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BACKGROUND

The State of Montana has been aware of the susceptibility tc moisture
damage of some bituminous mixtures for many years. We commonly used
hvdrated lime to improve these mixtures. We used antistrips such as
0.5% Acra 500 to decrease the stripping of asphalt from bituminous
mixtures years age. Later, when this additive was discontinued, we
tested mixtures with newer antistrips. We found that the effectiveness
of the antistripping agents decreases with the amount of time the
treated asphalt is stored in a hot tank. After designing mixtures with
antistrips, we encountered difficulty when the antistrip used did not
sufficiently improve the mixture, We discontinued the use of antistrips
for censtruction of plant mix pavements, although it still may be used
with maintepance mixes. The use of antistrips has suffered in Montana
due to the unavailability of a static inline system to provide uniform

blending.

Montana has developed its own test to visually assess stripping. The
details of this test are described in the appendix material.
Essentially, aggregate is mixed with hot asphalt, "cured", and then
immersed in water., After a 24-~hour immersion in water, the aggregate is
vigorously agitated and dried. The coverage of asphalt remaining on the

aggregate is reported.

A test we used to qualify the stripping potential with numerical data is
the immersion compression test (AASHTO T-165). It was used in our

laboratory as early as the mid-1950's. We have used the test for (1)

[~a



evaluating aggregate sources and, (2) determining -- during design --
the additive to be incorporated in specific bituminous mixtures. When
immersion compression testing has indicated a potential for stripping,
the addition of hydrated lime has produced significant improvements in
many of the mixtures. As a result, we have frequently used hydrated

Time.

On the whole, the utilization of hydrated Time in bituminous mixtures
has served us well. In addition, to acting as a bonding agent and
increasing the immersion compression; hydrated 1ime increases adhesion,
reduces the plasticity index, reduces volume swell and increases

Marshall stability.

The cost of hydrated 1ime and its incorporation into bituminous mixtures
has increased to where we are obligated to make an accurate
determination of when hydrated lime is effective and when its use is an

unnecessary expense.

To insure that we were up to date in this area, we participated in NCHRP
4-8(3)1 the moisture induced damage study that was principally the work
of Dr. Robert Lottman. This study was directed to the evaluation of
bituminous mixtures using E Modulus equipment and indirect tensile

foading of specimens to failure.

The objective was to predict pavement moisture damage susceptibility by
determining the physical properties of test specimens before and after a

conditioning process intended to simulate environmental conditions.



During that study, we concluded that the E Modulus test was
questionable, but tensile loading of samples had potential, as did
resilient modulus testing under very controlled conditions, When the
study was completed, the data did not show that any of the test
alternatives were superior to the best of their current stage of
development. We continued to determine moisture damage susceptibility
using the immersion compression test. An added advantage to continuing
to use the immersion compression test to determine moisture
susceptibility of bituminous mixtures is, we have extensive files of
test data and field performance of bituminous mixtures for this method.
We based our acceptance of bituminous mixture, immersion compression
ratios on the general rule that 59% retained strength or greater was a
satisfactory bitumincus mixture. We did not formally use the total dry
strength of a mixture, but bituminous mixtures with less than 150 psj
were suspect even with a "good" retained strength ratio. In 1986, we
revised how we evaluated aggregate for moisture damage susceptibility
and established 70% or greater retained strength as a satisfactory

bituminous mixture.

Bituminous mixtures with this minimum ratio were not used very often.
Qur objective was to produce the best possible bituminous mixture. If
we achieved an increase of 15% in immersion compression by using
hydrated lime, we added it to the design recommendations. This usually
increased immersion compression ratios of the designed mix to the 80%

range.



PROGRAM INITIATION

in 1986, our Federal Highway, Region 8, Administrators started to
advance the idea of using Root-Tunnicliff and Modified Lottman
bituminous mixture evaluation testing to assess moisture susceptibility.
In compliance, we added Modified Lottman testing to our proposed
surfacing testing and to our mix design testing as a "trial test". We
compared the data that was developed with what the immersion

compression, adhesion, and other aggregate and mixture tests indicated.

Comparison of the interpretation of data from a new test with the
interpretation of data from familiar tests has 1limited usefulness if the
reliability of the familiar test is being questioned. The true basis
for the assessment of a bituminous mixture is how it performs in the
environment in the field; and does the behavior of the bituminous
mixture follow the predictions that were made on the basis of the

testing that was performed.

At this stage in the development process of determining moisture damage
susceptibility of bituminous mixtures, the Federal Highway
Administraticn sent us a solicitation for participation in an
implementaticon project. The plan of this project to have four selected
states complete a study evaluation of asphalt stripping tests. As we
were already engaged in a program in-house, that paralleled the
objectives we felt we would benefit by participating in the program. We
submitted a proposal that required us to select a preject from each of

our eleven districts., This selection would provide us with a diverse



sampling of both geographic climatic areas and aggregate sources. We
planned to evaluate the bituminous mixtures we designed by using Modified
Lottman and Root-Tunnicliff testing in addition to our standard tests,
Bituminous mixtures that required hydrated Time for either immersion
compression or Marshall stability requirements were tested both using
hydrated 1ime and without hydrated lime in the laboratory. This is
because the hydrated lime is considered an inhibitor of stripping and
other moisture damage susceptibility effects. However, with these
bituminous mixtures, no plant mix without hydrated jime was placed in

the field.

PRCJECT SCOPE

We were awarded a two-year contract for the study we proposed. The
contract required us to conduct an evaluation of Modified Lottman and/or
Root-Tunnicliff test methods 1o predict bituminous mixture susceptibility.
We had determined we would conduct bituminous mixture evaluation following
T283-85 and input the data into the ACMODAS program on selected represen-
tative projects in 1987. The ACMODAS program is the PC program written

by Dr. Lottman to interpret the data of the T283-85 test procedure and

to calculate a 1ife expectancy for a pavement,

Since the Root-Tunnicliff procedure provides quicker results and a
freeze-thaw cycle is not necessary, we decided to also include this test

in the evaluation.



There is a tendency when evaluating a new procedure to reference it to
the current method. In this study, we adhered to this practice for our
initial analtysis of the test data. For each test section we used AASHTO
T165 immersion compression testing to determine bituminous mixture
moisture damage susceptibility following procedure 7.1.3 to condition
the sampies to develop an initial assessment of the bituminous mixtures.
These procedures are described in the attachments as MT323 and M7324.
Each result of the experimental tests was compared to this "standard".
As a more conclusive method of evaluating data from the proposed test
procedures, we planned to core the roadway after two years and to test
the cores using the Modified Lottman and Root-Tunnicliff testing. The
initial prediction of pavement life expectancy made after testing
laboratory samples could be compared to the subsequent prediction made
after testing the same bituminous mixture two years Tater using field
cores. We thought the consistency of the prediction and the condition
of the core, after two years, would provide a reasonably reliable basis
for recognizing if the life cycle was accurately predicted by the

initial testing.

Montana is a very large and geographically diverse State. MWe felt if we
selected a minimum of two projects from each of the five districts we
would have data from representative aggregate sources, and have bitu-
minous mixture in areas extending throughout the State. For our final

l1ist of projects, we had eleven pavement sections to evaluate.

For moisture damage susceptible bituminous mixtures that we detect by
immersion compression testing, we add 1.4% hydrated lime by total weight

of mix. Low immersicon compression values are usually increased by 207



and average range immersion compression values are increased by 10%. Ve
were very interested in learning how the pavement properties are
affected by the addition of hydrated lime as determined by Modified

Lottman and Roct-Tunnicliff laboratory testing of bituminous mixtures.

After completing the Modified Lottman and Root-Tunnicliff test proce-
dures, we planned to use the retained strength ratio (wet strength
divided by dry strength X 100} for an “intuitive"” assessment of the
properties of the mixtures. With +70% retained strength, a bituminous
mixture is normally sound and able to withstand saturation and other
adverse weathering conditions, With 50%-60% retained strength, the
mixture has some moisture damage susceptibility and requires the
protection of using hydrated 1ime or some other system to retard
moisture penetration into the bituminocus mixture. If the retained
strength ratios are less than 50%, the mixture is susceptible to
moisture damage and the pavement 1ife will be less than for an aggregate

asphalt mixture that is not as susceptible.

Ve also planned to input the data into the ACMODAS program developed by
Dr. Robert Lottman at the University of Idaho. The test data generated
in this project under the T-283 and Root-Tunnicliff procedures will be
processed using the ACMODAS computer program developed under the NCHRP
4-8{3)1 Project. This program provides for a calculation of the suscep-
tibility of a mixture to moisture damage and a predicted longevity of
the resulting bituminous pavement. The computer program requires both
the test data and the conditions of anticipated field exposure as input

variables. This data processing will be performed using an IBM-PC

[aa]



computer currently available in the Materials Bureau Laboratory.
Comparing the 1ife predictions from the original laboratory bituminous
mixture and the predicted 1ife remaining from the field cores, we could
assess the value of the prediction. Did the pavement 1ife remaining
determination, made for an aged and environmentally exposed pavement
sample, validate the pavement life projection made with the initial

laboratory bituminous mixtures?

Project Implementation

In 1987, we reviewed the projects that were scheduled to be paved. VWe
selected a diverse sampling of geographic/climatic areas and multiple
aggregate sources. We planned for at least one project from each of our

districts and areas.

Extra aggregate was %to be submitted when the aggregate from the projects
was submitted for mix design. 1n addition to performing the mix design
which includes immersion compression testing, we planned to complete
Modified Lottman and Root-Tunnicliff testing for these aggregate
sources. For fabricaticn of the test specimens, we would use the same
asphalts, additive {(if any), contractor's target grading, and specified

aggregate bin proportions as used in the ariginal mix design.

As our program is focused upor adding one of the newer test methods to
our design procedure, the comparison to the immersion compression test

resutts will be very important. The test method that most accurately



predicts moisture susceptibility will be considered for incorporation
into our routine design procedures. If either the Modified Lottman or
Root-Tunnicliff test procedures indicate a significant improvement in
predictive capabilities is possible, we would perform that test to
supplement the immersion compression test for a few years, to build our
experience and data base before starting to rely on it exclusively for

moisture damage susceptibility determinations.

TEST PROJECTS

We selected the 11 test projects to represent a diversity of conditions
and cuality of materials. If a test procedure could be used to
successfully predict pavement service with this wide variety of

aggregates and conditions, it would be worth adopting.

In the course of the construction year, we procured aggregate for 10
projects and generated Marshall, immersion compression, Lottman, and
Root-Tunnicliff data for each. Five of the projects selected for this
study required hydrated 1ime to be added to the bituminous mixture.
With these projects, additional Taboratory specimens both with and
without hydrated lime were prepared for testing using the Modified
Lottman and Root-Tunnicliff procedures. The additive, no additive
testing would allow us to assess the stripping potential of the
bituminous mixtures and to compare these results with the initial
conclusions made after immersion compression testing of the same

aggregate sampies. One project we intended to evaluate was dropped when



the aggregate supply was "reclaimed” immediately after the paving was
completed. We did not have enough retained aggregate to complete all of

the planned testing.

