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I. INTRODUCTION

The Strategic Highway Research Program (SHRP) Specific Pavement Study 9 (SPS-9) experi-
ment was designed to provide field validation of the Superpave asphalt binder specification and
Superpave Level I asphalt concrete mix procedures. To accomplish this, the SPS-9 study was
split into two related experiments, SPS-9A and SPS-9B. SPS-9A is focused towards the study of
Superpave performance graded (PG) binders. The SPS-9B was to focus on pavement structural
factors and Superpave performance prediction models.

This report covers the construction of the SPS-9A test sections on the northbound lanes of I-15
near Great Falls, Montana. Section II of this report gives the project location, description, and
other attributes of the project. Section III describes the materials and construction procedures for
each layer and then continues to detail construction sequence and operations. The test section
construction is summarized in section I'V and finally, the key observations are documented in
section V.

SPS-9A OBJECTIVES

The primary objectives of the Superpave Asphalt Binder Study experiment are:

e To evaluate and improve the practical aspects of implementing the Superpave program
through hands-on field trials by highway agencies.

o Compare the performance of the Superpave mixes with mixes designed with current
highway agency practices.

e Provide long-term performance data for evaluation and refinement of the Superpave
specifications and design procedures.

e Test the sensitivity of the Superpave asphalt binder specifications for distress factors such
as fatigue, low temperature cracking, and permanent deformation.

e Provide highway agencies the opportunity to evaluate the performance of other experi-
mental modifications by the construction of supplemental sections

The SPS-9A experiment requires construction of a minimum of three test sections at each site.
These include a highway agency’s standard mix, the Superpave Level 1 designed standard mix,
and the Superpave mix with an alternate binder. The alternate binder is defined as “a binder
with a PG grade higher or lower than the required Superpave binder, such that the performance
characteristics of interest may be expected to exhibit distresses earlier than the Superpave
section.” The pavement structural sections remain the same for all three test sections.

PROJECT BACKGROUND

This report documents the construction of the of the SPS-9A near Great Falls, Montana, site
number 300900. The sections are built on top of an existing embankment in the northbound
lanes of I-15. The experimental project consists of three test sections, each of which are 500 ft
(152.4m) long with 250 ft (76m) destructive test areas at both ends of the section, and a 200 ft
(61m) transition in between. Construction of the surfacing on the test sections occurred October
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22-27,1998. A Superpave PG graded binder, PG 64-34, was used on the Superpave section, a
64-22 was used on the alternate binder section and a Polymer Modified AC in a Montana “grade
D” mix was used for the agency standard mixture.



II. SPS-9A PROJECT DESCRIPTION

This section of the report describes in detail the geographical location, section layout, climatic
zone, subgrade and structural attributes, and construction of individual sections.

LOCATION AND LAYOUT

This SPS-9A project is located on the northbound outer lane of I-15 between km posts 426 and
429 (mileposts 266.5 and 268.1), about 15 mi (24km) south of Great Falls in Cascade County,
Montana. Table 1 presents the experimental design of the LTPP SPS-9 project. The project
consisted of the construction of three asphalt concrete sections of identical thickness having
different PG binders. The location, layout, stationing order, and structural attributes of individ-
ual sections are presented in table 2 and figures 1 and 2.

Table 1. Study design.

Moisture Wet > 635 mm/year of precipitation | Dry < 635 mm/year precipitation

Average 7 Day Maximum | <52C | <58C | <64C | <70C | <52C | <58C | <64C | <70C
Pavement Design

Temperature
Minimum >-46C
Pavement > -40C
Design >-34C
Temperature >78C
>-22C
>-16C
>-10C -

Notes: Traffic rate should exceed 50,000 ESAL/year in study lane.
Total traffic for design (design life) is agency choice.
The average 7-day maximum pavement design temperature is the aveage of the highest
daily pavement temperatures for the seven hottest consecutive days.
The minimum pavement design temperature is the coldest pavement temperature of the year.

CLIMATE

The project is located in the LTPP dry-freeze climatic zone. The average maximum and
minimum temperatures during the summer and winter seasons are enumerated below.

Summer Winter
Average Maximum Temperature 80.4°F (27°C) 35.5°F (1.9°C)
Average Minimum Temperature 51.8°F (11°C) 15.7°F (-9.0°C)

The average annual precipitation is 15.0 in (381mm).
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Figure 2. Layout of experimental test sections, Montana SPS-9A project, I-15.



Table 2. Test section layout.

Site Location Construction Stationing (ft) [ Test Section (ft) Description
Transition 624+00 to 626+00 200 ft
Begin 626+00 -2+50 5 m Superpave mix
Begin Monitoring 628+50 0+00 with PG64-34 AC
300902 ™ "End Momitoring 633+50 5+00
End 636+00 7+50
Trausition 636+00 to 637+00 100 ft
Begin 637+00 -2+50 5 1 Superpave mix
Begin Monitoring 639+50 0+00 with PG64-22 AC
300903 [End Monitoring 644+50 5+00
End 647+00 7+50
Transition 647+00 to 648+00 100 ft
Begin 648+00 -2+50 5 in Grade D plant
Begin Monitoring 650+50 0+00 mix
300901 | "End Monitoring 655+50 5+00
End 658+00 7+50
Transition 658+00 to 659+00 100 ft
TRAFFIC

The estimated 18K equivalent single axle loads (ESALs) in the study lane is 174,000 per year.
For a design period of 20 years, the total design 18K ESALSs is estimated to be 3,480,000.

GEOMETRY AND EMBANKMENT

The SPS-9A test sections were built on a straight, flat stretch of northbound I-15 without curves.
The test sections are constructed on fill over a coarse grained granular subgrade. A coarse
grained subgrade is defined as having less than 50 percent passing the #200 (75 um) sieve.

AGENCIES AND PERSONNEL

This project was constructed under the supervision of the Montana Department of Transportation
(DOT) and Empire Sand and Gravel was the contractor. All LTPP required material sampling
was carried out by Montana DOT personnel. The following personnel were involved in the
project at various phases of construction:

Montana DOT

Tim Sauer Tom Roberts
Doug Wilmont = Mike Ostertag
Pat Emst Stan Kuntz

Jim Blossom Brian Stremcha



Empire Sand and Gravel

Bob Marshall Robert Oberlander
Tom Salverson  Tony Tams

WRCOC

Pete Pradere Jason Puccinelli
Douglas Frith Scott Gibson

The Western Region RCOC (NCE) provided on-site coordination to insure that the goals of the
experiment were met to the extent possible.



III. CONSTRUCTION

A summary of the complete paving operations is included in this section of the report. The SPS-
9A project in Montana was constructed between April 1998 and November 1998. The construc-
tion consisted of milling off the existing pavement surface and building the SPS-9A sections
directly on the existing embankment. This was a change from the original plans which had
included reprocessing the millings with asphalt emulsion for use as a base layer. Instead, a thin
leveling course of granular material was used. Detailed below are discussions regarding the pre-
paving operations, AC mix designs, summaries of the paving operation, and information
concerning the additional materials sampling and testing performed on the test sections.

PRE-PAVING OPERATIONS
Equipment

The following equipment was used in the preparation of the embankment for paving of the SPS-
9A test sections on I-15 in Montana:

Pavement Milling Machine

CAT 637D Scraper

CAT CS-563C Steel Drum Roller

Ingorsoll and Pro Pac Series 150 Steel Drum Rollers
CAT 14G Blade

CAT 14H Blade

Belly Dump Trucks

Water Truck

Existing Embankment Preparation

Work on the existing embankment began on July 29, 1998, and was completed on July 31, 1998.
The existing pavement was milled off of the existing embankment. In some areas there was a
very thin layer of the surfacing left behind (photos 1 and 2, appendix A). No additional working
or compaction of the existing embankment was done. The top layer of the existing embankment
consisted of pit run, a well-graded granular material that met AASHTO (A-1-A) criteria. The
average depth of this material according to borings done prior to the construction was 30 in
(762mm).

Bulk Sampling of the Existing Embankment

Bulk sampling of existing embankment material was performed by excavating test pits (photos 3-
5, appendix A). The bulk sampling location were also used for compaction testing of underlying
layers using a nuclear density gauge. The sampling and density testing locations are indicted in

figures 3, 4, and 5. A summary of existing embankment material bulk sample locations, stations,
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and sample numbers are given in tables 3 and 4, respectively. Note that the samples were taken
in the destructive sampling areas outside the 500 ft (152m) test section. Samples of the natural
subgrade below the A-1-A material were not taken from the SPS-9 site.

Table 3. Existing embankment bulk sample locations.

