl07 15,466 

MR 
@ 7]OF 

.200 

.215 

.215 

.210 

.260 

.258 

.216 

.245 

HVHM-
STABI lITY 

UNC TlID _._---

37.8 23.1 
35.8 20.5 
30.8 21.5 

37.5 21.7 

liVE EM 
STABILITY 

UNC TIID 

52.9 
53.4 
49.4 

51.9 

36.5 
35.1 
31.2 

34.2 

PENETRATION RING & 
. _ .... --_.-_.-- BAll 

@ 275',[ 

7.447 o HI 142 

INIIIRHT I ENSION* MARSIIALL 
. ---- --. - -- .. ----- .... ---- STABILI TY 

MorlULU'. S I Rf SS STRA I N 

41,854.0 
46.894.9 
43,035.9 

43.928.3 

49.2 
42.7 
41. 7 

44.5 

INDIRECT TENSION 

.00117 

.00091 
,00097 

.00102 

MODULUS. STRESS STRAIN 

51.824.2 
55.515.3 
39,814.0 

49,051.2 

62.4 
62.0 
40.9 

55.1 

.00120 

.00112 

.00103 

.00112 

P[I<UNT 
ASPHALI 

5.25 

~tAl! ~ BALl. 
FLOW 



Table 3F. (Continued) Test Sequence II results for Item 340 Type "0" cores uSing Cosden AC-20, U.S. 82, Dickens, Texas. 

~~T-' 
,- -~----

LEG SAMPLE BULK MR MR tlR MR HVEEM I1R** 
NO. NO. HEIGHT SPECIFIC 

@ - l3°F @ 33°F @ nOF @ 104°F STABILI TV @ 7]oF STAB I 
GRAVITY UNC THO UNe 

- "- ~, 

6-1 1.702 2.101 3.114 1.330 .435 .058 32. 1 19.9 .234 37.8 
6-4 1.549 2.092 3.420 1.356 .391 .055 40.1 24.8 .286 47.1 31.8 

IV 6-7 1.400 2.098 2.120 1. 417 .428 .054 43.7 25.5 .215 42.0 23.8 
6-13 1.400 2.1tj 2.191 1. 531 .428 .055 48.3 30.1 .233 41.8 23.6 
6-15 1.450 2.105 2.178 1.463 .381 .062 42.4 25.1 .239 38.4 21.1 
6-13 1.582 2.099 2.184 1. 471 .300 .054 47.9 33.3 .232 44.3 29.7 

MG. 1. 514 2.101 2.534 1. 482 ' .394 .056 40.6 26.5 .240 41. 9 25.9 
~- ..... - .. -~ - ,. -, 

_. 

LEG SAMPLE BULK INDIRECT TENSION RICE 
NO. NO. HEIGHT SPECIFIC @ -13'F @ 33c F @ nOF @ 104°F SPECI FI C 

GIIAVITY MODULUS STRESS STRAIN GRAVITY 

6-8 1.325 2.085 .445 85,534.6 102.1 .00119 2.379 
6-10 1.238 2.099 .432 28,241.5 151. 7 .00537 2.366 

V 6-16 1.813 2.112 .492 55,432.6 132.3 .00239 2.391 

."'. , , .. _--_.-
AVG. 1.125 2.099 .456 56,402.9 128.7 .00298 2.379 

- ",-Ir-

* 
** 

Denotes Test Results Following the Accelerated (24 hour) LOlilililll I~(I i ture 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. 

INDIRECT TENSION*** 

III liS STRESS STRAIN 

27,472. 65.4 .00238 
41.517. 65.9 .00159 
29.174. 69.4 .00238 

-
32,721. 66.9 .00212 

-
PERCENT 

AIR 
VOIDS 

12.4 
11.3 
11.7 

.-
11.8 

*** *** 
MARSHALL MARSHALL 
STABILITY FLOW 

618 23 
800 21 
716 20 

" 
711 21 _ .. ,-



Table 3G. Test Sequence II results for Item 340 Type "0" cures using Cosden AC-lO, U.S. 82, Dickens, Texas. 

LEG 
NO. 

---

I 

....... L 
o N 

EG 
O. 

I 

LEG 
NO. 

III 

. 

SAMPLE 
NO. HEIGHT 

7-5 1.280 
7-10 1.341 
7- 15 1.492 

AVG. 1.371 

SAMPLE 
NO. HEIGIIT 

7-1 1.444 
7-3 1.459 
7-9 1.4115 

AVG. 1.1149 _ ....... 

SAMPLE 
NO. UEIGHT 

7-6 1.1186 
7-7 1.213 
7-12 1.535 

AVG. 1.411 

BULK MR 
SPECIFIC 

@ 7rF 
GRAVITY 

2.'086 .156 
2.078 .168 
2.098 .161 

2.087 .162 

BULK MR 
SPECIFIC 

@ 7rF GRAVITY 

2.071 .156 
2.U59 .150 
2.068 .185 

2.066 .164 

BULK MR 
SPECIFIC 

@ 77°F 
GRAVITY 

2.067 .156 
2.059 .141 
2.0fl2 .126 

-----
2.069 .141 

MARSllALL I MARSHAll VISCOSITY PENETRATION RING & 
STABILITY flOW --... BAll 

@ 7rF @ 140°F @ 275°F 39.2°F 77°F 
--

963 . 14 
1,071 12 
1,001 14 

1,012 13 1. 85x10
7 23,115 9.7 10 21 141 0 

HVEEM MR HVEEM* INDIRECT TENSION* MARSUALL 
STABILITY 

@ 77°F 
STABILITY STABILITY 

UNC THO UNC THD MODULUS STRESS STRAIN 

38.0 20.6 .129 41.9 24.6 14,732 19.3 .00131 
40.7 23.6 .135 40.1 23.0 4,409 11.2 .00254 
36.6 19.2 .121 42.8 25.4 14,667 13.2 .00090 

- 1-.. 

38.4 21.1 .128 41.6 24.3 11,269 14.6 .00158 

HVEEM "R HVEEM INDIR,CT TENSION ~ 
STABILITY 

@ 7]°F STABILITY 

UNC IUD UNC lIlD MOOOLUS STRESS STRA 
.-

39.1 22.6 .072 32.8 16.3 3,038.4 14.5 .00476 

44.4 22.5 .045 39.8 17.8 1,930.0 9.2 .00476 

34.4 18.8 .055 24.5 TlTC 1,307.3 10.4 .00793 

----
39.3 21. 3 .057 32.4 11. r 2,091. 9 11.4 .00582 

PERCENT 
ASPIIALT 

4.23 

MARSUAll 
flOW 



Table 3G. (Continued) Test Sequenf7e II results for ItelR 340 Iype "0" cores using Cosden AC-1O, U.S. 82, Oickens, Tex,ls. 

LEG SAMPL E 
NO. NO. 

---

IV 

7-6 
7-8 
7-14 

....... AVG. 
-

BULK 
HE I GIlT SPECIFIC 

GRAVITY 
-----

1.436 2.058 
1.213 2.050 
1 535 2.095 

1------

1. 411 2.068 

-

"R "R rtR 
Ii!' nOF @ 33°F @ 17°F 

-.-- -~------ ---

1.255 .549 .106 
1.292 .766 .123 
1.869 .742 .151 

1.472 .686 .127 

-- .. ------- __ ·" ____ ~4 

~ UVEEM 14··· HVEEI4"· INDIRECT TENSION"· 
STABIliTY R STABILITY @ I04"F @ 17°f 

---.. -- -----
UriC TIl 0 UNe TlID MOlJULUS STRESS STRAIN _ ... --_. ---. ---

.028 ... t 

.032 ...... 

.041 H 

--_._--- .-- t------ ----*_. 

.034 

-

...... 1 ____ '-_ --- -- -_¥ -"""" .--_. ---- --- --'-- - _. _._ .. ,.- .-.. 

. _. .. __ ._---

LEG SAMPLE BULK INDIRECT TENSION 
NO. NO. IIEIGltT SPECI FIC 

@ -13"F @ 33°F @ 17°F @ 104°F 
GRAVITY MODULUS STRESS STRAIN -.• ------"-"~ ....... -- --

7-4 1.267 2.055 .130 1,420.7 50.9 .03583 
7-13 I. 2M 2.100 .134 I, 378.3 57.6 .04179 

V 7-16 1. 293 2.070 .119 1,008.3 54.2 .05375 

--'--- ----- .-- _. 

AVG. 1.283 2.075 .128 1,269. I 54.2 .04379 
, .... __ ._ .• .L •••........... ____ 

• 
•• 

Denotes Test Resuhs Following the Accelerated (24 hour) Lottman Moisture Treatlllent Procedure . 

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

++ See attached notes. 

MR Modulus of Resiliency. 

--l-RIC£ 
SPECIfiC 
GRAVITY 

PERCfNT 
AIR 

VOI/lS 
-- .... - .. _-

2. 4~fI 
2.423 
2.429 

2.427 
. 

15.4' 
13.3 
14.8 

14.5 

*** * •• 
MARSHALL MARSliALL 
STABILITY 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)J 
fell apart after the standard Lottman in the fourth leg. 
No other tests could be performed. 

In Table 3G (Cosden, AC-IO) in the 3rd leg, all of the 
samples were allowed to completely dry out. After they 
were relocated, they were allowed to soak at 770 F over 
a weekend. The Hveem stability test was run at 770 F. 
Also, starting with 3G, the 4th leg was dropped from 
the testing procedHre seguence. Only the resilient 
modulus tests (-13 F, 33 F, 770 F, and 1040 F) were 
performed. The sequence was modified due to the long 
period of time required to perform the 18-cycle 
Lottman testing performance. 

72 



....... 
w 

Table 

l[G 
NO. 

LEG 
~1O. 

II 

LEG 
NO. 

II J 

4A. Test 

SAMPLE 
NO. 

1-2 
1 7 
1-17 

AVG. 

SAMPLE 
NO. 

1-4 
1-9 
1-12 

AVG. 

SAMPLE 
NO. 

1-1 
1-5 
1-14 

AVG. 

Sequence II results 'for Itelll 340 Type u[)n cores using MacMillan AC-IO, U,S, 287, Dumas, Texas. 

<_._._----_.- -, ----, ,- - ~--

BULK Mil 
liE IGln SPECIfiC @ nor 

GRAVITY 
.-.--~,--- -----"-- .~----

1.604 2.138 .149 
1. 313 2 .. 123 • 165 
1. 707 2.115 .17.2 

1.541 2.125 .145 ... '- ... -.....-~--- ... ~ .. ------~-.. ~ 

BULK MR 
liE 1 GIlT SPlCIFIC 

GRAVITY @ 77"F 
.--.-.. .-.~. 

I. 53~ 2.130 .129 
1.707 2.107 .091 
1.555 2.122 .143 

. 

1.599 2.120 , 121 ---_ .......... 

BlJlK MR 
HEIGIH SPHlflC 

@ 77"r 
GRAVITY 

------"----
1.558 2. J113 .144 
1.570 2.131 .149 
1.709 2.109 .129 

1.612 2.128 .141 

. ~ - - - _ .. _._-. »- ... 
111\ RSIIAll MI\RSIIAl.l V I sells ITY 
STAll I II TV flOW . ,,-"-<"- ~ .. -

@ 77"f lO 140~r 
.... .- .. _.- - '--'~ - - - -. - .., ~ -,~ - .. _-- .- -~"' ... 

1,180 11 
982 13 
8'14 12 

-'~'---"~"---'-" ~ .-... - -.- - - . --,-- --~.- -.~ 

1,019 12 7.0)(10 5 1,453 
- .~ .. -... ------- - .- --~ »"-,--~ .... - "-- ~-- ~ ,._.-

.. --~--

IlVEE 
SlAIJIl 

M MR ... llVEEM*. 
lTV 

@ 77"f 
STABILITY 

UNC TIIO UNC THO 
,,- ---- -- _ ... __ .-- ~ 

50.8 35.2 .011 27.6 11. 9 
43.3 31.2 .014 28.0 15.9 
48.5 33.4 .044 40.6 25.5 

PlNI:TRM 1011 RING 
BALL 

(d 27Sl 39.2"F 77"F 
,~ .. - _._.-

---~." .. - --. 

3.592 30 90 116° . -, . 

INIlIHECT TENSION'" MARSfiAll 

MOllut US SHllSS 

10,857.8 77.8 
11,207.1 76.9 
14,405.1 77.4 

.. -.---- SIAlIlIlTY 
5HIAIN 

.00716 

.00686 

.00537 

---_ .. _-- ·~--···----· .. I---.. '.' _. -._- ..... . 

47.5 33.3 

IIVHM 
STAlIllITY 

UNC TlID 

57.0 41. 9 
Ill!. 6 33.7 
114.7 32.7 

'50.1 36.1 

.023 32.1 17.8 12,156.7 77.4 .00646 
_. __ ._..l ___ . ____ . __ .•• _. ____ ............ . 

MI! .... HVEEM .... 
@ 7l"F STAlIll ITY 

UNC TIiO 
--~-. -.-- ---_._._---

.035 + .. 

.023 + .. 

.037 + .. 

.032 + 

INDIRECT TENSION ...... 

MOOUlUS STRESS STRAIN 

2,795.6 
B49.2 

7,801.8 

3,315.5 

20.0 
5.1 

46.6 

23.9 

.00716 
.00579 
_00597 

.00631 

,. - ~ - .-.- -
I'LHC[NT 
ASI'/lAt 1 

4.01 

1-1J\HSlIl\ll 
nnw 

I 



Table 4A. (Continued) Test Sequence II results for Item 340 Type "0" cores using MacMillan AC-lO, U.S. 2117, Dumas, Texas . 

• w __ ~_.~_. ... _.-

lEG SAMPLE BULK MR IIVEEM 
STAIIIlITY 

IIVHI1*** INIJII([CT HNSION*** *** *** 
NO. NO. IIf1GIIT SPECIFIC 

@ -13°r ka STABILITY .......... _- -.-- .----.- MARSIIALL MARSIlALI. 
GRAVITY IINC TllO UNC THO HonUUlS STRESS STRAIN STABILITY now 

. _-- - ~~.- - 1---·- ---
1-3 1.555 
Hl 1. 516 

IV 1-10 1.559 
1-13 1.608 
1-16 1.667 
1-18 1.646 
.~- -,-,-- -
AVG. 1.592 

;,;:,J--' ."-_._--_.- -

-+=:-

LEG SAMPLE 
NO. NO. IlEIGHT 

2.091 
2.129 
2.114 
2.111 
2.118 
2.129 

2.115 

BULK 
SPECI FlC 
GRAVITY 

.. 

1. 377 
1.547 
1. 416 
1.588 
1.692 
1.639 

1. 543 ----._,. 

MR 
@ -13°r 

.751 

.788 

.785 

.805 

.823 

.913 

.1111 

.141 

.125 

.121 

.125 

.115 

.146 

.129 

-----,------

---- -----
.026 48.5 33.4 .018 32.5 17.4 
.030 52.8 36.9 .031 41.2 25.3 
.026 47.3 32.2 .029 35.7 20.7 
.026 49.5 35.4 .035 38.6 24.5 
.026 47.5 34.6 .033 39.9 27.0 
.029 47.3 33.9 .044 1\1.0 27.6 

- --. -~--- - .. ._-----
.027 1\8.8 34.4 .032 38.2 23.8 ----- --- .. 

.. , .• - .--.~-.--.-

INDI"ECT TENSION HICE 
SP[CIFI C 

MOOULUS STHESS STRAIN GRAVITY 
-----~ 1-- ._.-

V 

1-6 
1-11 
1-15 

AVG. 
. .. 

1.388 2.124 
1. 363 2.110 
1.602 2.130 

1. 451 2.121 

.159 

.115 

.134 

.136 
.. 

13,928.9 
12,717.0 
13,060.6 

._---, 

13.235.5 

49.9 .00358 
49.3 .00388 
50.7 .00388 

1-------

50.0 .00378 

* 
** 

Denotes Test Results Following the Accelerated (24 hour) Lottman f10isture Treatment Procedure. 

Denotes Test Results Following the 7-day Soak Period. 
*** - Ilenotes Test Results Following the (I8 cycle) Lottman l10isture Treatment Procedure. 

t Denotes No Test Values Available. 

MR Modulus of Resil iency. 

2.451 
2.459 
2.465 

2.458 

2.709.8 15.0 
2,785.9 15.5 
3,413.6 19.0 
.. ~~--., . ,---

2,969.8 16.5 --_._-.'. ---. 

PERCENT 
AIR 

VOlllS 

13.3 
14.2 
13.6 

13.7 

.00555 

.00555 

.00555 ----,---_ . 

.00555 
,-~---

50 
181 
175 

135 

9 
4 

11 

8 



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 (n°F) tests were lost 
in the 1 abo 

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 results for the indirect tension test run on Sample 5-8 because 
the test was incorrectly run. 
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Table 41\' Test Sequence 11 results for Item 340 Type "0" COl'es using Dorchester AC-lO, U.S. 2137, Oumas. Texas. 

_~~"~r._ ,,"' _.w. _ _ ._._._, __ 
,~.~ '. ~ ,.. ,," .-- .. _- ~--,,-- -- ... --,-

LEG SAMPl.[ BULK t~1! M/WSIIALI. MARSIIAll V ISCOSI TV PENnl/ATlON 11ING & 
NO. NO. liE I GIlT SPECIFIC @ nOF S1 AUI II TV FLOW ... , .... .~.~,-."" -".~ BALL 

GRAV lTV @ 77°F @ 1110"F @ 275"F 39.2"F nnr 
-.--.---- '-_.,--'-- . ~-- ...... -.-~. 

2-2 1.192 2:154 .295 1460 tl 
2-7 1.251 2.146 .323 1405 10 
2-15 1.128 2.151 .292 1362 10 

4.043 
-------------- -------.- -. ----6--- -----
1409 10 1.2SxlO 1930 26 71 123" 

-----.- -------
AVG. 1.190 2.152 .303 

--------- --'---- .. - ~-,-.~ ----,_.- .. - .-~- -.~-" ... -- . 

LEG SAMPLE [lULK Mn HVEEM 
STABILITY 

ttV£EM" INllIR[CT TENSION" MARSIiAll 

UNC 1HO 

STABILITY .. ~""'-.-.~- .. _.--

UNC TIIO MOOULUS STRLSS STIIAIN 
NO. NO. II[ I GIlT SPECIfIC @ nOF 

GRAVITY 
- ~.--.-.-'"---. -----+.--.-------1---·--- -.------- -.-~--

II 

LEG 
NO. 

III 

2-1 
2-9 
2-17 

-_ .. ---_. 
AVG. 

1.242 
1.180 
1.246 

1.223 

2.146 
2.145 
2.146 

2.11\6 

.275 

.328 

.325 

.309 

SAMf'LE BULK "'R 
NO. HEIGHT SPECIFIC @ 770F 

GRAVITY 
.. ---------_._- ----. -------- ~-------.. --~-

2-3 1.037 2.147 .317 
2-12 1.263 2.155 .321 
2-16 1.214 2.140 . 34ft 

---~----.---.- 1--- ------.-. ------

MG. 1.171 2.150 .329 
-----. ----- ---_. _.- .. - ---- --~--------.- ._ .. --._---

!lS.7 
61.1 
57.5 

59.1 

37.3 
30.5 
36.2 

37.3 

IIVHM 
SlABI LIlV 

UNe Tit[) 

69.2 .1\3.7 
57.0 36.0 
51L 3 36.3 

.031 

.035 

.034 

.033 

.031 

.035 

.044 

43.3 21. 9 2957.9 17.9 .00607 
47.5 24.9 2890.9 17 .5 00607 
43.7 22.4 3316.9 17 .9 .00539 

44.0 23.1 3055.2 17.8 .00584 

----_._-- ~.----. ---- ---.--~---

ItVHM INDIR[CT TENSION 
STABILITY ---.-,.~-.- ---- -~-----~ 

UNC 1110 MODtJlllS STRESS STRAIN 
~-----.- .. - -- ---~-

54.3 28.8 4175.2 25.3 .00607 
43.0 22.1 4541.0 21.4 .001172 
41.2 19.2 3890.7 23.6 .00607 

~ ___ .. _.· .. ____ I-_---·---·-~-- -.. -_. - - --- -- ---- .. ---.. ---------1--_._----
61.5 31l.7 .J37 46.2 23.4 4202.3 23.4 .00562 
---.-~--........ ----- -_ .... _-- -----'---,,--

STAl3ll1 TV 

- -
PlRCENT 
ASI'IIAL T 

4.99 

MI\HSllfIll 
rLIlW 



Table 4B. (Continued) Test Sequence II results for Item 340 Type "U" cores using Uorchester AC-lO, U.S. 2R7, Duma';, T~xas . 

_.« ¥.- -.~.-- --~ -- ---~ -- ~---.-- . 

LEG SAMPL.E IJLIL K MR 
NO. NO. IIElGIIT SPECIFIC 

--.-.-... • _ __ i" ~, ____ 

MR "R Mil 

-'-~ ---- - -.--
liVE EM 

STAO III TY 
11"*- IIVU]1~H 

5 TAO I L lTV 
INDIR[CT TENSloN*·* 

GRAVITY 
.@ - 13°F (~ 33°f (.\ 77"F l~ 10iloF 

UNC TlID 
@ 77°f IJNC TlID I~OIlULUS STRESS STRAIN 

... 0._., ___ 
--.----~-

._-_ ... _. ---' --- ---- .. ~--- .. --~- .... _. ._-._._--
~--- -"- .-, -_.-

IV 

AVG. 
-1-._-_._---,-_ .. - -- .--.---- --,._. __ -.-.-__ --_ .... ____ _ 

,-> -_._-- ---~,.-.--.. , .. -.-.- .. -- ._---- --------~-- -
LEG SAMPLE BULK INDIRECT TENSION 
NO. flO. IIUGIH SPECIFIC @ -13 G F @ 33°f 

GRAY I TV MODULUS STRESS STRAIN 
---. -_.- ---- ----.'-- '"---- -- --_.---

2-8 1.226 2.150 1.784 .981 .310 .094 36920.6 74.6 .00202 
Y 2-13 1.202 2.156 1.906 1.005 .332 .090 

2-18 1.204 2. 147 1. 787 1.093 .315 .099 
29471. 3 79.4 .00270 
28932.0 78.0 .00270 

--_ .. _-,- ---_.-....... -.- ---------- --_ .. --'--- . __ ._. ---
AVG. 1. 211 2.151 1.826 1.053 .319 .097 31774.6 77.3 .00247 
----- -- -~------- -- ----

* Uenotes lest Resul ts Following the Accelerated (24 hour) Lottnl<ln Moisture Treatment Procedure. 

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

+ Denotes No Test Values Available. 

MR Modulus of Resiliency. 

------- ._----,----" 
RICE PERCENT 
SPECIFIC AIR 
GRAV /TV VOIDS 
----- -----

2.453 12.4 
2.447 11. 9 
2.450 12.4 

2.450 12.2 

**. 
MARSIJALL 
STAIHLITV 

.*. 
MARSIIALL 

FLOW 



Table 4e. Test Sequence 11 results for Item 340 Type "0" cores using Exxon AC-I0, U.S. 287, Dumas, Tpxas • 

lfG 
NO. 

l[G 
NO. 

1I 

L[G 
NO. 

II [ 

. -- . "----
SIIMPLE HULK ~'u 11IiR':.IIIILL MIIRS.III1LL VISCOSITY "HU'TRIIT I 011 RING & 

NO. 

3-4 
3-B 
3-15 

MG. 

Sl\~lPL r 
NO. 

3-2 
3-12 
3-17 

IIVIi. 

IlflG11T 

--,. ------ . 

1.252 
1. 295 
1.380 

1.309 

liE [GilT 

1. 381 
1.324 
1.387 

SP[CIrIC 
GRIIVl1Y 

2.072 
2.mH 
2.113 

2.009 

BULK 
SP£ClrIC 
GRAV ITY 

2.057 
2.109 
2.055 

/.! 1/'1 

.154 

.187 

.210 

.184 

.179 

.214 

.194 

S IIIB III TV 

905 
893 

1,099 

967 

flV(f.M 
STIIBILITY 

UNC litO 

41. 9 
57.7 
40.6 

23.3 
37.9 
22. I 

1.364 2.0711 .196 46.7 27.S 

FLOW 

9 
12 
11 

11 

__ ,,_.,, ___ . __ ._ ..• __ ,,,, ____ ........... ___ . __ .... _. ___ .... 1-... _ ... _ ...... ..1.._. 

SAMPLE BULK 
NO. lin lillT SPECIFIC 

GRAVITY 
-~. _ .. _,,- .-

3-6 1 304 2.058 
3-10 1.303 2.098 
3-14 1.394 2. liB 

AVr.. 1. 334 2.091 

MH 
@ nOf 

IIVEEM 
STAOIIITY 

f- UNC TIIO 
-, ~-.".---•• - •••• _- <-

.189 1111.2 24. I 

.224 48.6 2B.4 

.243 55.5 37.1 

.219 49.4 29.9 
----- ,--'-

++ 
.023 

++ 

.023 

. --,-
@ rrr @ 140"1' 

++ 

IIV[[M* 
STABILITY 

UNC 1110 

HVEEM 
STABILITY 

UNC TIIO 

BIIll 
@ 275"1 39.2~f 77'T --,- ~ ~ . -- - " ~ . 

INlllRECJ TENS I ON* MIII1SIII\I.l 
._-- - .-.------ STI\[JILIlY 

MODUI.U':. STRESS STRAIN 

l--. ___ ._ .. ___ . _____ _ 

INDIRECT TENSION 

MOIIIILU~ SI RESS STRAIN 
- ---~~-.... -.-~~-.... --,,- - --

.021 56.2 

.037 36. I 

.052 36.5 

.037 

36.0 
16.0 
HI. 1 

485.7 
3,958.0 
2,608.6 

4.64 
16.54 
17.13 

.00955 
0041H 

.00567 

PLRCfNT 
IISPIIIIIT 

MIII1SIIIlLL 
FlOW 



Table "C. (Continued) Test Sequeoce II results for Item 340 Type "Oil cores using Exxun AC-1O. U.S. 287, Dumas Texas. 

I.EG 
NO. 

IV 

" 1.0 

LEG 
NO. 

V 

SAMrtf 
flO. 

3-1 
3-5 
3-9 
3-13 
3-16 
3-18 

J\VG. 
~-~- ," '-' '" , 

SAMPLE 
NO. 

3-3 
3-7 
3-11 

liE I Gill 

.1.306 
L 361 
l. 302 
1.335 
1.457 
1.494 

1.376 

11[1 GIlT 

I. 379 
l. 331 
1.11B 

---.-- ------~ 

BULK 
SPECIFIC 
GRAV I TY 

2.043 
2.061 
2.087 
2.096 
2.123 
2.047 

--------
2.076 

.--- - .... ~--

BULK 
SPECIFIC 
GRAVITY 

2.07" 
2.084 
2.096 

MR MR 
@ -13°f 33°F 
--_.,_.- -,- ,~.-

1. 361 1.051 
I. 106 0.846 
I. 427 0.876 
1.239 0.R19 
1. 561 1. 061 
1.226 0.854 

-------
1.320 0,918 

------'.-

@ 13"f 

UR 
Cd 77°F 

.195 

.134 

.151 

.175 

.213 
• 142 -.---.-
• 160 

.202 
· 201 
.214 

,---------

MR 
@ 104"f 
,-----~.--

.035 

.040 

.045 

.043 

.044 

.028 
----~-

.039 
----._.-

-,- _._.- ~, ...... w.~"'". ___ -._" " ... '_. ---- ---'--"--' 
IIVHM ~IH** IIVEEW u 

S rA!\ III TV 
@ ]]"F SIA1lIlITY 

UN!: lliD UNC HID 
'--'-'''>< -~~ 

45.4 25.3 .054 34.8 14.6 
48.1 29. I ++ 
41.4 21.2 .040 30.9 10.7 
48. I 28.6 .092 42.0 22.4 
60.8 41.2 .131 51.7 34.6 
38.0 21.6 .074 33.7 17.3 

_ .... ---- ---
47.0 27.S .078 38.6 19.9 

~--- ----._- ------

--------,-- --~--~---.-

INDIRECT TENSION RICE 
SPECIFIC 

MOllULUS STRESS SmA]N GRAVIlY 
---- -----.-.-

16,989.5 69.2 .00408 2.469 
19,301. 2 69.4 .00359 2.463 
18.666.5 70.1 .00375 2.455 

-.-.- ---- -- ----

INDlRECT lENSION~kk 

1-10 IlUlUS STRESS 
-.- -'-'~~, 

2,:,08. I 37.8 
1+ 

"--~ 

2 .!.08. I 
-

r 'ERCENT 
J\IR 

VOIDS 

15.8 
15.4 
14.9 

37.0 

~""'---.. 

SlRAIN 

.01507 

----.-~~ 

.01507 
~'-.. '--

. -"'-".'-~-'- ------"-,- 1--------- .----" ----

o. •• 

J\VG. 1.297 2.085 .206 18.319.1 69.6 .00381 
" __ . ___ L ____ .~_ " ____ "_, __ 

Oenotes Test Results Following the Accelerated (24 h01lr) lottnlan Moisture Treatment Procedure. 

Oenotes Tes t Resu I ts Fa 11 0\~in9 the 7-day Soak Period. 

[)enotes Test Resu I ts Fall ol·d n9 the (18 cycle) Lottman Moi sture Treatment Procedure. 

++ See attached ootes. 

