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BACKGROUND 

The State of Montana has been aware of the susceptibility to moisture 

damage of some bituminous mixtures for many years. We commonly used 

hydrated lime to improve these mixtures . We used antistrips such as 

0.5% Acra 500 to decrease the stripping of asphalt from bituminous 

mixtures years ago . 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 antistri p used did not 

sufficiently improve the mixture. We discontinued the use of antistrips 

for construction of plant mix pavements , although it still may be used 

with maintenance 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) 

2 



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 i n 

many of the mixtures. As a result, we have frequently used hydrated 

lime. 

On the whole, the utilization of hydrated lime in bituminous mixtures 

has served us well. In addition, to acting as a bonding agent and 

increasing the immersion compression; hydrated lime increases adhesion, 

reduces the plasticity index, reduces volume swell and increases 

Marshall stability. 

The cost of hydrated lime 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 

loading 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. 

3 



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 . \<le continued to determine moisture damage susceptibility 

using the immersion compression test. An added advantage to continuing 

t o use the immersion compression test to determine moisture 

susceptibility of bituminous mixtures is , we have extensive fi les 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 bituminous mixture . We did not formally use the total dry 

strength of a mixture, but bituminous mixtures with less than 150 psi 

were suspect even with a 11 good11 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. 

Our objective was to produce the best possible bituminous mixture. If 

we achieved an i ncrease 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. 
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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 immers ion 

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 limited 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 

Administration sent us a solicitation for participation in an 

implementation project. The plan of this project to have four selected 

st ates 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 project from each of 

our eleven districts. This selection would provide us with a diverse 
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sampling of both geographic climati c areas and aggregate sources . We 

planned to evaluate the bituminous mixtures we designed by using Modified 

Lettman and Root-Tunnicliff testing in addition to our standard tests. 

Bituminous mixtures that required hydrated lime for either immersion 

compression or Marshall stability requirements were tested both using 

hydrated lime 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 lime was placed in 

the field. 

PROJECT SCOPE 

We were awarded a two-year contract for the study we proposed. The 

contract required us to conduct an evaluation of Modi fied Lettman and/ or 

Root-Tunnicliff test methods to predict bituminous mixture susceptibility. 

We had determined we would conduct bituminous mixture evaluation following 

1283-85 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. Lettman to interpret the data of the T283-85 test procedure and 

to calculate a life expectancy for a pavement. 

Since the Root-Tunnicl iff procedure provides quicker results and a 

freeze-thaw cycle is not necessary, we decided to also include this test 

in the evaluation. 
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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 

i ni tial analysis 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 samples to develop an initial assessment of the bituminous mixtures. 

These procedures are described in the attachments as MT323 and MT324. 

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 predicti on of pavement life expectancy made after testing 

laboratory samples could be compared to the subsequent predicti on made 

after testing the same bituminous mixture two years later 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 recogni zing if the li fe cycle was accurately predicted by the 

initial testing. 

Montana is a very large and geographical ly diverse State. We felt if we 

selected a minimum of two projects from each of the f ive districts we 

would have data from representative aggregate sources, and have bitu­

minous mixture in areas extending throughout the State. For our final 

l ist of projects, we had el even 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 immersion compression values are usuall y increased by 20% 
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and average range i mmersion compression va1ues are increased by 10%. He 

were very interested in learning how the pavement properties are 

affected by the addition of hydrated lime as determined by Modified 

Lottman and Root-Tunnicliff laboratory testing of bituminous mi xtures . 

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 11 intuitive11 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 t he 

protection of using hydrated lime or some other system to retard 

moisture penetration into the bituminous mixture . If the retained 

strength ratios are less than 50%, the mixture is susceptible to 

moisture damage and the pavement l ife will be less t han for an aggregate 

asphalt mixture that is not as susceptible. 

We also planned to input the data into the ACMOOAS program developed by 

Or. 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 
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computer currently available in the Materi als Bureau Laboratory. 

Comparing the life predictions from the original laboratory bituminous 

mixture and the predicted life remaini ng from the field cores, we could 

assess the value of the prediction . Did the pavement life remai ning 

determination, made for an aged and environmentally exposed pavement 

sample, validate the pavement life projection made with the initial 

laboratory bituminous mi xtures? 

Project Implementation 

In 1987, we reviewed the projects that were scheduled to be paved. We 

selected a diverse sampling of geographic/climatic areas and multiple 

aggregate sources. We planned for at l east 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. In addition to performing the mix design 

which includes immersion compression testing, we planned to complete 

Modified Lettman and Root-Tunnicli ff testing for these aggregate 

sources . For fabrication of the test spec imens , we would use the same 

asphalts, addit i ve (if any), contractor's target grading , and specified 

aggregate bin proportions as used i n the original mi x design. 

As our program is focused upon addi ng one of the newer test methods to 

our design procedure, the comparison to the immersion compression test 

results will be very important. The test method that most accurately 
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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 i n 

predictive capabili t ies 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 

moi~ture damage susceptibility determinations. 

TEST PROJECTS 

We selected the 11 test project s to represent a diversity of conditions 

and quali ty 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 lime to be added to the bituminous mixture. 

With these projects, additional l aboratory specimens both with and 

without hydrated lime were prepared for testing using the Modified 

Lottman and Root-Tunnicliff procedures. The addi ti ve, 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 samples. One project we intended to evaluate was dropped when 
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the aggregate supply was "rec1aimed11 immediatel y after the paving was 

completed. We did not have enough retained aggregate to complete all of 

the planned testing. 

We established base line values using all three moisture damage 

susceptibil ity systems and pavement life predict i ons with Lettman and 

Root-Tunnicliff testing. 

Two years later vie went out and cored each of the study projects. We 

tested the cores and determined Modified Lettman values, Root-Tunnicliff 

values and again processed this infonnation using the ACMODAS program. 

We compared the initial data, the data in two years time and the 

apparent correlation obtained from the two data sets. We expected 

longevity 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 speci fic 

projects, all analysis and discussion is referenced to a project name in 

addition to the test group numbers identified in this table . 
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Test Group 

1 

2 

3 

3a 

4 

4a 

5 

6 

6a 

7 

8 

8a 

9 

9a 

10 

TABLE I. PROJECT/TEST GROUPS 

Project Name 

Seeley Lake-Inez 

Ulm-South 

Helena-West 

Helena-West 

(Hydrated Lime) 

Ki la-West 

Ki la-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 

12 

Project 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) 99 

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 less than 55% 

as bad. 

TABLE 2. GROUP CLASSIFICAT ION 

Group IC Lottman Root-Tunnicliff Good Suspect Bad 

No. % % % 

1 67.8 65 .8 81.4 RT IC,ML 

2 67.9 78.9 80.0 ML,RT IC 

3 68.6 52.4 63.6 IC,RT ML 

3a 75.8 58.0 55.3 IC ML ,RT 

4 59. 3 51.3 41.5 IC ML,RT 

4a 78.8 79.2 72. 9 IC,ML,RT 

5 77 . 3 81.8 50.6 IC,ML RT 

6 41.5 88.0 44 .3 ML IC ,RT 

6a 64.0 76.0 67.2 ML IC,RT 

7 97.1 65.1 67.2 IC ML,MT 

8 54.5 57.2 51.8 ML IC,RT 

Ba 83.3 61.8 80.3 IC,RT ML 

9 64.5 62.0 69 .1 IC,ML,RT 

9a 81.3 79.5 79.0 IC,ML,RT 

10 88.5 78.8 94.2 IC,ML,RT 

From this grouping, we see that moisture damage susceptibility is 

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

borderl ine group 3a i s counted . 
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Moisture damage susceptibility is probable 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 indi cate that the mixture is susceptible to moisture damage. Of 

these three groups, two of them are mixtures to which 1.4% hydrated l ime 

was added. Only group ten aggregate exhibits a lack of sensitivity t o 

moisture damage without an additive. Conversely, of the ten groups of 

aggregate evaluated not one group tested universally bad by all three 

tests being considered . Three of the five mixes where hydrated lime was 

used for the mix design and in the construction showed 11 bad 11 moisture 

damage susceptibility without addition of the hydrated lime. Into the 

bituminous 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 l ime 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 i s similar to AASHTO 

T165 and T167. 
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Terms that are referred to in the project by project revi e\~ are as 

follows: 

Absorption - water absorption of aggregate determined using procedures 

MT204 and MT205. 

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 visual ly assessed foll owi ng 

procedure MT309 . 

Fracture - t he percentage of aggregate that has at least one 

mechanically fractured face, which is determi ned following MT217. 

VMA - Abbreviation for Voids in Mineral Aggregate. 