Section No Bulk Sample Designation Section Station | Project Station | C/L Reference
300902 B01A02 0-25.0 628+25 Right, 6.0 ft
30093 B01AO03 0-25.0 639+25 Right, 6.0 ft
300901 B01AO01 0-25.0 650+25 Right, 6.0 ft

Table 4. In-situ density and moisture test results on existing embankment.
Depth to Top | Avg In-Situ Avg. In-Situ
Test Rod of Pavement Density Moisture Con-
No Section | Station Offset Depth (in) (1n) (pch) tent (%)
8 6 135.9 59

T1AO01 | 300901 629+35 | 9.5'rtof CL

4 6 1303 6.0

8 6 128.1 6.6
T2A01 | 300901 631+00 | 9.5'rtof CL

4 6 123 4 69

8 6 1270 83
T3A01 | 300901 632+65 | 95 rtof CL

4 6 124 8 8.4

8 6 136.6 6.5
T1A02 | 300902 640+55 9.5'rt of CL

4 6 1371 64

8 6 138.6 53
T2A02 | 300902 | 642+00 | 95 rtof CL

4 6 137.8 56

8 6 136.0 6.1
T3A02 | 300902 | 643+65 | 9.5'rtof CL

4 6 1371 63

8 6 1374 42
T1A03 | 300903 | 651+35 | 95'rtof CL

4 6 136 8 42

8 6 1379 6.1
T2A03 300903 652400 | 95 rtof CL

4 6 136 9 60

8 6 1373 49
T3A03 | 300903 654+65 | 95 rtof CL

4 6 1349 51

FIELD DENSITY AND FIELD MOISTURE TESTING

Field density and field moisture tests were performed on the existing embankment layers. The
density tests were carried out using a Troxler nuclear gauge at locations indicated in figure 6 in
accordance with the procedures in AASHTO T239-97. The results of the density tests are

12
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Figure 6 On-site density/moisture measurements using nuclear density/moisture gauge.



tabulated in table 3. Density tests were taken at depths of 4 in (100mm) and 8 in (200mm). In-
situ densities range from 123.4 to 137.8 pef (1977 to 2207 kg/m?) at the 4 in (100mm) depth and
127.0 to 138.6 pcf (2052 to 2220 kg/m®) at the 8 in (200mm) depth.

SHOULDER AUGER PROBES

Shoulder auger drilling to a depth of 20 ft (6.1m) was performed to determine the existence of
bedrock or any stiff underlying layer within 20 ft (6.1m) of pavement surface. Table 5 lists the
section locations and soil types for shoulder probes performed on existing embankment. No rock
or other stiff layer, such as a water table, was encountered. Auger probes did confirm granular
subgrade type.

Table 5. Auger probes performed on shoulder of existing embankment.

Test Type of Depth of
No Section Station Offset Equip Used Layer Material Description
Oto2.5ft Sandy gravel
SIMCO 4" 25t07ft Fine, gray, silty sand
S01A02 | 300902 631+00 | 6'rtof CL Drill Rig 7to 12 ft Light brown silt
1211 Light brown, fine sand
Oto3 ft Gray, silty gravel w/ sandy
SIMCO 4" gravel
S01A03 300903 642+00 6'rt of CL Dnll ng 3to 12 ft nght brown, moaist silt
12ft ! Light brown, fine sand

w/layers of dark brown sand
0to2.5ft Light brown, silty, sandy

gravel

25t07ft Dark brown sand w/ silt lay-

SIMCO 4" ers
SO1AQ1 | 300901 653+00 | 6'rtof CL Drill Rig Tto 14 ft Fine, moist, sandy silt

w/gray and light brown
zones

14t0 20 ft Gray silt

20 ft ! Clay

PREPARED EMBANKMENT ELEVATIONS

As stated earlier in this section of the report, the Pulverized Stabilized Plant Mix layer indicated
on the plans and in the SPS-9 Materials Sampling and Testing Guide was not placed. Instead a
0.1 ft (30mm) thick layer of a 3/8 in (9.5mm) minus material called a crushed top surface (CTS)
was used as a leveling course. The CTS was placed and finished between August 3, 1998 and
August 6, 1998 (photos 6 and 7, appendix A). The CTS surface was shot with a prime coat of
emulsion prior to paving (photos 8 and 9, appendix A).

Baseline elevation surveys on the surface of prepared embankment were carried out at locations
indicated in figure 7. The purpose of the elevation surveys was to obtain a profile of the prepared
surface and to determine the thickness of subsequent layers. The average surface profile of the
prepared embankment for each section are shown in appendix B.

14
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ASPHALT CONCRETE MIX DESIGN

As per the SPS-9A experimental design, section 300902 was the Superpave Level I AC mix
design with PG binder 66-34, section 300903 was Superpave Level I AC mix design with
alternate PG binder using PG binder 66-22, and section 300901 was the a standard Marshall
“Grade D” mix design using a polymer modified binder.

Table 6 shows the samples required for the mix design development for all sections. It should be
noted that the mix design for section 300902 and 300903 was developed using Montana DOT’s
standard level 1 mix design methodology and not in accordance with SPS-9A requirements. The
mix design for the agency standard mix was developed using Montana DOT’s conventional
Marshall mix design methodology and also did not have the additional testing done required for
the SPS-9A. Additional materials in accordance with table 6 were sampled during construction
so that additional laboratory mixed samples could be created in order to fulfill the requirements
for the LTPP program. At this writing that testing had not yet been performed and the following
information was derived from the mix designs provided by Montana DOT.

Table 6. Asphalt concrete bulk sampling requirements.

Quantity/Section
Material 300901 | 300902 300903 Purpose
Asphalt Cement 2.5 gal 2.5 gal 2.5 gal | Mix design asphalt properties tests
Aggregate 550 1b 550 1b 550 1b | Mix design aggregate properties tests
Asphalt Cement/ Note 1 Note 1 Note 1 | Mix design-optimum asphalt content
Aggregate
Asphalt Cement/ 660 1b Laboratory mixed performance tests
Aggregate (mold into 40 specimens)
Asphalt Cement/ Note 2 Note 2 | Laboratory mixed performance tests
Aggregate (mold into 9 specimens)
HMA Mix 120 Ib 120 Ib 120 Ib | Field mixed quality control tests
(mold into 6 specimens)
HMA Mix 550 1b Field mixed performance tests (mold
into 34 specimens)
Asphalt Cement 2.5 gal 25 gal 2.5 gal | MRL storage
Combined Aggregate 5 5-gal. 5 5-gal 5 5-gal | MRL storage
buckets | buckets buckets

Note 1. After the asphalt cement and aggregate have been selected which meet the specifications, a
sufficient quantity of asphalt cement and aggregate must be obtained to allow the mix design to
be completed

Note 2. Use asphalt and aggregate from rows 1 and 2 for material.

Supervpave Level I Mix Design

Only one Superpave Level 1 mix design was developed for the two sections using the Superpave
mixtures. The mix design was developed by Montana DOT laboratory using a gyratory compac-
tor. Asphalt binder was supplied by Montana Refining Company. Aggregate from the Henen &
Bogden pit was used in the mix design. Three separate stockpiles were analyzed and combined
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to obtain the required gradation. The aggregate gradation remained the same for the two
Superpave AC paving mixtures. AC binder grade and binder contents were the variable factors.
Based on the results of modified Lottman tests, 1 percent hydrated lime was recommended as
mineral filler in the mixtures. The number of gyrations used in the mix design are summarized
in table 7.

Table 7. Number of gyrations for Level 1 mix design.

N Initial (N) 8
N Design (Ny) 96
N Maximum (N,,) 152

The physical properties of aggregates used in the mix design are presented in table 8, and the
asphalt concrete mix design used for the Superpave sections are summarized in table 9. The
detailed mix designs for both the Superpave and conventional mix designs are enclosed in
appendix C.

Table 8. Properties of aggregate used for the Superpave Level 1 mix.

Fractured Faces 92% 1 face, 85% 2 face

Plasticity Index Non-plastic

Percent Elongated 4%

Percent Wear 18%

Sand Equivalent 55

Volumetric Swell Coarse-Fraction 4.6%
Intermediate-Fraction 2.4%

Absorption (% by wt.) Coarse-Fraction 1.319
Fine-Fraction 1.488
Agg. Blend 1.390

Bulk Dry Specific Gravity Coarse Agg. 2.632
Fine Agg. 2.637

Agency Standard Mix Design

Section 300901 was paved with the agency standard mix used on the rest of the project. The mix
was produced using a 75 blow Marshall compaction method in accordance with Montana DOT
specifications. This test section was meant to act as a control and represent standard mixtures,
materials, and construction practices that traditionally have been used in Montana. Montana is
currently converting all its mix design to Superpave gyratory-based compaction methods.

Aggregate for this mixture is comprised of coarse aggregate, crushed fines, and chips from the
Henen/Bogden pit. The aggregates were blended as follows:

17



Table 9. Asphalt concrete mix designs used in Montana SPS-9.