MR Modulus of Resil jeney. 

2.462 15.11 

k.k * .. * 
I-IJ\RSIIALL rIARSIIJ\tL 
STAOllITY HOW 

1:19 17 

72 13 
266 J4 

142 15 
------ --_.-,- -~-



US 287 DUMAS, TEXAS PROBLEMS 

In Table 4A (MacMillan AC-IO) 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-IO) 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-l8) were damaged during 
the testing sequence and no further tests could be run on them. 

In Table 4E (Shamrock AC-lO), the 4th leg testing sequence was dis
continued due to the long period of time required to perform the 
l8-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 40. Test Se1luence II results for It.em 340 Type "0" cores using Shamrock AC-20, 11.5. 287, Dumas, Tex~s. 

---- ------
LEG SAMPLE BULK 
NO. NO. tlEIGHT SPECIFIC 

GRAVITV 
-----~~ ---

4-1 L 851 2.168 
4-1 1. 818 2.069 
4-12 1. 706 2.120 

MG. 1. 018 
-.-~~ 

~--- ----
LEG SAMPLE BULK 
NO. NO. IIElGHT SPECIFIC 

GRAVITY 
-~---"'" 

4-3 2.003 2.158 
4-8 1.833 2 .147 

II 4-20 1.837 2.147 

AVG. 1. 891 2.151 
. _-- . 

_.---------
LEG SAMPLE BUU: 
NO. NO. H£lGtH SPECIFIC 

GRAVITY 
~ .. ----~. 

4-5 1.926 2.160 
4-13 1.635 2.140 

III 4-19 1. 784 2.154 

AVG. 1. 79B 2. 151 

- '--- - ~,-- -.... , .. .., 

MR 
(il llnE 

---.-------

.395 

.411 

.373 

------_ .. "'-'-

_-,1~1 ___ . __ 

.389 

.385 

.380 

.385 

--

r 

-.-
_ . 

/iJ\RSIiALL 
STABILITY 

.-------~-

1094 
1074 
905 

1024 

MAI~SHAlL 

now 

14 
14 
12 

13 

VI SCOS 11 V 

@ 77"F @ 140"f 

·+-----:---t-- .-.-.-----.. 
5.8)(.106 41)6B 

-.------- -

IfVHM MR 
STABfL lTV 

@ 77"F 
UNC THI) -,---.-
40.2 34.0 .096 
37. 9 28.3 .069 
39.7 30.2 .069 

39.3 30.3 .078 ---

. 
tI 

STA 

UNC 
_ .. _-

31.3 
32.6 
29.5 

31.1 

VHM* 
BILlTV 

1110 

25.1 
23.0 
20.0 

22.7 

-. .... _--,---- ... ------- -_._---_ .. ,--
MR IIVHM MR liVE EM 

@ 77°F STABILITY 
@ 77°r STABILITY 

UNC THO ._------ .---.~.-- -~-~-

.402 40.5 32.8 .10!) 31.0 23_3 

.317 41.2 28.7 .082 33.7 21.2 

.281 39.4 21:1.9 .084 30.7 20.1 

.333 40.4 30.1 .090 31.B 21.5 _____ lL ___ ... ...-I._ ._ •. ___ ,, _____ ---'---______ -------..... ----

I'ENE1RATION RING & 
. .--------- IlALL 

@ 275"r 77"r 

B.41 10 41 

INIIIR[CT TENSION* MARSIIALL 
----- •. --.. --- STABILllV 

MOUULUS STRESS STRAIN 

14148.6 
6135.2 
7633.2 

47.7 
34.7 
32.9 

INDlllE:cT TENSION 

.00337 

.00566 

.00431 

MODULUS STRESS STRAIN 

6621.4 
6131.8 
6288.0 

44.6 
26.4 
33.9 

35.0 

.00674 

.OOtl31 

.00539 

.00541L 

"[RCENT 
ASI'IIAL T 

4.99 

MAIl"IIAU 
HOW 



Table 40. (Continued) Test Sequence II results for Item 340 Type "D" cores using Shamrock AC-7.0. U.S. 2M7, Dumas, lexils. 

"' - .- .. --,-,_.- ~-.-.--.--.-
___ e_ . _. 

-~. - . . ".- - ., ~ ~,- . _ .. -~-- .. ---
IJ (; SAMPLE BULK r1R MR fiR MH IIVn.M HR** IIVfm·u INDIHECT TENSION ... • 
rw. NO. IIEl GIlT SPECIFIC (,l -13"F (~ 33"F (J 7l"F (iI 104"f STABILITY 

(iI n'T 
STAIlILlTY -,~- ~ --_. 

IV 

00-
N 

LEG 
NO. 

V 

MG. 

SAMPLE 
NO. 

4-6 
4-13 
4-18 

_.-._-- --

II[IGIIT 

GRAVITY 
--------

UULK 
SPECIFIC 
GRAVITY 

- __ rl ___ '_'~ 

.--._._._ .. ,. - -_ .... _--- -- --- ---

1.356 
1.356 
L 780 

2.162 
2.108 
2.158 

1.809 
1.549 
1. 016 

~--,~--. ~-- ."- ,-~~ - . -- - -

-------. --.-------

@ 33"F @ nOF @ 104'F 

--_._._ .. . _-_.-

I. 156 .371 .088 
1.095 .338 .082 
1. 120 .388 .008 

UrIC: TlID UNC TIIIJ 1101 'lJLUS STf{ESS 
-.-~-.-- . -- -.-- .. -,---_ ... --- "'- ., .. - .. ~" - -

------_ .. --"- - .... -.--.--.-.-~ ~.'~ --.-~--~~.-~ ". - -- _.,--

I NDI HECT TENSION I{IC[ PEH[[NT 
SPECIFIC AIR 

I~ODULUS STnESS STnAIN GRAV IlY VOIDS 
-~~.' ----- -~--~ -,-,----,. -.,--_. __ .... _" 

26721.0 90.0 .00337 2.425 10.8 
31810.8 72.9 .00229 2.422 13.0 
3f1697.2 93.9 .00243 2.429 11.2 

---.---, ... - --. _.- ------1-.----; . - ----.---.1----' --... --.-.-, .. -.----~--
AVG. 1.831 2.143 1.725 1.124 .366 .086 321109.7 85.6 .00270 2.425 11.6 

* Denotes Test Resul ts Following the Accelerated (24 hour) tottman Moistun~ Treatillent Procedure. 
** 

Denotes Test Results Following the 7-day Soak Period. 
*.* 

Denotes Test Results Following the (If! cycle) Lottman Moisture Tre,ltment Procedure. 

+ Denotes No Test Values Available. 

MR Modulus of Resiliency. 

STnAIN 

- - -,.,._- ',,-_ ... --- - - ~."~ .~ 

**. *.* 
MIIRSIIALL ~IAnS"ALL 
STAIlILl TY nOl~ 

-._. --~ ,- .'-'-", .--. - . '-- ---



00 
eN 

Tallie 4£. lest Sequence II results for Item 340 Type "0" cores using Shamrock AC-IO, U.S, 287. Dumas, Texas. 

U:G 
NIL 

lH, 
NO. 

II 

LEG 
NO. 

III 

, .... - --.~ ---- --<- ~ 

'. _____ M. __ . -- . - ~ ~ - . ...... _. .. , .- '" ~ 

SII~lPL[ BULK Mil '1ARS/tIlLL MIII~SIlIlLL VI SCOSIl Y PIN r:TRII liON 
1m. IIllGIIT speCIFIC 

Id 7/"1 STMI L1TY FLOW 
GRIIVITV (d 77''f @ 140'T jol 275"1 3Q. l<T 71°F 

- --_._- __ ~._X_" _, _.- ~'- ,- .~~ .~ .. ""'-- - ",._T ,, ______ 

5-2 1.345 2.219 .148 1249 14 
5-7 1.248 2.209 .154 1155 12 
5-14 1.330 2.190 . 169 893 16 

-.-~.~ .. ,~- . « -.---.-. ~ - ~ -"'" ~ ..... -.- - -'~~-'-- ,- ~ 

MG. I. 30B 2.206 .157 1099 14 2.0x106 2263 4.B13 15 57 
-- ,."~.~.".----.... , - . -,-'-. "---~.- ------ .. - '''~ ,_._- --.- -~-.-~-,-

.. ---......... ~ .~--- ---- ,_. ~. 

SlIr'1PLE BULK ~ NO. liE I GilT SI'ECIIIC nOF 
GRIIV lTV 

@ 

~ .. ~.~ .. "---_._._---- • ___ ...... _AA ___ ~ 

5-6 1.472 2.214 .139 
5-11 1. 379 2.202 .126 
5-16 1.414 2.189 .162 

IIVG. 1.422 2.202 .142 
-... ----~~ . 

.. - .. _-----_ .. ,.-_._--,"" ~.--'-" .. -"--
SlIMP I. E BULK ~IH 

NO. IIEIGIIl SPECI HC @ 77"F 
GRAVITV 

- • ___ w, __ • ___ .~. --.--_._---,-'---

5-3 1.455 2.221 .163 
5-9 1.454 2.212 .150 
5-13 1.429 2.182 .162 

IIVG. 1.446 2.205 .158 

_______ ... _. __ ... ·v , 
1111 [EM 

<;TI\I3HITY 
UNC 1110 -' ... -.,...- -

43.4 25.0 
44.3 25.6 
44. 7 26.8 

44.1 25.8 

IIVHM 
STARI LI TV 

HI 
42.3 
42.2 

26.0 
25.2 
2Ui 

---_ ... «-, --_._----- . -'''----- - - .. - -

HR IlVEEM* rrmlR(CT TENSION* 

77°r 
STABIUTY 'T ___ ' ____ 

@ 
MOIJUl.lI~, STRESS UNC 1110 

~----_.- ._--,_.- - . ----.~ --. -._--_ .. _-",-- -

.054 35.9 19.1 2717.4 32.4 

.065 40.1 21. 5 2513.9 30.0 

.059 37.3 19.4 2912.7 31. 3 

.059 37.8 20.0 2714.7 31.2 -_ .. _---_ ... __ ._-- --- .----.. --. -- ... --'-.. -

. lOll 

.092 

.059 

HIIHM 
STAllllITY 

UNC TIlO -- ---------_."" .. 

38.2 21.0 
41.5 24.3 
42.1 24.4 

INOI HECT TENS [ON 

MOIJUWS 
-"' ... ~--.- --.-

7753.9 60.2 
7195.0 55.8 
5187.8 31.0 

"- ---"-" .. -.. 

STRIIIN 
________ ._ r_ 

.012 

.012 

.011 

.012 

STRAHl 

.00776 

.00776 

.00576 

... -_ .. _ ... -. ·_----·-----1---···· • ""-"--'-

42.5 25.2 .086 40.6 23.2 6712.2 49.0 .00709 
.•.. • __ ___ ..... ---_ •. ---1 -'-_ .. -----'._ .. , .. ---. 

____ . .L-____ ._ .......• ! ____ .. _.L __ _ 

, ____ ~ w._ .~~_.~, 

RING 1. PLRCLNT 
IIIILl IISPHIILT 

123" 5.95 

.. - ~. -- ,- .. 
MARSIIIILL HI\it~;1I111 I. 
STJ\BIIIIY I LIM 



Table 4E. (Continued) Test Sequence II results for Item 340 Type "0" cores using Shamrock AC-1O, U.S. 287, DUlllils, rexits . 

- .- -~, -- '*_ .. __ ._.'.-- ... ,----~-- ~ ,~,--- --~~. -,,_._- ---- _._ .. . _- .... ' -- ...... _. --- --,,'--'-'-~ 

INDIHECT TENSION"" "** ... ~ 
MARSHAll MARSIIALL 

MOIJULUS STRESS STRAIN STAIHLITY HOW 

LfG SAMPLE UUtK Mil Mil rlR Mil IIVEEM 11"·" IIVEEI1*"'· 
NO. NO. m I GilT SPECIFIC STAUIl[TY R 

STABILITY 
GRAVITY 

'@ - nOF @ 33"F (d n"F la 10IIryF 
UNC THO 

@ nOF UNe Tim -,---_._- _M __ "~ __ ~ _ ,-'-". ,-. --.. 

5-1 1.403 2.227 1.509 .947 .lJ6 . 029 H 

!j-5 1. 454 2 222 1.789 1.002 • 163 .023 ++ 
IV 1.269 2.221 1.788 .934 .143 .027 H 5-10 

5-12 I. 319 2.200 1. 579 .952 .169 .046 ++ 
5-15 1.425 2.196 I. 563 .902 .144 .040 ++ 

21 1.350 1.010 • 164 .031 ++ .. 5d8.. ----- ----- ._--- ,--- ._---- --+----I---·-··--+----t---- ---. --._.--.. -...... -.. --- ... -
AVG. 1.3135 2.213 1.596 .958 .153 .033 

.'_.'-- ---_._- ------ _. ----- ---- -'"--' 
__ .. w_. 

(X) 
.po. 

-.-~.-~. ._--,--- . . 
LEG SAMPLE BULK INDI RECT TENS ION RICE 
NO. NO. liE I GIlT SI'E(I F IC SPECfFIC 

GRI\VITY 
@ ·lJoF @ 33°F @ nOF @ 104°F 

MOlJUlUS STRESS STRAIN GRAVITY 
1""'----- --.---.-. .----- -~--.---. ,------ . . 

5-4 1.350 2.216 .148 11851. 9 70. 736 .00597 
5-8 1.392 2.215 .123 + + + 

V 5-17 1.363 2.222 .170 13529. I 78.8\9 .00597 

-_. --
AVG. 1.368 2.218 · 147 12529. I 74.777 .00597 

---'- ~--""'.'-" ~ -- ..... - ....... -.~ ---" -_., 

* 
•• 

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

Denotes Test Results Following the 7-day Soak Period. 
* •• 

Denotes Test Resul ts Following ttl!:! (18 cycle) lottman Moisture Treatment Procedure. 

+ Denotes No Test Values Available. 

"R MOdulus of Resiliency. 
H See the footllote nn the attached Jltlf,Je. 

2.364 
2.366 
2.366 

2.365 

-
PERCENT 

AIR 
VOIDS 

. 

6.3 
6.3 
6.0 

6.2 

.....,. .. _------' -_ ...... - .. ----. ,.,-._,,,.,-



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 (770 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-cyc1e Lottman. The program has been revised to include the resilient 
modulus tests at different temper~tures in another leg. Also, there 
are no results for the indirect tension test run on Sample 5-8 because 
the test was incorrectly run. 

85 



Table 4F. Test Sequence II results for Item 340 Type "0" cores using Cosden AC-20, U.S. 287, Dumas, Texas. 

LrG 
NO. 

SAMPLE 
NO. 

6-1 
6-11 
6-17 

AVG. 

liEIGIiT 

1. 580 
1.382 
1.471 

1. 478 

IlULK 
SPECIFIC 
GRAVJlY 

2.155 
2. T52 
2.152 

2.153 

.377 

.393 

.392 

.387 

11I\RSIIALL 
STABILITY 

634 
606 
606 

615 

MARSIIALL 
FLOW 

10 
11 
9 

@ 77'T 

V I SCOS Il Y 

(d 140"r 

----, ---.'----,"' -. -- --Ii -- - -- --,-- ______ -\_' ____ 00 __ 

10 4.6xlO 2453 5.BOO 

---- ---'.-----,------ ----, 

I'ENFlHAllON 

39.2'T n"F 

!l 43 

RING & 
IlALL 

LEG 
NO. 

SAMPLE 
NO. 

IJULK 
SPECIFIC 
GRAVIlY 

IIVHM 
STAIJILITY 

IIVEEM* 
STAIlI LI TY 

INIJIRECT T[NSION* MAHSIIALL 
liE I GHT ------. - ---- -- ------ ----- - - STAIlI U lY 

00 --,--.---- --.--,--,- -----

en 6-2 
6-4 

I J 6-7 

1.576 
1. 430 
1.366 

UNC ----- --~-·~----:..-----r 

2.176 .431 50.2 
2.150 .396 50.5 
2.131 .337 45.6 

_________ 00 ____ ~ ______ I_---.-----_+-- ----,-

AVG. 1.457 2.152 .388 48.8 

TIID ______ c ___ 

35.4 
32.9 
26.7 

31. 7 

UNC TIID MOIJULlJS 
------ ---- ~"---

____ " ____ w • 

.229 48.8 34.1 37021.7 

.185 46.0 28.4 21568.6 

.187 40.8 21. 8 17357.7 

.200 45.2 28.1 25316.0 
_________ ---1------ - ____ ._. ___ -._. _____ ----.------- ------ __ "-- ,-------------,----

SIRESS STRAIN 
. _,_ ... _--- - .. -----'"~ ~-,--~.--. 

84.8 .00229 
63.9 .00297 
44.5 .00256 

64.4 .00261 

-_.---------_._---,,----_.,._---_._---------------.. --'--.-.,--,---------~---.--, --~,-----.-.~-~- --_._----._-,---_ .. -.----_._- ----.--
LEG 
NO. 

III 

SAMPLE IlULK MR IIVEEM MR IlVEEM INOIHECT TENSION 
NO. liE I GIlT SPECIFIC STABILITY STABILITY -~- .. , .. -.-.-. ,~--.--.-.- ---

@ 77°F @ 77"r GRAVITY UNC THO UNC TIlO MODULUS SIRESS 
-,--'.'-----_.- "--_. -- -- ~-- ------ ---,-------,-.- .. ------- - -,_._,-----

6-3 1.399 2.169 .422 54.3 36. I .173 53.4 35.1 14702.7 61.4 
6-6 1.444 2.142 .397 50.7 33.3 .147 49.2 31. 8 13738.0 46.3 
6-16 1.647 2.170 .395 45.1 31.13 .163 44.1 30.8 13495.5 61.13 

._--------0 ________ .. ----... ---- .-.. -.--------.- .-.-.------ --.------- .--- ------- .------ 1------------

AVG. 1. 497 2.160 .405 50.3 33.7 .161 48.9 32.2 13978.7 56.5 
_ ------, ._---- _._-----_.---------- _____________ . ___ -l-. ____ ~ 

STRAIN 
._--- - .-.. ~. 
.00418 
.00337 
.00458 

.00404 

-. - - --. 

I'lRCLNI 
ASI'IIAI. I 

5.16 

MARSIIALL 
fluW 

- -, .. -



Table 4F. (Continued) Test Sequence II results for Item 340 Twe "Oil cores using Cosden AC-20, U.S. 287, OUUlclS, lexas. 

------- --_._- ----.~-~ -..-----,-- ---.---- .-~.--- -- - .. - -, .. _,_._- -_." 
t(/, SAMPLE BULK Mn r~R t1R MR IIVEEM tiR** HVElIiu • INDIRECT TE.NSION*"* 
NO. NO. liE I GIlT SPECIfiC @ -13"1 3J n f (4 nOf @ 104n f STABI LI TV @ 7rf STABILITY -----. 

... - -~-~-

IV 

AVG • 

. - ,-<-<--_ ...• ---«« 
LEG SAMPLE 
NO. NO. IIEIGIIT 

v 
6-5 
6-8 
6-13 

AVG. 

1.322 
1.356 
].525 

1.401 

GRAVITY 

8ULK 
SPECIfiC 
GRAVITY 

2.149 
2.120 
2.158 

2. 142 

-_. -- -"- --'~-.- ------

@ -13°f @ 33°f 

----

1.836 I. 317 
1.641 1. 164 
1.553 1.389 

- .. ---
I. 677 1.290 

UNC THO UNC 
------< -"---- ,----,_.- ~.---

INDIRECT TENSION 
@ nOf @ 104"f MODULUS STRESS STRAIN 
---_.- -.--.,~- -_. --<-_. 

.401 .089 39406.1 90.3 .00229 

.314 .078 32655.3 86.0 .00270 

.405 .084 47184.3 101.8 .00216 

- --
.373 .084 39748.6 93.4 .00238 

~-.•...... -----' 

'" *. Denotes Test Results following the Accelerated (24 hour) Lottman Mofsture Treatment Procedure. 

Denotes Test Results following the 7-day Soak PeriOd. 
**. Denotes Test Results following the (Is cycle) lottman Moisture Treatment Procedure. 

I Denotes No Test Values Available. 

~ Modulus of Resil ienc.v. 

TIID f10l)ULlJS STRESS 
,. --- -._,--

RICE PERCENT 
SPEClfl C AIR 
GRAVITY VOIDS 
--~-

2.398 
2.387 
2.390 

2.392 
-_.-

10.2 
11.4 
9.8 

10.5 

,--<-' 
SIRAIN 

. ~-.-.- <'-.... ••• 
,.IARS.IALL MJ\RSIIALL 
STABILITY flOW 

~----,-" 



Table 46. Test Sequence II results for !ten. 340 Type "0" COf'es using Cosden AC-lO, U.S. 287, OUllIas. Texas. 

LEG 
rm. 

l£G 
NO. 

III 

SAMPLE 
Nn. 

7- 1 
7-7 
7-11 

SAMPLE 
NO. 

7-6 
7-10 
7- Hi 

AVG. 

-'-.-,~ ~--" ~,- .. - . - - ~--~-~.~ 

IlULK f.ln r'll\ 11 '; IlALL ~'l\nSlll\lI. V I scns lTV PlN ITlm liON RING F. 
liE I GIlT SJ1ECIFIC 

@ 7J"f STI\BIlITY FLOW UI\U 
GRIIV ITY Ii 7rF (3 140u F @ 175'" 39.2"1 7rF 

-" ... --"-~,-.-. •• ____ M M_. 

1.392 
1.494 
1.427 

1. 438 

IlEI GI IT 

... - -----.-
1. 577 
1.457 
1. 356 

1.463 

2.106 .499 1116 10 
2.100 .454 1046 10 
2.093 .405 909 12 

2.100 .453 1024 

--,- .. -.--~,- ... _--.--- . .. - -,-, - --- .. .--... 
HVEEM ~IR 

STI\Il] L ITY 
@ n"F 

UNC TIm 
_'_ •• __ ,, ____ n, 

y- - -.------ - - - ------
47. !J 32.B .136 
42.9 27.9 .195 
45.7 2B.6 .204 

HVE[M* 
STABILITY 

UNC TltO ----, .. _ .. ----. 
35.3 20.3 
36.0 20.9 
37.5 20.4 

8 2£1 

INDIRECT TENSION* 

MOllUltI~ SHIE.SS STRIIIN 
-

211£10.6 57.1 .00270 
27249.6 73.5 .00270 
34839.7 61.0 .00175 

'. - - .. 

MJ\R:..IlAU 
STAIlllllV 

---·---.....-J·--~·-+·---~·I··-- .. --·- ....... -.-.- -.-.... -... .. 
45.5 29.8 .178 36.3 20.5 27756.6 63.9 .0023£1 

~.-~~ "--~ ---~----~~--~-

BULK MI! IIvn.M 
SPECIFIC @ 77<>F STl\lllllTY 
GRAVITY UNC HID 

MR HVEEM INUIN[CT TENSION 
@ 7rF STABILITY .- -~--"" 

___ m ___ ' __ ---- ~.-,~.---

UNC MOOULU:, STRESS SlRl\IN 
.----_._.- ------~ . -,<------- -.---~-.-,,- - .---..,-.... - '-.-.-~. 

2.104 .431 42.9 2B.2 .126 32.3 17 .6 8904.3 44.4 .00499 
2.092 .432 47.4 30.2 .118 35.3 18.2 11022 .0 37. I .00337 
2.111 .428 52.1 33.0 .132 42.5 23.4 11843.0 39.9 .00337 

.. '----..... -.--- ........ -----. .- -_. _ ....... -_ ... _-_ ... - ... -"-~-I'''' 

2.102 .447 47.5 30.5 .125 36.7 19.7 10589.8 40.5 .00391 
__ . _______ . ________ • __ .. ___ .'-____ ..L-. ___ _ 

PLRUNT 
11::'1'11111. 1 

5.26 

~~I: 11111.1./ 
II UI·I 

. I 



Table 4G. (Continued) Test Sequence II results for Item 340 Type "0" cores usill!J Cosden AC-1O, U.S. 287, DUlllas, Texas. 

_ .... _- - -.----. ---- ----" .... --~-
IfG SAMPLE [lUlK MR MR "R MR HVEEM M··· IIVHI1 ... • 
NO. NO. HEIGHT SPEC IF IC STJI/HlITY R 

STABILITY ,@ -13"r @ 33°F @ 77"F to 104"F @ nOF GRAVITY IINC TIl[) UNC lifO 
~.-~-~ --- .. ~ ------~~ -----_. , ____ -'_-" __ '4 

-.~---.-.- _.",. 

* 

IV 

co 
1.0 

AVG. 

LEG SI\MPlE 
NO. NO. 

7-3 
7-12 
7-14 

AVG. 

---
BULK 

lEI GUT SPECIFIC 
GRAVITY 

1.352 2.065 
1.465 2.085 
1. 315 2.087 

----------
1.377 2.079 

"'* 
Denotes Test Results Following 

Denotes Test lleslll ts Following 
*** Denotes Test Resul ts Following 

--_ .. -- --- -.. -.--.-- .--

INDIRECT TENSION RICE 

@ -13"F @ 33°F @ 77"F @ 104 e F SPECIFIC 
MODULUS STRESS STRAIN GRAVITY 

1. 817 1.196 .387 .088 40221.7 103.0 .00256 2.402 
1. 747 1.262 .422 .085 47412.9 108.6 .00229 2.1116 
1.752 1.234 .456 .089 401108.2 108.9 .00270 2.420 

.-----. ----- -
1.772 1.231 .422 ,087 42600.9 106.8 .00252 2.1113 

._--- --~---

_. __ .... L-. ___ • ___ 

the I\ccelerated (24 hour) lottman Moisture Treatment Procedure. 

the 7-day Soak Period. 

the (18 cycle) lottman Moisture Treatment Procedure. 

t" Denotes No Test Values Available. 

MR Modu I us of Res iIi ency. 

I NllIfU.CT HNSION·" 

11[)(JUlUS 

IlERC£NT 
AIR 

VOIDS 

14.4 
13.6 
13.5 

13.0 

STRESS STRAIN 
-.. ~-".-- .--. _. 

."'''' ••• 
r1ARSlIl\ll MARSIIAI.l 
STAlllllTY HOW 

~ .---- -..... --~--- -- -.~ - '-'- -... 



Table 5. Test Sequence [I results for IH 45 HI-core sect1on, Madisonville, Texas. 

II 

2-10 
2-12 
2-16 

/\VG 

2-1 
2-2 
2-3 
2-9 
2-13 
2-17 

AVG 

lIu n" . 
Stlee Hie 

Gril.v i ty 

2.374 
2.384 
2.369 

f~R @ . 

II'T x 106 
• - _. ___ ~_, __ ._w_ 

.748 

.8/18 

.960 

Marshall Test I)ereent 
.5.t~b.I.I.j iy. HI>.sJ. .!.ll:)~jO.:!!L .tn} _As~!..a..1 ... L_ 

1390 7 
1208 8 
1196 8 

-,,_ ....... -_ ...... -.--.,-.-~-- ,_." .... -_ ... ,--- .. -._- ----
2.382 .852 1265 4.13 

IIveenl S lab II ity flveem Stabj 1 i ty* 

Percellt 
J~.N.Cl. __ nl~l 

f.4 *i @ 
It 6 

.!.l''l._'!..J!L I!.sj. 
Percellt 

J UNfL.-1!!!!lL 
2.395 .684 49.0 30.4 .418 36.5 17.6 
2.374 .576 30. 1 25.1 .365 29.2 16.1 
2.416 .885 46.3 32.6 .364 35.2 21.5 
2.383 .650 42.8 27.6 .397 
2.413 .657 47.3 31.2 .532 
2.392 .798 39.3 29.5 .400 

-------------,--. 
2.396 .70n 43.8 29.4 .413 33.6 18.4 

flenetra lion. dill" 

lJOf __ • _____ ,_, ~ 'w'" 

/I 22 

11arsha Jl Test* 

Stabi 1 i ty Flow 
_~nds .... _.Q.: Ol_U!.. 

916 11 
715 14 
624 14 

1.4xl 8300 5.24 135 

Splitting Tensile Test @ 77°F* 

J.!!~s~J.e~..o ___ ..s!!~trd)!!! J!!.L _M.QlluJ!Js .{p.~ i J 

147.7 

128.7 

,00244 

.00172 

60468.2 

7466.0 
---.. -~'- ._--" .--.---. 

752 13 136.2 .00208 33967.1 



Table 5. Test Sequence 11 results for III 45 18-core section. Madisonville. Texas (Continued) . 
. ....... _-----, ....... _---"--""_ .. _-

Dulk MR @ 
Bveenl Stabtl tty 

Splitting Tensile Test @ 77°r** Specific Percent Percent Stabil tty Flow 
phase _ ~,!L Gravf tf nOF )(106 

JUNC) (T!!!!.l (UNC) (TIIDl ~ounds 0.01 fn Stres~..u~~iI!J!l!fj.!!l~dulus . .ll~il 

2-5 2.367 .797 , 51.2 30.3 .474 40.7 27.7 678 13 
Ifl 2-7 2.388 .546 36.2 22.3 .412 36.0 22.1 908 14 

2-11 2.366 .854 49.9 34.4 .530 51.9 36.4 788 11 
2-14 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 .531 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 
.~~~--,--- .. ~---, ---------_.,---- ---'--_._----.----- _.- ,- ~~_AA_~ __________ 
AVG 2.396 .600 46.7 31.2 .510 43.1 27.6 791 13 227.2 .00415 55056.0 

6 
ItR x 10 pst Splfttlng Tensile Test @ 77"F 

: 13"F 33"F 68°F 104°F 

.187 

.186 

.069 

Stress (pst) Strafn (Innn). lfodulus (~ 

Rice 
Specific 
GravftL 

Percent 
Air 

Voids 
---~~~ 

IV 

~gtes 

2-~ 
2-6 
2-8 

AVG 

2.307 
2.396 
2.309 

2.391 

.749 

.853 

.661 

.754 

2.637 2.430 
2.711 2.130 
2.726 1.950 

2.691 2.173 .147 

230.0 
2]6.9 
226.3 

231.3 

.. Oenotes lest resulls after (24-hour) Lottman mofsture treatment procedure . 