Volume Swell - The percentage of volume change of -lOM ~ggregate after 

saturating wi th water for a 24-hour period. Asphalt is used to bond the 

aggregate to enable measuring the volume. 

PROJECT REVIEW 

1) Seeley Lake - This mix design was performed in September 1987 wi t h 

a good aggregate that was more absorptive (2 .19% absorption) than 

most. The adhesion was 80%, the immersion compression was 67 .8% 

and the volume swell of the -lOM was 1.5% the fracture was 80% and 
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the VMA was 14.0%. Marshal l stabilities were 1900 pounds. The 

Lottman retai ned strength ratio was 66% and the Root-Tunnicliff 

r etained strength ratio was 81%. No addi tive was recommended. The 

cores now show 80% adhesion. The Lottman and Root-Tunnicliff 

values on the cores are both much less than the mix design; 37.0% 

and 48% respectively. The predicted life of plant mix evaluated 

during the mix design was 17-18 years. The prediction from fiel d 

cores two years later was approximately six years. The density of 

a field core (2.243) was much less than the mix design density of 

2.306 , so this may be a significant factor. 

2) Ulm - South - This project was from another district and another 

geographic area. The mix design was performed September 2, 1987. 

This was another good aggregate that was moderately absorptive 

(1 .59% absorption). The adhesion was 80%, the immersion 

compression was 67 .9% and the volume swell of the -l0M aggregate 

was 2.8%. The fracture was 78% and the VMA was 14.0. 

Marshall stabilities were 2000 pounds. 

The Lottman and Root-Tunnicliff retained strength ratios of the mix 

design were 79% and 80% respectively . The predicted life of the 

tested mix design samples with no additive was approximately 15 

years with either the Lettman 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 
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pavement service life. 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. 

3) 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 t his 

also infl uenced 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 .2%. 

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 Root-Tunnicli f f retained strengths were 55-58%. Cores 

taken two years later indicated 12 years of remaining service life 

using Modified Lottman test data and 6.6 years of remaining serv ice 

life. Modified 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. 
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4) Kila - E & W - This mix design was performed November 1987, with a 

good , mode rately absorptive aggregate (1 .65% absorption) . Hydra t ed 

lime was added to increase the immersion compression retained 

strength, but this a lso influencr.d adhesion, Marshall data and 

other mixture properties. As designed, the adhesi on was 85%, the 

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

The Marshall stabilities were 2400 pounds 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 serv ice. The Root-Tunnicliff 

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 two years 

later and tested for Modified Lettman data indicated 6.6 years 

servi ce could be obtained. Root-Tunnicl i ff testing indicted 8 .0 

years of service could be expected. Retained strength ratios were 

57% for Modified Lettman testing and 65% for Root-Tunnicliff 

testing. This is a major decrease in life service expectancy. The 

mix design density of 2.377 is s l ightly greater than t he 2.365 of 

the field cores. Compaction dif~erences do not appear to be a 

sign i ficant factor in these major changes of predicted service l i fe 

for this pavement . This data of the mix design and field cores 

differs an abnormal amount . Some unidentified variable may be 

affecting this mixture. 
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5) Nashua - North - This mix design was performed in JU'Yle 1987 with a 

good aggregate with 1.03% absorption. The adhesion was 75%, the 

immersion compression retained strength was 77 .3% and the vol ume 

swell of the -lOM was 4.2%. Fracture was 86% and the VMA was 15.3. 

Marshall stabilities averaging 1273 pounds were the only 

indications this was not a good aggregate for bituminous 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-Tunnicliff 

test. The predicted life 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 life expectancy is 25.8 years; a 14.7 year increase from 

the testing during the mix design. The Modi fied 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 deci ded this was not a 

significant factor in this reversal of life cycle expectancy, 

because even though the Root-Tunnicliff test values increased with 

the density i ncrease, the Mod i fied Lettman predicted l i fe 

expectancy decreased. 
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6) 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 stability. 

With the hydrated lime, the adhesion was 85%, the immersion 

compression was 64% and the volume swell of the -l0M aggregate was 

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

With Marshall stabilities of 1960 pounds, the only indication that 

this was not a good bituminous mixture using our conventional 

criteria was the lower than normal immersion compression ratio. 

The Lettman 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 life from 

testing the field cores taken two years later were 8-10 years by 

the Lettman test and 39 years by the Root-Tunnicliff test. 

Surprisingly the retained strength ratios were close , 79% for the 

Modified Lettman testing and 82% for the Root-Tunnicliff testing. 

This major disparity will help to determine the validity of one 

test method when the life cycle matches the prediction. 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. 

20 



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 immersion com­

pression was 97.1% retained strength. The mix design Modified 

Lottman dat a indicated 5.2 years and the Root-Tunnicliff data 

indicated 14.4 years of service were avai lable . Retained strength 

ratios of these two tests were 65%-67% . Cores taken two year s 

later tested for Modified Lottman indicated 5.2 years of service 

and Roo t-Tunn icliff testing i ndicated 7.6 years of service . 

Retained strength ratios were 57% for Modified Lettman testing and 

60% for Root-Tunnicliff testing. These t wo procedures are 

essentially in agreement on a pred iction of the l ongevity of this 

pavement from the field cores. The dens i ty of a field core was 

slightly greater than the density of the mix compacted in the lab; 

2.363 for the mix design and 2.38 for the field core, so compaction 

is not believed to be a negative factor. 

8) Big Sandy - This mix design was performed in September 1987, wi th a 

good, moderately absorptive aggregate with 1.65% absorption. 

Hydrated lime was added to i ncrease the i nmersi on compression 

retained strength, but this al so influenced adhesion, Marshall data 

and other mixture properties . As designed, the adhes i on was 85%, 

the volume swell was 5.1%, fracture was 81% and the VMA was 14.2%. 
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The Marshall stabilities were 2000 pounds and the immersion 

compression was 83.3% retained strength with the hydrated lime . 

The mix design Modified Lettman testing indicated that the mix 

would provide 20 years of service (80.3% retained strength). The 

Root-Tunnicliff testing indicated 9.4 years of service (61 .8% 

retained strength). 

Cores taken two years later and tested for Modified Lettman data 

indicated 9.4 years of service remained and Root-Tunnicliff testing 

indicted 7.3 years of service could be expected. Retained strength 

ratios with both procedures were approximately 72%. Core data is 

relatively consistent for the two test methods. The mix design 

density of 2.338 is somewhat more than the 2.309 density of the 

field cores. The level of compaction may be a factor in reduction 

of predicted life service when comparing the results of testing the 

mix design samples and the field core samples. 

9) 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 \'las added to increase the Marshall 

stability and the irrrnersi on compression retained strength, but this 

also influenced adhes i on, volume swell and other mixture 

properties. As designed , the adhesion was 85%, the vol ume 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-Tunnicliff test data indicated 10 .8 years. Both tests 

yielded 79% retained strength of mix design samples tested. Cores 

taken two years later tested for Modified Lottman indicated 27 

years of service and Root-Tunnicliff testing indicated 9.7 years. 

Retained strengths of cores were 110% for Modi fied 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. 

10) Miles 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 88.5% and the volume swell of the -lOM was 1.8%. 

Fracture was 89% and the VMA was 15.6%. Marshall stabilities wer e 

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 ret~ined strengths are somewhat less, 

67% and 74% respectively. The dens ity of a field sample with a 
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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 later 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 later. 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-Tunnicliff. Some plant mix that immersion compression data 

indicated will provide a useful service life was noticeably stripped 

within the two years between the placement of the section and when the 

cores were taken. Testing of p~vement cores from some other projects 

indicated that the pavement section woul d exceed the service life 
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predicted after fabricating and testing l aboratory specimens during t he 

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 

inf luence on the moisture damage susceptibility. The factor we reviewed 

first was compaction. It is generally accepted that low compaction 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 plant mix. 

This data is tabled in the back of this report, but no correlation was 

found. The asphalt cement (AC ) content of the mix design was also 

compared to the % AC extracted from core samples from each project. A 

comparison was made to determine how the change in % AC corresponded to 

the change in moisture damage susceptibility of the bituminous mixtures. 

This data is included 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 mix 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 
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correlate with the predictions of 1ife cycle, no gradation - longevity 

correlations were made. 

All of the information used to assess pavement life cycle is included in 

the tables in the appendix. When a review of tabled data did not show 

us recognizable correlations of data and apparent plant mix performance , 

we tried graphing the various 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-Tunnic1iff mi x 

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 susceptibi1ity . 

Graph Set Discussion 

These graphs are discussed in detai1 here. 