We established base Tine values using all three moisture damage
susceptibility systems and pavement 1ife predictions with Lottman and

Root-Tunnicliff testing.

Two years later we went out and cored each of the study projects. We
tested the cores and determined Modified Lottman values, Root-Tunnicliff

values ard again processed this information using the ACMCDAS program.

We compared the initial data, the data in two years time and the
apparent correlation obtained from the two data sets. We expected
Tongevity predictions at two years to compare by some ratio to initial
data. We also thought there might be some relationship between the
different test systems. When we did not find definite relationships we
studied compaction, aggregate grading, and % AC to determine if the
moisture damage susceptibility could be influenced by these factors.
The following list is our test project table. The mix design for each
of these projects is in the appendix. Although we are primarily
interested in general data comparison and correlation, not specific
projects, all analysis and discussion is referenced to a project name in

addition to the test group numbers identified in this table.



Test Group

3a

da

ba

~

8a

9a

10

TABLE 1.

Project Name

Seeley Lake-Inez
UIm-South
Helena-West
Helena-llest
(Hydrated Lime)
Kila-Yest
Kila-West
(Hydrated Lime)
Nashua-North
Bridger-Fromberg
Bridger~Fromberg

{(Hydrated Lime)

Three Forks - North

Big Sandy
Sandy

{(Hydrated Lime)
Klein - South
Klein - South

{Hydrated Lime)

Miles City - Northwest

PROJECT/TEST GROUPS

Proiect Number

RTF 83-1(4)15
RS 330-1(7)0
RTF-BRF 8-2(15)34
RTF-BRF 8-2{(15)34

F-BRF-HES 1-2(37)99

F-BRF-HES 1-2{37)%9

RS 438-1(4)0
F-BRF 4-1(5)26
F-BRF 4-1(5)26

F-HES 8-4{11)99
RRS 10-2(14)71

RRS 10-2(14)71

F-HES 16-2(3)29

F-HES 16-2{3)29

F-HES 18-1(2)1



The test data that was developed is listed.

For the classification of

the test groups columns 5, 6 and 7, we classed 70% or greater retained

strength as good, 70%-55% retained strength as suspect and iess than 55%

as bad.

Group
No.
1
2

3a

da

8a

9a
10

From this grouping, we see that moisture damage susceptibility is

1C

A

67.
b7.
68.
75.
59.
78.

77.

64.
97.
54,
83.
b4,
81.
88.

%

b5.
78.
LY
58.
51.
79.
81.
88.
76.
65.
57.
b1.
62,
79.
78.

TABLE 2.

Lottman

Co

GROYP CLASSIFICATION

of
i

81.
80,
b3.
55,
41.
72.
5C.
44,
b7.
67.
51,
BO.
69.
79.
94,

Root-Tunnicliff

™3

Good

RT

ML,RT

IC

1C,ML,RT
IC,ML

ML

ML

IC

IC,RT

IC,ML,RT

IC,ML,RT

Suspect

IC,ML

IC,RT
ML,RT

IC

I1C,RT
ML ,MT
ML
ML

IC,ML,RT

Bad

ML

MLLRT

RT

IC,RT

IC,RT

significant according to some test for six of the sample groups if the

borderline group 3a is counted.



Moisture damage susceptibility is prcbable or the mixture is suspect for
six additional sample groups. Thus, there are only three aggregate
groups for which none of the moisture damage susceptibility detection
tests indicate that the mixture is susceptible to moisture damage. Of
these three groups, two of them are mixtures to which 1.4% hydrated 1ime
was edded. Only group ten aggregate exhibits a lack of sensitivity to
moisture damage without an additive. Conversely, of the ten groups of
aggregate evailuated not one group tested universally bad by all three
tests being considered. Three of the five mixes where hydrated Time was
used for the mix design and in the construction showed "bad" moisture
damage susceptibility without addition of the hydrated Time. Into the
bitumincus mixture these are group 4, group 6 and group 8. For groups 3
and 9, the other two groups where hydrated lime was used the mixes that
were suspect without the hydrated lime improved in at least one test

parameter when hydrated lime was added to the bituminous mixture.

A project by project review of the moisture damage susceptibility data

for each project was performed. In this review note the following:

1) Referenced, Montana Test Methods (MT), are in the back of this
report.

2) Sieve sizes to describe aggregate gradations are U.S. standard
sieve designations.

3) Immersion compression test samples are fabricated according to
MT323 and tested according to MT324. This is similar to AASHTO
T165 and T167.

14



Terms that are referred to in the project by project review are as

follows:

Absorption - water absorption of aggregate determined using procedures

MT204 and MTZ205.

Adhesion - the percentage of asphalt adhering to a selected sample of
aggregate after the aggregate is coated, soaked 24-hours in distilled
water, agitated in a paint shaker and visually assessed following

procedure MT309.

Fracture - the percentage of aggregate that has at least one

mechanically fractured face, which is determined following MT217.

VMMA - Abbreviation for Voids in Mineral Aggregate.

Yolume Swell - The percentage of volume change of -10M aggregate after
saturating with water for a 24-hour period. Asphalt is used to bond the

aggregate to enable measuring the volume,

PROJECT REVIEMW

1)  Seeley Lake - This mix design was performed in September 1987 with
a good aggregate that was more absorptive (2.19% absorption) than
most, The adhesion was 80%, the immersion compressicn was 67.8%

and the volume swell of the -1CM was 1.5% the fracture was 80% and



2)

the VMA was 14.0%. Marshall stabilities were 1900 pounds. The
Lottman retained strength ratio was 66% and the Root-Tunnicliff
retained strength ratio was 81%. Mo additive was recommended. The
cores now show 80% acdhesion. The Lottman and Root-Tunnicliff
values on the cores are both much less than the mix design; 37.0%
and 48% vespectively. The predicted 1ife of plant mix evaluated
during the mix desion was 17-18 years. The prediction from field
cores two years later was approximately six years. The density cf
a field core (2.243) was much less than the mix design density ot

2.306, so this may be a significant factor.

Ulm - South - This project was from another district and ancther
geographic area. The mix design was performed September 2, 1987.
This was another good aggregate that was moderately absorptive
{1.59% absorpticn). The adhesion was 80%, the immersion
compression was 67.9% and the volume swell of the -10M aggregate

was 2.8%. The fracture was 78% and the VYMA was 14.0,

Marshall stabilities were 2000 pounds.

The Lottman and Root-Tunnicliff retained strength ratios of the mix
design were 79% and 807 respectively. The predicted life of the
tested mix design samples with no additive was approximately 15
years with either the Lottman or the Root-Tunnicliff testing. The
predictions of the pavement life from testing the field cores taken
two years later were 8-10 years, so the deterioration is apparently

occurring at a higher rate than estimated in the calculations of

16



pavement service 1ife. The density of the field cores is 2,357
compared to a density of design of 2.341, so density was achieved

and high voids are not accelerating the deterioration.

Helena - West - This roadway mix design was performed December 1987
with a good moderately, absortive aggregate (1.51% absorbtion).
Hydrated lime was added to increase the Marshall stability but this
also influenced immersion compression data, adhesion, volume swell
and other mixture properties. As designed, the adhesion was 80%,

the volume swell was 5.4%, fracture was 72% and the VMA was 16.29.

The Marshall stabilities were 2160 pounds and the immersion com-
pression was 76% retained strength. The mix design Modified
Lottman testing indicated a 13-year service life and the
Root-Tunnicliff testing indicated a 20-year service life. Modified
Lottman and Rcot-Turnicliff retained strenagths were 55-58%. Cores
taken two years later indicated 12 years of remaining service 1ife
using Modified Lottman test data and 6.6 years of remaining service
life. HModified Lottman and Root-Tunnicliff retained strength
ratios had declined to 48%. Obviously, one of the procedures is
not generating the correct prediction. The density of a field core
was approximately the same as the density of the mix compacted in
the lab; 2.32 for the mix design and 2.306 for the field core.
Voids are not thought to be a factor in this possibly deteriorating

plant mix,



Kita - E & ¥ - This mix design was performed November 1987, with a
good, moderately absorptive aggregate (1.65% absorption). Hydrated
Time was added to increase the immersion compressicn retained
strength, but this also influenced adhesion, Marshall data and
other mixture properties. As designed, the adhesicn was 85%, the

volume swell was 3.2%, fracture was 70% and YMA was 13.8%.

The Marshall stabilities were 2400 pcunds and the immersion

compression retained strength was 79%.

The mix design Modified Lottman testing indicated that the mix
would provide more than 30 years of service. The Root-Tunniclitf
testing indicated 20 years of service, still an acceptable service
life. The retained strength of Modified Lottman samples was 79%
and of Root-Tunnicliff samples was 73%. Cores taken twe years
later and tested for Modified Lottman data indicated 6.6 years
service could be obtained. Root-Tunnicliff testing indicted 8.0
years of service could be expected., Retained strength ratios were
57% for Modified Lottman testing and 65% for Root-Tunnicliff
testing, This is a major decrease in life service expectancy. The
mix design density of 2.377 is slightly greater than the 2.3€5 of
the field cores. Compaction ditferences do not appear tc be a
significant factor in these major changes of predicted service life
for this pavement. This data of the mix design and field cores
differs an abnormal amount. Some unidentified variable may be

affecting this mixture.

16



5)

Nashua - North - This mix design was performed in June 1987 with a
good aggregate with 1.03% absorption. The adhesion was 75%, the
immersion compression retained strength was 77.3% and the volume
swell of the -10M was 4.2%. Fracture was 86% and the YMA was 15.3.
Marshall stabilities averaging 1273 pounds were the only
indications this was not a good aggregate for bitumincus mixtures,
The Lottman was 81.8% and the Root-Tunnicliff ratio was 50.6%. No
additive was recommended. The cores now show 70% adhesion. The
Lottman and Tunnicliff retained strength ratios are not the same;
67.6% for the Modified Lottman, 109.6% for the Root-Tunnicliiff
test. The predicted 1ife of plant mix evaluated during the mix
design was 26.7 years by Lottman testing and 11.1 years by
Root~Tunnicliff testing. This relationship is reversed by the
field core predictions taken two years later. Predictions based on
Modified Lottman data from cores are for a 9.8 year service life.
Predictions based on cores by Root-Tunnicliff testing is that the
pavement 1i¥e expectancy is 25.8 years; a 14.7 year increase from
the testing during the mix design. The Modified Lottman retained
strength ratio was 67.6% and the Root-Tunnicliff retained strength
ratio was 110%. The density of a field core (2.368) was greater
than the mix design density of 2.330. We decided this was not a
significant factor in this reversal of 1ife cycle expectancy,
because even though the Root-Tunnicliff test values increased with
the density increase, the Modified Lottman predicted life

expectancy decreased.