Aggregate Stockpile Recommended Asphalt Asphalt Cement Grade (PG) Section
Gradation Content (% wt)
Coarse 45% 5.00 64-34 300902
Intermediate 20% 4.80 64-22 300903
Fine 35% 5.60 Polymer (EVA) modified AC | 300901
Mineral filler: 1% hydrated lime
Air voids 3.8%
Voids in Mineral Aggregate: 14 6%
Voids Filled with Asphalt: 73 7%
Retaned Strength: 77%
Adheston: 90%
Dust/Effective Asphalt Ratio: 1.0
Density @ N(d): 2368 Kg/m®
Aggregate Gradation (mm)
Sieve Size | 25 19 | 12.5 95 475 | 2.36 1.18 | 0.600 | 0.300 [ 0.150 | 0.075
% Passing | 100 | 97 80 68 42 29 20 15 10 7 4.5

1. 54 percent course aggregate
2. 41 percent crushed fines

3. 5 percent chips

Table 10 presents the mineral aggregate properties and the specification values.

Table 10. Mineral aggregate properties and specification values.

Mineral Aggregate Properties

Property Results
Coarse Aggregate Angularity, % Fractured Faces 1 face =96
2 faces =91
Plasticity Index NP
L.A. Wear 16
Absorption (Blend) 1267
Bulk Dry Specific Gravity Fine =2 622
Coarse = 2 652

The asphalt cement used on the agency standard section was polymer modified and met a
performance grade rating of PG 70-28. Montana Refining Company was the supplier for this

material as well.

Mixture properties for the agency standard mix are presented in table 11 and the complete mix
design is contained in appendix C.
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Table 11. Mixture properties for the agency standard mix.

Marshall Property Mix Design Results
AC Content % 5.6
Mineral Filler (Hydrated Lime) % 1.4
Rice Gravity 2.450
Unit Wgt. (Kg/m3) Lbs/ft3) 2372 (148.1)
Marshall Stability Kn (1bs) 9.3 (2100)
Flow 11
Air Voids % 3.0
VMA 15.1
VFA 80.1
Asphalt Ratio 0.89
PAVING OPERATION

Asphalt concrete construction work began on October 22, 1998 and was completed on October
24, 1998. The following equipment were used in the AC paving operations:

Blaw Knox PF 220 Paver with an Omni 2 Screed and 20 ft ski

Two 20 ton DynaPac Double Drum 50 Series Steel Drum Vibratory Rollers
Caterpillar 9.3 tonne (10.5 ton) vibratory roller

Windrow Elevator

Belly Dump Trucks

The design thickness of the AC layers was 5 in (130mm) for all three test sections and the
materials were placed in two equal layers.

AC PAVEMENT CONSTRUCTION

The first lift of material was placed on section 300902 with the PG 64-34 binder on October 22,
1998. The final lift was placed and compacted on October 23, 1998. The first lifts for sections
300903 and 300901 were placed on October 23, 1998, and the final lifts were placed on October
24, 1998 (photo 10, appendix A). During the construction of the first lift of section 300902, the
mix temperature was relatively high, about 330°F (166°C), but the mix looked good, with little
apparent segregation, well coated aggregates, and no excess binder. Density tests revealed that
the air voids in the compacted mix were on the low side (3 percent to 4 percent). Because of low
air voids, the contractor reduced the AC content by 0.1 percent on the 2™ lift of material. This
small reduction in AC content resulted in a dramatic increase of air voids of about 2 percent to 3
percent, indicating an asphalt sensitive mix.

The hot-mix was delivered to the site in belly dump trucks and placed in a windrow in front of
the paver. The windrow material was delivered to the paver using a windrow elevator. The
paver would pull two lanes of width (approximately 24 ft) at a time starting from the outside
shoulder. The centerline joint was offset 1 ft between lifts.
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Compaction of the Superpave sections 300902 and 300903 was not achieved to specification.
The specifications called for 94 percent of Rice density as the density requirement. Field in-situ
nuclear density tests indicated an average max density of 90 percent Rice. On section 300902,
roller marks could be seen for quite some time, indicating a tender and temperature-sensitive
mix. The roller marks were removed by another pass of the roller more than an hour after initial
rolling. Both Superpave sections exhibited some movement (lateral spreading) after placement;
this may have been due to the underlying CTS layer or due to a tender mix. The final lift of
section 300903 did not show as much movement, but still could not be compacted to the
specifications.

ROLLING PATTERN

The rolling pattern was established by compacting AC material placed on the outside shoulder.
As discussed above, additional rolling after the pattern shown below resulted in displacement of
material but no additional density. The resulting pattern used for each lift was:

Breakdown: DynaPac 20.2 tonne (22.3 ton) double drum roller in vibratory mode, single
coverage
Caterpillar 9.3 tonne (10.5 ton) vibratory roller in vibratory mode, single coverage
Finish:  DynaPac 15.1 tonne (16.6 ton) steel wheel tandem roller, single coverage
This rolling pattern was used for all the lifts.

FIELD DENSITY TESTING

Field density tests on asphalt concrete layers were performed to determine field compaction at
locations indicated in figure 8. The test locations and density test results are presented in table
12.

Table 12. In-situ density test results on AC.

Test No. Section Station Offset Avg. In-Situ Density (pef) | % Compaction*
T1A01 300901 629+35 6'rt of CL 137.7 89.6
T2A01 300901 631+00 6' rt of CL 139.7 91.0
T3A01 300901 632+65 6'rt of CL 139.4 90.8
T1A02 300902 640+35 6'rt of CL 139.2 90.6
T2A02 300902 642+00 6' rt of CL 139.1 90.6
T3A02 300902 643+65 6' rt of CL 139.8 91.0
T1A03 300901 651+35 6' rt of CL 141.1 924
T2A03 300901 653+00 6' rt of CL 142.7 93.5
T3A03 300901 545+50 6' rt of CL 144.4 94.6

* % Compaction based on N design or Marshall design maximum theoretical densities.

As can be seen from the table, the agency standard mix achieved higher compaction values based
on a theoretical density computed from the mix design data shown in appendix C.
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Test Section

Sample Number

Area

Number\ \
/1\ 300902 /2\ /3\ 300903 A A 300901 /6\

Sampling and
Field Test AG
Locations Cores, Cores, Cores, Cores,
See Fig. 6 AC|| Q P Segofé%. 8 ||AC|]| Q | |AG Seecgnr%.sm AC| | Q | [AG | igee Fig. 10
' ’ + o+ o+

+ + * | See Fig. 6 + + + See Fig. 8

[NoT TO ScALE |

1Z

Q 120 pounds of AC mixture for quality control tests

P 650 pound AC mixture for Performance Tests

AC 2.5 gallons asphalt cement for MRL

AG 5 5—gallon buckets of aggregate for MRL

+ Location of Nuclear Density Test

Figuie 8. Overview of material sampling and testing on asphalt concrete, Montana SPS-9A.



MATERIAL SAMPLING AND TESTING

All samples required by the materials sampling and testing plan were obtained. Bulk samples of
aggregate and binder were taken from the plant, as well as bulk samples from the field. Many
samples were collected by the contractor for quality control purposes, other samples were
collected by Montana DOT for quality assurance, and still others were collected solely for
experimental testing purposes. The sampling and testing described in this section pertains only
to those additional samples that were required for the SPS-9 testing. All the materials sampling
locations are shown in figure 8.

The required tests can be divided into five categories:

e material verification

e mixture design confirmation
e quality control tests

e as-built tests

e performance prediction tests

These tests are listed in tables 13 through 17.

Table 13 shows the binder and aggregate testing to be performed on the AC surface layer
materials from all test sections. Table 14 shows the mix design tests that need to be performed
on the alternate Superpave section and the agency standard mix. It should be noted that the
agency standard mix was developed using the Marshall mix design method, but that a gyratory
compaction regime must be developed for performance comparison purposes. Table 15 shows
the tests to be performed on compacted mixtures prepared both in the laboratory during the mix
desgin process and plant mixed samples taken in the field from section 300902. Table 16 shows
quality control tests to be performed on compacted gyratory specimens from sections 300901 and
300903 produced from plant mixed bulk samples in the field.

Two portable gyratory compactors were delivered to the Great Falls District lab to mold the
compacted specimens from the bulk mixtures for the testing in tables 15 and 16. Unfortunately,
they did not arrive on the day of sampling so all bulk samples had to be reheated to achieve
compaction temperature the day after sampling.

Figure 9 shows the core locations and time schedule for core sampling section 300902. Figure
10 shows the core locations and time schedule for core sampling on section 300901 and 300903.
All cores are 6 in. (150mm) in diameter. Table 17 shows the testing to be done on core samples
taken from 399092 at time interval A. Thirty four cores are sampled at that time. Table 18
shows the testing to be performed on cores from section 300901 and 300903 at all time intervals
and the testing to be done on section 300902 for time intervals B-F.