1) The first set of graphs, a mix design and field data comparison, 

seriously disturb the idea that mix design l aboratory testing can 

be used to predict the service life of a pavement. If the pavement 

life predictions were al1 r ight, the test data determined with the 

mix design samples.would show a pavement life expectancy of two 

years more than the field cores. This did not occur and cores 

often had half or less of the life expectancy of the mix design 

samp1es. If the test methods are capable of iso1ating plant mix 
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weakness, there is a major weakness of plant mix produced by the 

fie1d 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 

graphs. If the actual environment is more severe than the factor 

used in the mixture fatigue life calculation, the deterioration 

would occur faster than predicted. This would fit the two known 

data points of several of the sample groups. The validity of this 

theory wi 11 only be proven if the roadways fail in 1 ess time than 

the design life in the order of the pavement life predictions that 

were made. 

The second set of graphs, Mix Des i gn Lettman compared to Mix Design 

Root-Tunnicliff, is a reasonable match on five of the projects and 

the data is totally at odds on t he other five projects. On three 

of the projects where the data is not in agreement, Modified 

Lettman based predictions are for a longer pavement life than 

predictions based on Root-Tunnicliff testing. This is not what was 

expected . It was anticipated that the Modified Lettman test would 

be more severe than the Root-Tunnicliff test because the Modified 

Lettman conditioning process has a freeze-thaw cycle and the 

Root-Tunnicliff conditioning process does not. Since it is more 

severe and other factors were held constant for the calculations, 

the wet fatigue performance life predicted using Root-Tunnicliff 

was expected to be longer than wet fatigue performance using 

Modified Lettman testing. In actual testing, the longer wet 
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fatigue lives were predicted by the Modified Lettman testing on 

seven of the test groups on the mix design. This reversed with the 

field cores; the Root-Tunnicliff test data did indicate a longer 

wet fatigue life than the Modified Lettman testing did on these 

samples. 

The third set of graphs displayed the differences between pavement 

life projections using Lottman data for mix design samples and 

field cores taken two years later. They also display the 

differences between pavement life projections using Root-Tunnicl iff 

test data for mix des i gn samples and field cores. The graphs show 

the improbability that Modified Lettman or Root-Tunnicliff testing 

of mix design samples will compare to the same test from a fiel d 

core two years later. There is no way of knowing, except to wai t 

for the pavement life cycle to end, what testing yields results 

that will anticipate pavement performance. 
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RECOMMENDATIONS 

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. 

We 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 applicable to environments in 

Montana. A two-year program is too short to establish the accuracy of 

life cycle projections for bituminous pavements. 

The coring evaluation and pavement monitoring of the condition 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 between 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 
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projects should require cores immediately to complement the testing 

performed on the laboratory samples. 

Future Pl ans 

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 ACMOOAS program would also permit 

the development of regional and geographical factors to express the 

severity of the environment when designing mixes. The more wet/dry 

cycles or freeze-thaw cycles that a pavement is to be exposed to the 

more effort could be directed to minimizing the moisture damage 

susceptibility of the bituminous mixture. If pavement service life 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 ) Lettman Lettman 

Identity {Retained) Dry Wet Dry Wet Dry Wet Dry Wet 

GROUP l +5 +5 +5 +5 
See 1 ey Lake - Inez 110.2 72 .5 116.4 94.7 6.75xl0 3.47x10 6 . 75x10 5.23xl0 

RTF 83-1 {4) 15 (MD) 80% 65.8% 81.4 

+5 +5 +5 +5 
Seeley Lake - Inez l 03 .9 38.8 116.8 56.5 4.24xl 0 3 ,36xl 0 5 .27xl 0 4.08x10 

RTF 83-1(4)15 (core) 60% 37.3 48.4 

Di fferences +6.3 +33 . 7 -0.4 +38.2 +5 +5 
{gain or loss) +20% +28.5 +33.0 +2,51 X -o. 11 -1 .24xl 0 -1 .15x10 

CROUP 2 +5 +5 +5 +5 
Ul m-South 106.1 83 .7 88 .0 70.4 4.71xl0 3,60xl0 4 ,7lxl0 4, 08xl0 

RS 330-1(7)0 (MD) 80% 78.9 80 .0 

91.2 61 .9 
+5 +5 +5 . +5 

Ul m-South 105 .4 56.7 3,42xl0 2. 78x10 3 .88x10 3.45x10 
RS 330-1 (7)0 {core) 7C/!I, 53.8 67.9 

0 ifferences +0.7 +27 .0 -3.2 +8 .5 
+5 +5 +5 +5 

(gain or loss ) +10% +25 .1 +l .21 +1.29x10 0.82x10 +0.83x10 +0.63x10 

CROUP 3 +5 +5 
{MD ) 11 o. 7 51 .2 

+5 +5 
Helena-West 64.2 92 .6 5,00x10 4 .06x10 5 .00xl O 3 .05xl0 
RTF- BRF 8-2(15)34 80% 58.0 55 .3 

Helena-West {core) 99.1 48.4 107 .1 52.0 
+5 

4,76xl0 1 .93x10 
+5 +5 

5 . l 2xl 0 3.57xl0 
+5 

RTF- BRF 8-2(15)34 40% 48.8 48 .6 

Di fference +11.6 +15 ,8 -14.5 -0 . 8 +5 +5 
(gain or loss) +40% +9.2 

+5 +5 
+6.7 +0 .24xl0 +2.13xl0 -0.12xl 0 -0.52xl0 

CROUP 4 
Kila - E &. W {MD) 97.3 

+5 +5 +5 +5 
77 .1 100 .2 73.0 5 .84xl0 2,99xl0 5,84xl 0 3 .30xl0 

F-BRF-HES 1-2(37 )99 85% 79 .2 72.9 

Ki la - E &. W {core) 129 .3 73.8 121 .5 79 .o 5 . l 4xl 0 
+5 

5. 3l xl0 
+5 +5 

6 .39xl 0 5.84xl0 
+5 

F- BRF-HES 1-2(37)99 75% 57.l 65 .0 

Di fference -32.0 +3 .3 -21 .3 -6.0 
{gain or l oss) +10% +22 .1 

-5 -5 -5 -5 
+7.9 +0.70xl0 -2.32xl0 -0 .55xl 0 -2 .54xl 0 

CROUP 5 +5 
Nashua - North 93.6 

+5 +5 +5 
76 . 6 80.8 40.9 3 .67xl0 l • 70xl 0 3.67xl0 l .85xl0 

RS 438-1(4)0 (MD) 70% 81.8 50 .6 

Nashua - North l 09 ,0 73.7 65.3 71 .6 
+5 

2 .35xl 0 2 ,30xl 0 
+5 +5 

2 .99xl 0 2.94xl0 
+5 

RS 438-1(4)0 (core) 30% 67 .6 109 .6 

Difference -15.4 +2.9 +15.5 -30.9 
-5 -5 

(gain or loss) +40% 
-5 -5 

+14 .2 -59.0 +l .32xl0 -0.60xl0 +0 ,68xl 0 -l.09xl0 
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DATA TABULATION (Part 2 of 2) 

Root MR (psi) MR 

Mix Stripping Lottman (psi) Tunnicliff (psi ) Lottman Lottman 

Identity (Retained} Dry Wet Dry Wet Dry Wet Dry Wet 

CROUP 6 +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} 85% 76.2 67.3 

130.7 "!07 .o +5 +5 +5 +5 
Bridger-Fromberg 133 .o 106.2 6.05x1 0 6 .86x10 5 .33x1 0 9 .33xl 0 
F- BRF 4-1(5)26 (core) 80% 78.7 81.9 

Difference -6 .7 -9.9 -15.0 -29.1 +5 +5 +5 +5 
(gain or loss) +5% -2.5 - 14.6 +0.33x·10 -2.0lxlO +l .05x10 -3.67x10 

CROUP 7 +5 +5 +5 +5 
Three Forks - N 97.l 63 . 2 l 02 .8 69. 1 3,69xl0 2.27xl0 3 .69xl 0 2.28x10 

F-HES 8-4(11)99 (MD) 75% 65 .1 67.2 

Three Forks - N 131 .5 74.9 92.1 55.0 
+5 

4,54x10 
+5 

5,60x10 
+5 

4 ,09x1 0 
+5 

3.80x10 

F-HES 8-4(11)99 (core) 40% 57.0 59.7 

Difference -34.4 11. 7 +10.7 +14.1 +5 +5 
(gain or loss) +7.5 

+5 +5 
+35% +8 . 1 -0 . 85xl0 -3.33x10 -0 .40x1 0 -1.52x10 

CROUP 8 +5 +5 +5 +5 
Big Sandy - RR 118.0 94.8 109. l 67.4 7,46x10 5.15xl 0 7,46xl 0 5.44x10 
Overpass {MD ) 80.3 61 .8 
RRS 10-2(14)71 85% 