19



Bridger - Fromberg - The mix design was performed August 12, 1987,
This was another good aggregate that was moderately absorptive,
{1.43% absorption). Hydrated lime was added to increase the
immersion retained strength compression and the Marshall stebility.
With the hydrated 1ime, the adhesicn was 85%, the immersion
compression vias 64% and the volume swell of the -10M agoregate was

2.2%, The fracture was 74% and the VMA was 13.9,

With Marshall stabilities of 1960 pounds, the ¢cnly indication that
this was not a nood bituminous mixture using our conventional

criteria was the Tower than normal immersion compression ratio.

The Lottman and Root-Tunnicliff retained strength ratios of the mix
design were 76% and 67% respectively. The predicted life of the
tested mix design samples was 14.4 years with the Lottman and the
Root-Tunnicliff testing. The predictions of the pavement 1ife from
testing the field cores taken two years later were 08-10 years by.
the Lottman test and 39 years by the Root-Tunnicliff test.
Surprisingly the retained strength ratios were close, 79% for the
Modified Lottman testing and 82% for the Root-Tunnicliff testing,
This major disparity will help to determine the validity of one
test method when the 1ife cycle matches the predicticn. With this
project, the density of the field cores is 2.357 compared to a
density of design of 2.378. Since density was achieved, high voids

are not accelerating the deterioration.



7)

Three Forks - North - This roadway mix design was performed in
September 1987 with an aggregate having a 0.95% absorption. No
additive was used for this bituminous mixture. As designed, the

adhesion was 75%, the volume swell was 3.3%, fracture was 80% and

the VMA was 14.8%.

The Marshall stabilities were 1768 pounds and the immersicn com-
pression was 97.1% retained strength. The mix design Modified
Lottman data indicated 5.2 years and the Root-Tunnicliff data
indicated 14.4 years of service were available. Retained strength
ratios of these two tests were 657-67%. Cores taken two years
later tested for Modified Lottman indicated 5.2 years of service
and Root-Tunniciiff testing indicated 7.6 years of service,
Retained strength ratios were 57% for Modified Lottman testing and
60% for Root-Tunpicliff testing. These two procedures are
essentially in agreement on a prediction of the longevity of this
pavement from the field cores. The density of a field core was
s1ightly greater than the density of the mix compacted in the Tab;
2.363 for the mix design and 2.38 for the field core, so compaction

is not believed to be a negative factor.

Big Sandy - This mix design was performed in September 1987, with a
good, moderately absorptive aggregate with 1.65% absorption.
Hydrated 1ime was added to increase the immersion compression
retained strength, but this also influenced adhesion, Marshall data
and cther mixture properties. As designed, the adhesion was 85%,

the volume swell was 5.1%, fracture was 81% and the YMA was 14.2%.



9)

The Marshall stabilities were 2000 pcunds and the immersion

compression was 83.3% retained strength with the hydrated lime.

The mix design Modified Lottman testing indicated that the mix
would provide 20 years of service {80.3% retained strength). The
Root-Turricliff testing indicated 9.4 years of service (61.8%

retained strength).

Cores taken two years later and tested for Modified Lottman data
indicated 9.4 years of service remained and Root-Tunnicliff testinc
indicted 7.3 years of service could be expected. Retained strength
ratios with both procedures were approximately 72%. Core data is
relatively consisftent for the two test methods. The mix design
density of 2.338 is somewhat more than the 2.309 density of the
field ccres. The level of compaction may be a factor in reduction
of predicted 1ife service when comparing the results of testing the

mix design samples and the field core samples.

Klein - South - This roadway mix design was performed August 5,
1987 with a good moderately absorptive aggregate with an absorption
of 1.51%. Hydrated lime was added to increase the Marshall
stability and the immersicn compression retained strength, but this
also influenced adhesion, volume swell and cther mixture
properties. As designed, the adhesion was 85%, the volume swell

was 1.4%, the fracture was 83% and the VMA was 14,4%,
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The Marshall stabilities were 1880 pounds and the immersion com-
pression was 81% retained strength. The mix design Modified
Lottman testing indicated 11.9 years of service before failure and
the Root-Turnicliff test data indicated 10.8 years. Both tests
yielded 79% retained strength of mix design sampies tested. Cores
taken two years later tested for Modified Lottman indicated 2/
vears of service and Root-Tunnicliff testing indicated 9.7 years.
Retained strengths of cores were 110% for Medified Lottman testing
and 76% for Root-Tunnicliff testing. One of the procedures is not
generating the correct prediction. The density of a field core was
less than the density of the mix compacted in the lab, 2.363 for
the mix design; compared to 2.316 for the field core. The increase
of pavement life projected from the second Modified Lottman testing

is opposite to what the lesser density of plant mix would produce.

files City - NW - This mix design was performed April 24, 1987 with
a good aggregate that had 1.78% absorption. No additive was
required. The adhesion was 75%, the immersion compression retained
strength was £8.5% and the volume swell of the -10M was 1.8%.
Fracture was 89% and the VYMA was 15.6%. Marshall stabilities were
2000 pounds. The Lottman was 79% and the Root-Tunnicliff was 94%.
The cores now show 70% adhesion. The predicted life of the mix
design was 16 years for the Lottman test and 21 years for the
Root-Tunnicliff test. The field core predictions from cores taken
two years later are 9-10 years for either test. The Modified
Lottman and Root-Tunnicliff retained strengths are somewhat Tless,

67% and 74% respectively. The dersity of a field sample with a



density of 2.317 is somewhat less than the density determined
during the mix design of 2.340. This rather minor difference in
densities is not believed to be a significant factor in the

predicted moisture damage susceptibility of these mixtures.

Conclusions and Summary of Group Review

For this project, we determined immersion compression, Modified Lottman,
Root-Tunnicliff and visual stripping of 10 bituminous mixtures at the
mix design stage. Two years Tater we took cores from the roadway and
tested them for Root-Tunnicliff, Modified Lottman and visual stripping.
We attempted to determine which test data taken initially at the mix
design stage was most consistent with the same type of data determined
by testing field cores Tater. After this was done, we did not have
enough uniformity of predicted core condition and actual core condition
to conclusively prove or refute that the test procedures evaluated could

be interpreted to predict plant mix moisture damage susceptibility.

There are contradictions as to what may be expected of the pavement in
service with each type of data immersion compression, Lottman and
Root-Tunricliff. Some plant mix that immersion compression data
indicated will provide a useful service 1ife was noticeably stripped
within the two years between the placement of the secticn and when the
cores were taken. Testing of pavement cores from some other projects

indicated that the pavement section would exceed the service Tife
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predicted after fabricating and testing laboratory specimens during the
mix design. This uncertainty will require additional investigation of

the test procedures.

Inconsistent Moisture Susceptibility Factors

We reviewed the test data for other factors that could be introducing an
influence on the moisture damage susceptibility. The factor we reviewed
first was compaction. It is generally accepted that low caompaction of a
bituminous pavement leaves voids that provide pathways for free moisture
and accelerates moisture damage. The density of plant mix for the mix
design was compared to the average density of the in-place pltant mix.
This cata is tabled in the back of this report, but no correlation was
found. The asphalt cement {AC} ccntent of the mix design was alsc
compared to the % AC extracted from core samples from each project, A
comparison was made tec determine how the change in % AC corresponded to
the change in moisture damage susceptibility of the bituminous mixtures.
This data is inctuded in a table in the appendix, but a correlation was

not made.

The gradings of the bituminous mixtures are also tabled in this report.
We compared the grading used for the mik design to the grading actually
extracted from the cores and determined the differences for each of the
gradation sieve sizes. The differences, in most instances, were within
one standard deviation. An exception was the group 7 aggregate which

had 3.4% less -200M than the mix design. This apparently does not

=3
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correlate with the predictions of life cycle, no gradation - Tongevity

correlations were made.

A1l of the information used to assess pavement 1ife cycle is incliuded in
the tables in the appendix. When a review of tabled data did not show
us recognizable correlations of data and apparent plant mix performancsz,
we tried graphing the varicus data sets. Comparisions were made of
Modified Lottman test data developed during the mix design to Modified
Lottman field data from cores two years later, and Root-Tunnicliff mix
design and field data in the same sequence. The graphs identify the
inconsistency of the data and the lack of a pattern characteristic of a
consistent relationship between the properties of the bituminous mixture

and the moisture susceptibility.

Graph Set Discussion

These graphs are discussed in detail here.

J—t
—

The first set of graphs, a mix design and field data comparison,
seriously disturb the idea that mix design labecratory testing can
be used to predict the service life of a pavement. If the paverent
life predictions were all right, the test data determined with the
mix design samples would show a pavement 1ife expectancy of two
years more than the field ceores. This did not occur and cores
often had half or Tless of the 1ife expectancy of the mix design

samples. If the test methods are capable of isclating plant mix



weakness, there is a major weakness of plant mix produced by the
field production for many of the mixtures studied., However, there
are also occasional projects where the plant mix produced in the
field is significantly better than initially predicted by the mix
design. There is an alternative interpretation to the first set of
graghs. If the actual envircnment is more severe than the factor
used in the mixture fatigue T1ife calculation, the deterioration
would occur faster than predicted. This would fit the two known
data points of several of the sampie groups. The validity of this
theory will only be proven if the roadways fail in Tess time than
the design T1ife in the order of the pavement life predictions that

were made,

The second set of graphs, Mix Design Lottman compared to Mix Design
Root-Tunnicliff, is a reasonable match on five of the projects and
the data is totally at odds on the other five projects. @n three
of the projects where the data is not in agreement, Modified
Lottman based predictions are for a longer pavement life than
predictions based on Root-Turnicliff testing. This is not what was
expected. It was anticipated that the Modified Lottman test would
be more severe than the Root-Tunnicliff test because the Modified
Lottman conditioning process has a freeze-thaw cycle and the
Root-Tunnicliff conditioning process does not. Sirnce it is more
severe and other factors were held constant for the calculations,
the wet fatique performance life predicted using Root-Tunniciiff
was expected to be Tonger than wet fatigue performance using

Modified Lottman testing., In actual testing, the longer wet



fatigue lives were predicted by the Modified Lottman testing on
seven of the test groups on the mix design. This reversed with the
field cores; the Root-Tunniciiff test data did indicate a longer
wet fatigue life tharn the Modified Lottman testing did on these

samples.