.. Uerloles tesl results after (Hl cycle} Lottman moisture treatment procedure. 

MR - Resilient Modulus 

+ Denotes No Data Available. 

.00402 

.00460 

.00569 

.00477 

57]81.0 
51527.7 
]9786.2 

49565.0 

2.481 
2.462 
2.482 

2.475 

3.8 
2.7 
].7 

3.4 



Table 6. Test Sequence II results for III 45 12-core section, Madisonville, Texas. 

Phase 

\.0 
N 

II 

1-1 
1-6 
1-9 

AVG 

,"-- ilu 1 r ... -.. --._. __ ... -.-- -- -._ .• -- _. ---.--.... ~ '- --.--.---- .. --- .. 
S,)ecific f4R @ Marshall Test 

!I.r!l.v tty.. lrr.! _I O~ _ ~ ta.!!J .1!!Lt1.~_sJ . . _.n ~!I_j9.JlLinJ. 
2.414 0.683 1056 7 
2.391 0.646 1537 7 
2.39B 0.763 1300 5 

2.401 0.697 1298 6 

Percent 
_~~J~tL_._ 

4.01 
4.52 
4.11 

4.21 

Penetra t ion. dilin 

7 32 
10 40 

/I 23 

7 32 

IIveetll Stability JlveeJll StabflHy* Uarshall Test* 

"',_._-_.- -- _ .. _.- _.-

Viscosfty. Iwises 

1 rF ." _J.~9~L_ .27?_~£'_ 
-;. ~:1'06 4038 4.089 

-t 6 
9,lIx10 

2450 3.947 
6422 6.132 

4303.3 4.723 

II j 119 and 1IilII 
SI) ft.all i IIg 
P~int, ''f. 

127 
128 
131 

129 

Percent MR"" ~ 6 Percent Stability Flow SlJ1Hting 'Iensile Test @ n'T" 
J!J~C L __ lTJ!!!L.! 7"£_.JLJ(LJ!~L( UNC t~!!!L _~undsJt1!!.l!!.... ,_S tr~s.L{ps!J_.j.t!a (~_JJ.!'lj !~L!I~~~.II1_s.11}c'iiJ 



Table 6. Test Sequence II results for III 45 12-core section, Hadisonvi 11e. Texas (Continued). 

-.-~~'"---

Ilulk MR @ Specific 
Sallll! Ie _~r'avi!L lrF x~106_ 

. .. ~----,---" 
Itveelll Stabl I i ty"* IIveeJll S tabil ity 

Percellt MR** @ Percent 
J UNC L __ l!!!!!l 21::' F x 10

6 
.P_sJ_ (UNq {UmL 

t~arshall-fest** ---. ---~-.------.--- ---.-.--.--.----

StabiJ ity Flow Splitting Tensile Test @ 77"F** 

__ poun~~ __ O.OI trim .Stress lP.!.!l_._ Strain (!.nl.!!!lm~dulu~jWl 

1-2 2.404 0.576 79.2 46.3 .614 69.0 36.1 186.0 .00699 26604.0 

III 1-4 2.390 0.6 J.B 
1-5 2.398 0.675 

71.6 35.9 .619 65.7 30.0 
74.9 40.4 .644 64.5 29.9 

185.0 .00641 28848.0 
173.0 .00350 49366.0 

1-7 2.389 0.754 67.1 38.4 .510 58.5 29.9 t t 

1-10 2.t101 0.562 76.3 38.6 .668 73.2 35.5 t i-

1-11 2.399 0.596 73.1 38.5 .585 63.2 29. I 1164 12 
-~'-----~ ------- ---'--

AVli 2.397 0.630 13.7 39.7 .607 65.8 31:tl r.fl4 12 18l.0 .00563 34939.0 

r4R X 106 pst Splitting Tensile Test @ 71°F Rice Percent 
Specific Air 

Stress ~~st} Strain jin/~!l) l40du Ius (I!s f} Gravl t,l _Voids _ 

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 

I 12 2.402 0.675 4.119 2.316 .058 .00396 202.0 50993.0 2.477 3.0 
--~~--,-.~~ ,--- ___ ~ ____ ~~ ___ u _. ___ . -,.~,----~~---.-~------------------------ - -'.-

AVG 2.395 0.662 3.029 2.166 .076 .00433 165.0 38686.0 2.1169 3.0 

!l.Qtes 

'" Denotes test resllHs after (24-hollr) Lottman moisture treatment procedure. 

u IJenotes test results after (18 cycle) Lottlilan moisture treatment procedure. 

MR - Hesi lient Modulus 

+ No Test Value Available. 



Table 7. Test Sequence II resul ts for IH 45, thmtsvillf', Texils. 

Phase . Samp,le , 

3~1 

3~2 

3-3 

'fiuli( , 
Spec Hie 
G.ri~~tty . 

2.403 
2.354 
2.389 

Itn (a 

n"Lx.. J.o_~, 
.426 
.461 
.477 

Mil rsha II T es t 

~.t!l~.t.!.!!y_ltt:>_~t ... F 1 o_w __ {Q" QLl.!tL 
2148 8 
1560 7 
2155 7 

- .. - .. - -_ .. _--------,------' 
AVG 2.382 .445 1954 

"ercent l'enetrat1on, dn_1I 

_!!?J!!~!L_. 77"F 

4.24 29 52 

IIveem S tabi 1 i ty IIveeln Stability* rtarshall Test* 
M.. *, (il 

Percent '1{ Percent 
.(!J!".CJ .... JTI!!Jl Jt'L~.1Q.~p.~L .11!!4_c;.L.Jl~IDL 

Stability How 
.-.J~ounds __ .. _I!:.9_L!.r! .. 

39.5 30.9 
52.9 41.0 
39.7 31.6 
48.9 35.6 
40.6 31.6 
49.5 37.7 

3-/1 2.381 .435 66.0 57.4 .066 
11 3-5 2.350 .854 70. 1 58.2 .192 

3-6 2.343 .466 42.6 39.5 .150 
3-7 2.363 .483 61.0 47.7 .148 
3-R 2.420 .484 51. 7 42.6 .194 
3-9 2.338 .743 63.7 51.8 .224 

224 17 
672 12 
577 11 

----,--.... --.--~ .... "~ -_._-----_ .. _-_. 
AVG 2.366 .578 59.2 49.5 .162 45.2 34.7 491' 13 

T2U 

SpliLting Tensile Test @ 7rr* 

.S t r:.€.~_Ul'~.1l_,2. ~ra i!'_l.LnI!!1J,_._Ml)~,!I.~.Jjl!;U 

29.0 
67.7 
43.5 

46.7 

.00290 

.00383 

.00267 

.00313 

99733.3 
176560.2 
162920.9 

146408.1 



Table 7. Test Sequence II results for IH 45. Iluntsville. Texas (Continued). 

~'--.~ 

_ .... L_' _ _ _. __ .,_,_. __ ._ ~~ _____ ~ __ ,_ ,_-",., ___ ._ 

Bulk HR @ IIveem Stabl11ty H ** @ Splitting Tensile Test @ 77°F** Specific Percent R 6 Percent Stability Flow 
?_hase SalUple Gravity 77<>F x .106 

J~~l!l!QL 7rF~!_~L (UNC) JTlIDL pounds 0.01 in ';_~~5~UjlS 1 ) Stra i n.JJ!\/in) Modu ~ us Jrnl ._---
3-10 2.440 .564 63.0 53.7 .365 55.8 46.5 2138 12 

111 3-11 2.396 .303 49.4 39.2 .174 42.1 31.9 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 23.0 .00431 5345.2 
3-14 2.334 .824 59.2 52.3 .168 37.4 30.5 31. 5 .00316 9979.B 
3-15 2.335 .936 63.7 50.9 .078 48.4 35.7 22.3 .00431 5181.3 

---~-- ----,----. 
AVG 2.369 .592 56.1 46. I .158 43.9 33.9 1570 12 22.3 .00393 6835.4 

Splitting Tensile Test @ 77QF Rice Percent 
Spec Iff c Ai r 

Stress (pst) Strain (1nli.!!.L.. lo\odulusJ~~l_ .~~!J~ __ VQ.ids_ 

3-16 2.355 2.205 1.542 .727- .317 130.5 .001]6 112281.5 2.496 5.6 
IV 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. 4 74 .514 .237 107.9 .00186 58016.4 2.504 3.1 
-,-------------._. ---- -,-- .-~~-- --------"'~.-,----- .----.---~ 

AVG 2.375 2.240 1.441 .555 .250 109.0 .00151 76324.8 2.499 5.0 

Notes 

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

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

Mn - I{esi ncnt Modulus 



Table B. Test Sequence II results for IH 35, Waxahachie, Texas. 

II 

400-3 OS 
405-325 BWP 
404 OWP 

2.225 
2.229 
2.234 

1.244 
1. IBO 
1.026 

2544 
267B 
2618 

9 
B 
13 

Penctnltion. dllin 

nor 
Viscosity, poises 

~}r!. __ . _._. ___ Ji<CL_ .. ___ X?'fT_ 

Ri ng iJml lIilll 
Soften jll9 

, .. !,Oi!lt., .. 'T 

.--.--.-~--------.-- --~----~- -~~---~'---" 

AVG 2.229 1.150 

399 IlWP 2.375 1.055 
406-575 OS 2.337 1. 481 
406-575 BWP 2.166 0.506 
406~575 IlWP 2.372 1.643 
399 BWP 2.382 1. 137 
406 BWP 2.350 1. 192 

2613 

IIveelll Stilhllity 

Percent 
(!L~~J _ .. .oily) 

56.4 40.5 
88.3 61. 9 
75.2 52.3 
fl7.2 63.5 
7B.2 57.0 
85.0 58.1 

-- --- -~-.-----~-~---~---...... ~ ... -'---'''' 
AVG 2.330 1.169 78.4 55.6 

B 5.14 14 135 

IIveelII StabilHy* narshall Test* 
I'ercent StaLility Flow SI/lttting lensl1e Test @ 17<'[" 

J!J_I!CJ~J."!.!!!lJ. _~o.!!,nds ___ .9:.!l.LLIl. \tr~~~_.l.P-s iJ ... _.?J.r!!!! l!nJJ!!t Hodul us .{j).~; iJ 

.744 57.9 42.1 2460 10 

.629 50.6 24. I 1890 21 

.445 66.4 43.4 3023 14 
1.064 66.9 43.2 77.6 .00170 45584.3 

• BOB 45.3 24.0 68.1 .00284 22987.4 
.775 66.8 39.9 57.5 .00227 25352.2 
-"'---'---'-~--"'-----~ ---"'-.--~------- -.---~~ ., ----.~-.--~-.. '''''"-

.774 59.0 36. I 2458 15 67.7 . 0022 7 31308.0 



'" i 

Table 8. Test Sequence JJ results for III 35, Waxahachie, Texas (Continued). 

--,,--,---,. -~.-
Hulk 

-------------------'iVeem Stabll lty** 
IIveem Stab il ity 

r1arshitll Test .... - ------~-----.--------,--~,,---~---

Specific I1R @ 

7JOF x 10
6 

Percent MR·· @ Percent 
(UNc) (TlID) 7rF x 10

6 
psi (UNc) (TIIOL 

Stability Flow Splitting Tensile Test @ 77°F·· 

fJlase. ~~- GravLt.L ------ pounds_!!.:~ 5tl~ill Strain (1n/1n) Mo~,!!.usjQill. 

11011 pS 2.390 LOllS 
III 399 OSWP 2.395 1. 213 

399 OS 2.391 0.935 
11011 IlWP 2.366 I. 132 
399 BWr 2.389 1.086 
1102 OS 2.315 0.863 
"--,---~.- .. ---.----------. ---

AVG 2.3711 1.046 

IV 400-3 IlWP 2.347 
400-30 SWP 2.375 
399 BWP 2.394 

89.0 59.6 
89.4 61. 7 
71.3 47.6 
80.0 52. I 
88.9 60.1 
85.0 54.5 

.492 

.596 

.1130 

.315 

.263 

.074 

78.0 
85. I 
67. I 
63.6 
81. 3 
72.0 

48.7 
57.4 
43.3 
35.6 
52.6 
41.6 

2372 
2363 
2389 

15 
13 
15 

30.5 
45.11 
211.2 

__________ O> _______ ._. ______________ ~ ... _ ... 

83.9 55.9 .362 74.5 46.5 2375 14 33.3 

6 
14R x 10 psi Splitting Tensile Test ~ 77°F 

-13 Q F 33°F 6LloF Stress (psi) Strain (in/in) Modulus (p~_ 

2.177 2.372 .816 .835 120.0 .00086 138005.0 
3.564 3.844 1.538 .541 207. I .00056 373169.0 
4.065 2.IIB2 1.460 .804 177.5 .00077 230912.0 

!lice 
Specific 

Gravi tL 

2.456 
2.439 
2.471 

0.0011111 
0.00345 
0.00373 

O.D02B7 

Percent 
Air 

Voids 
--."---'~ 

4.4 
2.6 
3.1 

~,,-.-,--- -,~--. -----.----,--,----------~--.-.---.--~-----------------.--,~------ ------ .--~-~--~-

AVG 2.372 3.269 2.899 1.271 .727 168.2 

Notes 

• lJenotes test results after (24-hour) Lottman moisture treatment procedure • 

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

Mil - llesil1ent Modulus 

.00073 247628.7 2.455 3.4 

21236.0 
13159.3 
6472.7 

13622. 7 



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

1\ 

5-1 
5-2 
5-19 

AVG 

5-3 
5-8 
5-9 
5-10 
5-13 
5-15 

'iiiilk"-""" .--.. --.---. -.... -.. -- .. - ... --.. -.-.--..... ----.----.. -.. -.... 
~I)edfjc 14n (d , Marshall Test Percent Penetration, dllIl! Viscosity, pOises 

. (j.r~y LU'. . J.tL.x_J _Q~_ ~J~.btl.(tLn!J~J r:Jo~d9_&'-.J.'!1 _!h.e!~-'! .. _... .. .. }!!.::_2_"L.Zrf... .} '.0J. __ J,1P_oJ . . _ . Pf(L 
2.194 
2.199 
2.192 

.442 

.470 

.575 

+ 
+ 

2984 

8.43 10 

--,~,---- --.~'--~~.~---.--.-" -----,-~--,-----...- ---. __ ._-.... --- - --, .. ~--"~--,--.- ~----
2.195 .496 29M 8 8.43 10 

2.217 .462 21. 7 2.60 .106 6.8 12.3 
2.207 .362 2.15 4.2 .244 4.1 13.2 
2.180 .430 32.0 11.6 .244 3.0 17.5 
2.185 .400 34.6 14.5 .170 3,8 16.3 1250 
2.211 .507 31. 3 17.0 .378 5.7 8.6 1300 
2.219 .374 40.0 20.7 .447 11.3 8.0. 1636 

48 2861 4.144 

43.0 .00417 
58.0 .00444 
38.0 .00418 

III 
19 
17 

iling and lIa II 
Softeniny 

. !,pi!II.., . .'T 
130 

10310.0 
13049.0 
9087.0 

_~ ___ " ___ ~, __ .~~,_,~ ______ .,_.~ __ .• __ .~ _~ ____ , ______ . ___ • ____ ._ w_._, ___ ~. __ ~~m ___ ,,~_ - .. -.-.~~-, ~- - .• _ ... _.--' - >-_.".'. 
•• h ,_m" __ • ____ "".' __ ~. ~ _____ • ______ -.-.~-,----.~--.---

AVG 2.203 .1123 30.2 ".8 .265 5.8 12.7 1395 18 46.3 .00426 10815.3 



,.! , , 

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

Rulk IIveetn Stability -----·lIveem-SiabiHty** f.larsli"ill-Test U ----------.-.----.------.. -

Specific MR @ Percent MR** @ Percent Stahlllty Flow Splitting Tensile lest @ 77°Fu 
rJ!~se __ SanlJ.ltL ._Q.r_ily,ttL pDF x 10

6 _<!~li ____ JT!lI)L .lLft!2J_O~~ jU~_)_1!!I_Dl ___ ---1~o.!l_'!~~!!LJ!'.. _S_t!'~s~Jp.s_U_~<lj!'Jln.L!_!!l_~!!.ul.'J~ ,(psl) 

.00297 31983 

.00538 232'17 

.00238 ~7930 

5-6 2.201 . illS 41. 7 21.1 .296 19.7 .7 95.0 
III 5-7 2.202 .383 22.7 4.5 .316 11.0 7.2 125.0 

5-11 2.216 .1154 39. I 23.4 .259 15.0 . 1 1111.0 
5-12 2.218 .425 37.3 22.5 .317 14.2 .6 1419 14 
5-14 2.214 ,368 30.5 18.0 .321 34.2 7.2.4 1421 10 
5-16 2.2H1 .346 20.7 3.9 .286 11.7 5.7 1779 17 
~ --"~.---.~., ~-.. ~ .... -~ " 

.... _. __ ._- ---_ .. _------ " ___ ,. __ ~ __ ' ___ A ___ 
_~._·_h ___ ·. ____ . ___ ,. _ .... _ 

AVG 2.7.12 .409 32.0 15.7 .291} 17.3 6.1 15110 16 111. 3 .00358 311386.7 

0..0 
o..d 

6 
11ft x 10 ps i Splitting Tensile Test @ 77°F Rice Percent 

Sped fic Air 
.Jl."!_ 33"_L. 68°F 104°F Stress (psi) S!rain ( 1 n/!rJJ ____ l!Jdu 1 u2-,jps 11_ _Gr.!!!tL Voids - ~~--,.~ 

IV 5-4 2.198 .471 2.272 1.368 
5-5 2.190 .452 2.063 1. 245 
5-17 2.203 .319 2.034 0.938 
5-18 2.194 .409 2.370 1.261 

.117 173.0 .00418 41415 

.096 + + + 2.266 

.065 166.0 .00716 23170 

.076 2.256 
.--- .-----~.--.. -

AVG 2.196 .413 2.135 1.203 .089 170.0 

~O.te.s. 
* /Jetlotes test results after (24-hour) Lottman moisture treatment procedure. 

HI /Jenotes test results after (to cycle) Lottman moistllre treatment procedure. 

Mn - Resi Hent Modulus 

+ No Test Value Available. 

.00567 32293 2.261 3.0 



Tahle 10 . Test Sequence II resul ts for US 77. Sinton, Texas. 

Phas!! 

-hi.fr· ,'> ----- -.---- •• - _. - ~ -~ 

It iii Marsha 11 Tr.s t <;pec if ic R 
Sample Gravity .J!:,L .x .. LO~ .. S.t'lh.i 1 Hy.Jl-'JsJ._ •. L1o~ JO:!,.1. J.~L 
6-2 2.251 .1183 2667 11 
6-12 2.182 .5118 2335 11 
6-16 2.1139 .608 2B32 9 
--- .. _.,., ... _--- .-.------,-,.-.---'-~,----- --_ ..... , .. ,'-
liVe. 2.207. .C;46 2611 HI 

6-5 2.246 .463 30. 1 16.7 .469 

11 6-6 2.251 .450 30.2 19.4 .405 
6-7 2.250 .478 29.3 19. 1 .338 
6-13 2.154 .416 116.7 23.1 .210 
6-15 2.179 .602 30.2 19.4 .251 
6-17 2. 191 .545 29.1 16.8 .367 

AVG. 2.212 .492 32.6 19. .340 

Percent Penetration, dllill Viscosity, poises 

... lI.sp'h!l1.t_.,. . ._~9.~?_Qf. __ . .1?"L.. .ltL.. JII9QL. 27.5."J .. 

6.51 

25.6 12.2 
31. 9 21.0 
31. 3 21.0 
42.6 18.9 
34.9 24.1 
311.0 21. 6 

33.4 

10 

1251 
816 

1196 

10 
19 
18 

-f 

68.0 
71. 0 

69.5 

-f 

.00361 

.00419 

R i nIl a nil 11<1 1 I 
So Hen i ny 
'pu. i lit.. "r 

128 

~ 

1!l1343.0 
16941. 0 



Tilble 10. Test Sequence T1 results for US 77, Sil1l:ol1, Texas (Continued). 

--.------.~.-, .------,-,_ .... "_ .. ----.,-~- ~~---'--- IIvee", 5 tab il it.i**--J.farsil~TT Tes t**'-' ---
________ .. ______ "_" __ ," ___ ._. ___ '. ______ .. _,_0-

Uulk 
MR @ IIveem Stablllty M** @ Spl itting Tensile Test @ 7rF" Sped fic Percent R Percent S tahi Ii ty Flow 

Phase __ ~~'!Il.!~ _.c;;.r:a vJ.!L 7]OF x 106 
_(!!!'I~JJJ'!!L 77<>F£L~~ (l~ JUN_CJ~IQL _P-IJ!I.'!.d2- o. 01_!!T. 5 tress_Jp~ i J~!:.~.!!!_li n/-.i'!L~(f.u.l ~.~( p _~.n 

6-1 2.224 .330 35.2 20.8 .097 22.6 B.l .00149 138.0 59076.0 
III 6-4 2.216 .448. 34.7 16.5 .241l 36.13 18.6 .00060 114.0 1139772.0 

6-8 2.192 .611 37.5 22.1 .096 35.8 20.4 .00089 49.0 548713.0 
6-10 2.1B3 .536 48.2 2!1.3 .255 313.2 19.3 916 15 
6-11 2.204 .456 34.7 113.9 .215 33.5 15.5 1321 15 
6-14 2.170 .476 42.0 24.0 .251 34.9 19.1 1136 11 
~-.------ .-~-'-----.-.~.--~---.--"---,-~--".-------,-.-.-~-- -- , .... __ ._ .. .. ---.. -. -----.-.~---~- '-'-'-'._---'-
AVG. 2.193 .476 3R.7 21.9 .193 33.6 16.8 1124 14 .00099 83.7 

...... 
C> ...... 

Splitting Tensile Test @ 77°F Rice Pencnt 
Sped fic I\i,-r~R x 10

6 
ps 1 

-13°F 33°F 60°F - _________ v' ___ ·_ Stress (pill Stra1n (1n/1n) l~odu1us (I~!L ~!.!.l _ _ VQ.Ld2_ 

IV 

Notes 

6-3 
6-9 
6-1R 
AVG. 

2.235 .470 1.087 1.591 .083 222.0 
2.229 .508 2.056 1.546 .080 240.0 
2.154 .556 I.R80 1.429 .14fl 236.0 
--------- "v. ___ • __ ~_ ••• v,,, ••• _.,,_,_,, __ , _____ ._ 

2.7.06 .511 2.00R 1.522 .104 232.7 

• Denotes test resu1 ts after (2<1-hour) Lottlllan moisture treatment procedure. 

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

MR - Resilient Modulus 

+ - No Test Data I\vailab1e. 

.00418 

.00417 

.00658 

.00498 

53061.0 2.309 3.2 
57514.0 2.331 4.4 
65fl54.0 2.292 6.0 

----.~--------- -~-

58809.7 2.3lI 4.5 

101225.3 



Tahlp 11, Test Sequence " results for IH :17. Oakville, Texas, 

Phase 

II 

,illik" ....... -- ................ - .... -... ---.-- .. - ....... -.---.- .. -..... --.-- -... - .... --- ...... -... .. 
s 'r' ''',. (il, Marshall Test Perco.lll Penetration, dnln . peel IC , Ii ,. 

_ Sollllple f>.r.i'lvity nor_x. J.O._ .5_t!1~_!..E~y()h5). .. !J~."d9.:PI_.i-"J. ..~1!!.J.!l,I.t____ ,_ .}J:X'L.JI"L ___ __ 7l_T .... ,. 1:'.o.°.F .. __ . __ .. ?!5.'T . 
Vi<;cosi ty, poises 

4-1 2.161 ,412 2572 12 
4-4 2.162 ,399 2340 18 5.59 10 33 fi776 5.837 
.4.:1'---_____ ,_~_~J!iL ___ ~_ .. _____ .?~?}._._ ...... _. ____ . __ 1,.6._. ___ .. ___ ' __ "'_0-'_,,_', .... ___ .... ___ .. ______ .... ____ .. ...... _ ....... ,_,_ .. ___ ....... 

AVG. 2.161 2412 15 

"veem StabtJ tty IIveem Stahll ity* r.farsha 11 Test* 

n illY and Ba II 
50 fl.erd IIg 
PU.inl .• , "T. 

140 

Percent Mn*' (i1 Percent Stilbil tty Flow Spll tting Tensile Tesl (d nor* 
Ju.N.~J_._J!!'~J. }L~_~_~ .. P~i.. _ t~!l~J_('I.''!'_L .....P..!!.I1..".!:!.s_. __ 0.01 h1... S.tn'.ss_J'p.s_IJ_._S.t.r~.J.i_nLi-"J _J~.!'.~~I.l.us .. (p,s,iJ 



Table 11. Test Sequence ]J results for III 37. Oakville. Te)(as (Continued). 
!luI k IIl/eem Stabll I-~--· ----·----,lv-p.(;m~St~a~h~i~lf~ty** Marsllal1 T(!sTIT--- ---- -----.-.-------.-.-.. -- -----------------

Specific Mil @ Percent MIl*~ @ Percent Stahillty flow Splitting Tensile Test @ n"rld< 
_r_ha~~ ___ Sample _!i.r_a~.!..!L nor x 106 

_{yNC) __ .J_TJlDt .JEL_x..._!...o~_~!. (UNcL __ 1T/II~L __ .E.C!!!!l_'!.s_o_._I!Lln __ ~'..!r:.~.?s_jp-s.i.l_-.5...!!"~.J..!!lj.i'!_L.~.Q~uJ_u_s __ (ptlt 

]11 

IV 

...... 
a 
w 

Hotes 

4-3 2.168 .382 35.2 26.8 .283 32.1 23.7 112.0 .00089 1252311 
4-8 2.152 .379 38.7 28.5 .283 29.9 19.7 97.0 .00090 108008 
4-9 2.158 .397 44.8 30.2 .290 35.8 21.1 120.0 .00060 200590 
4-10 2.153 .1106 110.0 35.8 .277 31.3 27.2 111911 28 
4-12 2.161 .428 41.3 33.3 .307 27.7 19.7 1677 25 
.4.:n. ________ 2~L~5 _____ -'38~ ___ ;Jf:l .• _l __ 11·J __ ~_.?.!i_0 __ . ______ J_4.:_!L ___ 17_:.!L ___ 13j~.L ____ ?L ____ . __ . ___ . ____________________ . ____ . ______ _ 
AVG, 2.158 .396 39.7 31.0 .283 30.2 21.5 1498 27 109.7 .000110 )411611 

4-2 
11-5 
11-6 
4-7 

2. 157 .402 
2.173 .1132 
2.150 .373 
2.145 .306 

-----------.------- -----
AVG •. 2.156 .398 

1. 768 1. 02Q .078 
2.039 1.133 .080 141.0 .00418 
1.6117 1.083 .070 135.0 .00419 
1.9801.206 .077 143.0 .00417 --------------_ .. _-----------
1.859 1.131 .076 139. 7 • 0011 18 

33728.0 
32219.0 
342811.0 

33411. 7 

7..306 

2.297 

2.302 6.3 

* Denotes tes t resu Its iI fter (24-hour) Lottman mol sture treatment procedure. 

** Denotes test resulls after (18 cycle) Lotlman moisture treatment procedure. 

MR - Resilient Modulus 



T'lltl!'? 12. Test Sequence II results for Sit 11, Columbus, Texas. 

Phase 

TI 

2-9 
2-12 
2-15 

2.256 
2.298 
2.271 

AVG 2.7.75 

2-3 2.253 
2-4 2.250 
2-5 2.234 
2-11 2.298 
2-13 2.261 
2-18 2.273 
~,-,--.~-" 

AVG 2.262 

.764 

.875 

.721 

.787 

.848 

.720 

.760 

.526 

.592 

.653 

.683 

2380 
4462 
2f1!JO 

3244 

UVf'f'm Stahl 1 i ty 

Percent 
J!J_N~l. __ ._Cl!lr~). 

44.7 20.9 
42.3 27.7 
52.2 38.2 
48.3 26.8 
41. 5 23.2 
50.8 29.7 

~._","""m"""_·· __ 

46.6 27.B 

.f.10~.Ht.9L inL 

12 
II 
11 

11 

Percent Penetration, dllin Viscosity, poises 

_!,.SJI~.iI.l.t._._ ._._.3~.:.?_':.F .... l!_nf_ .. _7r! _ ._. __ .t49.or 

5.41 

5.41 

3 

3 

20 

20 

IIveem Stabll i ty" l1arshall Tes t* 

it i n(J illui" DaTi 
So Hen; ny 

.POiJI.t, ~r. 