Big Sandy - RR 128.3 93. l 129.6 93 .3 
+5 

7.44xl0 
+5 

6.82xl0 
+5 

5.40xl0 6 .88xl 0 
+5 

Overpass (co re} 72.6 72.0 
RRS 10-2(14)71 50% 

Difference -10.3 +l .7 -20.5 - 25.9 
(gain or loss} +35% +7 .7 

+5 +5 +5 +5 
-8.2 +,02xl0 -1 .67x10 +2 .06x10 -1 .44x10 

CROUP 9 
Klein - South (MD) 128.5 102.1 113.3 89.5 

+5 +5 +5 +5 
4 ,33xl 0 4 . 17x10 4.33x1 0 4 .44xl0 

F-HES 1 6-2 ( 3) 29 85% 79.5 79 .0 

Klein - South (core) 105.0 116.0 127 .4 97 .2 4. 72x10 
+5 +5 

4. 78x1 0 6. 16xl 0 
+5 

6,13x10 
+5 

F- HES 16-2(3)29 80% 110.5 76 .3 

Difference +23.5 15 .9 14.4 -7.7 +5 +5 
loss) 

+5 +5 
(gain or +5% +31 .o +2.7 +0.39x10 -0.6lx10 -l.83xl0 -l.69xl0 

CROUP 10 +5 +5 +5 +5 
Miles City - NW 95.5 75.3 99.3 93 .5 2.32xl0 l.78xl0 2 .32xl 0 1. 76x10 
F-HES 18-1 (2) 1 (MD} 75% 78.8 94.2 

Miles City - NW 124 .4 83 .6 131 .2 96.9 
+5 

4 .52xl 0 
+5 

4 ,21 xl 0 
+5 

2 ,93xl 0 3.23xl0 
+5 

F-HES l 8-1 ( 2} 1 (co re) 70% 67.2 73 .9 
Diffe rence - 28.9 - 8.3 -31.9 - 3 .4 
{gain or loss) +5% +11 .6 +20.3 

+5 +5 0.6x10+5 +5 
-2 .2x10 2 ,43x10 -1 ,57x10 
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DENSITY OF BITUMINOUS MIXTURES 

Mix Design Field Cores 
Mix Rice Rice 

Identity % AC Gravity Density % AC Gravity Density 

GROUP 1 

Seeley Lake -
RTF 83-1(4)15 

Inez 5.9 2.390 2.306 6.3 2.383 2.243 

GROUP 2 

Ulm - South 6.2 2.424 2.341 5.9 2.459 2.357 
RS 330-1( 7)0 

G.ROUP 3 

Helena - West 6.3 2.406 2.320 6.3 2.421 2.306 
RTF-BRF 8-2(15)34 

GROUP 4 

Kila - West 5.6 2.438 2 .377 5.8 2.424 2.365 
F-BRF-HES 1-2(37)99 

GROUP 5 

Nashua - North 6.1 2 .413 2.330 5.9 2.418 2.368 
RS 438-1(4)0 

GROUP 6 

Bridger - Fromberg 
F-BRF 4-1(5)26 

5.7 2.462 2.378 5.6 2.452 2. 357 

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 

Big Sandy 5.75 2.425 2.338 6.0 2.409 2·. 309 
RRS 10-2(14) 71 

GROUP 9 

Klein - South 5.6 2.450 2.363 5.4 2.456 2. 316 
F-HES 16-2(3)29 

GROUP 10 

Miles City - NW 
F-HES 18-1(2)1 

6.5 2.380 2.294 6.2 2.385 2.306 
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GRADINGS OF BITUMINOUS MIXTURES 

Mi x 
Identity 3/4" 1/2 11 3/811 4M lOM 40M 200M 

GROUP 1 
Seeley Lake - Inez M.D. 100 89 76 56 36 16 8.0 
RTF 83-1(4)15 Cores 100 91 81 59 36 16 7.5 

Diff. 0 -2 -5 -3 0 0 +0.5 

GROUP 2 
Ulm - South M.D. 100 90 75 53 34 18 6 . 0 
RS 330-1(7)0 Cores 100 93 73 51 35 20 5.7 

Di ff. 0 - 3 +2 +2 -1 +2 +0.3 

GROUP 3 
Helena - Hest M.D. 100 90 78 55 40 16 6.0 
RTF-BRF 8-2( 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(37)99 Cores 100 92 79 55 39 17 9.9 

Oiff. 0 -6 - 4 -2 -3 -1 -1.9 

GROUP 5 
Nashua - North M.D. 100 92 77 52 36 21 5.0 
RS 438- 1(4)0 Cores 100 92 77 54 36 21 4 .7 

Di ff. 0 0 0 -2 0 0 +0.3 

GROUP 6 
Bridger - Fromberg M. 0. 100 90 77 53 39 18 6.0 
F- BRF 4-1(5)26 Cores 100 94 80 57 41 20 5 .3 

Oiff. 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 +8 +6 +5 0 +3. 4 

GROUP 8 
Bi g Sandy M. D. 100 90 78 53 38 18 7.0 
RRS 10-2(14)71 Cores 100 98 -8 53 38 20 6.4 

Diff. 0 -8 -2 0 0 -2 +0.6 

GROUP 9 
Kl ein - South M.D. 100 90 75 53 37 18 6 .0 
F- HES 16-2(3)29 Cores 100 93 79 56 39 22 5.6 

Di ff . 0 - 3 -4 -3 -2 -4 +0.4 

GROUP 10 
Miles City - NW. M.D. 100 90 77 56 34 17 6.0 
F-HES 18-1(2)1 Cores 100 90 76 56 38 21 4 .1 

Di ff. 0 0 +l 0 -4 -4 +1.9 

BB:O:gg:lOi 
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-Lab. Fonn No. 606 
(Rev. 1/20/87) 

0:21 4/MT-306/1~ 

STATE OF MONTAIIA 
OEPARTMEtlT OF HIGH~:AY 

Ma teria 1 Bureau 

3/4" PLAtlT MIX SURFAClt/G, GRADE 3 
PLANT MIX BASE, GRADE 

61•160.1 -- ROALl MIX SURFAC ING, GR-AO_E __ _ 
L
1

aebrm. ,· Nno
1
_. _________ Sample No. 1 < 10 sks) Project kilo. __ T_R_F_8_)_-_!_<_~_l _1 s __ _ 

. ~cc l ... .-v l..tkc - l nez L.J -c: 
Date Sampled 'l/2 /H7 Date Rece1veo _ __::.9.:..l.:.,~lc..:8:...:7 ______ _ 
Sampled by C:hi h l~rs Title r.s I Address ---"'-''""-".;,;~'c:;"c;.;il'--",1'--____ _ 

Submitted by Srnol:i Title MLT 11 Address-,----------
Area Source Represented by Lab. No-t,1 !573-8 & oJ 18 ")7 9 Sample taken a t _____ _ 
Owner John Cahoon Address ~eelcy 1 ':is: ''cor 

1-l" 
l " 

3/4" 
1/2" 
3/8" 

4M 
lOM 

TEST RESULTS 011 AGGREGATE 
% Passing % Passing LL ...lif'_ PL ..ft._£_ Pl .!f_P_ Oust Ratio __ Fracture 80 

As Received As Tested Wear 2..8 % Degradation ____ Sana Equiv. 4', 

Lo.o. 
--8')__ 
__Ji,_ 
~ 

3, 

too 
82 
71. 
51. 
1S 

** Absorption Cs 2, /2 % Fine 2.24- ::: Blend z. 1, 

Bulk Dry Sp. Gr. of Agg. Fine Z.Sze Coarse i!.S" 

VOLUME SWELL RESULTS 

40M __Js__ /(, 
80M 

,.~ :i: /,f ~ ~./ 
No. Treat . t!iJM; 1.5% Hyd. Lime ..tf.lll!Q_; 1.5% Fly Ash~ 

1. 5% =c-em_e_n_t_:t 2DOM 

t~H 
2,Q OJ 

Mi ne ra 
'.:: 

Z± 8.D 

ADT 1:io 
AOT __tiQQ__ 
18K ....J.L'L-

Fi ler " T e As ha 1 t 

., . 
Reco1m1ended: ~% BS/Loo A/C; 

TEST RESULTS ON TRIAL BITUMINOUS MIXES 
Marshall Results 

ens 1 ty 
(Gm/cc) 

~ 
Voids 

L • 
Stabilit 

IMMERS ION COMPRESSION RESULTS 

: 

x rYo&e 

Refi nery CotJoc.o 

Fl ow A earance 

ADHESION RESULTS 

Aillies1ve 

r, 

Arient Adhesior 

2 
T 

...L 
I 

-1-

=F 
7-

.lnlm i.:, · ( r i Pc Hi"T. 