The third set of graphs displayed the differences between pavemert
1ife projections using Lottman data for mix design samples and
field cores taken two years later. They also display the
differences between pavement 1ife projections using Root-Tunnicliff
test data for mix desian samples and field cores. The graphs show
the imprcbability that Modified Lottman or Root-Tunnicliff testing
of mix design samples will compare to the same test from a field
core two years later. There is no way of knowing, except to wait
for the pavement 1ife cycle to end, what testino vields results

that will anticipate pavement performance.



RECOMMEMDATIONS

This study was intended to validate the application of Modified Lottman
testing and/or Root-Tunnicliff as acceptable methods for determining the
moisture damage susceptibility of bituminous mixtures. Quantifying that
determination by predicting the pavement service life was tested using

an ACMODAS computer program.

e were unable to verify the validity of pavement life projections by
establishing how long the pavement will provide a specified level of
service before repair or rehabilitation is required. This question will
be finally answered by the service life of the projects evaluated. Only
when the test projects have reached their terminal life will we finally
be able to determine if the pavement life cycle prediction was correct
and which test procedure is the most applicabie to environments in
Montana. A two-year program is too short to establish the accuracy of

1ife cycle projections for bituminous pavements.

The coring evaluation and pavement monitoring of the conditicn of the

test groups must be continued until the pavements fail.

A data deficiency occurred when cores were not obtained immediately

after the pavement was placed. We have no means of assessing how much
of the difference hetween mix design tested samples and field cores was
a result of environment and how much was differences in the bituminous

mixture as it was designed and after it was placed. Future analysis of



projects should require cores immediately to complement the testing

performed on the laboratory samples.

Future Plans

We have started and will continue to perform Modified Lottman testing on
mix designs submitted and most proposed surfacing aggregates. We are
finding frequent instances where the Modified Lottman test ratios are
lower than the immersion compression ratios for the same bituminous
mixtures. If the pavement performance corresponds to this lower test
data (failure from moisture damage susceptibility), we may implement
Modified Lottman testing as a routine procedure in our mix design

program.

Modified Lottman testing used with the ACMODAS pregram would also permit
the development of regiocnal and geographical factors to express the
severity of the environment when designing mixes. The more wet/dry
cycles or freeze-thaw cycies that a pavement is tc be exposed to the
more effort could be directed to minimizing the moisture damage
susceptibility of the bituminous mixture. If pavement service 1ife from
moisture susceptibility could be calculated, design decisions could be
made based on expected service and cost/benefit ratios of additives or
special asphalts. The concept would be to design for the conditions and
the service life. This would be more economical as we would not pay for
the minimization of moisture damage susceptibility of bituminous

mixtures unless it was necessary.
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DATA TABULATION

Root MR {psi) MR
Mix Stripping Lettman {psi) Tunnicliff {(psi} Lottman Lottman

tdentity {Retained) Dry Wet Ory Wet Dry Wet Dry Wet
GROUP 1 +5 5 45 +5
Seeley Lake = Inez 110.2 72.5  116.% 94,7 6.,75x10 3.47x10 6.75x1¢ 5.23x10
RTF 83-1{4&)15 (MD} 0% 65.8% 81.4

+5 +5 +4 +5
Seeley Lake - lnez 03,2 38.8 116.8 586.5 4, 24x10 31.326x10 5,270 4.08x10
RTF 83-1(&)15 {core} 60% 37.3 48,4
Differences +6.3 +33.7 0.4 +38,2 .5 +5
{gain or loss} +20% +28.5 +33.,0 +2.57 x -0.11 =1.24x100 7 -1 ,15x10
GROUP 2 +5 45 +5 45
Wm-South 106.1 B3.7 8.0 70.4 4. 71x10 3.60x10 L7110 4,08x10
RS 330-3(7}0 (MD} B0% 78.9 80,0

45 +5 +5 .45
Ulm-South 105.% 56.7 91,2 61.9 3.42x10 2.78x10 3.88x10 3.45x10
RS 330-1{7}0 {core) 705 53.8 &7.9
Differences +0.7 +27.0 -3.2 +B.,5

+5 +5 +5 +5
{gain or loss) +10% +25.1 +1.21 +1.29x10 0,82x10 +0,83x10  +0.63x10
GROUP 3 . - - .
Helena-West (D) 110.7 o64.2 92.6 51.2 5.00x10 4,06x10 5.00x10 3.05x10
RTF=-BRF 8-2{15}34 80% 58,0 55,3

+5 +5 +5 +5
Helena-West {core) 99.1 48,4 107.1 52,0 4, 76x10 T.93x10 5.12x10 3.57x10
RTF-BRF 8-2{15}3% 40% 40.8 48.6
Difference +11.6 +15.8 -14,5 -«0.8

. +5 +5 +5 +5
{gain or loss)_ +Hi0% +9.2 +6,7 +0.,24x10  +2.13x10 -0.12x10 © -0,52x10
GROUP 4 45 45 .5 s
Kila = E & W {MD} 97.3 77.1 100,2 73.0 5.84x10 2.99x10 5.84x10 3.30x10
F-BRF-HES i-2{37)99 85% 79.2 72.9
‘ +5 +5

Kila - E & W (core) 129.3 73.8  121.5 79.0  5.14x10 ° 5.31x10 6.39x10"> 5.84x10"°
F-BRF-HES 1~-2(37)499 75% 57.1 65.0
Qifference -32.0 43.3 -21.3 -6.0 5 5 5 : 5
{gain or loss) +10% +22,1 +7.9 +0.70x10 = -2,32x10 -0.55x10 ~ -2,54x10
CROUP 5 +5 '5 o5 s
Nashua - North 93.6 76.6 80.8 40.9 3.67x10 1.70x10 3.67x10 1.85x10
RS 438-1(4)0 {MD} 70% 81.8 50 .6

+5 +5 5
Nashua - North 109.0 73.7 5.3 71.6  2.35x10 0 2.30x70 2.99x10" 2.94x10"°
RS 438-1({4}0 {core) 30% 67.6 109.6
Difference =15.4 +2.8 +15.5 -30.9 5 5 -5 "
{gain or loss) +40% +14.2 -59.,0 +1,32x10 -0.A0x10 +0,68x10 -1.09x10

T
12



DATA TABULATION (Part 2 of 2)

Root MR {psi) o
{1x Stripping Lottman {psi) Tunnicliff {psi) Lottman Lottman
ldentity {Retained} Dry Wek Dry Wet Dry Wet Dry Wet

GROUP & +5 +5 +5 +5
Bridger~Fromberg 126.3 96.3 115.7 77.9 6.38x10 4.85x10 6.38x10 5.66x10
F-BRF 4-1{5)26 (MD} 55% 76.2 67.3

+5 +5 +5 +5
Bridger-Fromberg 133.0 106.2 130.7 107.0 5.05x10 &.86x10 5.33x17 9,33x10
F-BRF 4-1(5)26 (core} 80% 7B.7 81.9
Difference -6,7 -9.9 ~15.0 -2%.1 +5 +5 .5 +5
{gain or loss) +5% -2.5 =14.6 +0.33x10 ~ -2.01x10 +1.,05:10  -3,67x10
GROUP 7 45 +5 5 +5
Three Forks - N 97.1 6£3.2 102.8 69.1 31.69x10 2.27x10 3.69x10 2.28x10
F-HES 8-4{11199 {MD) 75% 65.1 67.2

+5 +5 +5 +5
Three Forks - N 131.5 74,9 92.1 55.0 4 .54x10 5.60x10 4.09x10 3,80x10
F-HES 8-4{113199 {core} 40% 57.0 59,7
Difference 34,4 11,7 +10.7 141 +5 '5 o5 5
{gain or loss) +35% +5,1 +7.5 -0.85x10 ~ -3.33x10 -0,50x1C 7 -1,52x10
GROUP 8 +5 +5 +5 +5
Big Sandy - RR 118.0 94,8 109.1 &7.4 7.46x10 5.15x10 7.56x10 5. 44x10
Overpass (MD) 80.3 61.8
RRS 10-2{14)71 85%

+5 +5 +5 +5
Big Sandy - RR 128.3 93,1 129.6 93.3 7.4 x10 6,82x10 5,40x10 6.88x10
Overpass {core) 72.6 72.0
RRS 10-2{14)71 50%
Difference -10.3 +1.7 -20,5 -25.9 5 +5 5 5
{gain or loss) +35% +7.7 -8.2 +.02x10 ~ -1.67x10 +2.06x10 ~ =1,44x10
GROUP +5 +5 +5 +5
Klein - South (MD) 128.5 102,71 113.3 89,3 4,33x10 4. 17x10 4.33x10 4 44 x10
F-HES 16-2{3)}29 B5% 79.5 79.0

+5 +5 +5 +
Kiein - South [core) 105.0 116,0  127.4 97.2 4. 72x10 4.78x10 6.16x10 6.13x10 3
F-HES 16-2{3)29 80% 110.5 76.3 )
Difference +23.5 13.9 %4 -7.7 +5 +5 15 5
{gain or loss) +5% +37.0 +2.7 +0,39x10 ~ -0.61x10 -1.83x10 © -1.69x10
CROUP 10 5 +5 +5 +5
Miles City - HW 95,5 75.3 99,3 93,5 2.32x10 1,78x10 2.32x10 1.76x10
F-HES 18=-1{2}1 (MD) 75% 78.8 9,2

+5 +5 +5 +5
Miles City - NW 124.4 83.6  131.2 96,9 4.,52x10 4.21x10 2.,93x10 31,2310
F-HES 18-1(2)11 {care} 70% 67.2 73.9
Difference -28.9 -8.3 -31.9 -3.4 s \e 5 ‘s
{gain or loss) +5% +11.E +20,7 -2.2x10 2.5310 7 O.6x1C 7 -1,57x10




DENSITY OF BITUMINOUS MIXTURES

Mix Design Field Cores
Mix Rice Rice
Identity % AC Gravity Density % AC Gravity Censity

GROUP 1

ra
fad
u
=

Seeley Lake - Inez 5.9 2.306 6.3 2.383 2.243

RTF 83-1(4}15

GROUP 2

Ulm - South a.
RS 330-1(7)0

]
]

1.424 2.341 5.9 2.45% 2.357

GROUP 3

Helena - West 6.3 2.406 2.320 6.3 2.421 2.306
RTF-BRF £-2(15)34

GROUP 4

(v

Kila - MHest 5.6
F-BRF-HES 1-2{37}99

.438 2.377 5.8 424 2.365

™2

GROUP 5

Nashua - Horth 6.1 2.413 2.330 5.9
RS 438-1{4)0

[ae]

.418 2.368

GROUR B

Bridger - Fromberg 5.7 2.462 2.378 5.6 2.452 2.357
F-BRF 4-1{5)26

GROUP 7

Three Forks - North 5.6 2.446 2.363 5.3 2.433 2,383
F-HES 8-4{11)99

GROUP 8

.75 2.425 2.338 6.0 2.408 2,309

(6]

