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INTRODUCTION

In 1987 the Strategic Highway Research Program (SHRP) began
developing a new system for specifying asphait pavement design. The
product of this research is called Superpave, short for Superior Performing
Asphalt Pavements. A unique feature of the Superpave system is that it is
a performance-based specification system. The system contains asphalt
binder specification, an asphalt mix design and analysis specification, and
the computer software that integrates the entire system.

In 1993 the Federal Highway Administration (FHWA) issued its report
on Superpave and started its implementation procedure nationally. The
Michigan Department of Transportation (MDOT) established an
implementation plan in November 1996 (Appendix A}. The curent MDOT
implementation Pian is that 40 percent of 1998 mainline projects will be
Superpave, 90 percent of the 1999 mainline projects will be Superpave
and then 100 percent of the year 2000 mainline projects will be
Superpave.

MDOT assembled a team comprised of personnel from a qualified
consultant, staff from its construction and technology division and FHWA.
This team was calied the Superpave Implementation Team.

The team'’s objec’rive'was to monitor all aspects of construction, mix
design, materials processing, mixture production, QC/QA testing and
placement of bituminous mixture for the Superpave projects.

The- team’'s methodology was to idenlify any problems
encountered, propose solutions, implement the proposed changes,
document the problems and successes, and share the knowledge gained
on one project with subsequent projects. Team members interviewed
both contractor and MDOT project personnel about their experiences,
concems and recommendations.

This report discusses MDOT's implementation procedures, project
construction history, any problems or successes encountered, and any
conclusions and recommended changes to the specifications and/or test
procedures.

The team monitored all eight Superpave projects that were worked
on in 1997. Figure 1 gives a brief description of the Superpave projects
and where they were located.



LIST OF PROJECTS
Route 'Locgtion Description of Work ESAL | Tonnage
us-2 Dickinson Co, Bituminous reconstruction and passing 0.5 25,000
relief lanes
us-2 Detta Co. Bituminous cold milfing and resurfacing . 2.8 12,000
i-75 Cheboygan Co. | Bituminous base crushing and shaping and 2.3 89.000
resurfacing
Us-23 Arenac Co, Bituminous resurfacing 1.7 98.000
Us-131 St. doseph Co. Bituminous resurfacing 4.6 68,000
M-53 Macomb Co. Bituminous cold milling, widening and 0.7 10,700
resurfacing
us-12 Wayne Co. Bituminous cold milling and resurfacing 3.8 19.500
275 Monroe Co. Rubblizing existing concrete pavement 8.4 35,600
ond bifuminous resurfacing
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BINDER SELECTION

in 1994 MDOT installed eight pavement temperature monitoring
stations, and also began testing penetration graded asphait binders
under the perfoormance graded (PG) binder specification. In the faill of
1996, using data from both of the above sources, MDOT specified three
PG grades to be used in 1997.

The design grades chosen for the different areas of Michigan were
as follows; PG 52-34 for the westermn Upper Peninsula, PG 52-28 for the
eastemn Upper Peninsula and the northem Lower Peninsula, PG 58-28 for
the southem Lower Peninsula. A problem occured during the first couple
months of using the performance graded binders. The binders, selected
for the different regions, had a softer consistency than was originally
anticipated. MDOT revised its design grades so that PG 52-28 would be
used throughout the Upper Peninsula and PG 58-28 would be used
throughout the Lower Peninsula.

A certification system was established for the performance graded
binders. Daily binder samples were taken at the asphait mixture plant for
certification verification testing.

The MDOT binder acceptance program included testing the
penetration of the asphalt cement recovered from a daily sample of the
mixture taken at the plant site. The implementation plan cailled for this
acceptance procedure to be used for two vyears, after which
acceptance will be based on the recovered binder meeting the
performance grade specification. '

The binders sampled on the eight Superpave projects were not
tested for PG properties; each project had penetration testing performed
on both the original and recovered binder. Table 1 shows the average of
this test data for each mixture. The percent of recycled asphalt
pavement (RAP) specified by the mix design is also listed in Table 1. The
actual amount of RAP used may have varied from the percentage
specified by the mix design.

Four of the eight Supempave projects had daily test resuits that failed
1o meet the coniract specifications. In all but one case the recovered
penetration was too high (binder was too soft]. The mixture that was
produced with these binders could be more susceptible to flushing and
rutting. The daily penetration test results are included with the individual
project data in Appendix D. '



TABLE 1
PG BINDER TEST DATA

Original Penetfration

Recovered Penelration

Grade Supplied Grade Specified
Mixture PG44-34 | PG52-28 | PG58-28 | PG52-28 | PG58-28 | % RAP Used
US2  3Et (19mm) 136 73
USs2  4F1 (12.5mm}
USs-2  3E3 {19mm) 202 105
Us-2  4E3 {12.5mm) 202 97
75  3E3 [19mm} 339 121 25
75 4E3 (12.5mm) 372 136 30
US-23 2E3 [25mm) 216 128
Us-23 3E3 {19mm)} 241 134
US-23 4£3 (12.5mm} 244 132
US-131 3E10 (19mm) 169 81 15
M-53  2E1{25mm) 111 57
M-53 3E1{19mm) 107 63
Us-12 3E10 (19mm) 105 67 15
US-12 4E10 (12.5mm) 104 49 10
1-275 2E10 [25mm) 233 79 20
275  3E10 (19mm) 232 77 20
355 217 113 122 71 Average
: 65135 55-115 Specification




AGGREGATES

On seven of the eight projects the aggregates used came from
sources the coniractor would normally use. One coniractor had to use
sources they wouldn't typically use because their normal aggregates had
high absorption and they could not.-get a gradation to pass the
Superpave specifications. '

~ The contractors were solely responsible for selection, sampliing and

testing of the aggregates before they did the mix design. There was no
indication of aggregate shortage; however, the confractors and
aggregate suppliers were concemed about the amount of sand, minus
4.75mm material, that was being generated .at the pits that could not be
used in the Superpave mixtures.