District Engineer ~.HowA 
Dist. Mat. Supr. /Th:ssou.1,,A__ 
Ared Lab 
Chief Con_s_t -. -o-u-re_a_u ____ _ 

Chief Materials Bureau 
Surfacing Design Sect. 
Bit. Mix Desi gn Sect. 
FHWA 
Materials Bureau File 

-- NON£ 

1. 5% FLY ASH 

1.5% HYO. LIME 

I 

** NOT£: VMA of this ~lix Desiqn /4-. 0 
Absorption : 0-1.2 low, 1.2-2:0 moderate, 

2.0 and above high 

This aggregate has Hn;H 
REMARKS: 

43 
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I.ab. Form No. 606 
(Rev. 1/20/87) 

STATE OF MONTANA 
DEPARTMENT OF HIGHWAY 

Ma terial Bureau 

3/4" PLANT MIX SURFACING, GRADE B 
-- PLANT MIX BASE , GRADE 

0:214/MT-306/11 

ROAD MIX SURFACING, GR,-.-A;;;DE,,----
Lab. No. 614:107 ~mple No. l Project No. RS 330-1 (7 )0 
Termini 111111-South (North S,,cc ' "" i 
Date Sampled Dote Received iJl_o/81 
Sampled by 1tle ______ Address _________ _ 
Submitted by .....,_,_J ~f>~n=w~,,.._,) )~__,,.....,...--,-,--- Tit 1 e OMS Address r.c. Fa JI s 
Area Source Represented by Lab. No. 61 1964-76 Sample taken at-~----
Owner Stanley l!rns/Mont. Power Address L:lrn/l!uttc, :-It. 

1-½" 
l" 

3/4" 
1/2" 
3/8" 

4M 
lOM 
40M 
SOM 

200M 

l~P~ ,,~~ 

TEST RESULTS ON AGGREGATE 
% Passing % Passing LL NP PL ti? Pl r/P Dust Ratio Fracture 78 

As R~ceived As Tested Wearz"o % Degradation -=---,,-- Sand Equiv . ~5~S~---

f.QO 

2?. 
____li, __ 
___5,_o __ 

;Ht 
2Q 

loo 
9o 
7S 
51 
?4 

IS 

** Absorption Cs /,S+ % Fine /.~4%Blend J.59 

Bulk Dry Sp. Gr. of Agg. Fine 2.w2'• Coarse 2.1.,, 

VOLUME SWELL RESULTS 

z. 8 % z.o % 'z,CJ 
No. Treat • .f!MQ; 1.5% Hyd. Lime J:1.ML; 1.5% Fly Ash H,fltll) 

% 
ss 4.0 1. 5 % "'C-em_e_n-=t-

ADT -1.LQ 
ADT -1.J1Q__ 
18K 6,9 

Recorrrnended: ___fuL% As/100 A/C; 

TEST RESULTS ON TRIAL BITUMINOUS MI XES 
Marshall Results 

- 1: _ __,_,N._.Q...,t,J,,._,..c __ _ 

Refinery eX'LOr.J 

Mineral Fi ler Rice 
Gravit 

Dens 1 ty 
( Gm/cc ) % T e Voids 

Z, / lt/UI 

IMMERSION COMPRESSION RESULTS ADHESION RESULTS 

Minera 
% 

1. 5% 

1.5% 

2 
T 

-1-
-,-1-

~ 
1 

-1-

ry 
Break si 

NONE Z!8,0 

FLY ASH s. 
HYO.LIME s. 

\ lmi H, i r Pin. 

Distric t Engineer t£Jt:~FA.u.s_ 
Dist. Mat. Supr. ~,UAr~~s 
Ared Lab 
Chief Con_s.,..t.--,_ll-u-re_a_u ____ _ 

Chief Material s Bur eau 
Surfacing Oesiqn Sect. 
Bit. Mix Design Sect. 
FHW/\ 
Materials Bureau File 

DIIIE 111\ME 
rntcr.rn 9 !il.nA.L__..:..;'!1 .... {L 

~ Adhes ive 
Aqent Adhesi on 

-- NOtl[ Ro l 

l. 5,; FLY ASH ~~ % 

1.5% HYO.LIME ~(' l 

~ , 

** NOTE: VMA o f thi s Mix Design 16.D 
Absorption: 0-1.Z low, 1. 2-2.0 iiioclcra~t~e-,----

2.0 and dbove high 

This aggregate has tt100~1t.ATT 
REM/\RY.S: 

D,ceusse.<l w,-1-h Joh11 ~,t,.,.Y. 
.,, 

l 
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STATE OF MONTANA 
DEPARTMENT OF HIGHWAY 

Materia l Bureau 
31411PLANT MIX SURFACING, GRADE B 

-- PLANT MIX BASE, GRADE 

0:214/MT-306/11 

G-f7440 -- ROAD MIX SURFACING, GR-AD_E __ _ 
Lab. No . __ -'-_______ Sample No. ------ Project No. RTF BRF 8-2(15)34 

Termini HeJeua-Wesr {West Section} 
Date Sampled 11/30/87 Date Rece ived __,_1.L.,2,_.14"'"{..uB .... 2,,.....--------
Sampled by Sprague/Alley Ti tl eMSII & LT Address __ n_;u;.;;t...;;.t.:..e _____ _ 
Submitted by Yarnall Title .llMS Address -,--..u.B•""•tut~e---------
Area Source Represented by Lab; No. 613857-65 Sample taken at ______ _ 
Owner 3/4" PMS Gr B Mix Design Address _________ _ 

. 1-¼" 
l" 

3/4" 
1/2" 
3/8" 

4M 
lOM 
40M 
80M 

200M 

TEST RESULTS ON AGGREGATE 
% Pass ing % Passing LL .J::12._ PL _NP_ PI ..fiL Dust Ratio __ Fracture 72. % 

As Rece ived As Tested Wear ,32 Degradation-~-- Sand Equiv . ..,....3:ou.1<'1.---~ 
** Absorption Cs /,45 % Fine 1,5] % Blend /. 5/ % 

/M 
9Q 
78 
55 
:'IQ 
le 
6,0 

Bulk Dry Sp. Gr. of Agg. Fine z,5)38 Coarse 2.;5"92 

VOLUME SWELL RESULTS 

4 , 8 % 5,4 % t,,4- % 
No. Tredt . __E_/_Mi; 1.5% Hyd. Lime fLN'd ; 1. 5% Fly Ash fJ841 

%~ % 
1. 5% Cement % ----

I '281. ADT ,lY,>2 
2006 AOT 6200 

18K 244, 

Recommended: ~3_% R.'5/u~ A/C; /. 'f % i{YD, aE 
% IH. q~ ASPHALT 8A~trO Ol<l t.lCl~WT 

TEST RESULTS ON TRIAL BITUMINOUS MIXES Refinery Cot1a ca --- Marshall Results 

Minera F1 er Rice 
% T e As halt Gravit 

ens1t 
Gm/cc Voids 

L • 
Stabil it Flow A earance 

IMMERSION COMPRESSI ON RESULTS ADHESION RESULTS 

M1nera 

1.5% 
1. 5% HYO. LIME 

2 
T 

Adtaoi.A. Ha i u tcnatsee B:i.¥ 
Di stri ct Engineer 'i]4-r,e 
Dist. Mat. Supr. 'Burre 
Area Lab -Chief Con_s_t _ . ..,,D,_u-re_a_u ____ _ 
Chief Materials Bureau 
Surfacing Design Sect. 

-i Adheswe 
AQent Adhesion 

-- NONE 7/'J % 

1.5% FLY ASH 7c; % 

1. 5% HYO.LIME AA % 
:t 
% 

,# 1,/o-,f : 9'o ASP11A,'T IS IJA$•D e,,J 70TJlk. 

** NOTE: VMA of t his Mix Design /6.~z~'Z,LI.I-___ _ 
Absorption: 0-1.2 low, 1.2-2.0 moderate , 

2.0 and above high 

This aggregate has /tfDOt!(f/fT! 
REMARKS: ~ ,-

absorption. 