At this writing, cores from interval A-E have been sampled, but no testing has been performed.
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Table 13. Superpave aggregate and binder tests to be performed by participating
highway agency on AC surface layer materials from all test sections.

No. of Tests Material
Test Name Test Designation Protocol per Section Source
Aggregate Tests
Aggregate Gradation AGO4 LTPP P14 1
Specific Gravity of Coarse Agg AGO1 LTPP P11 1
Specific Gravity of Fine Agg. AGO2 LTPP P12 1
Specific Gravity of -200 Materal AASHTO T100 1
Coarse Aggregate Angularity PennDOT TM 621 1 BU10AO1
Fine Aggregate Angularty ASTM C1252 1 BU10AO1
Toughess AASHTO T96 1 BU10A03
Soundness AASHTO T104 1
Deleterious Materials AASHTO T112 1
Clay Content AASHTO T176 1
Thin, Elongated Particles ASTM D4791 1
Asphalt Cement

Penetration @ 5°C AASHTO T49 Ie
Penetration @ 25° & 46°C AEQ2 LTPP P22 1¢
Viscosity @ 60° & 135°C AEO05 LTPP P25 2
Specific Gravity @ 16°C AEOQ3 LTPP P23 2
Dynamic Shear @ 3 temperatures AASHTO TP5 2 BCO1AO1
Brookfield Viscosity @135° & 165°C ASTM D4402 1 BCO1A02
Rolling Thin Film Oven Test (RTFOT) AASHTO T240 B BCO1A03
Dynamic Shear on RTFOT residue @ 3 AASHTO TPS 3
temperatures*
Pressure Aging (PAV) of RTFOT res AASHTO PP1 B
Creep Stiffness of RTFOT-PAYV residue AASHTO TP1 2
@ 2 temps-24h conditioning®*
Creep Stiffness of RTFOT-PAV residue AASHTO TP1 2
@ 2 temperatures®
Dynamic Shear on RTFOT-PAYV residue AASHTO TP5 2
@ 3 temperatures®
Direct Tension of RTFOT-PAV residue AASHTO TP3 2
@ 2 temperatures®

*Only one set of aggregate tests required for each unique aggregate combination used on the project. If all sections
use the same aggregate and gradation, then only one set of tests is needed for the project.

®Sufficient material should be conditioned for the required tests

*Conditioning time extended to 24 h + 10 min at 10°C above the min performance temp

9See section 4 5.1 2 of the Specific Pavement Studies Material Sampling and Testing Requirements, experiment
SPS-9A, for temperature selection guidelnes.

*Three penetration values obtained from each test
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Table 14. Superpave mix design tests to be performed by participating
highway agency on AC surface layer materials from sections 300901 and 300903.

Test No. of
Test Name Designation Protocol Tests Material Source
Mixed and Compacted AC
Gyratory Compaction @ AASHTO M-002 3 BC01A01,BC01A0, BUOTAOI-
design asphalt content at N, BUO03A01,BU01A03,BU03A03
Gyratory Compaction @ 7% AASHTO M-002 6 BC01A01,BC01A03,BU04AOQI-
Aur Vouds BU09A01,BU04A03,BU09IAO3
Bulk Specific Gravity ACO2 LTPP P02 3 LA01A01-LAO3A01,LAOLAO3-
LA03A03
Maximum Specific Gravity ACO3 LTPP PO3 1 NAO1A01,NAO1A03
Moisture Susceptibility ACOS LTPP P05 6 LAO1AO01-LAOSA01,LA04A03-
LAO9AO03
Volumetric Calculations
Volume Percent of Air Voids AASHTO PP19 LAO1AO01-LAO3A01,LAO01A03-
Percent Voids in Mineral Agg AASHTO PP19 3 LA03A03
Vouds Filled with Asphalt AASHTO PP19

Notes

1 NA samples are laboratory mixed using BU10 aggregate samples from table 8

2. LA specimens are laboratory compacted, produced from BC and BU samples.
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Table 15. Tests on compacted laboratory and field bulk samples of AC from test section 300902.

Name Test

No of
Tests

Test

Designation Protocol

Material Source/Material Sample

HMA

Specimen Compaction by Participating Highway Agency

Gyratory Comp @ N,,,, (lab samples)

AASHTO M-002 6

NAO1A02-NAO6A02*

Gyratory Comp @ 3% Air Voids (lab samples)

AASHTO M-002 2

NAO7A02,NAOSAQ2?

Gyratory Comp. @ 7% Aurr Voids (lab samples)

AASHTO M-002 32

NAOG9A02-NA40A02"

Gyratory Comp @ 3% Air Voids (field samples)

AASHTO M-002 2

BAO1AO2, BA34A02°

Gyratory Comp @ N,,,, (field samples)

AASHTO M-002 6

BA02A02,BA04A02°, BA31A02,BA33A02°

Gyratory Comp @ 7% Auir Voids (field samples)

AASHTO M-002 26

BAO5A02-BA30A02°

Mix and Compacted HMA Tests by Participating A

gency

LAOIA02,LA07A02,LAI5A02,LA38A02,DA02A02,

Bulk Specific Gravity ACO02 LTPP P02 18 DAO03A02,DA04A02,DA06A02,DA16A02,DA22A02,
DA31A02,DA32A02,DA33A02

Asphalt Content (Extraction) (Uncompacted AC04 LTPP P04 6 BAO1A02,BA06A02,BA11A02,BA16A02,BA22A02,

Material) BA34A02

Aggregate Gradation (Extracted Aggregate) AGO04 LTPP P14 2 BA06A02,BA22A02

Maximum Specific Gravity ACO03 LTPP P03 3 NA14A02,BA06A02,BA22A02

Moisture Susceptibility ACO05 LTPP P05 6 LAO9A02-LA14A02

Volumetric Calculations by Participating Highway Agency

Air Voids, VMA, VFA | | AASHTO PP19 | 6° | LAO1A02-LA06A02
LTPP Performance Tests by Braun Intertec
Indirect Tensile Strength ACO07 LTPP P07 2¢ LA15A02,DA09A02
Resilient Modulus ACO7 LTPP P07 2he LA16A02,LA17A02,LA18A02,DA05A02,DA17A02,
DA29A02
Creep Compliance AC06 LTPP P06 8 LA19A02,LA20A02,LA21A02,LA22A02,DA15A02,
DA16A02,DA18A02,DA30A02




Table 15. Tests on compacted laboratory and field bulk samples of AC from test section 300902 (cont’d)

Name Test

Test
Designation

Protocol

No of
Tests

Material Source/Mateiial Sample

Superpave Shear Tester Performance

Tests by Superpave Regtonal Te

st Center (Store (@ MRL)

Frequency Sweep at Constant Height & Simple SST-1 AASHTO M-003, 6,2°¢ LA23A02,LA24A02,LA25A02,LA26A02,DA06A02,
Shear at Constant Height P-005 DA10A02,DA24A02,DA28A02
Volumetric Test & Uniaxial Strain SST-2 AASHTO M-003, 6,2° LA27A02,LA28A02 LA29A02,1.A30A02,DA07AQ2,
P-005 DA11A02,DA23A02,DA27A02
Repeated Shear at Constant Stress Ratio SST-3 AASHTO M-003, 4 LAO7A02,LA08A02,DA01A02,DA34A02
P-005

Superpave Indirect Tensile Tests by Superpave Regional Test Center (Store @ MRL)

Indirect Tensile Creep Compliance & Indirect
Tensile Strength

SP-IT

AASHTO M-005

18,2°

LA31A02,LA32A02,LA33A02,LA34A02,LA35A02,
LA36A02,LA37A02,1.LA38A02,LA39A02,LA40A02,
DAO08SA02,DA12A02,DA13A02,DA14A02,DA19A02,

DA20A02,DA21A02,DA22A02,DA25A02,DA26A02

*For the purposes of this table, a single specimen is compacted from each bulk sample. Test spectmen DA01A02 1s produced from BAO1A02 and LAOTAO2 1s
produced from NAO1A02, eic  Up to three specimens can be produced from the sample, depending on its size

*Three specimens are needed for one test

“Test specimen of 4 inch diameter will be cored from compacted 6 inch specimens produced by the gyratory compactor
9The corrected bulk density at Ny, shall be estimated from the gyratory compaction curves for calculation of the volumetiic pioperties
¢Spare specimens (one laboratory and one field compacted sample)




Table 16 Quality control related tests on compacted specimens from test sections 300901, 300903, and 300902.