Big Sandy
RRS 10-2(14)71

GROUP 8

Klein - South 5.6 2.450 2.363 5.4 2.456 2.316
F-HES 16-2(3)29

GROUP 10

Miles City - N 6.2 2.280 2.294 6.
F-HES 12-1{2)1

]
ra

.385

[

. 306




GRADINGS OF BITUMINOUS MIXTURES

Mix

Identity 3/4" 172" 3/8"  4M 10M 40M 2C"M

GROUP 1

Seeley Lake - Inez M.D. 100 89 76 56 36 16 8.0

RTF 83-1(4&)15 Cores 100 g1 81 59 36 16 7.5
Diff. 0 -2 -5 -3 0 0 +0.5

GROUP 2

UTm - South M.D. 100 90 75 53 34 18 €.0

RS 330-1(7)0 Cores 100 93 73 51 35 20 5.7
Diff. 0 -3 +2 +2 -1 +2 +0.3

GRCOUP 3

Helena - YWest M.D. 100 a0 78 55 40 16 6.0

RTF-BRF &-2(15)}34 Cores 100 95 85 64 43 18 6.7
Diff. 0 -5 -7 -11 -3 -2 -0.7

GROUP 4

Kila - West M.D. 100 86 75 53 36 16 8.0

F-BRF-HES 1-2(27)99 Cores 100 2 79 55 39 17 c.3
Diff. 0 -6 -4 -2 -3 -1 -1.9

GROUP 5

Nashua - Morth M.D. 100 92 77 52 36 21 6.0

RS 438-1{4)0 Cores 100 92 77 54 36 21 4.7
Diff. Q 0 0 -2 0 0  +0.3

GROUP 6

Bridger - Fromberg M.D. 100 9¢ 77 53 39 18 6.0

F-BRF 4-1(5)26 Cores 100 94 80 57 41 20 5.3
Diff, 0 -4 -3 -4 -3 -2 0.7

GROUP 7

Three Forks - North M.D. 100 86 75 53 37 18 6.5

F-HES 8-4(11)99 Cores 100 82 67 47 32 18 3.1
Diff. - 0 -4 +B +6 +5 0 +3.4

GROUP 8

Big Sandy M.D. 100 90 78 53 38 18 7.0

RRS 10-2{14}71 Cores 100 98 -8 53 8 20 6.4
Diff, 0 -8 -2 0 D -2 +0.6

GROUP 9

Klein - South M.D. 100 96 75 53 37 18 6.0

F-HES 16-2(3)29 Cores 100 a3 79 56 39 22 5.6
Dif~. 0 -3 -4 -3 -2 -4 +0.4

GROUP 10

Miles City - NW. M.D. 100 90 77 56 3 17 6.0

F-HES 18-1(2)1 Cores 100 90 76 56 38 21 4.1
Diff. s 0 +1 0 -4 -4 41,9

BB:0:9g:101



APPENDIX*
DATA BASE

GRAPHS & . v v i i i e e e e e e e e e e e e e e e e e e e . 3742

MIX DESIGNS . . . v & v v v e v v v e e s e e e e e e e e .o A3-50

MONTANA TESTS . . . o v & v v v v e v v e v e e s e e v e s . D379

NATIONAL TESTS . . . . . e (VPSS

*See TABLE OF CONTENTS for Detailed Listing
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. 0:215/MT-306/1F
-Lab, Form No. 606
(Rev. 1/720/87)
STATE OF MONTANA
DEPARTHMEHT OF MIGHWAY
Material Bureay

3/4" PLANT MIX SURFACTING, GRADE 2
PLART MIX BASE, GRACE

H61LI601L © T ROAU MIX SURFACING, GRADE

Lab. Ho. Sample Ho. ) 110 sks) Praject Ho. TRF AY¥-2¢%)15%
Termini beeley Fane=inez Lake
Date Sampled IRy Date Hecelsed YAy EY)
Sapled by Chibders Title £S5 1 Address _“is., 40
Submitted by tumula Title MLT Il Address ’
Area Source Represented by Lab. Nogpia73-n ¢ 6115171 Sample takea atc
Owner lohn  Caiwon Address €amjes 1o o ane
TEST RESULTS Ui AGGREGATE
% Passing % Passing LL P PL _wpP Pl mP Dust Ratio Fracture _ fg
As Received As Tested HWear _o2g T begradation Sand Equiv, _ <y
1-4" ** Absorption Cs 2.2 % Fine 224 % Blend Zz.12
lll
/4" fop [on Bulk Dry Sp. Gr. of Agg. Fine 2, 57m Caarre 7. 558
e B9 g9 '
/8" 7L 14 YOLUME SWELL RESULTS
4 L7 Sh
10M % k7 L5 9 Lo .
40H 5 16 Ho. Treat. yAan: 1.5% Hyd. Lime gage: 1.5 Fly Ash paas
BOM H
200M 24 R.0 1.5% Cement %
1984 AT 5o Recommended: _:'3'_‘_9_%_@!10_0:5\/& - % MO E
20 07 ADT [ITal=]
18K )4 TEST RESULTS ON TRIAL BITUMINOUS MIXES Refinery (oyuddeon
Marcshail Results
Mingral Filler - Rice Density i Lb, } i
% Type Asphalt | Gravity {Gm/cc) Yoids Stability | Fleoo © Jppearance
i | . :
NONE. ! 50 2.403 2,274 54 /850 b z6 ' normse
! |
! &5 2,394 2.283 4.5 {282 Jie]
59 239 |_zx0p | 35 | sa7s 0 INMERPLATEL
I i
£.0 2,389 ' 2.3 23 | 1898 Fie) ADpRag L
1.5_lwvo, ins | s 2.403 2.270 55 b 2slelol e
3
55 2,390 | 7,786 4. /950 7
J £.0 2189 2.3 3. 2038 '3
LS e ps | 50 | z40x |_z39 ! 39 | zpey | g2
<5 2.39¢ 2.314 34 /811 T
4.0 2.389 2.328 2.6 2128 /4|
IMMERSION COMPRESSION RESULTS ADHESION RESHLTS
Mineral FilTer Percent Dry — Het Retaine : Adhesive
p) Type Asphalt | Break psi | Break psi | Strennth Agent Adhesior
-= | HONE 59 305.4 2020 | 4L 4 -- NONE - Bo -
1.5 | FLY ASH | =9 3246 [03.8 1 zrz 9} 1.5% FLY ASH g0
1.5% | HYD.LIME| 5.4 | Zap2 2316 623 1 1.5% HYD. LIME AS -
. | :
o et s o iy
4 District Engineer AMy1snucm ** NOTE: VMA of this Mix Design [4.0
T Dist. Mat. Supr. /7 ssemsm Absorption: 0-1.2 low, 1.2-2.0 moderaid,
__ Areq Lab — 2.0 and above high
1. Chief Const. Bureau .
1 Chief Materials Bureau This aggregate has __A/aM absorption.
©_L Surfacing Design Sect. REMARKS T
2, Bit. Mix Design Sect. -
1 FHWA . -
1 Materials Bureaw File : ,-/? f- ST
C Al ] 7";{“"/:
TRTE FME 43 h e‘r,—?-'.ssﬁf'rn/f?ﬂ’rem

e TS [ f7 e Dated - Fiif s



0:213/MT-306/11

tab. Form No. 606
{Rev. 1/20/37)
STATE OF MONTAHA
DEPARTMENT OF HIGHHAY
Material Bureau
3/4" PLANT MIX SURFACING, GRADE 3l
PLANT MIX BASE, GRADE
ROAD MIX SURFACING, GRADE
Lab. o, 614107 Sample No. 1 Project No. RS 330-1(7)0
Termini MTw=50ucty {(Morth Sorciime
Date Sampled Date Received SELTAL
Sampled by Title hddress
Subimitted by 1. pvese]d Title 13ME Address [N

Area Source Represented by Lab, HNo.

H11964-76

Sample taken at

Owner Stanley Bros/Moac, Pouwer Address Ulw/BurcoT 70
TEST RESULTS O AGGHEGATE
% Passing % Passing LL AR PL H'P Pl AP Dust Ratio Fricture 8
As Received As Tested Wear T Degradation Sand Equiv. S5
1-4" ** pAbsorption Cs _ 254 2T Fine /64 % Blend _ 489
ju - -
/4" /00 oo Bulk Dry Sp. Gr. of Agg. Fire 2.426 Coarze L
" __ex . 9o
/g* 75 75 VOLUME SWELL RESILTS
4 o [
10M % 34 2.8 % 2.0 % 2.9
40M 20 18 Mo, Treat. wasn: 1.5% Hyd. Lime gaap : 1.5% Fly Ash _oqqa
80H E
200M o4 &.0 1.5% Cement 1 L
1979 ADT Recommended: &.2 ¢ g;,mo A/, — 1% ANouE
1999 ADT o
18X &.9 TEST RESULTS OM TRIAL BITUMINQUS MIXES Refinery _£SXYON
- Marshall Results
Mmeral Filler | 3 Rice Densaty ¥ Lb. l
5 Type Aspnalt | Gravity {Gmsec) ¥oids Stability Flea | Appearance
NOME 5.5 2.449 2,318 5.3 9s5a 9 | rvosmae
4.0 2431 | 2330 | 42 /852 o b
4.2 2.424- | 2.34) 3.4 /932 | 16 \sarrapesmo
¢S 2.414 2357 | 2.4 204t 11 suswny gien
1.5 HYp. umpl 5.0 _2:4L7 2.31.8 L6 1988 2o
{' 55 2.449 2.344 4.3 2003 2| |
|
b0 z.43) 2.3613 2.8 2084 i L LNTLP R1eH
15 [Fiypsw | s.€ 2. 449 2358 | 1.7 2/58 (| troemac
4.0 2.43 2,279 2.4 1982 12|
&5 2. 414 2. 364 2./ 2063 12 suadimy RIeN
IMMERSION COMPRESSION RESULTS ADHESICH RESULTS
Hineral Filler Percent Bry ~ Het Retaine z Adhuesive
i Type Asphalt | Break pst | Break psi | Strength Agont Adhesior
-- NONE é.2 2380 /el 679 - RONE . 2
1.5% | FLY ASH 58 245, 2078 B4.8_ % 1.5% FLY ASH 2 k
1.5% | HYD.LIME| S.A 2744 2rf. 4 84.2 1.5% HYD.LIME Fily 1
3 3
b/ o
. L e
2 District Engmf.er Gpa m,, ** NOTE: YMA of this Mix Design /6,0
T Dist. Mat. <upr. _Gaear Fays  Absorptiocn: 0-1.2 low, 1.2-2.0 Eﬁﬁ"x_rg‘a“
T Areatab 2.0 and dbove high
—_ Chief Const._[lureau ]
1 Chief Materials Bureau EE; Raggregate has mMoagaarr _ absorption.
=~_l_ Surfacing Desiqn Sect, ARKS:
& Bit Mix Design Sect. Digevssed, with John N:):L‘u#- -57 ﬁydﬁ
T Haterials Bureau File :