Lab. Form No. 606 
(Rev. 1/20/87) 

STATE OF MONTANA 
DEPARTMENT OF HIGHWAY 

Material Bureau 

0: 214/MT -306/11 

3/4" PLANT MIX SURFACING, GRADE B 
-- PLANT MIX BASE, GRADE 

F BRF HES 1-2(37)9 
RTF BRF HES 1-2 ()5 

GJ.6S:JO -- ROAD MIX SURFACING, GR=Ao=E.---
Lab. No. --sample No. --,-,------ Project No. 
Termini -------K-1-la e&W & HaTion Wt!Rt 

Oa te Samp 1 ed ____ JuOu.{ .... 2.1..J tuHuZ----.....-.,.-,....---:- Oa te Received ~ l...,,O..,_/..._? 2 .... {c.:.tiu.1_.,-:-____ _ 
Sampled by R. Fr..,nch Title AUIS Address __ Ka""''·~l"'L;.;;;.s.,.oo:;:;..;l"'l'------
Submitted by Title ______ Address -,---,.- -----
Area Source Represented by Lab. No. 5800J8-4 Sample taken at _ ____ _ 
Owner David Kl chm Address KoJisoel ) Xont. 

TEST RESULTS Otl AGGREGATE 

. 1-¼" 
1· 

3/4" 
1/2" 
3/ 8" 

4M 
l OM 
40M 
80M 

200M 

r. Passing % Passing 
As Received As Tested 

/¢0 --'~ 
84 a, 

"' __:is_ 
4{ S:3 
31 3• 
/2 l la 

b,6 8.Q 

LL _t:J.E.. PL ....liE!.... Pl _/)1.E_ Dust Ratio __ Fracture 70 
Wear 24- X Degradation-~-- Sand Equi ·, . 44 
** Absorption Cs /. 9 S % Fine J.4'f r. Blen-:d~~,-.t.-5'=--

Bulk Ory Sp. Gr. of Agg. Fine 2,kJO Coarse 2,S94-
,-

VOLUME SWELL RESULTS 

3.2 % z.9 i ,1,2 
No. Treat.~; 1.5% Hyd. Lime ....l:llJ..IUl.; 1.5% Fly Ash ....1!:J.fJ.4L 

% 
l. 51 .,...Ce-m-en-:t-

Recommended : ~,: as/too A/C; ...l.!..S_'Y. lfYt>rMTTA w, / 990 
20/0 

ADT /4-00 
ADT 2./Co 

___ leK /()3 TEST RESULTS ON TRIAL BITUMINOUS MIXES 
Marshall Results 

Refinery /l18C 

Minera Fi er 
% T e As halt 

ensity 
(C,m/cc) 

IMMERSION COMPRESSION RESULTS 

Voids 
L • 

Stabil it 

% 

Flow A earance 

ADHESION RESULTS 

Adhesive 
Agent Adhesior 

.c;tnz;;n::c:: tt elute u · 1 9i er 

2 District Engine~r ~ 
T Dist. Mat. Supr . .711~;;.~e~ 
_L /Ire a Lab _J,{Jl""y ... :iu:f':.,.tiu..l .... , ___ _ 
_J_ Chief Const. Ouredu 

I Chief Materials Bureau 
-1- Surfacing Desi gn Sect. 
-2 Bit. Hix Design Sect. 
- 1- FHWA 
T Mater ials Bureau File 

, HI LOF coJJsrR11cr1otJ CL) 

U~~~ II~ 
tllECl:tD 11µin /1Jft.. 

-- HONE "°7", t 
1.5% FLY ASH Ar, '.t 

1.5'.t HYO.LIME Q,(" % 

t 

% 

** NOTE: VMA of this Mix Design 1;3.8 % 
Absorption: 0-1.2 low, 1.2-2.0 iiioil'er:ac'-'e'"', ........ ""---

2.0 and above high 

46 

This aggregate has moDEtll,tl, absorption. 
REMARKS: Dts=SSe4 i.,,/J, Joi....., lf~ f:..,.ft, J,,)' 13) 

tt...-1- q.n «AH le.,-~ 

,, ~,t ~,1;; c~Q 



, Lab. Fonn No. 606 
(Rev. 1/20/87) 

STATE OF MONTANA 
DEPARTME1IT OF HIGHWAY 

Material Bureau 

3/4 " PLANT MIX SURFACING, GRADE 8 

PLANT MIX llASE, GRADE-~--

0: 214/MT-306/11 

G ROAD MIX SURFAC!IIG, GRADE RS 4Jll-1(4)0 
Lab. No. -~Ga!..0::::..:::9:..:8=-=3 ____ Sample No. ______ Project No. ________ _ 

Termini ~-------------..Iltl!i!a:,JSl!J.!Ju!.ea!..=-~N•~•rC.!r:.J.!h~--.--.nii:r-<tt-T"~'IEIIA'-tR'f1------
Date Sampled 6/4/87 Date Received ~M~1....:c....:l=-:.1.;.__:__;,1JJ _____ _ 

Sampled by --~C-"-!1h.,_,l..,_l_,_I ______ Title 0>1S Addre•,s _,1.!..l;t'-"""'n~<l '-'h'--"''''-------
Submitted by Title ______ Address ___ " ______ _ 
Area Source Represented by Lab. No. 59]7?0 26 Sample taken at _____ _ 
Owner Wil I i am L .. rnckn<'r Address ...-!N::.:::a:.::s'-'-1":::.:'"-=-------

TEST RESULTS ON AGGREGATE 

1-J" 
l" 

3/4" 
1/2" 
3/8" 

4M 
l OM 
40M 
80M 

200M 

% Passing % Passing 
As Received As Tested 

LL _NL PL _!j_£_ Pl ..Ji.£!.... Dust Ratio __ Fracture 8(., 
Wear /6 :i: Degradation -~-- Sand Equ iv . _.,,.5,._, • ..,_3' __ _ 

** Absorption Cs 0.81 % Fine /, 39 :i: Blend /.03 

/Oo 100 Bulk Dry Sp. Gr. of Agg. Fine 2.5''1?, Coarse 2.SU, 
___!1__2_ ~z 

]C, 77 VOLUME SWELL RESULTS 
__5.Q_ sz 
__a_ J(e 4. z.. % • --ZJ__~ 3. c. 

23 2./ No. Treat. ~; 1.5% Hyd. Lime t-lAtt.o; 1.5'.! Fly Ash~ 

4 ..,. C:a_ l. 5% =ce-11-,e-nt_:i; % 
•L ----->k c:.::____..::.:::::.:.:_:=--====-===-=:....=:======-.:=== 

1988 ADT 2 2.0 Recommended: ---12..,_J_:l: JU>/150 A/C; 
l 

,; NoAJE 
..2.QQ..L ADT 320 
--- 18K __,,.S,,.. u.B_ 

Mi nera 

TEST RESULTS ON TRIAL BITUMINOUS MIXES 
Marshall Results 

Rice 
Gravit 

ens lty 
(Gm/cc) Voids 

L . 
Sta bi 1 it 

IMMERSION COMPRESSION RESULTS 

l 

Refinery E X)(.O.v' 

Flow A earance 

ADHESION RESULTS 

Adhesive 
Aoent Adhes ior 

2 
T 

+ -1-
_-l-

2°:: 
-1-
-i-

District Engineer ~l&,>""'fir 
Dist. Mat. Supr. 0u:,J"'"E 
Area Lab Wo<.,_,f'----'?.'--'-au..1tt0<.C.__ __ _ 
Chief Const. Uureau 
Chief Materials Bureau 
Surfacing Design Sect. 
Bit. Mix Design Sect. 
fHIIA 
Materials Bureau File 

Ill\ If, 111\ME 
Cll EC P. to r,/1J7lLn.L..._.t.;ll:!<1F."''L~ 

-- NONE 

1.5".: FLY ASH 

1. 5% HYO.LIME 

*"' NOTE: VMA of this Mix Design IS. 3 
Absorption: 0-1., low, 1. 2-2.0 modera te , 

2.0 and above high 

This aggregate has LOW 
REMARKS: 

absorption. 

7() 

7S 
CV\ 

d'A"-'he'I ,,,._/J _/oJ5,,, ~~~;;r-.f,, 

. 
~ 

~ 

~ 

. 

Chief , r.,Herials Ourea, 
Dated C, - tf•,f7 

/17 



0:214/MT-306/11 
Lab. Form No. 606 

(Rev. 1/20/87) 
STATE OF MONTANA 

DEPARTMENT OF HIGHWAY 
Materia l Bureau 

..11JL PL/INT MIX SUR FACING , GRADE _B_ 
PLANT MIX BASE, GRADE 

613076 ROAD MIX SURFACING, GR=AD""E.----
Lab. No. ~mple No. 2 Project No. F llRF 4-1 (5) 26 
Termini -------- Brid~e r -Gr ornber~ 

Date Sampled 7/JJ/87 Date Received H/4/87 
Sampled by NPumil ler Title OMS Address BlllinHS 
Submitted by - --,--,-,---,.-,----,,--- Title Address .....,---•...,.• _____ _ 
Area Source Represented by Lab. No. 606811-12 Samp le taken a t _ ____ _ 
Owner p s ,\ (farmers Home Adm in. l Address Red Lodge , ~tone. 