139 

139 

MR*' @ Percent Stability Flow Spl itting Tensile lest (il 7rr* 
.1?~,!_!.~O~.P~ J'1N~L..J}:rIO) __ p-oun~ ___ I!:_OJ_Jn_ .5_t.!~.:;.s_ .. IJ!.~ll __ S_t.r~I.r1.JJ.nLL~L_H\J~.t~11Is_Jp.:;.i.) 

.562 32.9 17.2 2224 16 

.1\91 35.1 20.5 2250 1t 

.520 40.8 26.8 1793 15 

.369 40.6 19. 1 174.0 .00479 36349.0 

.4B2 30.5 12.2 202.0 .00358 56427.0 

.476 32.6 13.4 196.0 .00298 65817.0 
.,-~--

.483 35.4 18.2 2089 14 190.1 .00378 52864.3 



Table 12. Test Sequence II results for SII 71, Col umhus , TP.XilS (Continued). 

---------------

2-2 2.2511 .740 40.2 24.1 .6911 4l.5 25.4 
III 2-6 2.250 .691 110.1 26.0 .666 112.5 28.5 

2-8 2.247 .818 42.6 26.7 .778 115.0 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 

-_.- ._-- --- ~~,.----.-,., -.---'--.--~---"' .. - ... ~ .. , .. -~"" ._----<._._-- -----.---,-,----.~ ,---_._-
_~_~ _W_" __ ._ 

AVG 2.269 .652 42.2 24.3 .606 41.7 23.B 21811 14 215.7 .00378 57164.7 

6 SplJtting Tensile Test @ 77°F Rice Percent 
t~R x 10 ps I Sllec1flc Air 

-l3"F 33".L ___ 1J'F 104 Q F Stress 

IV 2-1 2.250 2.B03 2.137 .795 . 120 284.0 
2-7 2.2B1 2.286 1.659 .727 .086 277.0 
2-16 2.259 2.304 2.001 .607 .OA9 259.0 

.---~- ----~ ..... -..... -~-. ~ ._,- "-~'- ,~-------
AVG 2.263 2.11611 1. 932 .736 .098 273.3 

Notes 
* Denotes test results after (211-hour) Lottman moisture treatment procedure. 

** Denotes test results after (10 cycle) Lottman moisture treatment procedure. 

MR - Resnient Modulus 

(pst) Shain (tnlin) ~~ul u~ . .JI!.~l. ~r::..a_!!!l._ JQ.L~~. 

.00030 952000.0 2.353 11.4 
.00030 920562.0 2.335 2.3 
.00060 433651.0 2.31B 2.5 

~.-----"~ ~---

.00040 771737.7 2.335 3. 1 



Table 13. Test Sequence IT for US 90A Colorad~ County, Texas. 

Penetration, mtlll 

Phase 39.2°f -_._- ...... '- _._"-

3-2 2.234 .533 + + 
3- 3 2.232 
3-10 2.2011 

.477 1444 12 
5.2xJrl6 

.492 + + 5.115 16 III 6508 6.209 132 
" .. "' ____________ ... o~" ____ ·_,_~._ ........ _~ _~ ____ • ____ 

I\VG 2.223 .501 1444 12 5.45 16 41 5.2xl 6508 6.209 132 

IIveem Stability IIveem Stallil tty· 14arsha 11 Test· 
Percent MR*' @ 6 Percent Stability Flow Splitting Tensile Test @ 77

fi

f* 
_(!'!i0 ____ J.!J'~.t ..!J:l)( 10 __ J!.~_ _l'!"-~)_(TIIDL _-'!.ou~I!L!I'!._ _~ress_{p~ __ . .!_t_rilJ_f!.J.i.!lJ.t!.'J_._Modl!JU.5.Jp"d.). 

11 



Table 13. Test Sequence II for US goA Colorado County, Texas (Continued) 

·--------s-~-~-f~-~R @ "yee~e~::-~~lf-t;-- ~R U-fil----jlveem r!::::! t ty-rr-7::~~~~~~T;~ ::.- S"I itt 1 ng Ten:-~I~-Tes t~- -;;-Q-r-~-: --.-----
.r..hil_s~_ ~!e __ ..... ~r~~ttL nOf)( 106 j_!N~l ___ J!!I!!L Jl".L~_I~P2t _LUNc) _CT!'!1L __ QI!.Il!!I!s_J!:...0J • .!'!.. >!!:..~~ __ {P.?_U ___ ~tra.!.!L_U!11!~L-"19dIO!:l~ '(p-..~ll 

III 

tv 

....... 
C) 
....... 

3-1 2.253 
3-5 2.267 
3-6 2.2119 
3-8 2.222 
3-9 2.209 
3-11 2.215 
- ---~-- "' ~ -,-,~, 

IIVG 2.236 

3-4 2.226 
3-7 2.232 
3-12 2.2211 

.507 

.443-

.469 

.409 

.456 

.4611 

.471 

50.fI 36.5 .1155 
49.9 Ill. 7 .370 
116.6 40.7 .451 
IIB.7 36.9 .403 
43.11 33.8 .306 
110.6 29.5 .3t17 

---- --~-"-.~ 

46.7 36.S .389 

6 t"R x 10 (lsi 

:-13°C._ J3"F ]7°r 1000"f 

1.723 1. 155 .506 .. 075 
2.147 1.506 .481 .07B 
2.468 1. 316 .469 .075 

51. 3 37.0 160.0 .00299 
46.0 38.6 IA8.0 .001177 
411.4 38.5 1611.0 .00359 
48.9 37. I 1620 15 
41. 2 31.6 1285 15 
43.5 32.11 1373 1fI 

_ .. _,-.-- .... ---_._._-- .. ~- ---.. '~~--'-'~"'~'-"~"-- . - -~,-.-, .... --- .-.---~.-------. 

116.0 35.9 11126 16 170.7 .00378 

Splitting Tensile Test fiI 77°F Rice Per«!nt 
Specific Air 

Stress (psi) Strain (tntln) '~odul~~L Gravity _ _ V91~.L 

154.0 .00060 2583/39.0 2.404 7.11 
136.0 .00052 260911. 0 2.387 6.5 
137.0 .00030 459487.0 2.309 3.7 

......... ---.. -----~ -------
AVG 2.227 2.113 1.326 .1185 .076 1112.3 

"-o_t~.s. 
* Denotes test res~IHs after (211-hour) Lottman lPOisture treatment procedure. 

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

MR - Resilient Modutus 

.~ No Data Available. 

.00047 326262.3 2.367 5.9 

531167.0 
391153.0 
45677.0 

46199.0 



TiJlde 1'1. Test Sequence II for FM 2061 McAllen, oriqinill design (loop 374). 

Phase 

II 

I-' 
o 
00 

Salnp Ie ~ 

7-3 
7- 10 
7-12 

AVG 

7-1 
7-2 
7-7 
7-8 
7-9 
7-11 

AVG 

filllf 
SllCci fic 
. G.r~l.y.l.ty. 

2.591 
2.394 
2.377 

2.454 

2.365 
2.369 
2.372 
2.370 
2.403 
2.369 

2.378 

r~R (iI 

17"F x 106 
_,._~·~~",'w_ ,_ 

.274 
.360 
.2B7 

.307 

.286 

.283 

.227 

.226 

.355 

.211 

.265 

Marshall Tpst 

.. SJiI.b.1.1.i.ty_JI.b?L ..JJ O!'I . . (!~. ~ I .. ,1.11). 
Percent 
~.sp'h_aJ.t, ..... 

5.11 1169 10 
1599 9 
647 10 

113n 10 5.1l 

IIveenr St<lhll i t..y . Ifyeem Stah11 i t.y'" 

29.3 15.3 .299 213.2 14.1 
19.3 10.3 .301 18.6 9.6 
20.2 12.4 .289 19.13 12.0 
24.9 16.3 .297 14.8 6.1 
52.0 30.2 :416 55.3 33.5 
62.1 t17.5 .373 64.4 39.3 

34.6 22.0 .329 33.5 19.1 

Penetration, (bill I 

39.2"F nor: 
__ 'M. __ ' __ ~,~"'~_, 

15 611 

15 64 

'·1arshall Test'" 
Stab t1 Hy F1 ow 
.P_~~s._. 0.01 1 n 

1164 12 
1636 10 
1479 13 

1426 12 

..-" -- "Rioy' ilJl~i' iliii T 
Vb;cosi ty. poises Softening 

77~r HOor ._ .. 2Z.5."L __ .PoJu.'-, .nT .. 
-j '-7~;I~ir 2000 3.605 122 

--_ .. --6" .. ----... ---.- .. -"-'."--'-'-'~---" 
1.73x10 2000 3.605 122 

Splitting Tensile Test @ 77"r' 

~.tI.e.s_s-.Jp..s..!L. __ 5y.!l. i~J1..!IIJ..nJ ... 11o.!LliLu.5.Jp.:. i) 

119.0 
1211.0 
121l.0 

123.7 

.00659 

.00716 

.00714 

.00696 

18069.0 
17315.0 
17930.0 

17771.3 



Table 14. Test Sequence II for FM 2061 Mcnllen, ·origitlal desigll (Loop 374). (Continued) 

III 

I-' 6 a t1R x 10 psi I.D 

_:l}~~~._ n'F 104°F Stress 

1-4 2.366 2.112 1.304 .259 .034 ·141.0 
IV 7-5 2.350 1.594 1.3B9 .214 .033 135.0 

1-6 2.352 2.121 1. 511 .232 .037 14B.O 
7- 13 2.382 2.554 1.962 .350 .046 142.0 
--------.. ,~ "---,---------
AVG 2.365 2.095 1. 563 .264 .038 141. 5 

Notes 

* Denotes test resul ts after (211-hour) lottman moisture treatment procedure. 

** Uenntes test results after (10 cycle) Lottman mol sture treatment procedure. 

MR - Res 111 ent Mndulus 

• Oata Not Available - Estimated Weights Used in Calculation of RSG. 

Splitting Tensile Test @ 77°F 

.(ps 1) Strain (In/ln) 110du 1 us J r~!L 

.00597 23602.0 

.0041B 32330.0 

.0059B 24760.0 

.00537 26444.0 

.00538 26784.0 

IUce- Percent 
Spec ific "ir 

_fu.~~itL Voids _. -------

2.375 0.4 
2.36B 0.4 
2.394 1.0 
2.414 1.3 

2.30B 1.0 



Tahle 15. Test Sequence II for FM 2061 McAllcn, modified design (Loop 374), 

f'hase 

II 

I-' 
I-' 
o 

.. - fitlik -'-~--~-'-----'----"~ ~~ .. --- .. ~- .. -,- ... -,.----.--... ~.-.-~ _ .. ~ ____ .~_. ____ ._._w __ ._,. w_~ _._ ... , 

Sllecific '\ {4l, Mar'shall Test Percent I'enetratlon, d!110 Viscosity, poises 

.G,r.,w.ity. _J_'-''!.~_1_0~ __ Stil_b_~J.itL('.!>;5J .. ..r.'~d9.·'O.Ll!~L _ A_sJ~I!!'_I_l_ ... __ ~~.2~L __ ]l~L... . F"'! ... __ ... 1.1I9:L 

8-3 2.317 
8-5 2.335 
8-11 2.372 

AVG 2.361 

.513 

.476 

.675 

.555 

2093 
1125 
1970 

1729 

9 
13 
12 

11 

5.09 5 32 

5.09 5 32 

Itveem St.lhi IHy IIveem Stahfl fty'" narshilll Test'" 

1. h10 7 

. ---1~1'~~07' 
62130 

6280 

5.414 

5.1114 

IHnq (llid Ua 1 
Softening 

_ .. -".oint,. of. 

135 

135 

Percent MR·' III Percent Stability Flow SlllHting Tensile lesl @ 7rrf, 
J!I!'!.C.L .. _ .(11mJ.. JL~! __ X __ ~O~J1y_l_ l~.~~-L .1E!!!L _Jl~unds __ ....!!.:..9J_J!!..s..tr~s~_Jp.~U __ S.!.r_a i n .11 nOll.L !'12d.u.!.u.s .(JI.:.1) 

8-1 2.358 .264 52.2 34.6 .337 57.8 32.5 122.0 .00418 29220.0 
8-2 2.372 .200 55.8 117.5 .372 64.7 40.3 117.0 .00418 29760.0 
6-4 2.371 .432 48.4 25.5 .478 52.4 29.5 1460 19 
8-7 2.326 .513 47.2 31. 5 .591 66.6 41.5 1953 14 
8-8 2.358 .293 41. 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 49.3 31.0 .439 56.9 33.0 1555 11 116.0 .00498 25172.7 



Table 15. Test Sequence II for PM 2061 McAllen. modified design (loop 374). (Continued) 

III 

MR x. 106 ps I 
-13~~3!lF. __ 7Lf lO"oF Stress 

8-6 2.330 2.604 2.352 .611 .139 208.0 
IV 8-9 2.367 2.396 1.540 .411 .062 139.0 

8-10 2.366 2.t101 1.791 .4119 .071 172.0 
-------- ~-~-~ .... ------ . 
AVG 2.354 2.467 1.694 .506 .091 173.0 

J!o.tes 
* Oenotes lest results after (24-hour) Lottman moisture treatment procedure. 
*"' Oenotes test results after (18 cycle) Lottman moisture treatment procedure. 

Hn - Resilient Modu1us 

Splitting Tensile Test @ 77 n F 

(pst) Strain ( In/ in) Hodulus 

.00238 87288.0 

.00416 33374.0 

.00298 57647.0 

.00317 59436.3 

• 

Rice Percent 
SpecifiC Air 

(j~ ~a"J.!L Voids k ____ ._ 

2.435 4.3 
2.400 1.4 
2.400 1.4 

2.412 2.4 



I-' ....... 
N 

Table 16. Test Sequence [Jresults -;ar U.S. 59, Shelby :ounty paver.:eCl'c distress ;:roj1=;1. F't:g= 1 

""" """"~~ 

LEG SAMPLE BULK MR MARSHALL MARSHALL V I SCOS lTV 
NO. NO. HEIGHT SPECIFIC 

@ 7]DF STABILITY FLOW 
I GRAVITY @ nOF @ 140°F 

------

2A 1.270 2.605 
3A 1. 146 2.589 

I 4A 0.919 2.580 

, ....... 
AVG. 1. 112 2.594 6.0x10o 3693 

• LEG SAMPLE BULK MR HVEEM MR HVEEM* 
NO. NO. HEIGHT SPECIFIC 

Cd nOF STABILITY 
@ 77"F STABILITY 

GRAVI TV _____ J~NC) (THO) !UNC) _ J!HD) 
28 1.616 2.303 .087 36.2 22.2 .074 34.4 20.4 
38 2.937 2.353 .103 35.0 47.5 .094 20.6 33.1 

II 4B 2.842 2.346 .093 24.4 35.0 .084 20.3 30.9 

AVG. 2. 2.334 .094 25. 1 28.1 

. MR HVEEM MR HVEEM 
HEIGHT 

@ 77"F STABILITY @ nor STABILITY 
(UNC) (THO) (UNC) (THO) .... """---

PENETRATION RING & PERCENT 
BALL ASPHALT 

@ 275°F 39.2°F 77°F 
---------_ ... 

3.554 22 55 130° 4.69 

.-.-.-.-.-.-.----------

INOIRECT TENSION* MARSHALL 
I 

MARSHALL! 
STABILITY FLOW 

MODULUS STRESS STRAIN 
~·_~ __ w _____ ~ - , 

I 

34561. 0 

26798.0 
260 13 

.... __ ._-

30679.5 260 13 

INOI RECT TENS ION 

MODULUS STRE 



Tahle 16. (Continupd) Test Sequence 1.1 results for U.S. 59, Shelhy County pavement distress problem. Page 2 

LEG 
NO. 

SIIMPLE 
NO IIEIGIIl 

IIVEEM 
STlIBlLllY 

IIVEH' 
STIlBILITY 

IlULK 
SPECIfiC 
GRAVITY 

. ___ .. __ . (U~C) . (!liQ~ 

IV 

j----------_.- ....... - ... _.- ._-.. _- "-' ~-- "---'-'-
AVG. 

-.- ..... -- ----~---.-.---~___t_-~~--_._------
LEG 
NO. 

v 

SJ\MPLE 
NO. 

2/\ 
]A 

4A 

MG. 

IlEIGIH 
OULK 
SPECIfiC 
GRAVITY 

.. _---_ .. _-_ .. _--_.-.. 
1.270 2.605 
1.146 2.598 
0.919 2.580 

1. 112 2.594 

~.---.-.----------.. --.. ---.-----t~---.-- . 
INDIRECT TENSION 

MODULUS STRESS STRAIN 

RICE 
SPECIFIC 
GRAVITY 

2.686 

2.693 

2.690 

PERCENT 
AIR 

VOIDS 

3·4 _. ___ 1. __ ...... ___ _ 

Nons: 
1) 'A' samples are from 4 inchdiilmeter cores testing item 340 surface material. 

2) '0' samples are from the same <1 inch df~mp.ter corps testing underlying item 292 materi~ls. 

3) '6' samples are testing item 292 materials from l~yers II, B, and C of 6 inch cores. 

* Denotes test results following the accelerate Lottman (24 hour moisture treatmf:'nt). 

M!\HSIII\L L 
SII\OI LI TY 

~II\RSItI\L L 
FLOW 

INDIRECT T[NSION 

MOIJULIJS <'11~FS(; <;1 R/\ IN 



J-> 

Table 16. (Continued) Test Sequence II results ror U.S. 59, Shelby County Ilavement distress problem. Page] 

LEG 
NO. 

SI\MPLE 
NO. 

61\ 
6B 
6C 

I\VG. 

IIE1 GHT 
BULK 
SPECIFIC 
GRI\VITY 

~1ARS"I\LL 
Sf 1\131 LI TY 

MI\RS/lI\LL 
FLOW 

------------ ----- --~-----'-'---------- ---------~~~106 -

V(SCOSIFY 

4356 
5301 
4320 

@ 275''1 

5.626 
5.987 
5.36B 

PENETRI\T ION 

19 
21 
20 

44 
42 
45 

RING '" 
BALL 

135 
]311 
131 

P[Rc[NT 
I\SPIII\LT 

4.2 
5.8 
5.6 

----- -- ------·---·--1 ------ -_______ 1 _________ -.------.-----

4659 5.660 20 44 133 5.2 ._----.1- __ ._ _ __ __. ____ . ___ - __ . ________ .,, __ . ____________ _ 

LEG 
NO. 

SI\MPI.E 
NO. IIUGlll 

BULK 
SPECIFIC 
GRAVITY 

-.- -. - ----- ---- --r----------,.-----·-- .--.------. ------- -.----------- -------- --------
liVE EM 

STI\BILITY 
IIVEEM* 

STI\BIII TY 
(NOIRECT HNSION* MI\RSIII\LL 

--.------ . ------- S T 1\0 I LI TY 
MODULIJ:, STRESS STRI\ IN 

MARSHI\LI. 
FLOW 

J-> ----- - .. --+--·---r--·----------·---I-------·~·-------I------· ----.~ 

+:0 

II 

-------+----- ... -------- ------+------1 ------11------ - ------ ----- ----... --.-- --- ... -.-""_ .... 

I\VG. 
----'----_._-_.- ----- ------- ------'----'-------- --- -- .----

-------_._._,-_. ----------------.-.--.---~ --------.-~~--------- -------'------ -----~---- ,..:-_--,. ---.-------.-------
LEG 
NO. 

III 

SI\MPLE 
NO. 

I\VG. 

liE I GilT 
BULK 
SPEC (F1 C 
GRI\V ITY 
------ ---_._----

~IVE[M 

<;TAlHLITY 
HVEEM 

STI\BIII TY 
INDIRECT TENSION 

MODULUS STRESS STRAIN 
---- --_______ . ----- .. -- ----_·_------1------· 



I--' 
I--' 
01 

Tahlc Hi. (Continucd) Tpst Sequence" rpslJlts for I1.S. !l9, Shelby County pavement disll'es~ probleili. ra(w 4 

.~--,-- . . _.-._, __ ,_~_w _____ 
.-. ., - - . ~'- , .. _-

LEG SMIPL r flULK IIVFEM IIVHM MAI6111\1.l Ml\IlSIIl\ll MR ~IR MR MR I~H 
UO. NO IIF.1GIH SPEClriC SIMIUIY (il -13"f (il 33'T (il 77"1 (~ lOIInr (ill rr S11\BILI1Y Sll\OlL1TY FLOW 

GRI\VITY 
.---.~.- ~ '''- -"- ... ,--~ --_ .. . --- ---- --._- ... _- . .- ... -,- ... ~ . .. . ~ -"~"'--' ,"-

IV 

I\VG. 

--.-.--.--------.. ---.---10-----.---+.--.----- .---.--. -.--... -.----.-.--.------- -----.-- -----.--. 
UG 
NU. 

V 

SAMPl[ 
NO. IIUGIIT 

BULK 
SPECIFIC 
GRI\VITY 

INOIRECT TENSION 

MODULUS STRESS STRI\IN 
- - - .. _----.. - .... _ .....• _-.- -----_._ .... - .. _ .. ----- .-----.-.--... ~----.----

31l 2.937 2.353 

RICE 
SPECIFIC 
Glu\VITY 

2.649 

PERCENT 
I\IR 

VOIDS 

1'-2 

.---1'--------1------

I\VG. 2.937 2.353 2.649 11.2 
. ____ ..•• _____ ._._. __ . __ L. ______ -' ______ ... __ .. ____ ._ .. _.. . ________ . 

NOTES: 

1) '1\' samples are from 4 inch diameter cores testin(1 item 340 surface material. 

2) 'Il' samples are from the same II inch diameter cores testing underlying item 292 materials. 

3) '6' samples are testing Hem 292 materials from .layers 1\, 0, and C of 6 inch cores. 

*Oenotes test results following Lite accelerate Lottman (24 hour moisture treatment). 

I NO IIIEeT TENS ION 

MODULI'S Sl RISS SIIII\IN 



hble 17A. Test Sequence II results for Item 340 Type "0" black cores on U.S. 290, Hempstead, Texas. 

HG 
NO. 

SAMPLE 
NO. 

1-613 
1-71\ 
1-1013 
1-1113 

MG. 

liE I GIlT 

1.404 
1.379 
1.499 
1 . 11M 

1.542 

BULK 
SPECIFIC 
GRIW lTV 

2:277 
2.321 
2'.297 
2.224 

2.2110 
----.~-- - .,-.,----',---_ .. _----' 

,.---.. --
LEG SAMJ'l£ 
NO. NO. 

,,----
1- 511 
1-50 

II 1-9A 
1-9B 
1-1OA 
1-1111 

.1--
IIVG. 

,-

LEG SJ\MPLE 
NO. NO. 

j..-- '--"- -, 

II I 

AVG. 

IIEl GIlT 

f--~-~ 

1.538 
1.239 
1. 901 
1.209 
2.009 
1.999 

1.649 

.. ElGIfT 

nUL I:. 
CIFle 
VITY 

SPE 
GRJ\ 

2. 
2.2 

312 
78 

310 
88 

322 
88 

2. 
2.2 
2. 
2.2 

I 2.3 00 

BULl:. 
SPECIFIC 
GRAVITY 

,-

-

r1MSltAlL 
STABILITY 

11ARSJIALL 
now 

VISCOSITY PENETRATION RING" 
BALL 

@ 77"r (iI 140"r ~ 275'T 39.z"r 7rr 
-"-- - ---- .. -

.494 1,318 .... 5 

.lV16 2,2112 6.0 

.557 904 5.5 

.~63 468 5.5 

. ~,. .. -----_._. - --.--~- .. 
.590 1,233 5.4 + ~, + + + + 

........ -.- ., " --- .... - - - ~ .. -.- -_._-_. ~ 

-+-~-.---- -_.- _.- .----.~-- .. -~.,,- -- ----

MR r~VEEM Mn IIVEEM* HIIIIRECT TENSION* MARSIIAU * 
STIIBILITY STABILITY -"-'--'- STAIlI L n y 

@ 7rF @ 77°F MOIJlJ(, lJ S STRESS STRAIN UNC THO UNC TIIO --.----. ,---_. ~ ....... ---_. _.- .. ----.-.~.-.. --.-~ 

.538 56.4 40.9 .356 42.4 26.9 1,209 

.695 113.6 22.0 .201 58.9 37.5 32,392 51.0 .00157 

.314 37.0 28.8 .281 34.5 26.3 640 

.482 57.0 34.9 .254 60.2 38.1 34,524 69.0 .00200 

.454 32.1 26.0 .376 30.2 24.1 1,081 

.382 33.2 27.0 .255 34.6 28.4 18,571 59.0 .00318 
--.~ 

.478 43.2 29.9 .287 43.5 30.2 28,496 59.7 .00225 977 
ww_, __ '. ---'- ----.-.-

- " 
._, -

MR HilUM MR IIVHM INOI RECT TENSION 
STJ\BILITY iii nor STABILITY ---

@ nor MODULUS STRESS STRAIN UNC THO UNC TlID 
~- --,----, 

,-,---- 1---- --
.-._,,---- -. 

PERCENT 
ASPIlAlT 

+ 

MARSHAll ~ 
FLOW I 

8.0 

8.5 

9.0 

8.5 



lilh1e 17A. (Continued) lest Sequence II results for 1t~!ln 3"0 Type "0" b1iJck cores on U.S. 7.90, Hempsteild, lexas. 

tEG 
NO. 

SAMrLE 
NO. HE IGur 

IlULK 
SPECIFIC 
GRAVITY 

tv 

AVG . 

...... 
...... 
--..J 

'_.'-

LEG SAM!>L E OULK 
NO. NO. nElGHT SPECIFIC 

GRAVITY _. 
1-6A 1. 97" 2.319 
1-70 

V 1-81\ 
1.354 2.273 
1.896 7..1117 

1-88 1.314 2.2G8 

- ---_. 1-······ 

AVG. 1.635 2.292 
-.-----

• Denotes Test Results Following 
* ... Denotes Test Results Following .. ". Denotes Test Results Following 

MR MR 
@ -13"F I<l ::IJ"F 

- ····-_·· .. ·--r····--· 

MR MR MR MR 
@ -13"F @ 33°F @ n"F @ 104°F 

-_.---- - .. -

2.524 2.047 .471 • 142 
2.537 2.737 .529 .275 
2.377 1.8"5 .382 .153 
2.428 2.123 .671 .186 

r---
2.467 2.188 .515 .189 

'IV£EM 
STAIlIL ITY 

IINC THO 

IIVEU4·U INIlI REel TENS ION"""* "'''~ .... 
ST A8 I LIlY --------- MIIRSHI\LL MI\RSIIALL 

liNe TlIO (JIODULUS STRESS STRAIN STABILITY now 

-----1------\----; 

, 

INDIRECT TENSION 

f-1OOULUS STRESS STRJ\IN 

54,895 218.0 .00397 
71,633 170.0 .00237 
64,826 206.0 .00318 
53,451 148.0 .00277 

61,201 185.5 .00307 

-
RICE 
SPECIFIC 
GRAVITY 

2.413 
2.421 
2.415 
2.414 

--
2.416 

_. 

r '[RUNT 
AIR 

VOIDS 

3.9 
6.1 
4.5 
6.0 

5.1 

the Accelerated (24 hour) Lottman Mois ture Trei'! tment 
the 7-day Soak Period. 

Procedure. 

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

~ Modulus of Resiliency. 
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Table 17B. Test Sequence II results for Item J40 Ty'pe "0" ;ron ore cores on U.S. 290, Hempstead, Texas. 

UG 5Af.lru 
NO. NO. IIEIGHT 

I· 2 1.050 
1-10 1.477 
1-20 1.350 
1-21 1. 518 

-."~. --- .. . ..-

AVG. 1.349 
"~'--"--'--~ ~ ---~ 

----
LEG SAMPLE 
NO- NO. HEIGHT 

BULK ~IH MARSIII\LL 
SPECIFIC 511\1\1 LIlY 
GRI\V I TV 

(3 nor 
, ..... ,_~ ___ ~ __ 4 

2.372 .507 4,925 
2.377 .705 5,240 
2:388 .199 5,461 
2.418 .715 5,796 

---
2.309 .702 5,356 

- --,-,--"".-- --.---.. ~- --~-

---~.----.-.. -~.¥ ~.~-.--- ._-

BULK MR IIVfEM 
SPECIFIC smlll L ITY 

MARSIIAlI_ V I seos ITY 
nllw ,----_.-.. 

11.0 
10.5 
11. 0 
10.0 

10.6 

-•. --- .. 

@ 7rr 

MR 

82085 

JIVE[ M* 
TV STABILI 

PI.NU I(A lION 

11.13 10 21 

INUIREC1 TENSION* 

GRAVITY @ 7rr @ 77"F 
UNC litO ._ll.NC .--_._--- TltO MOOiJl.US STRESS STRI\IN 

II 

LEG 
NO. 