TTHTE
TMETTTT )iy

e
ML

44




0:214/MT-306/11

STATE OF MONTANA
DEPARTMENT OF HIGHWAY
Material Bureau

3/8 0 ANT MIX SURFACING, GRADE

PLANT MIX BASE, GRADE

. ROAC MIX SURFACING, GRADE
Lab. Ho. b17440 Sample No. __ Project No. RTF BRF 8-2(15}34
Termini Helena-Wegr{Wess Section)
Date Sampled 11/30/87 Oate Received j9/4/87
Sampled by _ Sprapue/Alley TitTeMsIT & LT Address Butre
Submitted by Yarnall Title pue Address Rut e
Arca Source Represented by Lab. No. _£13857-65 Sample taken at
Owner 3/4" PMS Gr B Mix Desidgn Address
TEST RESULTS ON AGGREGATE
% Passing % Passing LL a0 _Mﬂ:) P! a2 Dust Ratio Fracture _ 22
As Received As Tested Hear egradation Sand fquiv. 78
T 13" bl Absurptmn (s _A<4s % Fine 457 % Blend L5/ 4
}."
374" 100 Bulk Dry Sp. Gr. of Agg. Fine _2 4sgp Coarse _2, 599
1/2" 20
3/8 78 VOLUME SWELL RESULTS
aM &=
10M <P L.B % 54 1 St X
40M /b No. Trest. g;gm; 1.5 Hyd., Lime giany 3 1.5% Fly As
B0M 7
200M o 1.5% Cement %
¥ . . |
/984 ADT _33p2 Recommended: 6_,_3 4 ACy LY T A4YD,
2006 AT G200 % H n-q‘/;' 3., ASPNALT BASET O 7&4«. :_wﬂauf
18K _ 2z4 TEST RESULTS CN TRIAL BITUMINOUS MIXES Refinery CSQMQ co
- Marshall Results
Mineral Filler 3 Rice Uensit b ib.
% Type Asphalt | Gravity (Gm/cc{ Voids Stability Flow i Appearance
- NONE & O p 31 2,312 4.3 2078 /i NO R MAL
(A% 2. 298 2,302 4.0 LLOR 0 s.u“?u’_g(_m
7.0 2318 2:.308 3.0 /827 o) :
LS ‘hyo wmp 5.5 2.432 2: 286 6.2 L2125 L L No_mak,
. 6.0 2.418 | 2.312 4.3 2028 i b
6.3 2. 406 2,320 3.4 2159 {2 NTERLOLATED |
N 2,398 2226 0 2213 2 Jedermry Ricd |
15 \eey ASH| 6.0 2.48 230 4.4 /900 V) NOLmAL
&.5 2.398 2,33 2:8 /350 /i SLLEGHTLY  RICH]
7.0 2378 2,239 £.7 2240 /2
IMMERSION COMPRESSION RESULTS ADHESION RESULTS
Mineral Filler Percent ury Het Retaine 4 Adhesive
4 Type Asphatt | Break psi | Break psi | Strength Agent Adhesion
-- | NONE 6,15 230.8 158:4 | 686 4 -- NONE 70__ 3%
1.5¢ | FLY ASH £.3 2505 /é4.7 &5.5 1 1.5% FLY ASH 15 %
1.5% | HYD.LIME] 4.3 269.8 204.5 | 758 % | 1.5% HYD.LIME | Be %
4 %
! %
o , W NoTE: Fo ASONACT 15 BAsep oX TOTAL WEIGHT
District Engineer _ Hyws  ** NOTE: VMA of this Mix Design 76.2 %
Dist. Mat. Supr, Burng Absarption: 0-1.2 low, 1.2-2.0 mnoderate,

Area Lab o

Chicf Const. Bureau
Chief Materials Burcau
Surtucing Desion Sect.

2.0 and above high

This aggregate has Mopwasrr absorption.
REMARKS: '

-



* 0:214/MT-306/11
Lab. Form No. &06
{Rev, 1/20/87)
STATE OF HORTANA
DEPARTMENT OF HIGHWAY
Material Bureau

374" PLANT MIX SURFACING, GRADE B
PLANT MIX BASE, GR!'.DE

. q v ROAD MIX SURFACIHG GRADE F S8F HES 1-2{37)v
Ltab, mo. O16330  —Guple to. Project Mo.  RT! BEF HES 1-2(35
Termini Kita E&W & Marion Wesr
Date Sampied 10721787 Date Received 1nj/uny
Sampled by R. FrJdL Title alms Address l\dli.h -]
Submitted by Title " Address B
Area Source Represented by Lab. No. 5BOGY8-47 Sample taken at
Owaner David ¥lchm Address galisp.: . Moor
TEST RESULTS Ot AGGREGATE
% Passing % Passing LL a0 PL _yp PI _ P Dust Ratio Eracture __ 7o
As Received As Tested Wear _ 24 ¥ Degradation Sand Equ A
T 13t ** Absorption Cs [,9s L Fine _p44 % Glerd IS
1'
374" (o0 _ o0 Bulk Dry Sp. Gr. of Agg. Fine 2.430 Ccarse 2 94
Ls2" Ad 86 =
/8" ) 75 YOULUME SWELL RESULTS
4K “+H =3 |
1M 31 3 3z 2.9 %

40K ‘12 ih Ho., Treat. ﬂARQ 1.5% Hyd. Lime yagp 3 1.5% Fiy Ash e

Z200M ) 8.0 1.5% Cement 1
1990 ADT 4400 Recommended: S5 & % _gslion AMCi _AS I _tyoearea Aums
2oso  ART 2460
12K O3 TEST RESULTS OM TRIAL BITUMIKOUS MIXES Refinery 1R
Marshall Resulis
Mireral Filier A Rice Density 4 LE. —[
% Type Asphalt | Gravity {Gm/ec) Vaids Stabitity Flow | Appearance
MONE 5.0 2.455 2.2374 3 2266 I NORMAL
S5 | 2441 2298 | 4.3 2235 ! /2 /
&0 2.4427 Z.399 42 2002 -l St isergwny gi¢
1.5 _luyp, eel S0 | 2.458 2.3z | 3.8 23292 |t ' wosmar
55 2. A4 2,312 2B FEX T | g {
S.4 2438 2,377 2.9 2397 14 /NTEAPOLATE]
4.0 2,423 2,395 | 43 2242 12| Normat
1.5 ety gsu i 3.0 2,488 2382 | 2.8 2/84- 1z !
’ S 2.4 2. 305 ha Pd i iz
1 4,0 2-427 2. 404 0.9 {703 lé
IMMERSION COMPRESSIDN RESULTS ADHESION RESULTS
ineral Filler Percent Dry Wet Retaine 3 Adhesive
b3 Type Asphalt | fireak psi [ Break psi| Strength Agent Adhesio
-=__| NOKE S50 | 23 L7222 5923 4 - NONE - 75
1.5 | FLY ASH 52 J84.2 L9 L T4 A 1.5% FLY ASH Ra "
1.5% | HYD.LINE| g = 290.5 2257 225 3 1.5% HYD.LIME 8By
LT\ M0, Lips] 56 337.4 2658 74.8 1 :
-~ | W~Nowe | 525 226 502 | So.A A ‘

st . ) .

2 District Engineer ** JOTE: YMA of this Mix Design /3.8 %

“I™  Dist. Mat. Supr. i Saa Absorption: 0-1.2 low, 1.2-2.0 mederace,

L Ares lab _ Karrgasg 2,0 and above high

_4_ Chief Const. Quredu

1 {Sihief Haterials Bureay This aggregate has mopseqre  absorptien,

T urfacing Design Sect. REMARXS :

-~ Bit. H\queslg?\ oth MELLALAEEY Df:.w.f_raimlw,{& Jobe ﬂ:-‘u-‘-"ll") 6}! 15)
T FHWA ad an arjrer

"1 Materiale Bureau File
T HULDE COUSTRUCTION £ .*.‘r N -

URTL e t T ..m.f:-rr?—rf—*ﬂn
AL UYS Yy G 46 Dated o -0y 5 s




0:214/H7-306/11
Lab. Form Ho. €06
(Rev. 1/20/87)
STATE OF MONTANA
DEPARTHENT OF HIGHWAY
Material Bureau

3787 PUANT MIX SURFACING, GRADE B
PLANT MIX BASE. GRADE
" ROAD MIY SURFACING, GHADE

—_ BS 4iE-1(430
Lab. Ho. GUQBSG Sampie lo. Project ilo. “
Termini Voanhua=Nuct L
Date Sampled 674187 Date Received M@ L1 1.27
Sampled by Tl TitTe g Addréews ciepdive
Submitted by N Title Address "
Area Source Represented by Lab. Ho. .nq7vp 95 Sample taken at
Dwner William Lauckner Address  Hashuo
TEST RESULTS 0O# AGGREGATE
X Passing % Passing LL _wpP PL _a)p PI aP Dust Ratio Fracture _ Ay
As Received As Tested Wear _ jg ¥ Gegradation Sand Equiv. <3
1-1" ** Absorption Cs O.8f % Fine /£, 3% % Clend kA
1II ————  —
374 e foa Bulk Dry Sp. Gr. of Agg. Fine 2,692 (carse 2.59¢
L/2" 92 a2
378" 76 77 YOLUME SWELL RESULTS
lg: S0 s2 - X
34 I A2 % 2.7 = 3L
404 22 o1 No. Treat. Frami 1.5% Hyd. Lime raap ; 1.5% Fly Ash grem
B0M S
200H 4.3 5.0 1.5% Cement S -
{988 ADT _272p Recommended: _ &, % jznlisa A/C, T Aoalg
2oo@ AT 37n
15Kk o g TEST RESULTS ON TRIAL BITUMINOUS MIXES Refinery _ & xyow
Marshall Results
Mineral Filler S Kice Density % Lb. I ‘
% Type Asphalt | Gravity {Gm/cc) Voids Stability | Fiow | Appearance
f ! ]
NopE s 2,431 z.316 4.7 1275 | 7 | scewny qen
4o Z4l4 2.327 3.7 l251 L
6. S 2.40¢ 2-342 Z.5 1353 o] I RicH
G&ef =443 2,330 3.4 f233 & r/xwmoocm?n
1S | Avp.undl 5.0 2,44 233 5.0 £300 & | _rorpac
5.5 2.43f 2.341 2.7 1388 a /
I %) 245 2,354 2.5 1425 Lo lsucunr gicn
1.5 lFry Asu | s.o 2. 444 234 54 1075 U 7 npamac
5.< z.431 2.340 2.7 /212 gt
£.0 2416 7,344 2.2 /2383 o |stgumy eren
IMMERSION COMPRESSION RESULTS ADHESICH RESULTS
Mineral Filier Percent Dry Hat Ketained 7 Adhesive
k! Typa hsphalt | Break psi | Break psi | Strength Agent. Adhesio:
--__| MWOME 6.25 | /472 /3.8 773 *° == NONE .70
1.5% | FLY ASH 5.4 /G663 /4t 8 £82.0 1 1.5% FLY ASH 75
1.5¢ | HID.LIME| 5. /958 /655 | g5 9 | 1.5% HYD.LIME Ba
k!
2 District Engineer _(G(suarvg ** NOTE: WMA of this Hix Design /5.3
I Dist. Mat. Supr. ool Absorption: 0-1.2 low, 1.2-2.0 woderdte,
_{_ Area Lab _wonr Bosur 2.0 and above high
_t_ Chief Const. Bureau
_1_ Chief Materials Bureau This aggregate has Low absorptian,
-1 Surfacing Design Sect. REMARKS
2 Bit. Mix Design Sect. . VAR A
2 i gn Sec :,"./3,1;:’».‘/“'-/4‘/ /Wjﬁ /,«_/Kf/ RS
I Materiats Bureav file ' .
x-’-,(_“_\"-___
T TR Chief Fufa o T vez