TEST RESULTS ON AGGREGATE 
% Passing % Passing LL -1t.e_ PL -1i£_ PI .PJL Dust Ratio __ Fracture 2.4: 

As Received As Tested Wear BD % Degradation-;;,-;,--- Sand Equiv. _,5><.L.9 __ _ 
1-¼" 

l" 
3/4" 
1/2" 
3/8" 

4M 
lOM 
40M 
80M 

200M 

/981 
Ulo7 

--1.Qo __ _/M,_ 
,, 20 

__ :r1 __ .:i:1_ 
_5.3_ SJ 

32 --"---
_J!.}_ I,$ 

4,'" b,O 

** Absorption Cs / . t, f % Fine l30 % Blend /.43 

Bulk Ory Sp. Gr. of Agg. Fine 2.5'9't Coarse 2. i:.-11 

VOLUME SWELL RESULTS 

3.o x 2 , 2 % • ?, s 
No. Treat.~; 1.5% Hyd. Lime .HL!Ri)_; 1.52 Fly Ash~ 

% 
1.5% ,,...Ce_m_e...,nt-

Recommended:~% 

., 
" 

___ ADT _z.,~ 
AOT l l S<> 
18K ~b;,- TEST RESULTS ON TRIAL BITUMINOUS MIXES 

Marsha 11 Results 
Refi nery C ot,1040 

Mineral Filler 
'Z T e 

Density 
(G111/cc) Voi ds Flow Ao earance 

IMMERSION COMPRESS ION RES UL TS ADHESI ON RESULTS 

Minera 

1. 5:t 
1. 5::; 

2 District Engineer _Bll,.J.J_~.1.1_ 
T Dist. Mat. Supr. ~,L.U,.,6.S 

Area Lab T Ch ief Con_s_t_. ~fl.-u-r-ea_u ____ _ 
l Chief Materials Bureau 

-1- Surfacing Design Sect. 
T Bit. Mix Design Sect . -c FHWA 
-1- Materials Bureau rile 

... Adhes we 
A<ient Adhesio 

-- NONE 7t"l 

1. 5":'. FLY ASH 7,S_ 
1.5':: HYO. LI ME _JJ~ 

** NOTE: VMA of this ~~ix Des ign . /3,'J 
Absorption: 0-1 :2 low, 1.2-2 .0 iiioilcr.i~L'-'e-','----

2 .0 and Jbove high 

This aggregate has~~ absorption . 
RF.MARKS: 
D1se.11ssed 11,1,fJ. J,l .. Mo:y J=.,,}/., by l!J~ 

48 



0:214/MT- 306/11 
lab. Fann No. 606 

( Rev. 1/20/87) 
STATE OF MONTANA 

DEPARTMENT OF HIGH~AY 
Ma teria I Bu r eau 

3/4" PLANT MIX SURFACltlG, GRADE B 
-- PLAHT MIX BASE, GRADE~--=--== 

6 i4.0ZG -- ROAD MIX SURFACIIIG , GRADE 
Lab. No. ________ Sample No. l Pr oject No. f' HES 8-4(11)99 

Termini Three forks-North 
Date Sampled sf'>Q/87 Date Recei ved -~'d/'-'2"":."-tc;.~;....1 _____ _ 
Sampled by Y;1rn11ll - Ud1:hcun Title 1J:-1S/MLS II Address Bucc..:/ , . .i,c, ... tn 

Submitted by \',.1rn.d I Title imS Addr ess l,utt.: 

Ar ea Source Represented by lab. tlo. 6DS0Z1,-8!, Sdmple taken at _____ _ 
Owner Pncrlcl:1 Woods Estate Address Rozemiln. 'lone. 

1-¼" 
l" 

3/4" 
1/2" 
3/8" 

4M 
l OM 
40M 
80M 

ZOOM 

TEST RESULTS ON AGGREGATE 
% Passing % Passing LL ....1:1.P_ Pl ..Ji..p_ Pl fi_p_ Dust Ratio __ Fracture 80 

As Received As Tested Wear zo % Degradation...,,,...--,,,-,--- Sand Equiv. ~ 5~-f_,___ __ _ 

IQQ too __ a_z __ ~.b-
-~1~0 __ ___JS_ __ s~2. __ __s.3...._ 
--:S~7 __ __.U_ 

2/ /9 

6,6 6.$' 

*"' Absorption Cs Oe72 % Fine J./1;. % Blend o,9S: 

Bulk Ory Sp. Gr. of Agg. Fine :z.to/3 Coarse 

VOLUME SWELL RESULTS 

3.3 % 2.~ : 3,'2, 
No . Treat. ~; 1.5% Hyd. Lime l'IAio; 1.5~ Fly Ash~ 

l. 5 % =ce_m_e_n_t_'! 

Reconvnended: ..s..k_% Bs/1on A/C; _ - _% ______ _ /9M. 
:z aoc. 

AOT _j_j.MJ_ 
ADT Z't oo 

___ 18K /0$' TEST RESULTS Otl TR IAL BITUMINOUS MIXES Refi nery -C.---)O....,Co~61--
Marsha l l Results 

IMMERSION COMPRESSION RESULTS ADHESION RESULTS 

Mrnera 

1.5'.t 

1. s: 

-2- District Engineer _6dt,Jo1ur 
I Dist. MH. Supr • ....§L•,.,••vL 

Arcd lab 
Chief Con-s-t.-0-u-re_a_u ____ _ 

-1- Chief Materials Bureau 
-,- Surfacing Design Sect. 
~ Oi t. Mix Design Sec t. 
-,- fl!WA 
-,- Materials Bureau file 

ff"j rll\ME tllftl:rD i?jU11-e-1---'m-'-'Fc..::....'--

% Adhesive 
Aqent Ad hes i or 

-- NONE 75 
1.5':: FLY ASH J:l_,'\ 

1.5% HYO.LIME 85 

I 

.. NOTE: VMA of t~is Mix Design /<-/. g 
Absorption: 0-1.2 low, 1. 2-2 . 0 moderJte , 

2.D and Jbove high 

This aggregate has Low absorpti on. 
REMARKS: 

D1,c-u.1sc/ wdl. .;,J.. MtyJ:v/1. J,J' ,qr/,6' 
/) 

/}/ / 
:J\ 1 I ) ' 

~ 

. 

. 
~ 

~ 

49 Chi et,· ;'lat:r'ldJS 6ureaL 
Dated ·'..: '\ U \ 



Lab. Form No. 606 
(Rev. 1/20/87) 

STATE OF MONTANA 
DEPARTMENT OF HIGHWAY 

Material Bureau 

3/4" PLANT MIX SURFACING, GRADE B 
-- PLANT MIX BASE, GRADE 

0:214/MT-306/11 

-- ROAD MIX SURFACING, GR=Ao=E~--
Lab. No. 6111G45 ~mple No. -,--~~---=-. Project No . RRS 10-2(1'+)71 
Termini Bii,: Sandy l!a i 1 road Overpass-Bypass 
Date Sampled ~ 0~9~/_1rT'J/...,,8,,,7==-----,..,...,,,--- Date Recei ved ________ 1_,._"_13_7_ 
Sampled by J Brumm.:,r Title ,\(S II Address 
Submitted by I rm,pl J Title fJMS Address -~G,.._t ..... ~~,,..·.1'l'l_s ____ _ 
Area Source Represented by Lab. No. 580286-97 Sample taken at ______ _ 
Owner c:..,orgc Schl.i~k Address Big S,indv. :•!on t . 

TEST RESULTS ON AGGREGATE 
% Passing : Passing 

As Received As Tested 
LL __NP_ PL -1>1.f_ PI NP Oust Ratio __ Fracture -=8"--1-~ 
Wear _z_J_% Degradation..--.=..,...,.-- Sand Equiv. ~..,.3...,(,..__ __ _ 

1-!" 
1 •• 

3/4" /00 
1/2" 2{. 
3/8" 28 

4M :J.7 
lOM 3~ 
40M 
80M 

l!'i 

200M I,. I 

l2~f AOT _lH.5__ 
ioo± ADT Lt.QO 

18K 4(, ,1. 