III 

-_ .. _-
1-1 .873 2.376 .553 
1-4 .945 2.374 .537 
1-16 1.541 2.422 .676 
1-19 1.57fJ 2.404 .775 
1-23 1. 227 2.318 .621 
1-2" 1.334 2.350 .425 

.----
AVG. 1.250 2.374 .598 

-.-..... --. -----,-_ ... --

~-"''''---"" .... ---''''--.~.--------- ~"----~--- -
SAMPLE BULK MR 

NO. IIElGHT SPECIFI C @ nor 
GRAVITY 

._._, 
-----.~ 

1-3 _972 2.3% .619 
1-17 1.622 2.392 .673 
1-22 1.381 2.398 .621 

-----.-

AVG. 1.370 2.395 .638 
.. ~---.--~-

. -' _.-- , 

85.0 56.2 
77.4 50.0 
54.9 39.5 
59.4 44.7 
73.8 52.1 
60.2 40.6 

68.5 47.2 

----_ ... _--_.-
IIVEEM 

STAll IL ITY 

UNC THO 

83.7 
57.7 
61.3 

67.6 

56.9 
43.9 
42.7 

47.8 

.301 

.265 

.567 

.600 

.370 

.368 

.412 

MR 
@ 77"F 

.414 

.612 

.520 

.515 
--, --

86.4 
t 

55.2 
61.3 
68.0 
62.3 
----

66.6 

5 

3 
4 
4 
4 

4 

7.6 
t 

3.8 
6.6 
6.3 
2.7 

5.4 

I1VEEM 
STABILITY 

UNC THO 

83.2 56.4 
56.3 42.5 
70.9 52.3 

------
.70.1 50.4 

_.L._ 

-' 

67,823 
31,590 
33,936 

44.450 

161.0 
100.0 
lOB.O 

.00237 

.00317 

.00318 

123.0 .00291 

... ---. -----
INIH 

MOOOLU 

38,709 
69.282 
70,910 

59,634 

RECT TENSION 

S STRESS STRAIN 

17.3.0 
165.0 
JIIl.0 

.00318 

.00238 

.00199 

_ ... _._-+---
143.0 .00252 

---'---_. ---

RING & 
!Jl\n 

160" 

MI\RSHALL 
SlMIUlY 

4,170 
t 

5,463 

4,817 

PERc[NT 
ASPHI\LT 

4.46 

MARSIII\U 
flOW 

14 .. 
16 

15 



Table 17B. (Continued) Test Sequence II results for Item 340 Type "0" in" re cores on U.S. 290, Hrmpstelld, Texas. 

.- --_ ... _._- --------
BULl( ~ "R IIR MR HVHM 
SPECIFlC 

@ -13°F @ 33°F «l 77"F @ 104"F STABILITY 
GRAVrTY UNC THO 

LEG SAMPLE 
NO. NO. IIElGHT 

"VEn~*** INOI ftECT HNSION"' .. ' .. , 
STABILITY ------ ------ MIIRSIIALL ~'ARSIIALL 

UNe THO MOIlULUS STRESS S1RAIN STABILITY FLOW 
.- -----~ 

IV 

-------------- ----- ---_. --- .---, - - .-----.,.~-------.,------- --._. __ . . ... ----_. 
AVG. 

~, -- ----'-------'_._-- ---.. -----. _ .. _-

LEG SAMPLE BULK MR MR "R "R INDIRECT TENSION RICE PERCENT 
NO. NO. HEIGHT SPECIFlC @ _13°F @ 33"F @ 7JOF @ 104°F SPECIFIC AIR 

GRAVITY MODULUS STRESS STRAIN GRAVITY VOIOS 
-- ---

1-13 1.337 2.386 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 04,135 165.0 .00158 2.532 5.5 
1-15 1.452 2.398 2.304 1.409 .737 .272 67,259 160.0 .00238 2.568 6.6 V 

AVG. 1.370 2.392 2.126 1.304 .663 .272 89,651 160.0 .00185 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. 

Ml Modulus of Resiliency. 
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Table 18. Test Sequence II results for Item 340 Type "U" [Isphadure" cor(>s on \1.5. 62 in Lubbock. Te)(as. 

LEG S!\MI'lE 
NO. NO. 

7-6 
7-9 
7-10 
7-14 

AVr.. 

--........ -.- .... 
I./'G 
Nfl. 

II 

l 
N 

[G 
O. 

-

II 

.-- . 

._" ... --

SI\MPLE 
NO. 

~---.--

7-3 
7-4 
7-5 
7-8 
7-12 
7-13 

AVG. 

._-: 

SAMf'lE 
NO. 

._ .... --- ~--

AVG. 

,~.----. ---~,- - ._-,_._-

IlUlK 
IIElGHT SPECIFIC 

GRAVITY 

I. ]40 2.mB 
1. 4]3 2.069 
1.30] 2.123 

.898 2.026 

1.264 2.075 

~.-,~,-

BULl( 
liE I GilT SPEC! FlC 

GRAVITY 
-----~-. 

1. 736 2.105 
1. 703 2.089 
1.293 2.075 
1.252 2.069 
1. 191 2.061 
1.136 2.088 

1.]85 2.081 

BUtt:: 
liE I GilT SPEClrlC 

GRAVITY 
-,---- -------

" ~ ____ .,w ___ ,_ 

I1R MAflStlALL 
STl\fllLITY 

'·1ARSItIlU. 
FUJii 

VISCOS lTV "j PENHI!Al10N RING F. 
HI\Ll f<l /7"F 

@ 17T I<l HO'T f<l 775'1 39.rr 7rF 

. 4~1i 
,1113 
.647 
.517 

.506 

----.-~~-

~ 
@7r F 

1,000 
1,]1 B 
1,11911 
1,334 

1,387 

liVEtH 
STA[lILiTY 

16.0 
12.0 
12.0 
10.0 

12.5 4.75)(106 14.725 

HVEEW 
STI\BILITY 

10.828 3 20 

INHIRECT TENSION* 

!--
UNC THO .. __ .-I--_UNC TI/O MOOULlJS smESS sml\lN 

.1136 64.6 41. I .284 ]4.7 23.1 27 .511 109.0 .00396 

.352 40.3 28.8 .161 28.4 16.2 

.40B 50.6 29.4 .184 48.2 27.8 

.380 58.2 ]5.7 .195 47.9 26.7 16,562 79.0 .00477 

.503 51.5 ]1. 1 .218 68.6 ]6.2 

.592 42.6 30.4 .309 61.1 ]7.6 30,]83 121.0 .00]98 
-~- -~ .... --- ---~.----.-------... 

.445 51. 3 ]2.8 .225 48.2 27.9 24,819 103.0 .00424 
_____ ._ .. ________ ._ ____ . ____ L_ .. _. __ • __ .L 

'~-'- ._"- -_._-------- - --.----- -----."- -------1"-------_.---"""""----.-., 

MR 
t'l 7]oF 

--_.- _.- -_.-

1-

flVHM 
STI\IJILITY 

lINC TlID 
.----~.--~ 

HVEEM 
STABILITY 

INOIRECT TENSION 

MOOULUS STRESS STRAIN 

Ml\flSIlALI. * 
- STI\III L IlY 

841 
1,061 

1,619 

1 ,I 74 

r[RCI Nl 
ASPUAI.T 

., I' 6.94 

... 
MAH\lllIll * 

rlUW 

16.0 
17.0 

16.0 

16.] 



Table 8. Test Sequence II results for HI 35, Waxahachie, Texas (Continued). 

Bulk 
Sped flc 

Phase ~~~ Grav!!1.._ 

III 
404 OS 
399 OSWP 
399 OS 
404 6WP 
399 BWP 
402 OS 

2.390 
2.395 
2.391 
2.366 
2.389 
2.315 

"R @ 

77"F x 10
6 

1.048 
1. 213 
0.935 
1. 132 
1.086 
0.863 

.----.. -._----------
AVG 2.374 1.046 

Hveem Stabillty** t·ldrshilll Test" 
IIveem Stability 

Percent "RH 
@ Percent Stabil ity Flow 

(UNq (T!!!!.L 7JDF x 10
6 

esl {UNq {1IID} 1!00.mds 0.01 In 

89.0 59.6 .492 78.0 48.7 2372 15 
89.4 61. 7 .596 85.1 57.4 2363 13 
71. 3 47.6 .430 67.1 43.3 2389 15 
80.0 52.1 .315 63.6 35.6 
88.9 60. 1 .263 81. 3 52.6 
85.0 54.5 .074 72.0 41.6 

------ .-~---.. --------------- ---.-.. --

83.9 55.9 .362 74.5 46.5 2375 14 

14R x ]06 ps I Splitting Tensile Test @ 77°F 

----~-~--.- ~ ---- ------

Splitting Tensile Test @ 77°P* 

Stress (psi) Strain..i!n/ln) MO~l!."!.l!...~jQ. ill. 

30.5 0.00144 21236.0 
45.4 0.00345 13159.3 
24.2 0.00373 6472.7 
-.-- - ~---__ • __ ' __ ·_'_~_· __ '· ___________ h' 

33.3 0.002B7 13622.7 

Rice Percent 
Sped fic Air 

-13°F 33°L 60oJ __ J04°F Stress (esl ) Strain (In/ln) 110dulus «(I~~ GravitL Voids ------

IV 

Notes 

400-3 BWP 
400-30 SWP 
399 DWP 

AVG 

2.347 
2.375 
2.394 

2.372 

2.177 2.372 .816 .835 120.0 
3.564 3.844 1.538 .541 207.1 
4.065 2.482 1.460 .804 177.5 

3.269 2.899 1.271 .727 168.2 

,. Denotes test results after (24-hour) lottman moisture treatment procedure. 

*'" llerlOtes test results after (18 cycle) Lottllliln lIIoisture treiltment procedure. 

MI! - lIesillent Modulus 

.00086 138805.0 2.456 4.4 

.00056 373169.0 2.439 Z.6 

.00077 230912.0 2.471 3. I 

.00073 247628.7 2.455 3.4 



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

Phase 

II 

I.D 
CO 

S()lIIp_I~ .. 

5- I 
5-2 
5-19 

5-3 
5-8 
5-9 
5-10 
5-13 
5-15 

2.194 
2.199 
2.192 

2.217 
2.207 
2.IBO 
2.IB5 
2.211 
2.219 

.442 

.470 

.575 

.462 

.362 

.430 

.400 

.507 

.374 

i-

i-

2984 

IIveem Stab 11 ity 

21. 7 2.60 
2.15 4.2 
32.0 11.6 
34.6 14.5 
31. 3 17.0 
40.0 20.7 

i

i-

8 

.106 

.244 

.244 

.170 

.378 

.447 

8.43 10 43 2361 130 

130 

Hveem SlabllHy* f1arshall Test* 

6.8 12.3 43.0 .00417 10310.0 
4. I 13.2 58.0 .00444 13049.0 
3.0 17.5 38.0 .00418 90f\7.0 
3.8 16.3 1250 111 
5.7 8.6 1300 19 

11.3 0.0 1636 17 
_4 __ ~ _____ ~_~_~ ______________________ ~ _______________ • _______ ---------- - --- - 4. ____ _________ w~ ___________ ._ ----- --- -_ ... ----

IIVG 2.203 .423 )0.2 n.El .265 5.B 12.7 1395 18 '16.3 .00426 10015. ) 



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

SP~~~i-C~--··~"R @ IIvee;e~~:~~lity--;~:--;-llvee~p:~::~!ity** S~~~:~I~; T;'~~:*-"----"-~~~:;-i~-;ing lensile lest ~-~;7-();~-~-
__ .. fu'_a.~HL nor x 10

6 
_O!Nn ____ iTlIO) ..1.rL..!_J_Q~J_s!. JUNO (TII~l ___ -'!.!!.U!!~'!!:'-,!~J!I_ _s"~~_s~JI)_sJ1. __ Strairdlfl!l!Il_Mo~_ul.lI~((lsl) 

5-6 2.201 .475 41. 7 21.1 "296 19.7 .7 95.0 
111 5-7 2.202 .383 22.7 4.5 .316 11.0 7.2 125.0 

5-11 2.216 .454 39. 1 23.4 .259 15.8 • 1 114.0 
5-12 2.218 .425 37.3 22.5 .317 14.2 .6 1419 14 
5- 111 2.214 .368 30.5 IEUl .321 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 .12.0 15.7 .29Q 17.3 6.1 1540 16 Ill.3 

I1R x 106 ps 1 Splitting Tensile Test @ 77°r 

-Bor 33"f 68"F l04"r stress (pst) S t riIJfI.l!B!l!I.L_l!l?dI1L~J~s 11-
--~--~-.-,-

IV 5-4 2.198 .1171 2.272 1.368 .117 173.0 
5-5 2.190 .452 2.063 1.245 .096 .. 
5-17 2.203 .319 2.034 0.938 .065 166.0 
5-18 2.194 .409 2.370 1.261 .076 

~--------.------ ~ 
~--"---- .~~---,~--

AVG 2.196 .413 2.185 1.203 .089 170.0 

~o_!.~~ 
* Denotes test resul ts after (N-hollr) Lottman moisture treatment procedure. 

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

MR - Rest lient Modulus 

+ No Test Value Avaflable. 

.00418 41415 
.. .. 

.00716 23170 

.00567 32293 

.00297 31983 

.00538 23247 

.00238 47930 

.00358 34386.7 

Rice Percent 
Specific Air 
_§!~!g,L J'!td~ 

2.266 

2.256 

2.261 3.0 



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

Ph., Sl'! 

I( 

...... 
o 
o 

• • ," _ • __ • '''~ __ • ____ ,,'" _____ ~__ __ _ _ __ _ __ .~"._._._,_,, ___ • __ ~' __ ,,__ _ _ ~"~ _,,~ _____ • _,_"~ _,, __ • _ ._. ______ 0 __ ,_. _______ ,, __ ._~ • ~ __ w. __ •• ~. __ >._.. ~ " __ ._ • ~. _____ ~ ~ _ , _ _ • __ •. ~~ 

Bulk ( . r' rtR (il Marshall Test to 
;I'CC 1 IC Ii .'ercent 

';ilIu"ln ,,(;rilv}ty H'T)(. ,IJl_:., .. S.t!',h.i l.ity.Jl!ls,L._!.I.o.w. .cO .. ,O.I._i,~L .. "A.sr..h.aJ.l .. ,_ ", ,_3.9.~.2.oL .JJ.or._ 
Penetra t ion. dUIII Viscosity, poises 

_ .7rr .,' ... J,4Y,or ... _ .. 21XF, 
6-2 2.251 .183 2667 11 
6-12 2.182 .548 23]5 11 
6-11i 2.189 .608 2B]2 9 
__ ,, _ _ ~._ •• ·_· __ w ____ ______ • _. _____________ ,,_, ___ ,,_, ~ ___ •• _. __ • _______ • ___ • ___ ." ____ • ___ , ________ ~ _____ ._. ___ • __ • _______ ,. , ___ • ____ • ____ • ___ ._."'"'~"~. _____ ,,_. ___ • ______ • __ 

AVe. 2.207. .546 2611 It! 6.51 10 55 2712 4.078 

IIvcf!m Stability· r~arshil11 Test· 

lU,!!! ilnd lIillJ 
So Hcn i ny 
'po.iul., or 

128 

Jlveem Stahll ity 

Percent 
I~ "i @ 
R 6 

f'ercent St.ahfl ity Flow Sill Hting Tensilc Test @ nnp 

..J!J,N~ 1, __ JJ!lDL ,!.2°!2.JQ_.p..~ 

6-5 2.246 .46] ]0.1 16.7 .469 
6-6 2.251 .450 30.2 19.4 .405 
6-7 2.250 .478 29.] 19.1 .338 
6-1 ] 2.154 .416 ~6.7 23.1 .210 
6-15 2.179 .602 30.2 19.4 .251 
6-17 2.191 .545 29.1 16.8 .367 

----'---._.,----
19.4 .340 

---,--------
AVG. 2.212 .492 32.6 

j~!.N.~_J.~~I(!.L_ _~.!lnd.? _ Q.~.Q.! __ !.!1_ g!_~,s.s_J1'_~iJ._~l!'a i n __ (i-"li~_t_ !-1l?du l.u~j Jls i) 
25.6 12.2 
]1.9 21.0 
31. 3 21.0 
42.6 18.9 1251 
34.9 24.1 816 
]~.O 21.6 1196 
3].4 19. R 1088 

10 
19 
lIJ 

16 

+ 
68.0 
71.0 

--------
69.5 

.00]61 

.00419 
WR4].0 
16941.0 



Table 10. Test Sequence II results for 115 n. Sinton, Texas (Continued). 

------------------------_ .. --------

!'_h..~~ 

III 

...... 
o ...... 

Dulk 
Specific 

-~.!'~~!!- ___ G..r~U:L 
6-1 2.224 
6-4 2.216 
6-8 2.192 
6-10 2.183 
6-11 2.204 
6-14 2.170 

------
AVG. 2.193 

M
R 

@ 

nOF x 106 

.330 

.448. 

.611 

.536 

.456 

.476 

.476 

35.2 
34.7 
37.5 
40.2 
34.7 
42.0 

38. 7 

20.B 
16.5 
22.1 
2~.3 
10.9 
2~.0 

21.9 

.097 

.2~~ 

.096 

.255 

.215 

.251 

. 193 

22.6 
36.0 
35.8 
3B.2 
33.5 
34.9 
33.6 

B.l 
IB.6 
20.4 
19.3 
15.5 
19.1 
16.8 

916 
1321 
1136 
1124 

15 
15 
11 
14 

Splitting Tensile Test @ 77°F 

Splitting Tensile Test @ 77"F·· 

.str~ss_Jp~~!.r~lin/...!!!)_~.!1_u..1!l_~ {p_~!J 

.00149 00.0 59076.0 

.00060 114.0 109772.0 

.00009 49.0 54B70.0 

.00099 83.7 101225.3 

'''n x 10
6 

ps I 
-=--1l"L_31~L __ 68°F lO~QF Stress (pst) Strain (Inttn) Hodu1us (I~n_ 

Rice 
Specific 
Gravity 

Per'Cent 
Air 

"y!!..Ld~_ 

6-3 2.235 .470 1.087 1.591 .083 222.0 

IV 6-9 2.229 .508 2.056 1.546 .OBO 240.0 
6- Hl 2. 154 .556 1.830 1.429 .148 236.0 
----_.,- '.--- --'~' --,',-_ .. ,------- -- ---
AVG. 2.206 .511 2.0r111 1.522 . 10~ 232.7 

Notes 

* Denotes test resul ts after (24-hour) Lottman moisture treatnlent procedure . 

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

MR - Resilient Modulus 

+ - No Test Data Available. 

.00418 53061.0 2.309 3.2 

.00417 57514.0 2.331 4.4 

.0065B 65854.0 2.292 6.0 

.00498 5B809.7 2.311 4.5 



TahJp 11. Test Sequence Tl results for III H, Oakville, Texas. 

II 

I-' 
o 
N 

Santple 

iiilif 
Sllp.ci fic 
~.ril.vill 

4-1 2.161 
4-4 2.162 
4-11 2.161 
~ ,- ... -.------.-.. ---~--~---.-

AVG. 2.161 

./112 

.399 

.455 

.422 

M.lrsha11 Test Percent Penetration, dlllll 

.. S. t.a~_tu !1. (I hS) . 

2572 
2340 

__ ._._t~.2.L. 
2412 

.. D!'."d().~91 .. J.I1J __ ~~J!'~.1_t __ 
12 
18 5.59 10 33 

_.1.6 ____ -- .-... ----.--.-. ---
15 

IIveem Stability Ilveelll Stability* narshall Test* 

Vi c;cos i ty, 1)01 ses 

7 ... 1.'19-"! .... _.?1?T .. 

8776 5.837 

nillY and [lall 
Snfl.ening 
Point, nr 

140 

Percent Mn*'@ Percent Stahillty Flow Slllltting TensIle Test (iI 7rr~ 
j~~fL _JJ!I~t .]7"r __ L 10

6...pJU_ .. (UNSJ __ J_~'!lJ_ .....P~'!nj.s_ Jl.:.!!lJ..n__ S_tE!!_Ss_J.p.sD __ S.t.r.!!J!!.Ji.lln.n.L_H!J~I!ll.us .. (p.si) 



Table 11. Tes t Sequence II resul ts for 'It 37, Oakville, Texas (Continued). 

Bulk II 5t bi1 I
-t -----·--·-----lIveliiil·"""st,-a.-h ... jl..-.i-,-t·y** 

veem. a y M ** @ 
'-T!arsliil,TTesTiT-" --.-.... --.. - .. ----.-.--.-- .-----.--.. --.. - .. --

Percent R Percent 
J.!lNC) __ .{JIIDt '!Jl2t_J_O~_~ (UNr;.L __ IT11~L 

Specific "R @ 
P_I!'!.s.~ __ ~mfJle _!ir.!l~BL 77°F x 10

6 
Stilhillty Flow Spllttin9 Tensile Test @ 7JOp4 

._J!.o...!!!!.~O_ ... oLJ..!1_ .~I!!:.~~s .. Je.s..Ll_~~E~!1J.LnJ.!.nJ_.J'fE~1!J.u.s_ .(Jl.~.l 
4-3 2.168 .382 35.2 26.8 .233 32. I 23. 7 112.0 .00089 125234 
4-6 2.152 .379' 36.7 28.5 
4-9 2.158 .397 ~4.n 30.2 

II] .283 29.9 19.7 
.290 35.3 21.1 

97.0 .00090 1080013 
120.0 .00060 200590 

4-10 2.153 ."06 "0.0 35.8 .277 31. 3 27.2 lt194 28 
4-12 2.161 .428 41.3 33.3 .307 27.7 19.7 1677 25 
1.:.1). ____ . __ ._~..! .1.53 _____ , 386 ___ J~ .. _1 __ ll.3 __ --'-'. ~.~_o __ . ___ _ .. L1., p ___ Ll_,_I!. ___ ...JJD_. __ ... .?L ___ ._ . __ ._ ._ ....... __ . ___ . ____ .. ____ .__. ___ ._ ... _. 

...... 
o 
w 

AVG. 2.1511 .396 39.7 31.0 .283 

r~R x 106 ps 1 

30.2 21.5 1498 27 109.7 

Splitting Tensile Test @ 77°F Rice 
Spec ifi c 

_13°F 33°F 68°F lO~oF Stres~sf) Strain ( inlin) 140du Ius (f1s!L ~~ 

4-2 2.157 .402 1.763 1.02Q .078 
]V "-5 2.173 .432 2.039 1.133 .OBO "'1. 0 

4-6 2.150 .373 1. 647 1.083 .070 135.0 
4-7 2.145 .386 1.980 1.286 .077 143.0 -_.- . __ ._---_ .. - --,---_ .. .. _----
MG •. 2.156 .398 1.059 1. 131 .076 139.7 

Notes 

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

** Denotes test results after (16 cycle) Lottman moisture treatment procedure. 

"R - Resilient Modulus 

.00418 33728.0 7..306 

.00419 32219.0 

.00417 34283.0 2.297 

.00"18 33"11. 7 2.302 

.ooono 144611 

Percent 
Air 

Voids ----._--

6.3 



.. 

hhle 12. Test Se'lUf~nCe If results for Sil 11, Cnlumbu5, Texas. 

II 

2-9 
2-12 
2-15 

AVG 

2-3 
2-4 
2-5 
2-11 
2-13 
2-18 

AVG 

2.256 
2.298 
2. 271 

2.275 

2.258 
2.250 
2.234 
2.298 
2.261 
2.273 

2.262 

.764 

. B75 

.721 

.7B7 

.848 

.720 

.760 

.526 

.592 

.653 

.683 

2330 
4462 
2890 

12 
11 
11 

3244 11 

tlvpem Stahil ity 

44.7 
42.3 
52.2 
48.3 
41. 5 
50.B 

46.6 

20.9 
27.7 
38.2 
26.8 
23.2 
29.7 

27. B 

.562 

.491 

.S20 

.369 

.482 

.476 

.483 

5.41 

5.41 

3 

3 

IIveem Stabll1ty* narshall Test* 

32.9 
35.1 
40.8 
40.6 
30.5 
32.6 

35.11 

17.2 
20.5 
26.B 
19.1 
12.2 
13.4 

18.2 

2224 
2250 
1793 

2089 

16 
11 
15 

14 

V~5cosily. poises 
7/~r 140'-T 275"r 

~-- --'-"--""- .,"-,- -- -"-,-- ..• _-

174.0 
202.0 
196.0 

190.7 

.00479 

.00358 

.00298 

.00378 

Iii n!l a IHI Hi! II 
SoflenilllJ 

... Pol.nl .•. ~F .. 

139 

139 

36349.0 
56427.0 
65817.0 

52864.3 



Table 12. Test Sequence 11 results for SH 71. Columbus. Te~as (Continued). 

------~-~ --,--------,-~~, 

t1a rsliiilT T es t H IIveem Stabll i tyH 

Percent Slabf] fly Flow Splitting Tensile Test @ 77°,.* 
(UNc) ( TIll)) _1!.~1'.!!.~_~1~. S_~!.es_s_Jp_sJJ ____ ~,tr:.~~n_Jl.nj!.!!.L_!i~(!!'_tu~(r!uJ 

2-2 2.254 .740 40.2 24.1 .694 41.5 25.4 
III 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 14 203.0 .00350 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 41. 7 23.8 2Hl4 14 215.7 .00318 57164.7 

"n x 10
6 

psi Splitting Tensile Test @ 77°F nice Percent 
Specific Air 

-lJoF 33°f _-'1'F 104°F Stress (pst) Strain (inlln) lofodul us (~L ~'d.!L_ Voids ------

IV 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 .6f17 .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 

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

*'" Denotes test results after (1O cycle) Lottman moisture treatment procedure. 

Mn - Resilient Modulus 



Tilb1p. 13. Test Sequence IT for US 901\ Co1oradCl County, Texas. 

Phase 

IT 

3-2 
3-3 
3-10 

jii.H -
Specific 
St.r.J.v.tt'y' 

2.234 
2.232 
2.204 

IIVG 2.223 

. 533 

.477 

.492 

.501 

t 

1444 
t 

t 

12 
t 5.45 16 41 

Viscosity, poises 

. __ . .1~.o_O!._._ .. _ 2L~_~!. . 

6508 6.209 

RiWl illld lIa11 
Softening 
P () i .. nt., .." r. . 

132 
---'" -- --_. __ ._._--.------- '---'-.~.'-" --_._ .. -- - _._-_.- ----. ---.-- ... -_ ..... - ... - .. --

1444 12 5.45 16 41 5.2x106 6508 6.209 132 

IIveem Stability Ilveem Stability* 'Iarshall Test* 
Percent· MR*' (il 6 Percent StahilHy Flow Splitting Tensile Test @ lrr* 

_(!:'.tf~1 __ .J.!)!~L .. U.:L.!J!I __ .p._~.L J.!!...N_~L __ trl!.f)l ~o.tJnd ~~I!L.1. 'L .~y~ s.s_Jp~U_. __ S_ tTiI.i.'!.J.i .nL' .IlL .I-1o(J~_l u.s.J p';.i.) 



Table 13. Test Sequence II for US 90A Colorado COllnty. Texas (Continued) 

------------

Phase 

3-1 2.253 .507 50.0 36.5 .455 51. ] ]7.0 160.0 .00299 5]467.0 
III ]-5 2.267 .443- 49.9 41. 7 • ]70 46.8 ]8.6 HlILO .00477 ]9453.0 

3-6 2.249 .469 46.6 40.7 .451 44.4 38.5 164.0 .00]59 45677.0 
]- 0 2.222 .489 48.7 ]6.9 .40] 48.9 37.1 1620 15 
]-9 2.209 .456 43.4 ]].8 .306 41. 2 ]1.6 1285 15 
3-11 2.215 .4611 40.6 29.5 · ]47 4].5 ]2.4 137] 10 
-_.---_.- " - - ~ ~ .-----,~--.-. ~-------,-- ~.,-.-,.- -.- . ___ ._~ __ " __ • __ . __ .' __ . _______ ._,_' ____ . __ , ___ •• ____ ~._._, ._._.~_ ._·w __ ·_._ •• ____ ,,_ • 

. ---- ---._---',.,-.-,--_. -'---"---' --- -.---
AVG 2.236 .471 46.7 36.5 · ]A9 46.0 ]5.9 1426 16 170.7 .00]78 

6 
11R )( 10 rs i 

-13"L_]3'J __ .17,,! 104°F Stress 

IV ]-4 2.226 1. 72] 1.155 .506 .. 075 154.0 
3-7 2.232 2.147 1.506 .481 .078 1]6.0 
3-12 2.224 2.468 1. ]16 .469 .075 137.0 
---_.----
AVG 2.227 2.113 1. ]26 .485 .076 1112.] 

Noles 

* Ilenotes test resu Its after (24-hour) Lottman mois ture trea tment procedure. 

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

MR - Resilient Modulus 

~ No Data Available. 

Splitting Tensile Test @ 77°F Rice Percent 
Specific Air 

(rst) Strain (in/in) 110du 1 U~l!~.!.L __ ~avi.!.L Voids -'--'---'-

.00060 258]1]9.0 2.404 7.t1 

.00052 260911.0 2.]87 6.5 

.000]0 459487.0 2.]09 ].7 
------- '-"-----.-

.00047 ]26262.] 2. ]67 5.9 

46199.0 



T.1hle 14. Test Sequence II for FM 2061 McAll(>n. original design (toop 374). 

11 

...... 
a 
co 

Sample. 

7- 3 
7-10 
7-12 

AVG 

7- 1 
7-2 
7-7 
7-8 
7-9 
7-11 

n\llk 
S • f' r~R ~' ,pen IC 6 
r.,rilyity: _JT'f..x. W 

2.591 .274 
2.394 .360 
2.377 .287 

2.454 .307 

2.365 .286 
2.369 .283 
2.372 .227 
2.370 .226 
2.403 .355 
2.389 .211 

Marshall Tpst 

,_Stilll,I,I_itY.J,I,!J;; L J.lo_w, W·.y'I, ,'!'.t 
1169 10 
1599 9 
647 10 

113(J 10 

29.3 15.3 .299 
19.3 10.3 .301 
20.2 12.4 .289 
24.9 16.3 .297 
52.0 30.2 :416 
62.1 47.5 .373 

Percent 
_ ~.spJ1_a.l.t, .... 