Eﬂl"?i'fl"_ ?{.’q_ffg_? _)_t_{-:-‘_,____' fated T {-‘/ &

LN —



0:214,M7-306/11

Lab. Form No. 606
(Rew. 1/20/87)
STATE OF MONTANA
DEFARTHENT OF HIGHWAY
Material Qureau
144" PLANT MIX SURFACING, GRADE ]
PLANT MIX BASE, GRADE
ROAD MIX SURFACING, GRADE
Lab. o, 613076 Tample Ho. 2 Project Mo, F BRF 4-1(3126
Termint Briduoar—raroer
Date Sampled 1711/82 Date Received Y
Sampled by Mo d bier Title M5 Addrass Billinrs
Submitted by o Title " Address v
Area Source Represented by Lab. Ho. 60681112 Sample taken a.
Owner Uua,a, (Farmers Home Admtn ) Address Hed 1o o, Monc.

TEST RESLLTS OH AGGREGATE
LL _4F PL AP PL _A/P Dust Ratio

% Passing % Passing

fracture 2&

As Received As Tested Wear _g8n 9 Degradation Sand Equiv. _ 59
1-3" ** Absorption Cs /. 4] % Fine 230 % fiend {43
i
s __ oo ap Bulk Dry Sp. Gr. of Agg. Fine 2,699 Cozrse 2.&a<4!
/2" 21 7]
3/8" 77 11 VOLUME SWELL RESULTS
T = ; 57 e
i 39 39 : g 2.
40M 19 /2 Ho. Treat. wmasp; 1.5% Hyd. Lime gman: 1.5 fly Ash yagen
BOM H
2G0LH FNA 20 \1 5% Cenent p

{987 ADT 2390 _
2007

Recommended: 5 7 % BSI{QQA/C _AS 5 J”z.d_a_'[zn_.&.m

ADT __2is%e_
18 " o TEST RESULTS ON TRIAL BITUMINDUS MIXES Refinery _  muucea
Marshall Results
Mm?ral _l;ﬂ]eri 3 Rice . 1 Density % I [
. vpe Asphalt | Gravity : {Gw/cc) Voids Statn‘hty j Flow | Appearance
$LONE Y 2.469 | 2.287 4.5 Fivie l g | MpRmMAL
4o | aas | 23 3.6 /638 lo | |
! 65 | zan 1 2y 2.8 (26| B 'suums g
45 Yy, ume 50 | _z.487 | %0 | S5.% /924 J 9 _ | NoamaAL
I_5.5 Z. 44 2.%12 | 29 /1% L !
!_5.7 2.462 Z.318 3.4 1960 | zo [{azr_qm
l 60 | 2451 2.388 2b 2132 l  SULKHTLY Rt
LS ElY AsH: S0 487 | 2 | sy 1351 8 NoRmAL
5.5 2.449 236l | 44 | s354 g 1 |
[ b | 245 231 1 29 | 20 | 0 lsucimy ai

IMMERSION COMPRESSION RESULTS

ADHESTCH RESULTS

Mineral Filier Parcent Dry T Wet Retaine % Adhesive ,
H Type Asphait ! Break psi | Break psi | StrenatH Agent Adhesir
-- | mNoug 6.0 270.64 142.2 4.5 4 -- NOME ~n
1.5% | FLY ASH =7 34 L /753 Ky Ar ki 1.5% FLY ASH 75
1.5% | HYD.LIME] =7 3207 2052 | 4.0 1.5% HYDLLIME a5
]
l &

District Engineer /9,44, 088
Dist. Mat, Supr. [ ti e

Area Lab

Chivf Const. Bureau
Chief Materials Bureau
Surfacing Design Sect,
Bit, Mix Design Sect,
FHWA

Materials Bureau File

TATT
(1o a g

—
-
- o A |

TR
AfA

** NOTE: ¥MA of this Mix Design

/3.2

Absorption: 0-1-2 low, 1.2-2.0 mudcrqte
2.0 and above htgh
This a2« regate has _spyepesary  absorption.
REMARKS far Lb
Ducu..rsc-c( -u-“- 'J"(‘- M“Y‘t”h} y DM
"')_,-- ?
f/ PN
Chiw FV'\I‘,:n ure!
e K

a8 et

-



Lab. Form Ho, 606

0:214/47-306/11

{Rev. 1/20/87)
STATE CF KONTANA
DEPARTHENT OF HIGHWAY
Material Bureau
374" plANT MIX SURFACING, GRADE D
PLANT HIX BASE, GRADE
ROAD MIX SURFACING, GRADE
i) —_— ’ — NI
Lab. Ho. 6 L1026 Sample Ho, ! Project Ho, F HES 3-4:11)39
Termini Three rorks-%orth
Date Sampled 20T Date Received TEREE
Sampled by Yarnall-lwiphtun Title DHS/MLS ff Lddrpss BULL</ T oreman
Submi tted by Tarnall Title TS Address EEe
Are3 Source Represented by Lab. No. [ ngpnrzr.ss Semple taken at
Owrar Patrivia Wouos Escate Address  Bozesan, Moot
TEST RESULTS ON AGGREGATE
% Passing % Passing LL _pnp PL NP FI _NP Dust Ratio fracture _ B~
As Received As Tested Wear % begradation Sand Equv.
1-4" ** fibsurption Cs _ 79 % Fine _g/f = 8lend 0,95
1Il
/4" Do /o0y Bulk Ory Sp. Gr. of Agqg. Fine 2,613 Cuvarse _ 2.536
L/2" B2 Bb__
3/8" 20 75 VOLUME SWELL RESULTS
g: 52 53 53 3 s |
1 37 37 3 1o ¥ 3.2
40M 21 7 No. Treat. ppaan’ 1.5% Hyd, Lime sggp i 1.5% Fly Ash _panp
a0M P
Z00M G &5 1.5% Cement 3
ADT on Recommended: <~ % .ﬁ#mn_ AJC; = % ——
2c0a_ AT 2900
18K _ s08 TEST RESULTS ON TRIAL BITUMINOUS HIXES Refinery £ yypmay
Marshall Resulits
M1f_:1a_1 Filler | A Rice Density | LD, i i
s Type » Asphalt | Gravity {Gm/cc) des Stability | Fl~w ! Appearance
Done | < 0 2.471 2. 3590 e, 7197 L 9 | nrme!
S - T Z3es | 3.7 (s 9 f
L so | 24z >z | 2.3 2oga |0V
| 5@ 1 2.4496 Z.363 3.4 8z | o Tateapelared
] .
- H}.r .L'm:r Fa 9 =] 2.473 2.353 4.9 2028 . jo  bormy)
. ]
(. N 2.987 z.3g) 2.9 (25D e ’
A oz | 2,399 | £z | 2005 L gz |
Tﬂf AT $.0 2413 | 2.35¢ | 4.8 (90 19
S8 2.95¢ 2.2 2.3 i8zs 'y !
| e 2429 | _za3gg | 17 1943 u |
IMMERSION COMPRESSION RESULTS ADHESION RESULTS
Mineral filler Percent Dry Het Ketaine i Adhesive
H Type Aspnalt | Break psi | Break psi | Strength Agent Adhesic
-- | NOWE L | _¢90.2 24l | 97,0 Y - NONE 75 |
1.5% | FLY ASH = & | sme} 220 | 97.0. 0 1.5% FLY ASH 8
1.5% ) HYDLAIME| <~ ¢ | 2744 | 9590t g¢.¢ 1 | 1.53 KYD.LIME | 85
x I
o l ;
LY r Lkt
"2 District Engineer _Gedpraldg ** HOTL: VMA of this Mix Design L
T Dist, Mat. Supr. _Geamsive Absorption: 0-1.2 low, 1.2-2.0 mocerate,
___ Area Lab - 2.0 and above high
__ Chief Const. Cureau . .
1 Chief Materials Dureau This aggregate has LoOw absorptien.
1 Surfacing Oesign Sect. REMARES:
_?» Bit, Mix Design Sect. Oircossed witl bia ey kil by Papriy
T” FHdA -7
T Materials Bureauw File 7 .<
. .
TRE T i f"“"!l' "_1_'\'"_'.1"'»_7'5
TIITTTD HEE.»_':‘ mEL 4¢ Lato co