Mi nera Fi er ., 
" 

IOQ 

90 
7P, 

53 
18 
1H 

** Absorption Cs /, 57 % Fine /. 84- :;; Blend 1.70 

Bulk Dry Sp. Gr. of Agg. Fine 2, ~80 Coarse 2.58~ 

VOLUME SWELL RESULTS 

~ 9 % S.I % 1',..:J 
No. Treat. ¥; 1.5% Hyd . Lime ..Elu!L; 1.SZ Fly Ash £!8t?l 

?.Q 1.5% Cement ~ 

Recommended: .:i.J.5_X 55/100 A/C ; ~% 11'1()8.SifO J,JtxE 

TEST RESULTS ON TRIAL BITUMI NOUS MIXES 
Marshall Results 

Refinery /Yl RC 

% T e As halt 
Rice 

Gravit 
Dens 1 ty 
(Gm/cc) Voids 

IMMERSION COMPRESSION RESULTS ADHESION RESULTS 

:. Adhes ive 
AQent Adhesion 

2 
T _,_ 

I 
-1-

__ 1_ 
2. 

-1-
-1-

District Engineer &1!"81 f"Au.t 
Dist. Mat. Supr. G,e~,.r fi,u.s 
Arca Lab --1fl,v~, Chief Cons t. B'~u~re~a_u ____ _ 
Chief Materials Bureau 
Surfacing Design Sect. 
Bit. Mix Design Sect. 
FHWA 
Materials Bureau File 

.....,....,,.~.c..llA.,.i_t .-__ ll_A_Mt_ 
till CKtD 'l-i'/-a.._?_..,_m,..,t:r...iL..___ 

-- NONE 7.5...__! 
l.5~ FLY ASH RO '! 

1. 5". "!YD.LI ~[ 85 '! 

':'. 
., 

** NOTE: VMA of this Mix Design /4..:..2_._Z 
Absorpti on: 0-1.i low, 1.2-2.0 iiiciaeraie, 

2.0 and above hi9h 

This aggregate has ('lOQf.i.,;E absorption. 
REMARKS: 

D,su-ss~ wrJi J"l, Hqy J:v-JJ. /I 
by Brf t!3 . /} ,,/'" .- ./ 

✓..1' .· 

50 



Lab. Fonn No. 606 
(Rev. 1/20/87) 

Lab. No. 

STATE OF MONTANA 
DEPARTMENT OF HIGHWAY 

Mater ial Bureau 

-1JJ.. PLANT MI X SURFACHlG, GRADE -1i__ 

PLANT MIX BASE, GRADE 
ROAD MIX SURF AC IIIG, GR"'"'AD""'E~--

D: 214/MT-3D6/ll 

----<>-'---'-"~--- Sample No . ---"'---- Project No. r liES 16-2 (3)29 
Termini ~..1i.,.1""-1J:l.:.:,"-W-CA..-------------.,.---:---,....- ~-,------------
Oa te Samp 1 ed _..JJ~- .L'>.J.cJ-.i;R1-,1.J _______ .,...,...,r-__ Date Rece 1 ved --'Zc=.<.2.i8-:.1.B:uJc..._ ______ _ 
Sampled by ,,1 ., troi JJ r Titlem,s Address Rj)Jio .. ~ 
Submitted by __ _::..--,----,--,----,.,-- Title " Address _________ _ 
Area Source Represented by Lab. No. 591 479 591489 Sample taken at scockpf le 
Owner Address _________ _ 

1-¼" 
l" 

3/4" 
1/2" 
3/8" 

4M 
lOM 
40M 
80M 

200M 

% Passing r. Passing 
As Received As Tested 

IOO {CO 
'90 ---.!l.P._ 

TEST RESULTS ON AGGREGATE 
LL J!._p_ PL NP PI ...JJ£.. Dust Ratio __ Fracture 83 
Wear --1.!l__X Degradation-=---:--- Sand Equiv . __,C.""3...__ __ _ 
** Absorption Cs 1.10 % fine /.7z % Blend ,.3~ 

Bulk Ory Sp. Gr. of Agg. Fine 2, :S:22 Coarse 2, (,39 

if ---bL_ ,--- ---------V-OL_u_M_E_s_w_E_LL_R_E_su_L_T_s _ _ ____ _ 

_.31_ 3? 
21 L8 

ADT /Sl,Q 
ADT zaao 
18K Ill) 

Reconvnended: ~r. ss/ 100 A/C; ~'t H'{OIMT/!A uatt-: 

TEST RESULTS ON TRIAL BITUMINOUS MIXES 
Marshall Results 

Refinery Ce~ex. 

Minera Fi ler Rice 
Gravit 

Dens 1 ty 
(Gm/cc) 

% 
Voids 

L • 
Stabil i t r. T e earance 

,. 

I. 

IMMERSION COMPRESSION RESULTS ADHESION RESULTS 

I. 5% 

1.5! 

2 
T 

T 
-1-
-1_ 

2 ,,,_l_ 
-1-

District Engineer 8,~..i,s 
Dist. Mat . Supr. ~~~ 
Area lab Chief Con_s_t_. ~8,.::..u-re_a_u ____ _ 

Chief Materials Bureau 
Surfacing Design Sect. 
Bit. Mix Design Sect. 
FHW/1 
Materials Bureau File 

rl:\ME 
r!lf.b._ 

:. Adhes ive 
/lqent Adhesion 

-- NONE ~o ~ 

1. 5'1. FLY ASH a "" '.t 

1. 5,; HYO. L 1/~E es 'l' 

~ 

~ 

** NOTE: VMA of this Mix Design /4.4 
Absorption: 0-1.~ low, 1.2-2 . 0 ~ te.._, ___ _ 

2.0 dnd dbove high 

This dggregate has AJbcEllDTe absorption. 
REM/IRKS: , /2. // 
t%:!>,:,✓1>>~J l•/J{,J,, ✓lty✓<-{.//.,: ~,,h T,?-t(> 

r -:.··J') <'' -1 
,-~-r[-/-c 

Ch It' f, feater' 1.1 Is , o;u reau 
51 Dated s-•,- ) 



Lab. Fonn No . 606 
(Rev. l/20/87} 

STATE OF MONTANA 
DEPARTMENT OF lllGiiWAY 

Material Bureau 

...Jl.!i_' PLANT MIX SURFACING, GRADEs __ 
PLANT MIX BASE, GRADE 

0: 214/MT-306/11 

-- ROAD MIX SURFACING , GRA~~DE~--
Lab. No. 607971: ~ mple No. 1 Project No. F IIES 18-1(2)1 

Tennini Miles Cit y-NW 
Date Sampled 1,/10/87 Date Received W,B ) A 1987 
Sampled by l'cas[cc, Titl e LT Ill Address _..:.M:.:.i.;,l.::.""::..".:<:...::i..:.c:_Y ____ _ 

Submitted by .Jackman Ti t le LS 11 Address ~---------
Area Sour ce Represented by Lab. tlo. 60&045-'>J Sample taken at~--....,----
Owner Eck ... rt Construction Address Miles Cay, Ht . 
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TEST RESULTS ON AGGREGATE 
l Passing % Passing LL ...1)/f_ PL ..JYL Pl JI...£_ Dust Ratio __ Fracture 82 % 

As Received As ·rested Wear /8 l Degradation~~~- Sand Equiv. -=-8,,._5 ___ _,. 
** Absorption Cs /.54 i Fine :z.oz t Blend ...,_,_f • ...._7,._fl __ i 

/0() ( 00 Bulk Ory Sp. Gr. of Agg. Fine 2,9f3 Coarse -=2=.5-=~"'-3.._____. 
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2,,5 % 
No. Treat.~; 

ha t , . .,_ t 
1.5% Hyd. Lime ..tf.t!tL; 1.5% Fly Ash ~ 

4-.8 6,Q 1.5% Cement % 

ADT to2r Reco11111ended: _.b..S_% A:C-la A/C; --1.JQ._% ______ ___ _ 

ADT ~2.QL_ 
18K 4y,.g TEST RESULTS ON TRIAL BITUMINOUS MIXES 

Marsha 11 Results 
Refinery &/lw ~ 

Mineral F111 er % Rlce Dens 1 ty :t Lb . 
(Gm/cc) Stabilitv Flow Appearance t Type Asohalt Gravitv Voids 

No/JI'" 5.S- ?,4/0 2,r1t.. ~.t.. /RZ.4- /4- NO• ... ,., 
1.,-, ?.395 2.z.•n .A .,. /P.48 /(, 
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IMMERSION COMPRESSION RESULTS ADHESION RESULTS 
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** NOTE: VMA of this Mix Design ·'/5, (, 
Absorption: 0-1.2 low, 1.2-2.0 moder<Jle , 

2.0 and above high 
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