Test No of
Name Test Designation Protocol Tests | Material Soutce/Material Sample
HMA Specimen Compaction
Gyratory Comp @ N, .. AASHTO M-002 6 I BAO1AOI-BA06A06*,BAOIAO3-BAO6AO3
Volumetric Tests
Bulk Specific Gravity ACO02 LTPP P02 6 DAO1A01-DAO6AOT,DA0IA03-DAO6AO3
Asphalt Content (Extraction) ACO4 LTPP P04 2 BA02A01,BA04A01,BA02A03,BA04A03
Aggregate Gradation (Extracted Aggregate) AGO4 LTPP P14 2 BA02A01,BA04A01,BA02A03,BA04A03
Maximum Specific Gravity ACO03 LTPP P03 2 BA02A01,BA04A01,BA02A03,BA04A03
Volumetr ic Calculations by Participating Highway Agency
Volume Percent of Air Voids AASHTO PP19 6 BAO1AQ1-BAO6AO1,BAOIAO3-BAO6AO3
Percent Voids in Mineral Aggregate AASHTO PP19 6 BAO1AO1-BAO6A01,BA0O1AO3-BAOGAG3
Voids Filled with Asphalt AASHTO PP19 6 BAO1AOI-BAOGAO1,BAOTA03-BA06AO3

*Test specimen DAOIAO] 1s produced fiom sample BAG1AOI, etc
bEstimate the corrected bulk specific gravity from the gyratory compaction curves at Ny, and use this value for volumetric computations



Table 17. Tests on core samples from test section 300902 at interval A.

Test No Material Source
Test Name Designat Protocol Tests
Volumetric Tests by Participating Highway Agency

Core Examination and Thickness ACO! LTPP P01 8 CAO02tXX,CA06tXX
CA11tXX,CA15tXX
CA191XX,CA24tXX
CA28tXX,CA33tXX

Bulk Specific Gravity ACO02 LTPP P02 8 CAO02tXX,CA06tXX
CA11tXX,CA15tXX
CA19tXX,CA24tXX
CA28tXX,CA33tXX

Asphalt Content (Extraction) ACO4 LTPP P04 8 CAO02tXX,CA06tXX
CAITIXX,CA15tXX
CAI19tXX,CA24tXX
CA28tXX,CA33tXX

Aggregate Gradation (Extracted) AGO4 LTPP P14 2 CATItXX,CA24tXX

Maximum Specific Gravity ACO3 LTPP P03 2 CATIXX,CA24tXX

Volumetric Calculations by Participating Highway Agency

Volume Percent of Air Voids AASHTO PP19

Percent Voids in Mineral Aggregate AASHTO PP19 2 CAIIXX,CA24tXX

Vouds Filled with Asphalt AASHTO PP19

Recovered Asphalt Cement Tests by Participating Highway Agency

Abson Recovery AEQ1 LTPP P21 8 CAO02tXX,CA06tXX
CAIIXX,CA15tXX
CAI9tXX,CA24tXX
CA33tXX
Penetration @ 5°C AASHTO T49 1
Penetration @ 25°C & 46°C AEQ2 LTPP P22 1°
Viscosity @ 60° & 135°C AEO05 LTPP P25 2
Specific Gravity @ 16°C AEO03 LTPP P23 2
Dynamic Shear @ 3 temperatures AASHTO TP5 2
Creep Stiffness @ 2 temperatures AASHTO TP1 2
Direct Tenston @ 2 temperatures AASHTO TP3 2
Replacement Cores to replace damaged cores CAO05tXX,CA25tXX
LTPP Performance Tests by LTPP Contract Laboratory
Creep Compliance AC06 LTPP P06 4° CAO03tXX,CA14tXX
CA23tXX,CA32tXX
Indirect Tensile Strength ACO07 LTPP P07 1® CAl6tXX
Resilient Modulus ACO7 LTPP P07 b CAO7tXX,CA21tXX
CA31tXX
Superpave Shear Tester Performance Tests by Superpave Regional Test Center
Frequency Sweep at Constant Height & SST-1 AASHTO M003,P005 2 CA04tXX,CA30txx
Simple Shear at Constant Height AASHTO MO003,P005
Volumetric Test & Umiaxial Strain SST-2 AASHTO MO003,P005 2 CA12tXX,CA22tXX
AASHTO M003,P005
Superpave Indirect Tensile Tests by Superpave Regional Test Center
Indirect Tensile Creep Comphance & SP-IT AASHTO MO05 10 CAO01tXX,CA08tXX
Indirect Tensile Strength AASHTO M005 CA10tXX,CA13tXX
CAITtXX,CA18tXX
CA20tXX,CA2TtXX
CA29tXX,CA34tXX

*Three specimens are needed for one test

®Specimens of 100mm diameter will be cored from 150mm field cores.
‘Three penetration readings must be taken from each test can
4See section 4 5 1 2 of the Specific Pavement Studies Material Sampling and Testing Requirements, experiment
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Table 18. Laboratory tests on cores from test sections 300901 and 300903 at all intervals and section 300902 at intervals B-F.

Test No of
Name Test Designation Protocol Tests | Material Source/Material Sample®
Core Examination/Thickness ACO1 LTPP PO1 8 All Cores
Volumetric Analysis

Bulk Specific Gravity ACO02 LTPP P02 8 All Cores

Asphalt Content (Extraction) AC04 LTPP P04 8 All Cores

Aggregate Gradation (Extracted Aggregate) AGO04 LTPP P14 2 CAOItXX,CA08tXX

Volumetric Calculations®
Volume Percent of Air Voids AASHTO PP19 2 CAO0ItXX,CA08tXX
Percent Voids in Mineral Aggregate AASHTO PP19 2 CAO1tXX,CAO8tXX
Voids Filled with Asphalt AASHTO PP19 2 CAO1tXX,CA08tXX
Recovered Asphalt Cement

Abson Recovery AEQ] LTPP P21 8

Penetration @ 5°C AASHTO T49 14

Penetration @25° & 46°C AEO02 LTPP P22 1

Viscosity @ 60° & 135°C AEO5 LTPP P25 2

Specific Gravity @ 16°C AEO03 LTPP P23 2 CAOTEXX,CAOBIXX
Dynamic Shear @ 3 temperatures® AASHTO TP5 2

Creep Stiffness @ 2 tempeiatures® AASHTO TP1 2

Direct Tenston @ 2 temperalures” AASHTO TP3 2

*Estimate the maximum theoretical specific gravity using the extracted AC content and aggregate effective spectfic gravity determined during construction
The cores shown i this table are for each test section to be tested at each designated testing time interval t, where t represents the sampling time interval after
construction, as follows

t=A at time 0 unmediately followng construction

t=B at 6 months after construction

t=C at 12 months after constiuction

t=D at 18 months after construction

t=E at 24 months after construction

t=F at 48 months after construction
For example, core CAO1EO3 1s obtained and tested 24 months after construction from section 03.
“The test temperatures should be the same as those used for the tests on the RTFOT-PAV conditioned samples performed during the 1tial binder grading
Three penetration 1eadings 1equired from a single container
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Figure 9 Core locations for main study test section 300902,
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FWD TESTING OF AC SURFACE

Falling Weight Deflectometer (FWD) testing on the finished AC surface was carried out on
November 13, 1998, in accordance with the procedures given in the LTPP FWD Operator’s
Manual. The deflection profiles are presented in appendix D. The deflection profiles shown are
normalized to a 20kN (9000 Ib) load. The profiles indicate a very uniform and structurally sound
pavement section.

ELEVATION MEASUREMENTS

Elevation measurements of the finished AC surface were recorded to determine as-built thickness
at locations indicated in figure 7. These indicated close conformity with the design thickness.
The fact that most of the sections are uniformly shy of the design thickness may be due to the
lateral spreading and movement under the rollers discussed above.
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IV. SUMMARY

Under the LTPP program, three SPS-9A test sections were built on northbound I-15, about 10
miles south of Great Falls, Montana, per the SHRP SPS-9A guidelines. The construction of
these SPS-9A sections began in July 1998 and was completed in October 1998. The sections
were constructed as part of a milling project on existing embankment. Section 300902, the
standard Superpave section, had a PG 66-34 grade binder, section 300903, the alternate Super-
pave section, had a PG 66-22 grade binder, and section 300901, the standard state agency HMAC
section, was constructed using a polymer-modified asphalt. The plans indicated an intermediate
layer 5.4 in (132mm) thick of a Pulveried Stabilized Plant Mix (PSPM). However, the PSPM
was replaced with 0.1 ft (30mm) thick Crushed Top Surface (CTS). Compaction of the
Superpave sections did pose some problems, indicating asphalt and temperature sensitivity of the
mix. Key observations that may affect the performance of these test sections are enumerated in
section V.
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V. KEY OBSERVATIONS

This section of the report lists the key observations that might affect overall performance of the
test sections. These are:

e The PSPM was not placed as planned. Instead, the PSPM was replaced with a CTS

consisting of crushed 3/8 in (-9.5mm) minus material aggregate with a design in-place
thickness of 0.1t (30mm).

e Placement temperatures in the case of section 300902 were relatively high, about 331°F
(166°C), but did not pose any problems during compaction. However, the density tests
revealed in-place air voids in the range of 3 to 4 percent. The contractor then reduced the
asphalt content by 0.1 percent. Reduction in asphalt content resulted in an air void
increase of 2 to 3 percent, indicating the asphalt-sensitivity of the mix.

e Compaction of both Superpave sections (300902 and 300903) was not achieved to the
specifications. The specifications called for an in-place density of 94 percent of Rice
density. Field in-place nuclear density tests indicated an average of 90 percent Rice
density.

e Roller marks could be seen on section 300902 for quite some time indicating tender and
temperature sensitive mix.