5.B 

5.A 

28.2 14.1 
18.6 9.6 
19.8 12.0 
14.8 6.1 
55.3 33.5 
64.4 39.3 

Penetration, dnlu 

39.2°F 77°r 

15 6tI 

Vi<;cosi ty. poises 

llor l.tJP"r .. '. __ 2J.5.°f. _ 
-i:i~~;o~-- 2000 3.605 

In n(J alld Rail 
So nell i 11<] 

.. FUJII!, .n! .. 
122 

15 64 1.73x106 2000 .3.605 122 

119.0 .00659 18069.0 
124.0 .00716 17315.0 
12A.O .00714 17930.0 

1164 12 
1636 10 
1479 , 3 

--_._---.----- ~ ___________ ~ _________ ~ __ ._, _______________ ._ w_ 

-------~--------~--- -- ~ --.- ---
AVG 2.378 .265 34.6 22.0 .329 33.5 19. I 1426 12 123.7 .00696 17771.3 



Table 14. Test Sequence II for FM 2061 Mcl\llen, originill design (Loop 374). (Continued) 

III 

..... 
r~R x 10

6 
ps I 0 Splitting Tensile Test @ 1.0 

-l3°F 33°F )LL_~'l:L. 2tress(ps I} S t ra I n (I n/I n ) 

7-4 2.366 2.112 1.3[14 .259 .034 -141.0 
IV 7-5 2.358 1.594 1.389 .214 .033 135.0 

7-6 2.352 2.121 1. 517 .232 .037 148.0 
7-13 2.382 2.554 1.962 .350 .046 142.0 
--------
AVG 2.365 2.095 1.563 .264 .038 141. 5 

Notes 

,. Denotes test results after (24-hour) Lottman IIlOlsture treatment procedure. 

,.,. lJenotes test results after (18 cycle) Lottman moisture treatment procedure. 

MR - Resilient Modulus 

~ Dilta Not Available - Estimated Weights Used In Calculation of BSG. 

.00597 

.00418 

.00598 

.00537 

.00538 

nice Percent 7rF Sped fic Air 
Hodulus (Jl~!J_ _Gra"l!L Voids - -----.-

23602.0 2.375 0.4 
32330.0 2.368 0.4 
24760.0 2.394 1.B 
26444.0 2.414 1.3 

26784.0 2.388 1.0 



------------------------------

Tallie 15. Test Sequence II for FM 2061 McAllen, modified rlesign (Loop 37H 

rhasc 

II 

...... 
...... 
o 

_ Sit"'I,lc 

- fiulk 
Srlccific 
. Gnn',i ty. 

3-3 7..377 
fl-5 2.335 
8-11 2.37'l 

AVG 2.361 

8-1 2.358 
8-2 2.372 
8-11 2.371 
8-7 2.326 
8-8 2.358 
8-12 2.362 

AVG 2.35B 

I"R @ , Marshall Tf'st Pen;ent Penetration, dllill Viscosity. poises 

77.".t.j( __ lJt ....:'!.!.iI_hJttt.r.. .(l.b!;) .!.l()tdY .... !J! .. l!JL . J\..SJ!.'lil.1.t.... __ .. ~:.2.:'!~ . . JJ::"L. 17TI!W.Q.L. __ H5."L. 

.513 2093 9 

.476 1125 13 
I. hl0] .675 1970 12 5.09 5 32 6280 5.414 

----- ------- _ .. - ....... --.-~-- _.- ~ ~ ..... ~ ---.. ~- --._._.-- -.. -.- .. 
"7 ... ---.-~~-- --- _____ .wu~. 

.555 17'l9 11 5.09 5 32 1. hlO 6280 5.114 

.264 52.2 34.6 .337 57.8 32.5 122.0 .00418 

.200 55.8 117.5 .372 64.7 40.3 117 .0 .00418 

.432 48.4 25.5 .478 52.4 29.5 1460 19 

.513 47.2 31.5 .591 66.6 111. 5 1953 14 

.293 41. 7 20.4 .253 45.3 23.9 109.0 .00659 

.669 50.3 26.4 .605 54.3 30.4 1252 19 
--------------. ._------------

.395 ~9.3 31.0 .439 56.9 33.0 1555 17 116.0 .00498 

Rin\l (Iud lIa 1 
Softening 

..F.oint,. of. . 

135 

135 

29220.0 
29760.0 

16538.0 

25172.7 



Table IS. Test Sequence II for FM 2061 McAllen. modified design (loop 374). (Continued) 

III 

...... ...... ...... 
Mn x 106 psi Splitting Tensile Test @ 77"F 

:J~~"f. __ 7.LL __ lQl':£_ Stress (pst) Strain (Inlln) Modulus jJ~tL 

IV 

Hotes 

8-6 
8-9 
8-10 

2.330 
2.367 
2.366 

AVG 2.354 

2.604 2.352 .611 .139 208.0 
2.396 1.540 .417 .062 139.0 
2.401 1.791 .469 .071 172.0 

--------- - -,----
2.467 1.894 .506 .091 173.0 

* Denotes lest results after (24-hour) Lottman moisture treabDent procedure. 
H Denotes test results after (IS cycle) Lottman moisture treatment procedure. 

"R - Resilient Modulus 

.00238 87288.0 

.00416 33374.0 

.00298 57647.0 

.00317 59436.3 

• 

Rice rercent 
Speci fie Al r 
Gra~ __ V!!.N.s __ 

2.435 4.3 
2.400 1.4 
2.400 1.4 

2.412 2.4 



I-' ...... 
N 

Table 16. Tsst Sequence II results '=or U.S. 59, Shelby ::Junty JalJeiCe:r~ ciistr2sS 

LEG 
NO. 

I 

'-_. 

LEG 
NO. 

SAMPLE 
NO. HEIGHT 

2A 1.270 
3A 1.146 
4A 0.919 

AVG. 1. 112 
._-'--...• 

SAMPLE 
NO. HEIGHT 

BULK 
SPECIFIC 
GRAVITY 

2.605 
2.589 
2.580 

2.594 

BULK 
SPECIFIC 
GRAVITY 

... ~ ......... ............. -

MR MARSHALL MARSHALL VISCOSITY 
STABILITY FLOW @ nOF 

@ nOF @ 140°F @ 2 

PENETRATION 

39.2 CF nCF 
...... -1-. 

... ,,01 3693 3.5 
. .......... _---

54 22 55 

HVEEM MR HVEEM* INDIRECT TENSION* 
STABILITY @ nUF STABILITY 

RING & 
BALL 

MARSHALL 
STABILITY 

PERCENT 
ASPHALT 

4.69 

MARSHALL 
FLOW 

II 

2B 
3B 
4B 

1.616 
2.937 
2.842 

2.303 
2.353 
2.346 

.087 

.103 

.093 

(UNC) (THO) (UNC) (THD) MODULUS STRESS STRAIN 

····2~45.: °4~l~3·5~:. ~o··-·+--:-~-~-: --+'·'i-ci=:: -~-~:-j---1--3-4--5~6·-1.··0·-+-52-.-0-+-. -00-1-5-0 -+ --26-0--.1-- ............ 

1

.-

3

---

! I .084 20.3 30.9 26798.0 48.0 .00179 

I 
1 ........ _~ _______ J. ______ ._+._. _______ -J ____ ~ ___ ._+ .... 

AVG. 2.465 2.334 _:_094 __ ~~~34. 9 I .084 25,1 28.1 .00165 260 13 

SAMPLE BULK MR IIVEEM INOI RECT TENSION 
NO. HEIGHT SPECIFIC @ STABILITY 

GRAVITY STRESS STRAIN 

AVG. 



...... ...... 
w 

Tahle 16. (Conthlul'd) Test Sequence II results for U.S. 59, Shl:'lhy County pavement distress probl('l1l. Paye 2 

,-~--,-,-- ,. -, -,-

IIV W~ Hl\I1SIlALl I.EG 
NO. 

"AMPLE 
NO IIElGIn 

nULK 
SPECIFIC 
GRAVITY 

IIHEM I~R 
STABILI1Y @77"F STABILITY SlABILITY 

IV 

LEG 
NO. 

v 

AVG . 

-
SAMPLE 

NO. 

-.,"-~.",-

2A 
3A 
4A 

AVG. 

NOTES: 

,., 

BULK 
HEIGHT SPECIFIC 

GRAVITY 
.. _......--...--

1.270 2.605 
1. 146 2.598 
0.919 2.5BO 

1.. 112 2.594 

~--~----.-.- ,._.- ----

MR INDIRECT TENSION RICE 

@ 77"F '-' SPECIFIC 
HOOUl.US STRESS STRAIN GRAVITY 
-----_ ... _-- ~~--.--

2.686 

2.693 

2.690 
- --.-.~---. 

J) 'A' samples are from 4 inch diameter cores testing Hem 3110 surface material. 

{~~C) (!I~~J .. , 

PERCENT 
AIR 

VOIDS 

2) '0' samples are from the same 4 inch di~mP.ter corps tl:'sting 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). 

HARSflAll INDH/ECT HNSION 
FLOW ",.- .. 

HOI)IHIJS SlI<fSS SlRAII! 



Table 16. (Continued) Test Sequence II results for U.S. 59, Shelby County pavement distress problem. Page] 

LEG 
NO. 

LEG 
NO. 

II 

-------.. "T----.----.- .------ .. -------.. ------ _ .. _ ... _.--.-.. - .... - ... -- -.----.--- --.---
SAMPLE 

NO. 

6A 
6B 
6C 

IIEIGHT 
BULK 
SPECIFIC 
GRAVITY 

. - .. - .. --.--.. -..... -.----.--.{--------.-.-----4---. -~. 

AVG. 

r-IJ\RSHIILL 
STABILITY 

MARSHALL 
FLOW 

-----~-. 

VISCOSITY 
.. _----_. .--.---~, --.-

@ nOF @ 140"F @ 275°[ 
'-"--'0- --~-- ~--~~----'- - ---
5.8xl06 4356 5.626 
5.0xl06 5301 5.987 
4. 5x 10 4320 5.368 

4659 5.660 

PENETRAT ION 
- .-.----.. -,-~-

39.2°F 77°F 
- ... --.--- --_.-. 

19 44 
21 42 
20 45 

RING & 
BALL 

-----
135 
134 
131 

PERCENT 
ASPIIAL T 

4.2 
5.8 
5.6 

-·----·l----·--+ ---------.. 
20 44 133 5.2 

'--. ___ • ____ ...J. _. ___ . __ .... ______ • ___ • ____ ...L. ___ • _____ • __ ._. _____ _ 

---.---.. ~ --- .. -- .. --.-----~ ---- -_ ... _-_._._.-- -------.. --.-----------.-- ,-._----
SAMPLE 

NO. IlflGIlI 
BULK 
SPECIFIC 
GRAVITY 

·--l---·--·--·----I .. --------1------

AVG. 

IIHEM 
STAOILITY 

--- ----.---

IIHEM· 
STABILITY 

INnlRECT TENSION* 

MODULUS STRESS STRIIIN 

MIIRSIiALt 
STIIBILITY 

MARSIIALI. 
HOW 

-.--.- -.- _. -------.-.---.. --._-... -- -- -------..... -------.. -- ,-·-------·-1·-------·---- --_.. .- ....... ---------.--
LEG 
NO. 

III 

SAMPLE 
NO. HE IGIIT 

BULK 
SPECIFIC 
GRAVITY 

.. --.. ----... - ·_·---1-----1 --.. ----

.-----.- .. - ---_._.- ._---

AVG. 

fIV[EM 
'iTAnILITY 

MR 
@ 77"F 

HVEEM 
STAO I LI TY 

INDIRECT TENSION 

MODULUS STRESS STRAIN 



...... ...... 
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fahle Hi. (Continued) Test S~uence 11 rf'sults for 11.5. ~q. Shelby County pi'IVement distress problem. Paqp. 4 

_ .. _- ---- ~,.-- .. .-

LEG SNIPll. nUlK MR ~1R Mil Mil IIVF[M '~R 
NO. NO HUGill SPEC r riC 

111 -13'T fit 3rr (a 77"1 (~ IOl1nr STARIUlY I077"r GIlAVITY 

liVEr ~I MJ\1~Stll\I.l MARSJIAll 
STAIHLlTY S'IAUHlTY now 

~---- ---- .~ ••• _"_ ._. _T 
.- < --.~---

IV 

AVG • 

~""""--~-------"-- --- - -----.-.----~--~.-----

llll 
NO. 

SAMPL[ BULK MR IN IlIRHl TENSION RICE PERCENT 
NO. lIE I GIlT SPECIFIC @ 77"F GRAVITY 

_. -- --~-- -~-. SPECIFIC AIR 
STRESS STRAIN GlVlVITY VOIDS MOOUlUS 

- ~-.--- --_. -_ .... _--- . --.~ ------, .----.-.-- ----. 
3B 2.937 2.353 2.649 11.2 

V 

1 .. - -.- --~--- _ .. _---. .-.-..... ----.,~ 

AVG. 2.937 2.353 2.649 11.2 
.----.~ ---_.- -- ---- -----~.-- '---._----

NOTES: 

1) 'A' sa"~les are from 4 Inch diameter cores testinq item 340 surface material. 

2) 'n' samples are from the same 4 inch dlillllP.ter cores testing underlying Hem 292 materials. 

3) '6' samples are testing Hem 292 materials from .layers A. B. and C of 6 Inch corf'S. 

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

I Nlll REel TENS r ON 

r100l1l.US '>1/l[ 5S C, IliA IN 
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Table 171\. Test Sequence II results for Item 340 Type "0" b1ack cores on U.S. 290, Hempstead, Texas. 

u.:r. SI\I1PU BULK 
NO. NO. IIElmn SP[CIFIC 

GRAVITY 
"- , .. - ,"-~ ""- ,-

1-68 1.404 2:2.77 .4911 
1- 71\ 1.379 2.321 .8"6 
1-100 1.499 2.297 .557 
1-110 1.884 2.224 .463 

,--, -- ,._------. -~-.-----.. -- ... -~-,.-"~-

MG. 1.542 2.280 .590 
-----_._--- --~ ... ---

- .... -. 
UG SAMr'l£ 
NO. NO. 

BULK MR 
liE I GIlT SPECIFIC 

@ 7rF GRAVITY 
-- . .. __ ..... -

1-5A 1.538 2.312 .538 
1-58 1.239 2.2.78 .695 

II 
1-9A 
1-9B 

1. 901 2.310 .314 . 
1.209 2.288 .482 

I-lOA 2.009 2.322 .454 
1-11A 1.999 2.288 .382 

'----
AVG. 1.649 2.300 .478 

.. -
LEG SAMPLE BULK MR 
NO. NO. IlEIGIIT SPECIfiC 

@ n"F GRAVITY 
_____ ,._H_ 

~--- -- .. .- 1 .. - -.. ,,~ 

III 

i-------

AVG. 

11A lIS IIAlL 
STABII.ITY 

1,318 
2,2112 

904 
468 

.---.~"~ 

1,233 
" ~ .,,~ .. " -,_._--

1·'ARSIIA!f. 
rlOW 

11.5 
6.0 
5.5 
5.5 

~- _ .. - .. --,~---

5.4 
~.-.' - _._--"--'.-

VISCOSITY 

@ 77"r 

.-,-.~---.- _. 
+ 

_ r 1 T 

-._.- .,-- --- --'" -,_._- -"------ ---- -"~*---.-

IWEE 
STARIl 

UNC 

M 
I 

MR 
TV 

@ nOF 
TIm 

.~--... --,. -- _ ... __ ... 
56.4 
43.6 
37.0 
57.0 
32.1 
33.2 

43.2 

0.9 
2.0 
8.B 
4.9 

4 
2 
2 
3 
2 
2 
6.0 
7.0 

2 9.9 

IIVEEM 
STABILITY 

UNC HID 
--...-- -_._----~ 

.356 

.201 

.2.81 

.254 

.376 
.255 

.287 
.'----. 

HR 
@ nor 

IIVEEM* 
STABILITY 

UNC 1110 

42.4 26.9 
5B.9 37.5 
34.5 26.3 
60.2 3B.1 
30.2 24.1 
34.6 28.4 

43.5 30.2 

IIVEEM 
STABILITY 

UNC 

I'f:NETRATION 

(iI 275'T 

+ + + 

,--'--- .-~--*---'" -'--~-'-.- --
I NIJlRECT HNSfON-

1---·· -" ~ ... , ..... -----
MOIJIII. I) STRESS STRAIN 

1·- ------

32.392 51.0 .00157 

34,524 69.0 .00200 

18.571 59.0 .00318 

28.496 59.7 .00225 .-- ~--,-,-"~- --' 

INDIRECT TENSION 

RING ~ 

BALL 

,, __ .·_T~·_ 

.. 
__ T_. ____ ,_ •• _~ • 

MARSHAl.!. * 
STAOllIH 

1,209 

640 

1,081 

"--- ------ _ ........ 
977 -------

~---- -- ----~---_ .• _. 
MODULUS STRESS STRAIN 

., -,-""""'--!-,,-------I .. ----.I---.~ .. ,- .- ._----1 

P[RCENT 
ASPIIALT 

.. 

.. 

MAI!SIIALI i. 
FLOW 

I 
8.0 

8.5 

9.0 

-'--'--~' 

8.5 
---"-,._-



l'ilblp 17A. (Continued) Test Sequence TI results for Itl~11 340 Type "0" bliJck cores on U.S. 7.90, Bempste<'ld, Texas • 

._--.- .-._- -- w_ .. ~. __ ·_·_ "-"'-" . -.-.-~ .. -. - ---._- ---,- _ .... -,- _.- _.-. -,--- . '". -,.- '" 

L[G SAMI'LE BULK MR MR n
R MR 

NO. NO. 11£ ImlT SPECIfIC 
HM M*"* IIVEEI4"* 
ILITY 

R 
STABILITY 

INDIR[CT TENSION"·· 
MARSIII\LL MI\RSIiAll 

GRAVITY 
@ -noF (.l 13~F f.l 7rr (tl lO"nF 

IIV 
STAn 

UNC THD 
@ 77"F IJNC TIl I~OIlULUS STRESS STRAHl STABILITY FLOW 

-'-"'-'.-~-." 

IV 

MG. 

--..... -- ------
LEG SAMPLE BULK MR MR 
NO. NO. IIEIGHT SPECIFIC 

@ -13"F @ 33"F 
GRAVITY 

.. ,--- ---- ........... _---_. 
1-6A 1.97-1 2.319 2.524 2.047 
1-78 1.354 2.273 2.537 2.737 

V I-SA 1.896 2.1'17 2.377 1'. all 5 
I-BIl 1. 314 2.2G8 2.428 2.123 

----- --- ~~---

AVG. 1.635 2.292 2.467 2.108 
. ~.- ,---- .-.. ,-

---- ~-.- .--... 

.. - ,-,_ .... -, 
MR 

@77 nr 

.4 

.5 

. ;I 

.6 

.5 

71 
29 
III 
77 

IS 

. --

----.--

liR 
l!I 104"F 

r--" 

• 142 
.275 
.153 
.186 

.189 
.._ .. 

"r- ,._.----

--
.. -

. '--
INDIRECT TENSION 

MOIlULUS~ STRESS STRAIN 

5",B95 21B.O .00397 
71,633 170.0 .00237 
64,826 206.0 .00318 
53,"51 14B.0 .00277 

61,201 185.5 .00307 

* .... Oenotes Test Results Following the Accelerated (2" hour) Lottman Mt:listure Treatment Procedure . 

(Jenotes Test Resul ts Followtng the 7-day SOilk Pl'ril)d. 

*** Venotes Test Results Followtng the (10 cycle) Lottman Moisture Treatment Procedure. 

+, Denotes No Test Values Available. 

MR Modulus of Resiliency. 

---

RICE 
SPECIFIC 
GRAVITY 

2.413 
2.421 
2.415 
2.414 

--, 

2.416 
'-

.. .. _--_.--- ----... _- .. _ ... _----

r£RCUH 
AIR 

VOIDS 

3.9 
6. I 
4.5 
6.0 

5.1 



...... ...... 
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TallIe 17B. Test SE'(juence II results for Item 340 Type "0" iron ore cores on U.S. 290, Hempstead, Texas. 

UG 
NO. 

LEG 
NO. 

II 

LEG 
NO. 

III 

SMIPLE 
NO. 

1-2 
1-18 
1-20 
1-21 

IIVG. 

IIEIGIIT 

1.050 
1.477 
1.350 
1. 518 

1.3119 

-.- ---~ ""----
BULK 
SPECIFIC 
GRIIV ITY 

2.372 
2.3n 
2:388 
2.4111 

2.309 

. - ,-

(3 

'e - ----
HI! 

7rr 

.5fl7 

.705 

.799 

.715 

.702 

.. _ .. "" 
__ e 

M/In S 1111 LL 
S I IIBlll1Y 

4,925 
5.240 
5,1161 
5.796 

5,356 

. ~'" --- - -,~"-

MJ\RSIiIltL 
now 

11.0 
10.5 
11.0 
10.0 

10.6 

,~----- -.. -

--" -"-,-- -.. ". 

@ 77T 

3.0xl07 

--- ." .... -- -
VISCOSITY PENLTHIIT ION RING & 

.---.,,- -_. .. -.--.- BIILL 
@ I~O~f 39.2"1' nOF 

82085 11.13 10 21 
.. _ ... _. ____ ... __ •• __ e •• __ .-l_ .. __ .. __ ... ____ .• __ ... ___ ,, ____ .... _ ... _. ___ ....... __ .-_ .. _____ ._ ._. __ •.•. _. _ ... __ •• _ .. ___ .... _________ . __ 

SIIMPL 
NO. 

E 

.-. --.. 

9 
3 

1-1 
1-4 
1-16 
1-1 
1-2 
1-24 
--

AVG. 

HEIGIIT 

.873 

.945 
1. 541 
1.578 
1. 227 
1.334 

1.250 
-- -'-" 

-----
SIIMPLE 

NO. 

1-3 
1-17 
1-22 

--

"EIGHT 

.972 
1.622 
1. 3Rl 

--- f-----

AVG. 1.370 
---,., -

-
BULK 
SPECIFIC 
GRAVITY 

2.376 
2.374 
2.422 
2.404 
2.318 
2.350 

2.374 

-
BULK 
SPECIFIC 
GRAVITY 

2.396 
2.392 
2.398 

------1 
2.395 

__ • __ " _~."',_," __ ._ ••• w ___ •• 

HR IlVHM 
STIIBILITY 

@ 7rF 
UNC TIIO 

-,~.- ~ ----.-,-~-. --
.553 85.0 56.2 
.537 77.4 50.0 
.676 54.9 39.5 
.775 59.4 44.7 
.621 73.8 52.1 
.425 60.2 40.6 

.598 68.5 47.2 

------
MR 

@ 7rF 
.------ ... 

.619 

.673 

.621 

IIVEEM 
ST liB I L ITY 

UNC THO 

83.7 
57.7 
61.3 

56.9 
43.9 
42.7 

. __ ._-_._-_._----_._---,-_._--

MR 
@ 7JOF 

------
.301 
.265 
.567 
.600 
.370 
.368 

.412 

HR 
@ 7rr 

.414 

.612 

.520 

IIVUM* 
STABILITY 

UNC TII0 ----- --~---. 

86.4 57.6 
+ + 

55.2 33.8 
61.3 46.6 
68.0 46.3 
62.3 42.7 
---

66.6 45.4 

IWEEM 
STABILITY 

UNC THO 

INDIRECT TENSION'" MJ\RSIIIILL 

MOIJUI 
.- --------- STIIl\IUTY 

.US STRESS STRIIIN 
-"."---

67,82 
31,59 

3 
o 
6 33,93 

-

44.45 o 

161.0 
100.0 
1011.0 

.00237 

.00317 

.00318 

123.0 .00291 

INOIRECT TENSION 
~--".- .--

MODULUS STRESS STRIIIN 

4,170 
+ 

5,463 

4,817 

-_._---- - - ---- -----".-
83.2 56.4 38,709 123.0 .00318 
56.3 42.5 69,282 165.0 .00238 
70.9 52.3 70,910 1111.0 .00199 

-------+---- ----- ------ .----- --1----.. -----11-----

.638 67.6 47.8 .515 .70.1 50.4 59,634 143.0 .00252 
-'--_.---'._-----

PER([NT 
IISPIIIILT 

4.46 

MJ\RSIII\LL 
FLOW 

14 .. 
16 

15 



Table 170. (Continued) Test Sequence II results for Item 340 Type "0" in. re cores on U.S. 290, Uempstead, Texas . 

lEG 
NO. 

IV 

LEG 
NO. 

V 

~-

SAMPLE 
NO. 

IWG. 

SAMPLE 
NO. 

1-13 
1-14 
1- 15 

AVG. 

!!fIGHT 

HEIGHT 

1.337 
1.320 
1.452 

1.370 

BULK 
SPECIFIC 
GRAVITY 

BULK 
SPECIFIC 
GRAVITY 

2.386 
2.392 
2.398 

2.392 

"R 
@ -13"F 

2.015 
2.059 
2.304 

2.126 

.. - ...... _---
R ''R H 

33 OF «! nOF 

--- -----

--

MR MR 
@ 3rr @ n~F 

1.256 .643 
1.248 .608 
1.409 .737 

1.304 .663 

"R 
@ 104"F 
-----_. 

MR 
@ 104"F 

.271 

.274 

.272 

.272 

-.-

HVEEM 
STABll ITY @ 

UNC THD 

-- "--

'.fIt'" 
77~F S 

UN 

IIV[[I~·** 
TABlllTY 
C THO 

-. ~-~-- - --

--.-.-- _.-

INDIRECT TENSION RICE 
SPECIFIC 

MODULUS STRESS STRAIN GRAVITY 

97.558 155.0 .00159 2.540 
04,135 165.0 .00158 2.532 
67,259 160.0 .00238 2.568 

89.651 160.0 • Din 85 2.547 

* 
** 

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. 

~ Modulus of Resiliency. 

INDIRECT TENSION··· 

HOIJIILUS STRESS STRAIN 

PERCENT 
AIR 

VOIDS 

6.1 
5.5 
6.6 

6.1 

... . ... 
MARSW\Ll ~II\RSIiALl 
STABILITY HOW 
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Table 18. Test Sequence II results for Item 340 Type "U" £Isphadure" cor(!$ on II.S. 62 in lubbock, Texas. 

I.Ui 
NO. 

SAMPLE 
NO. 

7-6 
7-9 
7-10 
7-14 

MG. 

IfE IGIIT 

1.340 
1.1133 
1.383 
• B98 

1 . 2fi11 

SUI.K 
SPECIFIC 
GRAVITY 

2.083 
2.069 
2.123 
2.026 

li\ 

t1R 
1l"F 

.446 

.413 

.647 

.517 

2. {)75 .506 

MIIRSIIALL 
SIAnlllTY 

- ----- -_ .. 
1,000 
1.318 
I ,fJ94 
1,334 

1,3B7 

- "r---- . "" - . . --- --~-- -'--' .. _-, . 

'
N 

EG 
O. 

1 

._-

SAMPtE 
NO. 

---,--
7-3 
7-4 
7-5 
7-8 
7-12 
7-13 

AVG. 

IIUGIIT 

---~ -
1. 736 
1.703 
I. 293 
1. 252 
1. 191 
I. 136 

1. 385 
---~~ 

---".------~ .. --~ .--
lEG SAMPLE 
NO. NO. HEIGIIT 

,,- - -----_. - .. _--, 

111 

-- -----
AVG. 

BULl< 
SPECIFIC 
GRAVITY 

2.105 
2.089 
2.075 
2.069 
2.061 
2.068 

-
2.081 

BULK 
SPEC(rIC 
GRAVITY 

.-

.. 