0:214/MT-306/11

Lab. fForm Mo. A06
{Rev, 1/20/87}
STATE OF MONTARA
DEPARTHENT OF HIGHWAY
#Material Bureau
3/4™  pUANT MIX SURFACTHG, GRADE B
PLANT MIX BASE, GRADE
- ROAD #M1% SURFACING, GRADE
Lab. Na. 611645 Sample No. Project Ho. RRS 10-2413)71
Termini Blae Sandvy Mailroad Overpass-Hvpass _
Date Sampled  wu/ni/47 Date Recelved rrered
Sampled by 4 brumnec Title Address ivre
Subnri tted by L el Title 1S Address Gt iolla
Area Source Renresented by Lab. No. spguup—o7 Sample taken at
Owner Coorve Svhilack Address Bie Samt:, “lonr.
TEST RESULTS ON AGGREGATE
% Passing % Passing LL aP PL a/Pp P1 a/P Dust Ratio Fracture =1 g
As Received As Tested Wear 27 % Degradation Sand Equiv.
1-3" ** Absgrption Cs £57 % Fine s p4 % Blena ) :
1Il
3/4" o0 /80 Bulk Dry Sp. Gr. of Agg. Fine 2 £8p f.:rse 2.1taf%
1/2“
3/8" 15 24 VOLUME SWELL RESULTS
an 47 53
10M 35 k) 4 s/ % _%.3
40M /8 /8 No. Treat. giem ;3 1.5% Hyd. Lime grem 3 1.5% Fly Ash _oam
80M g ¥ :
200M &4 7H 1.5% Cement % L
j9ad  ADT  jras Recommended: 575 € gelion A/Cy A4S % gvacaren a/ms
2ood  ADT o
18K &7 TEST RESULTS ON TRIAL BITUMIHOUS MIXES Refinery HRE
Marshall Results
Mineral Filler . fice Density % Lb: \
z Type Asphalt | Gravity {Gn/ee) Yoids Stability Flcw + Anpearance
Nowe__|__ 5.5 2.434 ! 2307 54 /560 9 | sogmar
5.0 2.4/ 2.323 38 199, 2o |
6.5 2.398 | 2.33¢ 2.6 1937V to Vsounr sice
£S5 \Hvp, Ligigl 5.0 2,952 Z.3zo 5.4 | 24 e NOR
9.5 2.943%4 2,374 EXd zors g |
L 378 2.42¢ 2,338 3.6 2024 fC L IATERPILATED
6.0 2416 | 2350 2.7 204 [0 suesriy Ricd
L5 By A 5.0 2.452 2323 5.3 /498 /o0 b ommal
| [ S5 2.4%__| 2.22¢ 4.5 /573 2 f
! , 6.0 2. 416 2. 341 3. {703 9 !
IMMERSION COMPRESSION RESULTS ADHESICL RESULTS
Mineral Filler Percent Ory Wet Retained 4 Adkesive
H Type Asphait | Break psi | Break psi | StrongtH Agent Adhesign
== i NONE b 2181 Ligb S54.4 - NOnE AT
1.52 | FLY ASH 59 2312 /B2, 9 8.9 4 | 1.59 FLY fSH RO %
1.5% | HYD.LIME| ¢9s 2L9.8 zzd.S £33 4 | 1.5 wvpime b gg %
Ly -
P | ] .
2 District £ngineer Erear Fauy ** NOTE: VMA of this Mix Design fol, 2 2
T Dist. Mat. Supr. _Zeser Faws Absorption: 0-1.2 low, 1.2-2.0 moderate,
_t Arcalab _ Hayge 2.0 and above high
_t Chicf Const. bureau
_1_ Chief Materials Bureou This aggregate has Mo pERAT] abscrption.
1 Surfacing Design Sect. REMARKS : f"_

———

_&  Bit, Mix Design Sect.

_1  FHWA

_1  HMaterials Bureau file
AN TME

UNTT0 /e 87 res

DJSCV-*'J&/ wooth Jola,
b}- Bf

50

73

May ko

&/

f"n//j

T “.‘,ﬂ:ea 1’ T3 _pguaredd

Dated o e



Lab. Form HMo. 606

0:214/7-306/11

(Rev. 1/20/87)
STATE OF MONTARA
DEPARTMENT OF HIGHWAY
Material Bureau
5 PLART MIX SURFACING, GRADE _,
PLANT MIX BASE, GRADE
ROAD MIX SURFACING, GRADE
Lab. HNo. f17329 Sample Ho. __ 5  Project Ho. ¢ ype +s_.9r1199
Termini B leeigy=tonurt, —
Date Sampled y_spoa- Date Received 7_u4_a7
Sampled DY oo Title e AdAress  nii1icoeas
Submitted by " Title o Address "
Area Source Represented by Lab. No. o 1/95_¢9) 109 Sample taken at ;.. ..,i1-
Cwner ER R TP Address
TEST RESULTS OH AGGREGATE
I Passing 1 Passing LL _ap PL _gg Pl _alP Dust Ratio Fracture _G7%
As Heceived As Tested Wear /9 % Degradatioa Sand Ekquiv., _ &3
1-3* hx Absurptwn Cs Lt I Fine _¢.72 % Blena 238
lll
3/4" o0 o0 Bulk Dry Sp. Gr. of Agg. Fine >, £92 Coarse _ 2,439
/2" 90 Ip
3/8" 75 YOLUME SWELL RESULTS
4M !! 53 <
1GM 7 37 2.2z % L L9
40M EX §y: No. Treat. ygre; 1.5% Hyd. Lime ggeg : 1.5% Fly Ash _anaa
80M S
200M 5 &0 1.5% Cement %
7986  ADT _peam Recommended: _S5.6 % gshc_;g AfC; _ L& T _sirvorATZa. LidlE

2006 MT 2ppn

18K zip TEST RESULTS ON TRIAL BITUMINQUS MIXES Refinary  Cenex
Marshall Results
Mineral Filler i Rice Denstty 4 Lb, |
P Type Asphalt | Gravity {Cm/cc) Yo1ids Stability Flaw | Appearance
|
MOUF 3.5 2 . 454 2337 “+ 8 /788 o 1 nogmAL
6.0 2. 432 =341 35 /807 | i
6:5 2. 410 2: 30k L8 /81% £ Isyeany grén
L5 Hvn. 4 5.5 2: 454 2:3L0 28 /BEBE biw) NORmIAL
S, 2450 2363 2l /ABRO o INTERIDLATED
6.0 2,432 2,373 2.4 [A4h it NOARAL
b 2. 4o 2,591 l Lt 2132 13 gy  Rifh
LS | Fay AasH | S8 2. 454 2,436 5.7 1748 | ze HOLAL
£:0 2,437 z.362 1.7 {881 i
6.5 2. 40 2. 408 0,3 23kl fo  \sgiwny Ricy
IMRERSTON COMPRESSION RESULTS ADHESION RESULTS
Mineral Filler Percent Dry Wet Retained A Adhesive
f Type Asphalt | Break psi | Break psi | Strength Agent Adhesion
-- NONE 5.0 244.7 i5%.2 'L 2 - NONE Bo =
1.5% | FLY ASH LA 3358 2447 &0 5 1.51 FLY ASH [.¥a) 3
1.68% | HYD.LIMF b 327.9 Zéél 26,3 4 1.5% HYD.LIMF B5 3
&) £
2 District Engineer _ Micesaas  ** NOTE: VMA of this Mix Design It
I™  Dist. Mat. Supr. By a5 Absorption: 0-1.2 Jow, 1.2-2.0 woderate,
Area Lab e 2.0 and abuve high
I"  Chief ConSt. Bureau
_L_ Chief Materials Bureau This aggregate has odgaTe_ absarption.
_%_ Surfacing Design Sect, REMARKS me / //
Bit, Mix Design Sect. % 'w
o b an Se 75“(”“/ (_///,, Alognt S Bt 7
_t Miterials fureau File v '3) >
LT ‘/ A
. _T'rr;—'—'—*f"q.— THivT, AGFiTTT Tares
amrer ;J‘}-‘“-! mEL 51 Dated 4 - 0 -



. B 0:214/MT-296/11
Lab, Form No. 606
{Rev. 1/20/87)
STATE OF MONTANA
DEPARTHENT OF HIGHWAY
Material Dureau

374" PLANT MIX SURFACING, GRACE B
PLANT MIX BASE, GR.ﬂ.I]E
"7 ROAD MLX SURFACING, GRADE

Lab, MNo. 60797‘1 Sample No. _1— Project Ro.F HES 1B-1(Z;1
Termini Mites City-nNW ]
Date Sampled 4/1u/87 Date Received o
Sampted by _TvasTuw Title LT 111 Addresy ifes ey
Submitted by Japkman Title 15 11 Address *
Area Source Reépresented by Lab. Ho. 606045-53 Sample taken at
Owner Eckart Construcklon Address Miles CTIEy, oC.
TEST RESULTS ON AGGREGATE
§ Passing % Passing LL _pyP PL AP Pl pP  Dust Ratio Fracture g9 1
As Received As Tested Hear g# 1 Degradation Sand Equiv.
1-g* T tTon O ras Y TTRE 262 % DenT 751
III
3/4" 200 100 Bulk Ory Sp. Gr. of Agqg. Fine 2543 Coarse _2.563% .
1/2% 3 H
378" i 57 VOLUME SWELL RESULTS
M 55 56
1o 33 I¢ 25 % £ 3
40M ll i7 Ho. Treat. Eggp ; 1,5% Hyd. L1me J_Lp_ 1.5% Fly ,e.fr/—‘
80K _______-_‘m—‘".
2004 4.4 6.0 1.5% Tement 1
ADT _ /por Recommended: _ 4.5 % Af-y0 AT _NO X —
268 J\DT __ie._
18K 44 3 TEST RESULTS ON TRIAL BITUMIMOUS MIXES Refinery Asivaa Sermy
Marshall Results
Mineral filler 4 Rice DensTt{ z Lh. {
¥ Type Asphalt | Gravity {Gm/cc Voids Stability Flow | Appearance
NoslE 5.5 2. 410 2,276 5. 182 4| wedman
L0 Z.395 Z.193 +3 /A48 i
bS5 Z.580 2.294 2.4 Zooz /7
LS THy0, Llimgl S5 2.410 E A b 3.5 Jek0 N
6.0 2.395 2.234 .l TN IIA 12
£.5 2. 360 2.307 3.f /508 /8
LS {Fey ASH f.0 2,395 23e? 34 {13 /2
6.5 2.3%0 2302 3.2 IStz {6
l 1.0 Z.345 z,327 Lt 1776 23
IHMERSICH COMPRESSIOM RESULTS ADHESION RESULTS
Tneral Filler Percent Dry Wet Retaine i Adhesive
1 Type Asphalt | Break psi [ Break psi | Strength Agent Adhesion
-= NONE 6.5 2844 2505 Bg.5 M -- NONE 7 1
1.5% | FLY asH | &4 1 2584 Z40% gz.2 1 | 1,52 FLY ASH a0 1
1.5% | HYD.LIME! _&.4 3509 3494 | 994 1 1.5 HYD.LIKE F.Ls %
% 7
p! } ]
2 District Engineer Gr tngLyE ** NOTE: VMA of this Mix Design WA
TI” Dist. Mat. Supr. __&geene Absarption: 0-1.2 low, 1.2-2.0 moderate,
+ Ared Lab Mhess Cipy 2.0 and above high
1 Chief Const. QBureau
1 Chief Materials Bureau This angregate has gmpoceaTs absorption,
1~ Surfacing Design Ser . REMARKS : Nvrd B8I0
—_ " “€3 ’ i bbatid s/ B7
,:'i_ E:l;n Mix Design Sect. Drscwssed with Johen Hayb"ﬁ’ Gq
"1 Materials Bureau File ’O/O
AN L U)Sf‘ YLMI)J.TQ_:"TT'T_UWF"_
CIECYED A24Th fifk 5y Dated ¢ 5 4/ Y,