¢ Both Superpave sections indicated some movement of the mat during rolling on the first
lift, which could be due to the presence of CTS layer or due to a tender mix. Movement

was not observed during the compaction of the second lift.

e Mix designs were developed using the agency’s standard practices, but additional
material was sampled in order to complete the required testing.

e Bulk samples from the field were reheated from room temperature to create the gyratory
specimens from all sections.
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CONSTRUCTION PHOTOS



APPENDIX A - MONTANA SPS-9A CONSTRUCTION PHOTOS

Appendix A consists of the following construction photos:

Photo 1.

Photo 2.
Photo 3.
Photo 4.
Photo 5.
Photo 6.
Photo 7.
Photo 8.
Photo 9.
Photo 10.

Finished embankment for SPS-9A sections. Approximately 1 in. of asphalt milling
and surface remain from surface removal operation.

Red top showing thin layer of remaining surface material.
Sampling SPS-9A embankment materials.

Sampling SPS-9A embankment materials.

Sampling SPS-9A embankment materials.

Placing crushed top surface (CTS) leveling course.
Spreading crushed top surface (CTS) leveling course.
Priming crushed top surface (CTS) leveling course.
Primed crushed top surface (CTS) ready for paving.
Placing second lift of AC surfacing on SPS-9A section.



Photo 1. Finished embankment for SPS-9A sections.
Approximately 1 in. of asphalt milling and surface remain from surface removal operation.

Photo 2. Red top showing thin layer of remaining surface material.



Photo 6. Placing crushed top surface (CTS) leveling course.



Photo 8. Priming crushed top surface (CTS) leveling course.



Photo 10. Placing second lift of AC surfacing on SPS-9A section.



APPENDIX B

EMBANKMENT ELEVATION
AND
AC LAYER THICKNESSES



Elevation (Ft)

300901 Crushed Top Surface (CTS) Elevation

3350

33489 +

0+00

0+50

1+00

1450

T T T | T

2+00

2+50
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3+00

3+50

4+00

4+50

5+00

M CTS Elevation




Elevation (Ft)

Sectioni 300902 Crushed Top Surface (CTS) Elevation

3351.9

3351.7

33561.5

3351.3

3351.1 1
3350.9 A

3350.7 +

3350.5 -

0+00

0+50

1+00 1+50 2+00 2+50 3+00 3+50 4+00
Station (ft)

4+50

5+00
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Elevation (Ft)

3351

Section 300903 Crushed Top Surface (CTS) Elevation

3350.9

3350.8 1

T | T | T | T | T | Y | T | T | Y | v [

0+00

0+50

1400

1450

2+00

2+50
Station (ft)

3+00

3+50

4+00

4450

5+00
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Thickness (in)

Sectioni 300902 AC Thickness

0+00 0+50 1+00 1+50 2+00 2+50 3+00 3+50 4+00
Station (ft)

4+50 5+00



Thickness (in)

Section 300903 AC Thickness

—1 |HMAC

0+00 0+50 1+00 1+50 2+00 2+50 3+00 3+50 4+00 4+50 5+00
Station (ft)



Thickness (in)

300901 AC Thickness

Station (ft)

500
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Montana Department of Transportation
Helena, MT 59620-1001

Memorandum

To: Eugene W. Stettler, P.E.
District Administrator-Great Falls

From: R. Scott Barnes, P.E. s "
Physical Testing Supervisor L/,

Date: July 23, 1998

Project: IM15-5(93)256 SHRP Test Site #13

Termini: Hardy Creek - Ulm NB SHRP Test Site #13

Bit. Surf. Type: 19 mm PMS Grade S 6v\\9€ sf‘bDO\\/Ct
Lab No.: 750499 O o N\\ X

Attachea please find the results of tests performed on
aggregate submitted from the Henen & Bogden source, Pit Lab
No. 744809-16.

The separate stockpile aggregates were analyzed and a
combined gradation was selected that would meet or exceed
the aggregate criteria required for a Superpave mix. The
gradation shown "As Tested" was identified as an acceptable
aggregate combination. The as tested gradation is the
product of combining 45% of the coarse stockpile, 20% of the
intermediate stockpile, 35% of the fine stockpile.

The temperature used during mixing was 305°F. The manu-
facturer's recommended mixing range is between 290°F and
315°F.

Gyratory compaction was performed at 285°F. The
manufacturer's recommended compaction range is between
225°F and 300°F. Manufacturer's recommendations for field
mixing and compacting temperatures are attached.

The following Rice Gravities are taken from a best fit curve
of the actual Rice Gravities used in the mix design. They
may be used at the start of production to determine the
percent voids of the field gyratory test specimens.

% Asphalt Max. Density
4.0 2.500
4.5 2.481
5.0 2.462
5.5 2.444
6.0 2.4286



Eugene W. Stettler, P.E.
Page 2
July 23, 1958

Field Rice Gravity testing should be started and continued
throughout Bituminous Plant Mix production to determine any
change in the voids.

Based on the laboratory data contained in this report, we
recommend that production commence at 5.0% PG 64-34 Asphalt
Cement from Montana Refining Company and 1.0% hydrated lime.
If you have any questions or recommendations regarding these
results, please contact us.

RSB:tms:hardyull

Attachments



5/28/98

STATE OF MONTANA

%ﬁg)_ ADT _/ %94 DEPARTMENT OF TRANSPORTATION
ADT _2Zo/f Materials Bureau
ié% 18K ALY 15mm  PLANT MIX SURFACING, GRADE_S

L Nde:x—ZL Nmax.l-f’z
Lab. No. _/J50 497 Sample No. / Project No.ZM/5-5Y03)25% [22
Termini _/ARDY (REFA —/fep (WRY — SHRP Tesr SITE #/3 KL
Date Sampled __ 2 —/2-749 Date Received S -5 -Fz
Sampled by (2 [HRIST AN SEA Title __ A4 T T Address GRE4r Fare < Az
Submitted by X, IdLos<L o) Title D4 Address _(SREMT Lu, 1 A2T
Area Source Represented by Lab. No. _7448299 —/4 Sample taken at

owner HENEN I Beos Pt/ Address _ZASCANES ST

) TEST RESULTS CN AGGREGATE
% Passing LL /2 Fracture 1 face £2% Volume Swell

As Tested PL L2 2 face 55‘2 NO %
2S5mm Y/~ 2 PI __4~2 _ FARQ fé HL %
19 7 SE _4%5 = Flat/ &F Kb % FRM

12.5 go Wear_ /8 Elongated(5:1)_4Z4 ZAr _ZA % JHARD
4.75S 42 Absorption cs _ /L 3/9 Fine _ /. 468 Blend _/4 390

2.36 Zz?

1.18 259 Bulk Dry Sp. Gr. of Aqg. Fine _2.637 cs 2.632

.600 /

.300 /o NOTE: VMA of this Mix Design _ /4 & vEa _73.7

.150 7

.075 45 Dust/Effective Asphalt Ratio _/AQD
GYRATORY TEST RESULTS AC Sp. Gr./[.c

| %AC | G, IUnit We. |l %Air | % | & | %G, | %G .| %Gn |

| | Rice | Kg/m® |Voids| VMA | VFA | @Np; | @Ng, | GNu, |

L ! | ®Naes | @MNues | | | ! | |

40 | 2s0Ff| 2325 | 71 | /53 | 5233 | p4o0 | 2.9 | 2328 |

l4.& | 2.479 1 2380 | 5.2 | 148 1450 | 858 | 94.8 | 9./ ]

(g | 2.443 ] 2368 | 3.8 | /46 | 73.7 | p&68 | 96,2 | 974~ |

| 5.5 | 244 | 2382 | 2.6 | /4.6 1822 | 879 | 7.4 | 8.7 |

| { [ | | [ [ | | I
Modified Lottman

[Mlneral E‘J.llerI Percent l Breaks (PSI) ! Retained ! . l

, — Asphalt T 1 Strength | Adhesion |

L ¥ 1 Type 1 | Dry | Wet | 1 |

| --- INone | 5.0 | 500 |33.8 | 676 3| 8O %]

[ 1.0 lHvydLime | S | %0 1354 | 779 | 220 % |

| i | | | | | !