MR 
lil nor: 

.436 

.352 

.40B 

.380 

.503 

.592 

.445 
.. 

fIVErM 
STABILITY 

UNC TIIO 
.-.-~-.- -- " 

64.6 41.1 
40.3 28.8 
50.6 29.4 
58.2 35.7 
51.5 31.1 
42.6 30.4 

51. 3 32.8 

.- -"---'---+- ~-

MR 
@ n'T 

-

liN 

-

"VEEM 
STABILITY 

C THO 

MI\RSlIl\tI. VISCOSITY 
flOW 

@ n~F (a 1II0"r 
.~- -,.- --- -. ~ 

16.0 
12.0 
12.0 
10.0 

1?5 H.725 

~~~,---- ~-~ -.-

Mil '" HVnM* 

lil 7rr 
STABILITY 

IINC Tim ._-_.- - --.- . - ~ -,_._-- ~--,--

.284 34.7 23.1 

.161 28.4 16.2 

.184 48.2 27.8 

.195 47.9 26.7 

.218 68.6 36.2 

.309 61.1 37.6 

PEN HilA lION 

(il 275"f 39.;:>"r n"r 
- , ... ~ ... " ~ 

---,--' .. '''1' .. ---
10.'.J28 3 

.-~-. ~- ~ ~ - -~-, . 20 

INIlIREO HNSION* 

MOnULIJS STRESS STnAIN 
- - - - ---,- .~- --.~-~~--

27,511 109.0 .00396 

16.562 79.0 .00477 

30,3R3 121.0 .00398 

RING !'. 
nALl 

MIIRSlIlILI. * 
STAIlI LIlY 

841 
1,061 

1,619 

- --~---~ -------
.225 48.2 27.9 24,819 103.0 .00424 

----~.~----r---~-----_1'-----

HVEEM 
STABIL ITY 

UNC lIIU 

--._",- ·-t------t-

INDIRECT T£NSION 

MODULUS STRESS STRAIN 

.. __ ._-- - ._---
_ ,, __ • ___ .. ________ -'-... __ . ___ • __ ._-' __ , _______ .. _ ... __ .l ______ • 

1 .174 

I'[Rel ttl 
1\51'1IA1.T 

6.94 

MAH~III\( [* 
rt.IlW 

16.0 
17.0 

16.0 

16.3 



Table 18. (Continued) Test Sequence II resulls for I tpm ~40 Iype "0" ASJlhadure" con"!s on U.S. 62 in Luhl>ock, Tex.ls 

I.[G 
NO. 

IV 

SAMPLE 
NO. 

AVG. 

BULK MR MR 
SPECIFIC . «l -13"F ~ 3J'T 
GRAVITY -

liE I GIlT 

- ... ~.--- .. ---.-I ..... ----~. 

Hv[EM 
STABILITY 

UNC 1IID 

IWHJ1*** INOI RECT TENS ION*** 
STABILITY 

UNC HID HOIJULUS STRESS STRAIN 

.*. *.* 
,.1ARSHALL MARSIfALL 
STABILITY FLOW 

___ . __ • ____ ..• , • ____ •• L. _______ . ____ _ 1. ___ •• 1.. __ • __ . ______ ....... __ ...... ._., ........ .. • __ ._. __ .L _______ ...I •• ___ . ___ .•• ___ • 

* 

I--' 
N 
I--' 

LEG 
NO. 

V 

SAMPLE 
NO. 

~ --
7-1 
7-2 
7.,. 7 
7-11 

-
AVG. 

8ULK MR 
HEIGHT SPECIFIC 

@ -13"F 
GRAVITY 

1. 430 2.091 2.079 
1.635 2.113 2.073 
1.363 2.080 1.945 
1.359 2.085 2.798 

1. 447 2.092 2.224 
L--,_ .. 

MR MR MR INDIRECT TENSION 
@ 33"F @ nOF «l 104°F 

IIDOULUS STRESS STRAIN 
---

1.679 .485 .101 44,204 140.0 .00317 
1.527 .419 .087 47,866 152.0 .00318 
1.483 .406 .080 41,223 131.0 .00318 
1.1l21 .581 .110 63,002 150.0 .00238 

"-' --
1.628 .473 .095 49,074 143.3 .00291 

.-----

** 
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 110isture Treatment Procedure. 

+ Denotes No Test Values Available. 

MR Modulus of Resiliency. 

---_._ .• 
RICE PERCENT 
SPECIFIC AIR 
GRAVITY VOIOS 

--._--
2.269 7.8 
2.242 5.8 
2.254 7.7 
2.257 7.6 

2.256 7.3 
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Table 19. Test Sequence 11 results for field cores ·of surface hot-mix Item 340 from U.S. 87 at 34th Street in I uhhol k, T('~as 

I Hi SNlPLF. RlII.K 
tlO. NO. IlEJGIIT SP[CIFIC 

GRAV 11 Y 

6-10 1.011 2~257 
6-15 1. 187 2.317 
6-16 1. 171 2,.259 
6-17 J. 021 2.26!! 

-~,~ .. ,- , ---- --, .. _-- ----~ . ...,-". .. -.-~,.~.". 
AV(). 1.09!! 2.275 

LUi SAMPLr. BULK 
NO. tWo 11£1 GIlT SPECIFIC 

GRI\VITY 
----.----

6-7 1.109 2.213 
6-9 1.092 2.173 

II 6-11 0.930 2.251 
6-12 1.073 2.290 
6-13 0.997 2.281 
6-14 1.175 2.266 

-- _.,-_ .. _-'._-
I\VG. 1.063 2.246 

-- --- --" ----~ 

-
U6 SI\Mf'L£ 8ULK 
NO. NO. IIEIGHT SPECI FI C 

GRAVITY 
,--- . _--- -----_. 

6-1 1.198 2.267 
6-3 1.033 2.247 

1. 182 2.206 
1.080 2.267 

III 6-8 
6-18 

._- ,--.~---~-

I\VG. 1. 123 2.247 

HI{ 

(.l nor 

.5111 

.2711 

.293 

.212 

.331 

.197 

.279 

.526 

.210 

.187 

.242 

.274 

t~I\nS"AU 
STI\fHI.ITY 

3375 
20B5 
2606 
2375 

7.610 

IlVHM 
STAIlI LI TY 

UNe THO 

68.6 
56.7 
38.1 
20. 1 
33 .. 1 
22.5 

44.6 
32.3 
10.4 
nTC 
11. 8 
nTC 

MAR'iIlAIL 
now 

11 
21 
14 
14 

-'-, ... - ",.~--,- _. 

Mit 
@ 77"F 

_ ,_~ ........ ,h ___ ''''''''' 

.215 

.244 

.277 

.314 

.283 

.432 
- ._--------4--_ .. __ ._-

40.7 24.8 .294 _______ _. _______ .1-. ____ _ 

. ,. 

MR 
@ 71"F 

BV[[M 
<;TAIHLlTY 

VISCOJITY 

ja lI\O"f 

flVE[M* 
STAB JI. ITY 

UNC THO -----_ ..... 
41. 0 17.0 
34.7 10.3 
35.8 8.2 
17.0 TlTC 
31.6 5.3 
19.8 nTC 

~ - ,- .. ~-.---'" 

30.0 10.2 

IIVHM 
STAfHLITY 

lINC .. __ ._.!!l!!. ____ ----------l.-~=--___._..:::~ 
.395 59.5 37.2 .330 44.8 22.5 
.209 56.8 34.2 .181 14.4 nTC 
.227 13.7 TL TC .21 B 53.2 30.6 
.236 34.4 8.8 .230 13.8 TLTC 

.~.-,----

.267 ~J. I 26.7 .240 31.6 26.6 

4.85 

PHlfTRl\llON .: r. 

J'J.?'T 77"f 

10 37 
- --'.'--'.- - - ,.---~ .-

Iml(~ 1. 
1\1\1.1. 

130" 

" ~~~--- - ,- - ... _- ,.- ~ ... -'~. 

I NIlI R[r.T l[NSION* r~ARSlIl\lI 
"' , .. - - >- .. SIAlllLiTY 

MO(JUUJ', SfRI.SS STRAIN 
--.- ~- --,~-. 

12.439.0 79.0 .00635 
]il79 

17,979.0 128.0 .00712 
2002 
2050 

14.002.0 111.0 .00793 
- - - _ .. -, ._- -- . 

14.B06.7 106.0 .00713 1844 

INOIIZECT TENS ION 

MOllUUIS STRESS STRAIN 
.---,----- .-----_ .. 

29.030.0 133.0 .00475 
31.078.0 136.0 .00433 
25.220.0 140.0 .00555 
26.275.0 146.0 _00556 

27.900.fl 140.0 .00506 
-_!..._-_._-- -~-.--- - ----

l'ERc[Nl 
ASl'lIALl 

5.64 

MAHSllfII I 
ILm~ 

16 

13 
19 

113 



Tilhle 19. (Continued) Test Sequence II n~sults for field cor('s of surface hot-mix Item 340 from U.S. 87 at 34th Slreet in luhhock, lexas. 

~--,-,- '--'- .. - _ ........... " .. ~ . 
~-- - - -- - - -- -

I It ~AM"U BUI.K 1Iv[[M IIVHHU,· INDIRECT UNSION"'" 
NO. NO. 

MR MR 11R ~'R HR. ..... 
IIF IGIIT SPECIFIC 

@ -13"r' ra :nnr fil 77'T @ IOllor STAll lLlTY @ 7rF STI\OIUTY ~-.- . ---

IV 

t-' 
N 
W 

LEG 
NO. 

V 

• 
• * .... 

GRAVITY 
-_._--..., --

_ ... - . .,.-.-~-- ~--.-,- ---.,----,"--
AVG. 
- -.-- ... - .. ~ ·,-1- .. __ , __ , __ .-_ .... - .~., ............ --

---...... __ ..... 
SAMPLE HULK 

NO. IIEIGHT SPECIFiC 
@ -13°F @ nOF 

GRAVITY 
----

6-2 1.086 2.221 2.951 1. 943 
6-4 0.871 2.245 2.903 1.740 
6-5 0.961 2.251 2.785 1.608 
6-6 1.237 2.240 2.829 1. 434 

1·_·---,+----1--'---

I\VG. 1.039 2.241 2.867 1.681 

- -~ ... -~~-~ 

(il nOf @ 104"f 

.310 

.208 

.282 

.227 

.257 

.084 

.070 

.065 

.093 

.078 

-

-

IINC IlIO UNe 
------ ~-

-- .. -~~~ 

INDIRECT TENSION 

1-IOOUlUS STRESS STRAIN 
,----------
119,890.0 158.0 .00317 
18,431.0 132.0 .00716 
26,549.0 147.0 .00554 
35,689.0 113.0 .00317 

32.639.8 137.5 .00476 
-'--. ----.... ~.--

lJenotes Test Results Following the Accelerated (24 hour) Lottman Moisture Treatment Procedure • 

Denotes Test Resu1 ts Following the 7-day Soak Period . 

Denotes Test Results Following the (18 cycle) Lottnmn 110isture Treatment Procedure. 

+ [)enotes No Test Values Available. 

MR Modu1us of Resiliency. 

TIID l'IOIJUlUS 

''''-'-''--''----'-

RICr 
SPECIFIC 
GRAV lTV 

P[Rc[NT 
AIR 

vorns 
-- , 

2.252 
2.259 
2.273 
2.271 

2.264 
' .' 

1.1 
0.6 
1.0 
1.4 

1.0 

STRE.SS STRAIN 
_. -,,----_." 

.... 
MIIRSIIALL 
STMllIlY 

• •• 
1111 It; II 1\ I. L 

rLOW 



Tab1 e 20A. Test Sequence 11 results for f iel d cores .of surface hot-mix Item 340 from Loop 2B7 in Lufk in. Texas 

LEG 
NO, 

-
LEG 
NO. 

II 

LEG 
NO. 

III 

SAMPLE 
NO. 

4-10 
4-12 
4-14 
4-15 

AVG. 

-----
SIIMPLE 

NO. 

---------, 
4-1 
4-2 
4-4 
4-6 
4-7 
4-13 

AVG. 
-

SAMPLE 
NO. 

4-5 
4-9 
4-11 
4-18 

f-------

AVG, 

,... .... ---

IIErGIIT 

,.----
.610 
.70B 
.61l0 
.840 

__ ._'m __ 

.710 

.IEIGHT 

.973 

.948 

.B77 

.822 

.710 

.776 

.851 

HEIGHT 

.779 

.67B 

.735 

.926 

.780 

------ ~.~--

BULK 
SPECIFIC 
GRAVITY 

-
2.363 
2.371 
2 .• 367 
2.344 

-.. -~---

2.361 

-.-~. 

BULK 
SPECIFrC 
GRAVITY 

2.361 
2.359 
2.370 
2.360 
2.367 
2.369 

2.364 

BULK 
SPECIFIC 
GRAVITY 

2.362 
2.360 
2.347 
2.363 

~'R 
III 7rF 

oy' .... _-,--_ • 

.152 

.124 

.202 

.136 

154 

MR 
@ n"F 

.074 

.077 

.118 

.130 

.143 

.lS7 

---- . ------~--
MARSIIAll MJ\R~IIA U. V, SCOSITY 
S lABILITY FLOW 

. ~-- - --_._-*-----
1251 
1390 
1390 
HI07 

-~ -----.-.-
1460 

-~-.----- ---.~~--. 

10 
10 
12 
12 

11 6 
3. 15x1O 3427 .L. .. _______ J. _________ . 

--,- ----. ,----' 
MR BVHM* 

@ nOF STABILITY 

10 UNC HID 

IIVEEM 
STARILITY 

IINC n 
----~-

.. _-
63.4 36 .6 .295 71. 3 44.6 
6~. 4 37 • 1 .233 45.9 18.6 
70.3 41 .6 .312 74.9 46.2 
6B.l 38 .3 .270 79.0 49.2 
7B.0 ~6 .0 .308 72.5 40.5 
68.1 37 .4 .272 76.4 45.6 

-,,---+ -----+ '-
.122 68.7 39 .5 ,282 70.0 40.8 

_. 

.m ____ '_'_ - .. ~-

MR HVHM MR HVEEM 

@ 77"F 
STIIOJlITY 

@ 77°F STABILITY 

UNC THO UNC TIIO -
.113 34.0 53.3 .260 73.3 42.6 
.162 87.2 54.5 .282 BO.2 47.5 
.127 02.9 51.4 .245 BO.2 4B.6 
.14] 76.7 49.0 .4B7 5B.4 30.7 

,-----~- ---,-- "'----- -- "'., .. 

2.358 .136 82.7 52.1 ,319 73.0 42.4 
---

P [1'4 H RII TI ON 

Ii 275"1 39.2"F 77"f 

RING J!, 
BALL 

-_ .. - --,. .--- -_. - - ........... _._-_. 
5.638 17 52 

---.~---- .. 

INI lIRFCT HNSIONt. 
--------~ ,---

s ~lOmIUJ. STRESS STRAIN 
--- .- -'-"'--. 

17,197.0 109.0 .00634 

19.527. o 10B.0 .00553 

18,423. o 117.0 .00635 
----
18.382.3 111.3 .00607 

]2(1° 

MIIRSllJ\ll 
STMllI TY 

2224 

2641 

1946 

2270 

~.-""""""-----

INDIR[CT TENSION 
,~-------.~- -----" 

tI000LUS STRESS STRAIN 
,- ----

18,030.0 129.0 .00715 
32.B22.0 143.0 .00436 
24,959.0 139.0 .00557 
23,525.0 131.0 .00557 

-----.- --!-.-
24.834.0 135.5 .00566 

r[RCfNT 
J\SI'III1LT 

5.59 

MARSIIIIll 
flOW 

III 

16 

15 

17 



rable lOA. (Continued) lest Sequence II results for field corp.s of surface hot-mix Item 340 frOlIl LaoI' ZB7 in·[pfkin, 1 ''XiIS. 

lEG 
NO. 

IV 

...... 
N 
U1 

--~ ...... 

I.EG 
NO. 

SAMPLE 
NO. 

- --_ .. --.~, 

AVG. 

SAMPLE 
NO. 

1-- ----
4-3 
4-8 

V 4-16 
IH7 

AVG. 
._- - -

. -- --, - ~.-" -"""'--'~--

IUllK MR MR 
liE I GIlT SPECIFIC 

GRAVITY 
(i) -13°F (it 33'T 

.-~~------ .. - --------" 

---.-.~.-.--- .'---

DULK 
liE I GilT SPECIFIC 

@ -13°F @ 33"F 
GRAVITY 

.. -_.-
.775 2.366 3.921 1.689 
.758 2.350 3.762 1.375 
.917 2.362 3.267 1.646 
.774 2.361 3.295 1.590 

.806 2.360 3.561 1.575 
---.--------

•• ___ • ___ _ ·w 

lIn 
(.\ 7rr f<l 

@ 7JOF @ 

.092 

.125 

.156 

.136 

.127 

....... -~--.- . 

MR 
104~F 

. .-~ . 
liVE 

STAIB 
iJNC 

EM 
lITY 

THO 
----

@ 

w_~ ___ "_w . -- ... 

liii*'" IIVHW'" 

77°F STAR ILl TV 
UNC TIIO 
···----·1-

.. - ._--
. ........ ~-

_." --,.-
INDIRECT TENSION RICE 

104"F SPECIFIC 
MODULUS STRESS STRAIN GRAVIlY 

I-
.067 35.214.0 140.0 .00398 2.427 
.058 19.855.0 126.0 .00635 2.398 
.055 28.448.0 113.0 .00397 2.389 
.052 19,260.0 107.0 .00556 2.423 

.058 25.694.3 121. 5 • 0'0497 2.409 

• Ilenotes Test Results Following the Accelerated (24 hour) Lottman Moisture Treatment Procedure. 
** Denotes Test Results Following the 7-day Soak Period. 
*** Denotes lest Results Following the (18 cycle) Lottman Moisture Treatment Procedure. 

+ Denotes No Test Values Available. 

MR Modulus of Resiltency. 

.--
INDIRECT TENSION*** *.* .*. 

--.- MARSIIALL MARSIIALL 
1101 lUlIJS STRESS SlRAIN STABILITY FLOW 

•. -

.- "-

PERCENT 
AIR 

VOIDS 
-----

2.5 
2.0 
1.1 
2.6 

. 

2.0 



....... 
N 
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Tahle 208. Test Sequence II results for field cores' rrom second hyer of hot-nlJxed matel'ial from 1.0011 2117 1n Lufkin. TI')(II$. 

LEG 
NO, 

--,--" .. ~---.--
LEG 
NO. 

._-

II 

LEG 
NO. 

----

III 

SAMPLE 
NO. 

4-1A 
4-2A 
4-11A 
4-1M 

AVG. 

,.-

I-

HEIGIIT 

1.122 
1.046 
1. 106 
0.929 

1. 051 

---.------- -. 
SAMPLE 

NO. liE IGIIT 

_._-----
4- 3J\ 1.082 
4-4A 0.973 
4-7A 1.073 
11-12A 1.098 
4- t 3A 1.224 
1l-14A 1.250 

AVG. 1.117 

SAMPLE 
NO. liE IGIH 

.------ _ .. 
4-5A 1.249 
4-91\ 1.253 
4-10A 1.0118 
4-16A 1.152 

-'G. l-~ AVG. L 186 

---- -
BULK MR 
SPECIFIC 
GRAVITY @ 77"F 

.--.. --
2.3111 .093 
2.366 .125 
2.354 .110 
2.360 .OfH 

2.349 .102 
_._----'--

BULK HR 
SPECIFIC 
GRAVITY @ 77"F 

2.366 .109 
2.397 .125 
2.388 .079 
2.367 .073 
2.382 .093 
2.363 .068 

2.37 .091 

BULK MR 
SPECIFIC 

@ 77"F 
GRIWITY 

2.386 .090 
2.354 .079 
2.359 .105 
2.347 .115 

2.362 .097 

Ml\RSilALL 
STA[HlITY 

1138 
1625 
1547 
1279 

1397 

MI\RSIIALL 
FI.OW 

12.5 
14.0 
13.0 
11.0 

VISCOSITY 

@ 77"F (il 140"F @ 275"1 

PEN[TRATION RING ~ 
--.-. ,- -,-- .. -.----.-.... OAI.L 

39.2"F 

PI:RCENT 
ASPIIALT 

15 43 1290 5.68 

-- - .---- r---

HVEEM 
STABILITY 

UNC 

66.0 
74.4 
55.2 
54.2 
44.9 
54. 1 

58.1 

IIVEEN 

THO 

41. 4 
47.6 
30.4 
29.9 
23.1 
32.8 

311.2 

STABILITY 

UNC HIO 

51.6 30.4 
51.6 30.5 
52.8 28.3 
58.0 34.8 

53.5 31.0 

MR 
{a 7rF 

- -----
.265 
.292 
.144 
• 123 
.141 
.172 

"- ------
.190 _._, 

--.~-----

NR 
@ 77"F 

.154 

.125 

.138 

.148 

.141 

HVEEM* 
STABILITY 

UNC THO --
55.8 31.2 
70.4 43.6 
61.1 36.3 
47.5 23.3 
45.4 23.6 
42.9 21.8 

53.9 30.0 

HVEEN 
STABILITY 

UNC Tim 

30.3 9.0 
32.4 11.2 
51.0 26.5 
48.4 25.2 

---..,._. 

40.5 10.0 

I 

MOnUL 

N[BRECT TENSION' Ml\RSIiAll 
.•• -.-- STAOIUTY 

liS STRESS STRAIN 

MARSIIALI. 
fl.IlW 

.-----~--~------ -- -.. --_. --_ ..... _-_ .. -
19,332 .0 

10,964 • o 
o 16,393. 

15,563 .0 

123.0 

87.0 
104.0 

104.7 

IHOI RECT TENSION 

2000 
.00636 

1800 
.00794 
.00634 

14411 
.-~--~ ..... -

.00688 1748 
.-,-.~ 

'-,.- -----,._---._----
MOIXILUS STRESS STRA IN 

...... '-'-
15,188.0 133.0 .00876 
16,013.0 127.0 .00793 
13,412.0 117.0 .00872 
16,449.n 117.0 .00711 

15,265.5 123.5 .00813 

12 

14 

14 
.. -~~- -.----

13 
__ . _~ ___ A_. __ 



Table 200. (Continued) Test Sequence II results for fipld ((wes fl'om second layer of hot-mixed material from 1.0011 2111 in Lufkin. lex",> 

- - - -..• - -" t'~- ----~--. -,.~ ... "~--~ -'"--- -.-- ----.-. ----_. -
tEG SI\MPLE OULK MR MR "n MR IIVEFM 11n** IlVEF.f1*** 
NO. NO. HEfGIIT SPECIFIC 

@ -13~F (it 3J"r iii n"[ f<l lOiloF STABILI TV @ nOF STMI U TY 
GMVITY WlC TIIIl UNC TIm 

~ --- 1------ . __ .- ---'--"r- . 1------

IV 

I\VG. 

-----"<'- _ ... '---_. ._, -'--- --.-.-- . ---

LEG SAMPLE BULK 
SPECIFIC 

INDIRECT TENSION RICE 
NO. NO. /In GHT @ -13°r @ 33"F GMVITY 

-.' . ---_. ----- -

4-61\ 1.055 2.3B7 3.188 1. 409 

V 4-SA 1. 102 2.384 3.348 1.580 
4-15A 1.·072 2.315 2.417 1. 412 
4-17/\ 1.273 2.354 2.721 1.214 

_._-
AVG. 1. 126 2.360 2.919 1. 404 

----~ 

@ 77"r 

.OB3 

.078 

.111 

.095 

.092 

@ 104" 

.025 

.032 

.040 

.035 

.033 
._l.. 

F MODULUS 

17,119.0 
14,365.0 
17,315.0 
18.916.0 

16,928.8 
._"--

STRESS STRAIN 
,--~ . 

109.0 .00637 
103.0 .00717 
110.0 .00635 
105.0 .00555 

106.8 .00636 

Oenotes Test Results Following the I\ccelerated (24 hour) LoUman Moisture Treatment Procedure. 
*ft 

Denotes Test Results Following the 7-day Soak Period. 
*ft* 

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

+ Oenotes No Test Values Available. 

"R Modulus of Resiliency. 

SPECIFIC 
GRI\VITY 

2.391 
2.427 
2.429 
2.449 

2.424 

INDIRECT TENSION*** 

I~OllllLlJS 

P[IlCENT 
AIR 

VOIDS 

0.2 
1.8 
4.7 
3.9 

2.7 

STRESS STRI\IN 

, --. _.-- ..... 

*** 
MI\RSHALL 
STMILITY 

~--.,-.--'" 

*** 
MflRSIII\LL 

HOW 

I 



...... 
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Table 21A. Test Sequence 11 results for field cores of surface hot-mix Item 3110 from U.S. 59 north of Lufkin. Tr·)(as . 

_.- .. _-----
LEG 
NO. 

LEG 
NO. 

~ -_.-.-._,--. ... ---- . ~-~- - -.~.- --.----- _ .. '-"~ ~ .. ~ .. • ~,. _~ __ ~ "0- __ 0._ ••• -- - ---.~.- _ -"--~'- _ ~ -.-.- -- _ ~.- ~"- - .. -- -,- ~ . 

SIIMPLE BIJLK Nn r·1MSIIIILL MIInSIIIILl VISCOSITY 
NO. IIE1GlfT SPECI FIt.: 

@ 77"F S rllBl LI TV flOW -~------
0- __ •• ---- ~ -- -. 

GRIIV ITY @ 7rF @ 140°F @ 275"1 J9.2nr 7rF 

P[NETRIITION RING ~ P[RCENr 
. ----. --- .. -.- .. - BIILL IISPHIILT 

-.-~""~--.'" - - ---.-.---. -'-'~'- --- -"-'~-~'--. -----•. - -- --. •• _.~~ ___ __ ow -_ .. _--.- _.- . .. __ .. _ .0 __ 

5-9 0.876 2.371 .193 2085 11 
5-10B 0.997 2.356 .222 27B0 9 
5-13 0.953 2.372 .179 2085 10 
5-16 0.996 2.365 .168 2641 9 

.191 2390 8.17 6.14 AVG. 0.956 2.366 
.-----.- .. -- ---· .. --6·-----------

10 1.5x10 3685 

.--------_.-. ,------ _._--,---_._--- ---_._ .. __ . ----- _ .. _._---------_. __ . --....... --- --_ .... _---_._--- ------- .---.-. ------.- .... -_._-- ... ,,-- .-.. _ ..... 
SIIMPLE 

NO. . II£IGIIT 
BULK 
SPECIFIC 
GMVITY 

IIVHM 
STIlBILlTY 

UNC THO 

HVHM· 
STAIHI. ITY 

INIJ1RECT TENSION· 

UNC TlID 110DLJLlf, STRESS STRIIIN 

MIInSlllIl.L 
STII[lILllY 

MllnSlllIU 
FI,OW 

----; '------"-- ...... _------- ----_ .. _-- _.,,-_ ....... __ . --- ------ _. __ . --.-. ----- -'----"--

II 

LEG 
NO. 

-_. 

III 

5-2B 0.772 2.363 .213 72.2 41.4 
5-3B 0.812 2.372 .174 64.5 34.5 
5-8 0.855 2.372 .190 60.0 30.8 
5-14 1.067 2.348 .147 33.9 9.0 
5-17 1.052 2.347 .144 36.8 11.6 
5-18 1.050 2.362 .166 112.6 17.3 

. ---- -- ._--_. 
AVG. 0.935 2.361 .172 51. 7 24.1 

.. ._----_ . --
SAMPLE BULK 

NO. IlEIGHT SPECIFIC 
GRAVITY 

----- -----_. 
5::.1B 0.695 2.373 
5-6 0.980 2.368 
5-7 0.798 2.375 
5-15 1.059 2.364 

---

AVG. .883 2.370 

Mn 
@ nor 

------
.205 
.190 
.165 
.169 

.182 

IlVEE 
STlIBlL 

UNC 

72.7 
50.8 
68.1 
43.9 

58.9 

M 
IT 
T 

Y 
lID 

40.11 
24.1 
37.8 
18.8 

30.3 
~ 

. 350 59.3 1(2.0 .00636 

.312 67.8 114.0 .00636 

.274 56.7 1946 14 

.286 44.8 1:l1.0 .00712 

.266 37.9 2300 14 

.317 4S,4 2125 17 

.301 51.6 1223 .00662 2124 15 
----- ---~-~-.- --.-.-.---.- .-

.--
MR HVHM INDIRECT 

STA81lITY @ nOf 
MODULUS UNC 1110 

r' . --

TENSION 

STRESS STRIIIN 

.194 79.4 47. I 18,404.0 117.0 .00636 

.130 56.5 29.9 39,924.0 127.0 .00318 

.153 73.8 43.5 15,157.0 96.0 .00633 

.133 47.3 22.2 29,229.0 185.0 .00633 

-' 
.153 64.3 35.7 25.67A.5 131. 3 .00555 

_.- ..- .. 



Table 7111. (Cuntinup.d) Test Sequence 11 results for field corr~s of surface hot-mix Item 340 from U.S. 59 north of LuOin, T(!xil5. 

L£G 
rm. 

IV 

L 
N 

EG 
O. 

SIIMPLE 
NO_ 

IIVG. 

SIIMPLE 
NO. 

IlULK 
IIElGIIT SPECIFIC 

GRIIVITY 
--------- ----+ 

------- .. _--
OULK 

IfEIGl1T SPECIFIC @ -13°F @ 33 n F @ 
GRAVITY 

7 7°F @ IOll o f 

IWEEM 
STIlIlIL BY 

IJNC THO 

-,------

M"" R 
@ nOF 

INOIRECT TENSION 

IIVHW .... 
ST lin I 1I TV 

liNe TlIIl 

-c-

RICE 
SPECIFIC 

MODULUS STRESS STRAIN GRAVITY 

-- - --- .. _---------_ .. ---- -----,- ----
INOIRECT TLNSION"'" .... 

.-- - -- ~IIIRS"IILL 
HOlruLIIS STRLS5 STRIlIN STIlIlILIIY 

• •• 
MIIRSIlIILL 

HOW 

--------1------------- ------ ------ - ---

- -----.. ------ ,-----_._---'--------------- - ---.- - ----

.,~--.-

PERC£NT 
IIIR 

VOIDS 
--- -,-_. ----- - ~---,- -----, .. ----

5-4B 0.802 2.342 2.700 1.583 
5-58 0.999 2.363 2.742 1.499 
5-11 1.020 2.359 2.905 1.345 V 

5-12 0.847 2.356 2.835 1. 493 

-----.~---~~ 

IIVG. 0.917 2.355 2.796 1.1I1l0 
- '--- -~ 

.2 
• 1 
.1 
.1 

01 
86 
69 
60 

-

• 1 79 
--

.051 

.050 

.042 

.060 

------
.051 

17,515.0 139.0 .00794 
24,105.0 134.0 .00556 
20,657.0 131.0 .00644 
15,268.0 109.0 .00714 

- ------

19,386 128.3 .00677 

" Oenotes Test Results Following the IIcce1 era ted (24 hour) Lottman Moisture Treatment Procedure. 

"" Oenotes Test Results Following the 7-day Soak Period. 

""" Denotes Test Resu1 ts Following the (18 cycle) Lottrnan Moisture Tre.ltment Procedure. 

~ Oenotes No Test Values IIvai1able. 

MR Modulus of Resil lency. 

2.398 2.3 
2.375 0.5 
2.366 0.3 
2.379 1.0 

-----~.-

2.380 1.1 
"""-- -'-
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Tilble 211l. Test SC!]lwnce II results for field corps' from hOUOlll laYf!r of hot-mlxpd material front U.S. 59 I1m'th of LlIfkin, Texa<;. 

--~~.-, - -,- ~ .. 

LEG SAMPLE 
NO. NO. IIF:lGIIT 

5-9 1.011 
5-12 .929 
5-13 1.058 
5- Hl .8B8 

AVG. .972 

-._-,-
LEG SI\MPLE 
NO. NO. IlEIGfIT 

---,," ---
5-38 .642 
5-58 1.010 

II 5-7 1.071 
5-8 1. 030 
5-15 1.170 

1.025 
--'-----

._----
LEG SAMPLE 
NO. NO. IIEIGHT 

5-20 .901 
5-4B .980 

III 5-11B 1.017 
5-17 1. 1911 

.-
AVG. 1.023 

BlltK 
SPECIFIC 
GRI\VITY 

2.198 
2.231 
2.189 
2.216 

2.209 

rlll 

o J 1"1 

.196 

.130 
• 163 
.142 

• 15('1 

11J\n<;IfI\L L 
STl\n f L lTV" 

925 
612 
900 
556 

748 

MAllSIfALl 
now 

10 
12 
9 
9 

10 

@ nor 

VISCOSITY 

@ 1110"F @ 2/5"1 

_._----- -+-- ---... _ .. _-- -_.-. 
5100 8.509 

PEN[lRI\T ION 

39.2"F nor 

12 

RING & 
BAll 

.-~-~---. ,- ,------,'""'""--
BULK "R SPECIFIC 
GRAVITY I!I 7rr 

----_.-
2.240 • 121 
2.178 .158 
2.230 .083 
2.239 .139 
2.161 .169 

--t·------··· 
2.210 .134 

IIYEEH 
ST AO I L ITY 

UNt 

78.5 
80.5 
67.B 
76.5 
61.5 

73.0 

1110 

46.5 
54.3 
37.5 
47.4 
36.4 

44.8 

---

_ .. 

- -"-- --~.-------,-.--~~-.. , 
BULK 
SPECIFI 
GRAVITY 

.MR 
IIy[EM 

C @ 7rF 
$TI\IHLITY 

IINC TIIO --_._-_. -,. '" ~ ~,-¥--,.,....-------~--

2.218 .117 85.5 54.7 
2.203 .168 71. 4 41.2 
2.160 .154 70.3 44.5 
2.175 .138 56.5 31. 3 

-.~~- --
2.189 .144 70.9 42.9 

HR 
@ naF 

.095 

.064 

.101 

.079 

.097 

• 091 

MR 
@ nnF 

.108 

.112 

.102 

.082 

.101 

IIYEEH* 
STABILITY 

IINC TlID 

75.7 45.7 
68.5 42.2 
59.0 28.7 
61.2 32.1 
53.8 28.8 

62.0 35.5 
-, 

._---
HVEEM 

STABILITY 

UNt THD 

74.2 45.9 
61.0 34.3 
62.0 36.1 
53.3 31.0 

62.6 36.8 
._. 

IN fIIR[CT TENSION* 
--------~--

MOI)lJLU. ., STRESS STRAIN 

MAI!SIII\LL 
STII.BI LIlY 

._--+----_._--1------ -.. --

25.772. o 82.0 
12.203 .0 73.0 
14.778. o 59_0 

.00318 

.00598 

.00399 

1112 
612 

--_. -+.-~-~~i_.---... -.- .... 
17 ,584 . 3 71.3 .00438 062 

-~--. 

INOIHECT I ENS ION 
'""'"". .-
MO~JlUS STRESS STRI\IN 

-- ~.-, - _._-- -·---1 

22,092.0 70.0 .00317 
25,018.0 99.0 .00396 
21,638.0 69.0 .00319 
20,217.0 80.0 .00396 

22,241.3 79.5 .00357 
---~---

rrR((NT 
J\SI'IIAL T 

- _ .. ~:~~ _ .. 1 

MARSHAll. 
HOW 

12 
11 

12 



Table 218. (Continued) Test Sequence II results for field (:orrs front bottom layer of hot-mixed m~terial from U.S. 59 IInrlh of Lufkin. Texas. 

• 

I:EG 
NO. 

IV 

SAMPLE 
NO. 

MG. 

LEG SAMPLE 

IIflGIIT 
BULK 
SPECIFIC 
GRAVITY 

"--,-
IlULK 

NO. NO. HEIG HT SPECIFIC 

v 
5-18 
5-10 
5-14 
5-16 

AVG. 

2 
.6 

• flO 
.flll 
.96 0 

1. 01 8 

.90 7 

GRAVITY 
. 
2.242 
2.199 
2.IB2 
2.199 

2.206 

MR MR 
(il - 13"F @ 33°F 
1---- --. -- -- --- .... --_ ... __ ..... --_ .. 

(il -BoF 

3.155 
2.631 
2.904 
3.889 

3.145 

@ 33 ~F @ 77°F @ 10<1 of 

1.1 54 
909 

B4 
19 

O. 
1.0 
1.4 

. _-
1.1 <12 

--,-

.144 

.115 

.16'1 

.134 

.139 

.03 

.03 

.04 

.03 

.03 

8 
3 
1 
5 

7 

IIVEF.M 
STAlllllTY 

UNe TIID 

----_.- . 

IIVUI1**· 
STABILITY 

lINC TIID 

INDIRECT TENSION RICE 
SPECIFIC 

MODULUS STRESS STRAIN GRAVITY 
. . 

12,914.0 92.0 .00712 2.397 
10,951.0 78.0 .00712 2.375 
21,600.0 103.0 .00477 2.354 
18,015.0 143.0 .00794 2.368 

15,870 104.0 .00674 2.374 
------

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

DenoteS Test Results Following the 7-day Soak Period. 
*** Denotes Test Resul ts Following the (18 cycle) Lottman 110isture Treatment Procedure. 

+ Denotes No Test Values Available. 

MR Modulus of Resiliency. 

INDII(fCT TENSION·....·.... • .. 
----. --.. --- MARSIIALL MAHSlIl\ll 

HOiII/UIS STRESS STRAIN STAIlllITY FLOW 

PERCENT 
AIR 

o _ 

o • 

VOIDS 

6.5 
7.4 
7.3 
7.1 

7.1 
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Tab'e 22. Sunwnary of roadway pavements with Item JilO layp.rs evaluated under Project 2-9-80-285. 

laboratory 
Test Datil 

Tab Ie Number* 

la - Ig 
( 1-7) 

-----.----- -_.---

2i1 - 2g 
(8-14) 

Highway 
Number** 

US 82 
(4) 

US 287 
(4) 

~---,~ 

3/\ - 36 US 82 
(15-2 J) (4) 

-,-.~--.-. 

41\ - 46 US 287 
(22-28) (4) 

Control
Section 

Numbel' 

132-1 

66-4 

132-1 

66-4 

District 
Number 

25 

4 

25 

4 

County 

Dickens 

~Ioore 

Dickens 

Moore 

location or limits of 
Roadway Section 

F~n 4.9 miles east of 
SII 70 to 15.0 nliles east 
in westbound traveled 
lane; R. 

From approximately 4.5 

Laboratory 
Test S~quel1ce 

Number 

miles north of Dumas to 
several miles north in north
bound traveled lane, L. 

Same as above 
US 82 roadway. 

Same <Is above 
US 207 roadway. 

J I 

II 

Joint 285/287 Studies. 
Seven different subsections 
having different asphalt 
cements. 

Joint 2851287 Studies. 
Seven different subsections 
havillg di fferent asphill t 
cements 

Joint 285/287 Studies. 
Seven dffferent subsections 
having different asphalt 
cements. 

Joint 285/287 Studies. 
Seven different subsections 
having different asphalt 
cements. 

,--------------_._--- .... _- - - .. __ .- ",-----------------,--

5 
(29) 

6 
( 30) 

.--~-------

III 45 
(4) 

III 45 
(4) 

675-4 17 Madison 
L northbound trave I ed 
lane, Mile Post 144.2. 
Madisonvi lie. 

----,----"", .. _------,--------

675-4 17 Madison 
l north bound traveled 
lane, "ile Post 143.7. 
Madisonville . 

. _--_ ... _-_ .. - .. -----_.", 

fI IS-core section. 

II 12-core section 



Tab Ie 22. (Contf nued) SunIMry of roadway pavements wi th Item 340 I ayers evalua ted under Project 2-9-30-2IlS. 

laboratory 
Test Data 

Table Number* 

7 
( 31) 

8 
(32 ) 

9 
( 33) 

tlighway 
Numbel-** 

IH 45 
(4) 

III 35 
(II) 

US 77 
Bypass 

( II) 

Control
Section 

Number 

675-6 

4n-4 

371-4 

District 
Number 

17 

16 

County 

Walker 

Ell i s 

Kleberg 

location or limits of 
ROllflwilY Section 

R souiilbOllnd traveled 
I~ne, Mile Post 117.4, 
Ifuntsvi lle 

Approxilllately .IP 397 to 
407, <;onthbound and north
bound traveled lanes. 

R southbound travelefl 
lane, 0.4 "Ii Ie sOllth of 
Ftt Road 1356, Kingsvi lJe, 
Texas. 

laboriltory 
Test Sequence 

NlllUher 

II 

II 

I J 

COlifFren ts 

COI-es taken ilnd furni sed 
by district. 

----... _-----_._._-. --- ------_._- ._--.. _------_ .. - .. 
US 77 l. northbound traveled lane, 

10 Bypass 102-4 16 San Patricio 0.5 mile south of JeT with II 
(34) (4) north en~ of US 77 Business 

__ ..... _ ... ____ ._. _____ ._ .. _ .. __________ . __ ... ___ .. _____ ... Route, $JOtof4.Jue""x",a.:..s~ ___ _ 

11 
( 35) 

12 
(36) 

IH 37 
(II) 

Sf! 71 
Business 

(2 ) 

74-1 

266-3 

.---------... -----------
13 

( 37) 

14 
( 38) 

US 901\ 
(2) 

loop 374/ 
FM 2061 

(4) 

466-3 

39-3 

16 live 
Oak 

l northbound traveled lane, 
tlile Post 66.8, north of 
George West. 

---_ ..... _--------_... -.-----.---

13 Colorado 
Southbound lane, 0.3 mile 
south of north JCT with SII 
71 in Columbus. Texas. 

II 

II 

13 Colorado Eastbound lane, 0.2 mile 1 r 

21 lIidalgo 

west of Colorado Rfver Brfdge. 

R. westbound traveled lane, 
in Hd\l1en. 

._ ....... _----_. __ . __ ... -_._-_._---_ ... _----

lJ Surface layer of original 
design. 



Table 22. (Continued) SUllJllary of roadwilY pavements with Item 340 layers evaluated under Project 2-9-80-285. 

---"-"------ ------ ---" ------- - ~~~ 

...... 
w 
-+::> 

Labora tory 
Test Data 

Table Number· 

15 
( 39) 

16 
(40) 

\7A 
( 41) 

-- ---- ---- --.-,-.--~-.-.-,~ 

17B 
( 42) 

10 
( 43) 

III yhway 
Number·· 

Loop 3711/ 
FM 2061 

(4) 

US 59 
(4) 

Contro 1-
Sect Ion 
Number 

39-3 

63-6 & 
175-4 

Distr'ict 
Number 

21 

11 

County 

Hidalgo 

Shelby 

----- "- - --"- ---" ----------------- -----"-

us 2901 
SH 6 50-5 12 Waller 
(4) 

~---- -- ---"----~-~-----------~-----
us 2901 12 Wa ller 

SH 6 50-5 
( 4) 

US 62 130-5 5 Lubbock 
(4) 

Location or Limits of 
Roadway Section 

R, westbound traveled 
1 a ne , in McA 11 en 

Tenahil. Texas 

R, southbound traveled 
lane, 0.1 mile north of 
Intersection of US 290 
with FM Road 159 in 
Itempstead. 

Same location as l7a 
above. 

Labora tory 
Test Sequence 

Numb(~r 

J1 

" 

" 
II 

COllmmts 

Surface after modifica
t i on 0 f de sign. 

Cores taken and furnished 
by district. Testing 
limited. 

Black cores. 

Iron ore hot-mix cores 

-----------_._------------"-- ---
Intersection of US 62 
loll th US 84 In Lubbod.. 

II Hot-mix containing 
"Asphadure" 

-------------"------ "---------------------------------"--- ------"""---"-

19 US 87 
(/III) (II) 

---------'~. 

20A Loop 287 
(45) (4) 

68-1 5 Lubbock 

2553-1 11 Ange 11 na 

-----"------"-- --------" 

Intersection of US B7 
with 311th Street in 
Lubbock. 

L. northbound traveled 
lane, 1.0 mile south of 
FM Road 1271 In Lufkin. 

II 

II 
Surface 1 ayer of hot-nl; xed 
material. 



Table 22. (Continued) SUhl11ary of roadway pilVf'ments with Item 340 layers eVilhlilted under Project ~-9-RO-2B!i_ 

La bora tory 
Test Data 

Tab Ie Number* 

20B 
(1\6) 

21A 
(47) 

fllqhway 
Number** 

Loop 287 
(4) 

US 59 
(4) 

--------------------
2-16 

(48) 
US 59 

(4) 

Control
Section 

Number 

2553-1 

176-1 

176-1 

District 
Numher 

11 

11 

11 

County 

Angelina 

Ange 1 i na 

Angelina 

Location or Limits of 
Roadway Section 

Same location as 20A 
ilbove. 

L northbound traveled 
lane, 1.0 mile north 
of FM 2021. 

Same location as 21A 
above. 

Labora tory 
Tes t Sequence 

Numher 

[[ 

II 

II 

COnillen ts 

Second layer of hot
lIIixed material. 

Hot-lUi xed surface l~yer. 

Second or bottom layer 
of hot-mixed material. 

,....::r------- ~-,- ,---.--.---.~---- - -- ---------- -----"--------"--- --------- ---------- ------- ------------------------------------------
W 

tTl * 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** 0** 
8-14 US 287 100** 0** 

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 
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) (S ame) 

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

*** Evaluation one year after placement. 
-- Data not taken. 
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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 

US 82 la* MacMillan AC;..lO 
2 US 82 1b Dorchester AC-20 
3 US 82 1c Exxon AC-20 
4 US 82 ld Shamrock AC-20 
5 US 82 1e Shamrock AC-10 
6 US 82 . lf Cosden AC-20 
7 US 82 19 Cos den AC-10 
8 US 287 2a* MacMi llan 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 2g Cosden AC-10 
15 US 82 3A** MacMillan AC-10 

16 US 82 38 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 Cos den 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 2137 4C Exxon AC-10 

25 US 287 4D Shamrock AC-20 

26 US 287 4E Shamrock AC-1O 

27 US 287 4F Cos den AC-20 

28 US 287 4G Cosden AC-10 

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

** In 3 and 4 series tables, roadway cores were tested from same sections. 
: ..... 7 



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

Extracted Extracted Ring & Percent Test 
Data Viscosity Viscosity Penetrati on Penetration Ball Asphalt Samp1e 
Code at 1400 F, at 2750 F, at at Point, by Age. 
Number poise centipoise 39.2oF, 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 8 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 3 17 143 6.0 1.0 
·16 8,670 5.8 2 20 140 5.0 1.0 

17 5,523 8.1 5 25 143 5.9 1.0 

18 12,300 11.8 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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Tabl e 24. (Continued) Summary of test results on extracted asphalts from Study 285 
roadway sites. 

Extracted Extracted Ring & Percent Test 
Data Viscosity Vi scosi ty Penetration Penetration Ball Aspha It Sample 
Code at 140°F at 275°F at at Poi nt, by Age, 
Number poise centipoise 39.20 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, 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 106 psi x 106 psi x 106 psi x 106psi x 106 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, nOF, 104°F, Percent 
Number x 106 psi x 106 psi x 106 psi x 106 psi x 106 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 0.5"55 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 MR 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, 0T' test results for Study 285 
roadway sites. 

O:TD °T24 
Dry After aTl8e °T7D 

Data Splitting 24-Hour After After Average 
Code Tensile Lottman, 18 cycle 7-day Air Voids, 
Number Stress, psi Lottman, Sog.k, Percent 

PS1 PSl PS] 

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. a 
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 a 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) 

142 



Table 26. (Conti nued ) Summary of indirect tension, vT' test results for Study 
285 roadwa~ sites. 

vTD vT24 
Dry After v18C vT7D 

Data Spl itting 24-Hour After After Average 
Code Tensile Lottman, 18 cycle 7-day Ai r Va; ds, 
Number Stress, psi Lottman, So~k, Percent 

PSl pSJ pSJ 

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 III 136 2.0 
46 107 105 123 2.7 
47 128 122 131 1.1 
48 104 71 80 7.1 

Note: 1 psi = 6.895 x 103 pascals (Pa) . 
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Table 27. Summary of Hveem stability test results for Study 285 
roadway si tes. 

Hveem Hveem Hveem 
Overa 11 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 

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 
Overa 11 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.g 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 Ma rsha 11 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 1 bs lbs 1 bs 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 l"1arshall stability test results for Study 285 
roadway sites. 

Overall Marshall Ma rsha 11 24-Hour 18 cycle 
Dry Strength Strength Dry Lottman Lottman 

Data Marshall After 24- After 18 cycle Marshall Marsha 11 Marshall 
Code Strength. Hour Lottman. Lottman. Flow. Flow. Flow, 
Number 1 bs lbs lbs 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: "I b = 0.454 kg 

in = 25.4 mm 
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Tabl e 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 0 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 P 
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 52 9 20 6 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 Fai 1 ure 

8 6 

9 8 

10 6 

11 12 

12 7 

13 9 

14 10 

US 82 

Data Number of 
Code Cycles to 
Number Fail ure 

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 10 6* Trucks Axle Loads 

1 6/82 a N/A N/A N/A 
2 6/82 a N/A N/A N/A 
3 6/82 a N/A N/A N/A 
4 6/82 a N/A N/A N/A 
5 6/82 a N/A N/A N/A 
6 6/82 a N/A N/A N/A 
7 6/82 a N/A N/A N/A 
8 9/82 a N/A N/A N/A 
9 9/82 a N/A N/A N/A 

10 9/82 a N/A N/A IVA 
11 9/82 a N/A N/A N/A 
12 9/82 a N/A N/A N/A 
13 9/82 a N/A N/A N/A 
14 9/82 a 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 O. 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 b~ Data Code Numbers 1-48. 

Accum1ated 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 

46 4-17-78 4.7 

47 3-06-81 1.8 

48 1-27-81 1.9 

Age = Date pavement cored minus date pavement layer placed. 
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Table 32. 

Data 
Code 
Number 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

Part IIA, design and construction records 
covered by Data Code Numbers 1-48. 

SDHPT 
Asphalt Des i gn 
Source & Percent 
Grade Asphalt 

* 5.5 

* 5.5 

* 5.5 

* 5.5 

* 5.5 

* 5.5 

* 5.5 

* 6.2 

* 6.2 

* 6.2 

* 6.2 

* 6.2 

* 6.2 

* 6.2 

* 5.5 

* 5.5. 

* 5.5 

* 5.5 

* 5.5 

* 5.5 

SDHPT TTl 
Extracted Extracted 
Asphalt, 
Percent 

Aspha 1 t, 
Percent 

5.7 

5.7 

5.2 

4.9 

5. 1 

5.2 

4.5 

5.3 

5.7 

5.7 

5.4 

6.2 

5.6 

5.8 

6.0 

5.0 

6.2 

5.9 

5.3 

(Continued) 
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data for pavement sections 

Overa 11 
SDHPT 

SDHPT Project SDHPT 
Laboratory Laboratory Field 
Density Density Density 



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

Overall 
SDHPT SDHPT TTl SDHPT 

Data Asphalt Design Extracted Extracted SDHPT Project SDHPT 
Code Source & Percent Aspha lt, Asphalt, Laboratory Laboratory Field 
Number Grade Aspha 1t Percent Percent Dens i ty Density Density 

21 * 5.5 4.2 

22 * 6.2 4.0 

23 * 6.2 5.0 

24 * 6.2 

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 11A, design and construction records data for pavement sections 
covered by Data Code Numbers 1-48. 

Over a 11 
SDHPT SDHPT TTl SDHPT 

Data Asphalt Design Extracted Extracted SDHPT Project SDHPT 
Code Source & Percent Aspha lt, Aspha lt, Laboratory Laboratory Field 
Number Grade Aspha 1 t 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 

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 avail ab 1e 

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

Data 
Code 
Number 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

SDHPT 
Overa 11 
Project 
Hveem 

SDHPT 
Hveem 
for Cored 
Area 

SDHPT 
Design 
Hveem 
Values 

156 
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Table 32. (Continued) Part lIB. design and construction records data for pavement 
sections covered by Data Code Numbers 1-48. 

Data 
Code 
Number 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

SDHPT 
Overa 11 
Project 
Hveem 

SDHPT 
Hveem 
for Cored 
Area 

SDHPT 
Design 
Hveem 
Values 

157 

Aggregate Combinations 



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

SDHPT SDHPT SDHPT Aggregate Combinations 
Data Over a 11 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-Hill rhyolite;19% Butler coarse 
sand; 19% Tremble fine sand. 

46 19 27 39 62% Gifford-Hill, perch-Hill, limestone; 18X 
Butler coarse sand; 18% Tremble fine sand. 
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Table 32. (Continued) 

Data 
Code 
Number 

47 

48 

SOHPT 
Overall 
Project 
Hveem 

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

SDHPT 
Hveem 
for Cored 
Area 

SDHPT 
Design 
Hveem 
Values 

Aggregate Combinations 

55% Gifford-Hill rhyolite; 15% Gifford-Hill 
limestone screenings; 15% Dickerson coarse 
sand; 15% Dickerson fine sand. 
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. 

Data 
Code 
Number 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

Type 
of 
Hot-Mix 
Plant 

drum-
dryer 
drum-
dryer 
drum-
dryer 
drum-
dryer 
drum-
dryer 
drum-
dryer 
drum-
dryer 
drum-
dryer 
drum-
dryer 
drum-
dryer 
drum-
dryer 
drum-
dryer 
drum-
dryer 
drum-
dryer 
drum-
dryer 
drum-
dryer 
drum-
dryer 
drum-
dryer 

Type of 
Break
down 
Rolling 

Temperature 
of Mix 
at Plant 

Temperature 
of Hot-Mix 
on Road 

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

Data 
Code 
Number 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

Type 
of 
Hot-Mix 
Plant 

drum-
dryer 
drum-
dryer 
drum-
dryer 
drum-
dryer 
drum-
dryer 
drum-
dryer 
drum-
dryer 
drum-
dryer 
drum-
dryer 
drum-
dryer 

Type of 
Break
down 
Roll i ng 

Temperature 
of Mix 
at Plant 

Temperature 
of Hot-Mix 
on Road 

(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 Ro 11 i ng at Plant on Road Hot-Mix at Laydown 

37 

38 

39 

40 

41 

42 

43 

44 

45 Weigh- 260-280°F 260-280°F 1" C1 ear & mil d, 
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 1" Clear & mild, 
Dryer 47 to 62°F. 

48 Drum- 295°F 295°F 111 
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Table 33. Part III, design and construction records data for 
pavement sections covered by Data Code Numbers 1-48. 

SDHPT 
Design 

Data Percent 
Code Pl us No. 
Number 10 Si eve 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

12 
13 

14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 

SDHPT 
Extracted 
Percent 
Pl us No. 10 
Sieve 

(Continued) 
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Design Extracted 
Minus Minus 
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Table 33. (Conti nued ) Part III, design and construction records data for 
pavement sections covered by Data Code Numbers 1-48. 

SDHPT SDHPT 
SDHPT SDHPT 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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Tabl e 34. Asphalt properties for roadway sections ranked in order of decreasing 
rut depths. 

Viscosity 

Data Decreasing Viscosity at 275 0 F Penetration Penetration Ri ng & 

Code Rut Depths, at 1400 F centi- 0 at 39.2 F at nOF Ball Temp-
Number rnm poise poise drnm dmm 0 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 6 + + + + + 

42 6 82,085 11. 1 10 21 160 

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

Data Decreasing Percent MR at t~R at MR at MR at 
Code Rut Depths Air -13°F 33°F nOF 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 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 

106 psi = 6.895 x 109 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. 

llMR llMR l\MR l\MR l'lMR 
Data 0 330 F to nOF to -130 F to _13oF to -13 F to 
Code 330 F nOF 1040 F nOF 1040 F 
Number x 106 psi x 106 psi x 106 psi x 106 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: 106 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. 

cr TO cr T24 cr T18C 
Data Decreasing Percent Dry Spl it- After 24-Hour After 18 
Code Rut Depths, Air ting Tensile Lottman, Cycle 
Number mm Voids strength, psi psi Lottman, 

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 10 pascals (Pa} 
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Table 38. Hveem stability results for roadway sections ranked in order of 
decreasing rut depths 

Hveem Hveem 
Dry Stabi 1 i ty Stabil ity 

Data Decreasing Hveem After 24- After 18-
Code Rut Depths, Percent Stability, Hour Lottman, Cycle Lott-
Numbers 111m Air Voids Percent Percent man, Percent 

44 23 1.0 25.6 * 10.2 26.6 

45 12 2.0 44.5 * 40.8 42.4 

46 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 36.8 

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 

34 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 36.5 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. 

r1arshall Marshall 
Stabil ity Stability 

Dry After After 18-
Data Decreasing Percent Marshall 24-Hour Cycle 
Code Rut Depths, Air Stability, Lottman, Lottman, 
Number mm Voids 1 bs 1 bs 1 bs 

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 ° 5.9 1,444 1,426 

est. = estimated. 
* = 7-day soak test. 

Data not nvailable 
1 1 b = 0.454 kg 170 



Tab 1e 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 Marsha 11 24-Hour 18-Cyc1e 
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 11 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 5.0 7 13 12 

36 3. 1 11 14 14 

37 0 5.9 12 16 

-- Data not available 
1 in = 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 Retai ned 

Data Percent Percent No. 30 Sieve between Assigned 
Code Plus No. r~i nus 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 line 6 G 

34 67 4 1 8 G 

43 60 5 6 10 G 

31 61 6 2 15 G 

36 64 4 0 11 G 

37 56 7 4 19 G 
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County, Data Code Number 31. 
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County, Data Code Number 32. 

189 

"0 
w 
c:: .,... 
10 
+-' w 
0:: 

+-' 
c 
w 
u 
s-
w 

Q... 

E 
::l 
U 
U 

c:t 



0' 
c 
.~ 

If> 
V1 

ru 
C'_ 

.w 
, -

v , 
GJ 
~-

.~ 

"-' 

r-

Extracted aggregate grading curve 

Continuous grading curve 

Percent hump above No. 30 sieve of continuous curve 

lOa I Y • 0 
" 90 

80 

70 

60 

50 

40 

JCJ 

20 

/ i 
I / 

~-

j/ J 
r--. ---~- - / I , 

/ / 
f---

/ / 
/ / 

I L' I( i 
I ,/ ./ 
I /./ 

f--- ---~.C" 

i ~ 
I /: r-

/' c---
/' / 

/ 
1000'1 " f----- r---t-- "". -

I / 
1/ '",,-/ 

~--' ., -, , 
..... ..- ___ . j I ---t---

I 
1)0 40 10 1 2" 1" / 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 
2GG 30 16 8 4 3/8" 3/4" 1 -1/2" 

Sieve Number 

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, 
Sintqn, Texas, Data Code 34. 
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County, Data Code Number 40. 
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black cores in Hempstead, Texas, Data Code Number 41. 
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i ron--ore cores in Hempstead, Texas, Data Code Number 42. 
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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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layer) in Lufkin, Texas, Data Code Number 46. 
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north of Lufkin, Texas~ Data Code Number 47. 
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Figure 33. Extracted aggregate gradation curve for US 59 (bottom 
layer) north of Lufkin, Texas, Data Code Number 48. 
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Figure 39. :1arshall stabil ity versus percent air voids for roadway sections covered by Data Code Numbers 
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Figure 42. Resilient modulus r"R at nOF after 24-hour Lottman test versus percent air voids for US 82 and 
287 roadway sections~ Data Code Numbers 1-28. 
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Figure 43. Resilient modulus 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. Overall resilient modulus r~R at 7JOF versus percent air voids for roadway sections covered by 
Data Code Numbers 29-48. 
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Figure 45. Resilient modulus fiR at 77°F after 24-hour Lottman test versus percent air voids for roadway 

sections covered by Data Code Numbers 29-48. 
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Figure 49. Splitting tensile strength after 24-hour Lottman test, crT24H~ versus percent air voids for US 82 
and 287 roadway sections~ Data Code Numbers 1-28. 
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Figure 50. Splitting tensile strength after 18-cyc1e Lottman, aT18c ' versus percent air voids for US 82 and 
287 roadway sections, Data Code Numbers 1-28. 
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