Admin. Maintenance Div.

2 Discrict Admin./Bng. & Cﬂél—g

1 Discricec Const. Eng.

1 Project Manager -

1 Dise. Mar. Supr. &4

: A.ta: Lab i Rccomcnded:i_Q\ WA/C _Z'__O_‘ M/wm LI‘

1 Chiaf Const. Bureau

"1 Chief Macerials Bureau Aaphalc Suppl;crmm

_2 _ Bit Mix Design Secc. REMARKS * Cosin e

1 PHWA

_L__ Macerials Buraau Pile /_)/_g,;,,;_;e,( s s 7H pae) [ #oeT

1 SHRP Sect ,258

Dato g//l/?g Name 7 A7 544/[{'

Chackad

T™S grdSl



Varying %AC Report

Project Name: Hardy Cr.-UIm(NB) SHRP Site #13 45 N Initlal: 8
Workbook Name: 2MD13.XLS N Design: 96
Technlician: T. Sauer N Max: 152
Date: 6/29/98 Nom. Sieve Size: 19mm
Asphalt Grade: PG 64-34 Design Temperature: 38°C
Compaction Temp: 150°C Design ESAL's (millions): 4
%Gmm vs. Gyratlons %Air Voids vs. %Binder
1000 I GRY , ] [
P 980 prereree e . 7‘; -------- 70 k ,1 , I +'@Nmax'
T 960 - .
S 940 6.0 1 Nt ~l—"@Ndes'
S 9204 550 =
g 5 NE
g 0oy S40 ﬁ
= 2.8 1 % 3.0 J\ <
5860+ ; 2.0 '
= 8404 ' 0 S
82.0 + ! ——e- 5.5% AC )
80.0 : ; . 0.0 o ‘
35 40 45 50 55 60 65 7.0
! N&?nber of Gyrgxg%ns 1000 % Asphalt Binder
%VMA vs. %Binder @NDes %VFA vs. %Binder @NDes
150 <4 100.0
95.0
14.0 90.0
85.0 y
Jao _80.0 - "
E $75.0 -
H2.0 70.0 i !
65.0 ’ |
11.0 £0.0 /Z , i
| 5 . 2 T
10.0 : 50.0
35 40 45 50 55 6.0 6.5 7.0
35 40 9, As,sp%altsa?ndesr'o 85 10 > % Asphalt Binder
Arr Voids @ |Air Voids @ [%VMA %VFA @
Blend %AC [NMax NDesign NDesign NDesign
4.0% AC 4.0 6.2 7.1 15.3 53.3
4.5% AC 4.5 3.9 52 14.8 65.0
5.0% AC 5.0 2.5 3.8 14.6 73.7
5.5% AC 5.5 1.3 2.6 14.6 82.2

7/23/98, 11:23 AM



Varying %AC

Report

Project Namae: Hardy Cr.-UIm(NB) SHRP Site #13 45 N nitlal: 8
Workbook Name: 2MD13 XLS N Design: 96
Techniclan: T. Sauer N Max; 152
Date: 6/29/98
Asphalt Grade: PG 64-34 Design Temperature: 38°C
Compaction Temp: 150°C Design ESAL's {millions): 4
%Gmm @ Nini Y%Gmm @ Nmax
900 100.0
890 99.0 l
880 /
Za70 J’ g 980 %
86.0 */ ° 97.0
E85.0 £ £ 0
re = »
84.0 /
95.0
83.0 /
82.0 94.0 r
35 40 47 a3haiitfnck? 5 70 39 40 45, sl ©° 7O
2500 Density 20 Dust/Asphalt Ratio
.8
2450 16
1.4
> £
200 1 £1.2 LS \J»\I
= < Q0 -4
- « ; ° ¢
2350 - L8 I
4’/ '\0.6 l I
2300 — 04~
35 40 4% AdRaiEingf® 65 70 35 40 42 adhaitHinder’ %% 7O
Unit Wt.
%Gmm @ |{%CGmm @ |(kg/m’) Dust/Asph
Blend %AC |Nlinitial NMax NDesign Ratio
4.0% AC 40 84.0 93.8 2325 1.3
4.5% AC 4.5 85.8 96.1 2350 1.1
5.0% AC 5.0 86.8 97.5 2368 1.0
5.5% AC 5.5 87.9 98.7 2382 0.9

7/23/98, 11:23 AM



LabNo .75¢4 99

Sieve Size Raised to 0.45 Power

70

60

Total
Percent

Passing
50

40

30

20

10

0 0075 03

015 06 118 2.36 475 95 125" 19 25 .
Sieve Size



Whea Polymer Modificd Asphzit i1 a contract, the MDT requires that this compluted form and ait ufle
attachments must be provided,

Prnjeet . e mm ey _eeme e

Termini . ..

Prime Confractor __--~ -

Send a five gallon sample of the preposed Moly mer Madifed Asphialt Cemant (PMAC), 2ccempanicd by tf ¢
following information, to the Matsrialc Rurean far z2pproval at Jeset 30 days prior $o use.

Company providing Polymer
Modifled Asphilt Cement

Identity ¢/ Base Asphalt

Yernctana Reiining Corpany

Hontens Rafising Company

EVA

Identily of Poivmer Modifier
(1) Atfached Materisls Safety Data Steets
Q) Attached temperaturesviscosi;y chart and’sr table for viscosity from 275 degrees F. to 340 dearees F. or
to the maximum mixing temperature of the 2sphalL,

(3) Mix Design Information

2. Marshall Mixing temperature range_ 0 special rangup ‘F

b. Marshall Compaction (emperature rarge??_Spacial range °F

e. Fawtada rablending of the polymer asphalt and cther speefal requirements when performing

laborafory procedures such s mix designs with this hlodified Asphalt.

() Field Temperatures Requirements

3. Plant Miz Discharge Temperatuces b. Rezdway Compaction Temperstures
Maximum 315 degrees F. Maximum _ 3CC degrecs F.
Mlaimum 290 degrees F. Migimom __ 225 degrees F.

(5) What sdjustments in placemert cr compaction teckaiques arenetded,

(6) Describe any special laboratory or fleld handling procedures which shouid be followed.

"e s4 s

Alan L. Hobbs

Individuai providlng'lnfcrmz\lon
‘Address  Hontana'Retining Company :300 13ch Szreec N. 2., G.eat Fanils, MT £9404~-105°¢

Phone No.

406-761-4100

Slgnstur

g Dats_ e~ //’7{ (prime contractor)
/ 7

Return the complered form to MDT's Project Manager for this contrast

BJIB:Q:NT:176.cg



MASTER FILE
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Montana Department of Transportation
Helena, MT 59620-1001

Memorandum

To: Eugene W. Stettler, P.E.
District Administrator-Great Falls

From: R. Scott Barnes, P.E. / /g Z;V“fld
7«7. o

Physical Testing Supervisor

Date: May 7, 1998
Project: IM 15-5(93)25¢6
Termini: Hardy Creek - Ulm (NB)

Bit. Surf. Type: 3/4" PMS Grade D (1st Mix Design)
_srege

Lab No.: 749481 Ao e ¢ éJ(‘mrJJ\A\fo(
)/(/\ A

Attached please find the results of tests performed on

aggregate submitted from the Bogdeni Henen source, Pit
Lab Nos. 744809-16.

The material was graded to the job mix target before
testing. The gradation shown "As Tested" results by
combining 5% of the chip stockpile, 41% of the crushed
fine stockpile, and 54% of the coarse stockpile.

The temperature used during mixing was 305°F to conform
to the manufacturer’s recommendations. Field production

within the range of 290°F to 315°F should provide similar
bituminous mixture.

Laboratory Marshall compaction was performed at 285°F.
The supplier recommends roadway compaction be performed
petween 225°F and 300°F. A temperature viscosity chart
and manufacturer's recommended mixing and compaction
temperatures are attached.

The following Rice Gravities should be used at the start
of production only to determine the percent voids of the

field Marshall test specimens. These values are as
follows:

% Asphalt Max. Density
5.0 2.474
5.5 2.454
6.0 2.434
6.5 2.414
7.0 2.394



Eugene W. Stettler, P.E.
Page 2
May 7, 1998

Field Rice Gravities testing should be started and
continued throughout Bituminous Plant Mix production to
determine any change 1n the voids.

1. Based on this data, we recommend that production
commence at 5.6% PG 70-28 Asphalt Cement from the
MRC refinery.

2. 1.4% hydrated lime 1is required as a chemical
additive to improve the Modified Lottman and the
Marshall Stabilities. The attached data indicates
this mixture 1s susceptible to moisture induced
damage. Uniform dispersal of the hydrated lime
throughout the entire mixture is essential to avoid
structural damage by moisture intrusion.

3. No monitors are reguired.

If you have any gquestions regarding these results or
recommendations, please contact us.

RSB:PE:G:MT:10.cg

Attachments



2639

Lab.F No. 606
(ﬁ,,,_ 1027?5/99/) MT-306/14
STATE OF MONTANA
/994 ADT _3 %00 DEPARTMENT OF HIGHWAYS
ADT (/a0 Materials Bureau
SALS 4719
PLANT MIX SURFACING, GRADE ___
Lab No 2494 8 Sample No 1 Project No IM 15-5(93)256
Termum Hardy Ck,.-Ulm(NR) .
Date Sampled 2-19-98 Date Received _spn n 9 1998
Sampledé) B.Scremcha Title T 1 "7 TP Address Gr, falls Mg,
Submitted by Title ___pMs Address
Area Source Represented by La O _744800-164 Sample taken at
Owner Address Cascade Mt
S S ON AGGREGATE
% Passin LL Fracture 1 face % Volume Swell
y As Teste IISIL_&? D 2 face I\}%S A ://of;Lz_fd
-n" ust L& Y Fa e
1" SE 7</ Asphalt Ratio (J.2 /o han
2 5 T CAe
L]
find - Absorption CS /.22 7 Fine /:3/9 Blend /. 267
10M £ Bulk Dry Sp. Gr. of Agg. Fine 24,272 CS 2.652
2600 % NOTE: VMA of this Mix Desi 551 vra 80,1%
’ MARSHALL
| | | % | Rice | UnitWeitht | % Lb. | | |
| Yo Type | Asphalt | Gravityl Lbs./Ft. Voids | Stability | Flowi Appearance
L_IReNE | 80 2574 /%R | -2 | 203) | 7 |vaRkmal |
L~ | I8 |\ 24% /56, R | S/ | JdooB | /o | StayHyrec
LI ] | 6.0 1 9%3% | <73 | 2.Q | /260 |0 | sLhg\slygick
L |~ | @S (%Y |\ /~<~<2.2 | /L6 | /895 (0 | T2l t
1L _¢{ | 20 12204 | /7.2 | /.| /BZR |/2 |NVery Kiel
ULVAdIMEL 50 125791 569 | <7 | Il | 7 | NTRARL |
It '~ | 55 12¢%| s¥&¢ | 3.3 1 /7 | <0 |SIAMI L
L I | o | J3¥| /85 | 22| 2076 | 7/ 1314y el
L/l / 1 &85 1@ | /2, | L0 | Qoo | A | Rk, !
L{ (1 70 12.29¢)| /=82 | 0.8 | /572 | 72 |Nery ik
LA AT T T G 12 Y50l e, 1 3,01 2100 | )1 | intermiaded
| MODIFIED LOTTMAN | X
lr Mineral Filler | iercheﬁt { Breaks (PSI) | %gtained : Adhesi ;
! t { s1
% 1 Type | P Dy | we g oen ) ATOR
L_--— 1None | .0 | &5.3) 6.0l _7o0.%%] B0 %)
L 14 |HydLime| 5.7 | 23«1 S5/.31 IS % ?57”/_?&8:9
— | NONE] 6.0 |93 LIV Y 76%] TS %] CowV
/"(/A ]}._K\Y%E{QQE (o£) u1§'7 /01:9 é&S_ é7' a 90
Z District Admin./Eng. Gr‘cg'f' Fa[/
1 District Const. Eng. G /s
L P.roject Manager ; ?6
l: i;zz.[.git. see. Geear Falis Recommended: &% 7@;—28 A/C /Is/% A}/c“/r‘affr///w&/;
L Chief Const. Bureau
I Chief ;atezxa?s Bureau Refinery /V‘RC
. ML aesign Sect. REMARKS ,
T ome . 7S Bhow Compacioa
D
[

Materials Bureau Ffile
SmAre Tamd F Grivel Discussas with &b Passon LIS
pate S/ 22 Name L Baweo CETZ

Checked




CB30LA MONTANA DEPARTMENT OF TRANSPORTATION
CONTRACTOR’S PROPOSED JOB MIX AGGREGATE GRADATION

PROJECT NO 1M 1S5-5(93) 754, DESIGNATION H;\"'cl\([_(:,(‘g,k_ = W <mr%‘nmm.xl

CONTRACTOR Lmmpire ind < ficaved e PREPARED BY _Jodd “Talkinatow
; N

173
PLANT MIX GRADE &R D

DATE DESIGN NEEDED Q5 <Scom A<  Possiblc
PIT NAME Honcn /Boaden Vit PIT LAB NO'S. _ ¥ 809 /b

1 1
PIT DESCRIPTIONNE/{ch&i: 52%3@4 SECTION SW4 26 mOWNSHIP _(9 north

RANGE / eas+

P - E .

TYPE OF BLEND P4 _70-28  source T Relwravy MDL SPEC YES___ NO
ASPHALT GRADE | SQURCE ___ I MEETS MDL YES___ NO
ASPHALT MODIFIER TYPE Yoly _niod.

CONTRACTOR - Enter the type, stockpile production gradation averages, and precposed blend
ratio for each aggregate. Complete the combined gradation, the single proposed job mix
target value, the specified target range, and tolerances for each specified sieve size.

STOCKPILE BLENDING DATA SPECIFICATIONS
IAGGR e " cresed | 347 ot
TYPE % Beck. 78 e 8 Chips SPECIFIED
. . - JOB |TOTAL| TARGET
% USED 54 °% ¢l % 5% cmnn I| MIx | +/- | =Rance
Sieve |Total] % of |Total| % of |Total] % of | Total| & of TARGET LO - HI
Sizes |$ Pass|{Total |y Pass| Totall|%¥ Pass|{Totall{s Pass|Total
1 1/2" -
1" -—
4" -
3% oo | 549 oo | 4j0| 0 |50 (00
5/8" I . _ _ _ — -
1/2 -
/2" 1906 1387 |joo | dio|je0 | 5.2 gl | 3 |7 |7¢79°
8n - 5
3/ 40.0 2L.b {oo 4—',0 joo 5,0 A XA ég '7 e/ 7
4 M -5
2.5 1z.4 980|402 1317 | 0 sz | ¢ |7 |F7 7
WM N7 109 65259 |03 79 | 28 | L [%&7 3t
WM, d 108 | Bo7liee | P9 | 4 260 4 |4 |0 718
2008 | 1] |16 42| 226, 50 || 5 .5 |35 -5

CONTRACTOR SIGNATURE/W M Date: 5/3/75

@Wé %M e C1/7-98

Progect Manuper oe Lab Supervisor

Samples submuticd {or muix design.
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When Pehymer Modified Asphzlt s i 3 contract, the MDT requires that thus complated form ind 1) ol 1l ¢
attackments must be pros:ded

Project sme iy memm =

Termini ) -

Prime Contractor __--- -

Send a five gallon sample of the prepesed Polvimer Madified Asplalt Cemant (PMAC), accempanied by (e
following mformation, to the Materaic Suretn far zppraval st lezet 20 davs prior 1o uce,

Company previding Polymer N
Modified Asphalt Cement =enlana K&

rn

111ng Cerpany

M

Mentans Reixswrg Company

Ideatity of Base Asphalt

tdentily of Daismer Modifier EVa

(1) Attached Materials Safety Data Sheets

(2) Attached temperature-viscosi;y chart and’srable ferviszos'ty from 273 degress 7 to 320 degrees Fl or
to the maximum mixipg temperature of the zspha't,
(3) Mix Design Infermation

no special rangup

3, Marshall Mixing temperature range °F

b. Marshall Compaction (emperature rarge 0 SPecial raage ‘F

c. Hawtadoreblending of the polymer 25phzlt and cther special requircments whea performung

Jaboratory procedures such as mix detigrs with this Modified Asphalt.

(4) Field Temperatures Requirements

a. Plant Mixz Dischargs Temperatures b. Recadway Compaction Temperatures
Maximum 313 degrees F. Maximum __30C degrecs F.
Minimum 290 degrees & Minimuma _ 223 decrees F.

(5) What sdjustments in placemext or compaction {eckriques are needed,

(6) Describe any special lzboraiary or field hendling procedures which shouid be failowed.

Individusl providing infermatian Alan L, Hobbs

Address Montaha'Reiining Company :900 13ch Screec N. £., G.eat Talls, MT 59204-1055
Phone No.__106-761-4100

Signatur - v Da(:/‘/c ./ Z 124 (prime contractor)

Return the complered form to MDT's Project Manager for this contrast

BJIB:Q:MT:176.cg
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APPENDIX D

FWD DEFLECTION PROFILES OF
AC SURFACE LAYER
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