Table 2 shows the properfies of the aggregates used on the
Superpave projects. A review of this data shows that the aggregates
used had superior properties to the Superpave requirements. This is
demonsirated by the crush content. For the less than 1 million ESAL and
less than 3 million ESAL projecis the required crush contents for top and
leveling mixtures are 65 percent and 75 percent respectively. The
minimum submitted crush content for a less than 1 million ESAL project was
84 percent. The minimum submitted crush content for a less than 3 million
ESAL project was 92 percent. Since it is the first year of Superpave it is very
difficult to determine whether or not this trend will continue.

There has been a lot of discussion about the flat and eiongated
particle specification. The question remains whether ornot3to 1 or5to 1
is the comrect ratio. MDOT measured flat and elongated using a 5 to 1
ratio. As can be seen from Table 2, the flat and elongated specification
was never violated. The highest percentage was 1.9 percent, well below
the 10 percent maximum.

The aggregates used had a wide variation in asphalt absorption.
The asphalt absorption ranged from .59 to 1.49. Under MDOT's old
procedure the asphalt absorption was not calcuiated; rather, it was
assumed to be 1.00. As can be seen, this assumption would not always be
valid.



The second to last row shows the percentage of aggregate passing
the 75um sieve. The Superpave mixtures required much cleaner
aggregates than a typical Marshall mix design. The range for a
Superpave mixture was 3.4 percent to 4.6 percent passing the 75um sieve.
A typical Marshall mix design would have 5.0 percent to 6.0 percent
passing the 75um sieve.
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MIX DESIGN

In the winter of 1994, in anticipation of the 1997 Superpave projects,
MDOT sponsored a one-week, hands-on training course for contractors.
Most contractors had an opportunity to send at least one representative
to this class. In addition, MDOT had an open offer to send personnel to
the contractor's plant or laboratory to help train their personnel and set
up the Superpave equipment. :

The mix design review process for Superpave was set up similar to
the cumrent process for Marshall mix designs. The contractor is responsible
for performing a complete mix design. The conitractor must submit
samples of aggregate, mixture, TSR samples and complete mix design
paperwork to the Consfruction and Technology (C&T) Laboratory. The
requirements for a submittal are included in Appendix C.

Once the mix design was submitted to the C&T Laboratory the
samples and paperwork were checked for completeness and then
verification testing was performed. |If the contractor's test data was
verified and all parameters met specification a Job Mix Formula {JMF} was
prepared so that field production could begin. If the mix design was not
verified the contractor was required to.submit a new design.

The actual test procedures and mixture requirements were set up
very close fo those taught at the Asphalt Institute which uses the SPS-2
manual. MDOT wanted to retain ali of the Superpave mixture and
aggregate requirements until there was a vaiid reason to change them.

MDOT specifications required the contractor to stay within the
Superpave gradation control points and o avoid the restricted zone. All
of the mix designs avoided the restricted zone. All but one of the mlx
designs were very coarse and went below the restricted zone.

All mix designs tested met the Nin and Nmax requirements. The Nmax
was usually close to the specification limit (98 percent} but the Nin never
seemed to be a controlling factor.

Six of the 17 mix designs incorporated recycled asphalt pavement
(RAP). The amount varied from 15 percent to 30 percent. Five of these
mix designs were verified on the first submittal,



On the eight Superpave projects there were a total 17 mix designs.
Fourteen of the 17 mix designs were verified on the first submittal. This 82
percent passing rate for mix designs was better than that for Marshall mix
designs which is around 78 percent. One of the three mix designs that
was not approved was submitted with the wrong aggregates and was,
therefore, never reported out. Of the two mix designs that did not verify
on the first attempt one was verified upon the second submittal.

Table 3 illustrates the close comrelation between the MDOT C&T
Laboratory and contractor's test data for the submitted mix designs.

On average, MDOT and the contractor were within 0.008 on
compacted density, 0.005 on theoretical maximum specific gravity {Grmm)
and 0.37 on air voids. The average correlations were very close and well
below the allowable verification tolerances.

Of special interest this year was the test for aggregate bulk specific
gravity (Gs). This test was a relatively new test to MDOT and most
confractors and, because of the nature of the test, was more variabie.
However, the comelation for this particular test was very good.
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Table 3
Mix Design Verification
Project Mix Type | Mix Design Difference beiween MDOT and Fail
Confracior
Compacted | Gmm | Ar Voids | Go
Density
Verification folerance 0.020 0.013 1.00 0.028
US-2 Dickinson Co. 3E1 97MD166 0.010 0.003 0.4 0.002
4E] 97MD230 0.003 0.014 0.6 0.0061 X
* 4E1 97MD241 0.021 0.009 0.7 0.006 | X
US-2 Delia Co. 3E3 97MD139 0.021 0.011 0.0 0.004 | X
3E3 IMD172 0.012 0.005 0.6 0.004
4E3 97MD164 0.001 0.010 0.6 0.008
75 Cheboygan Co. JE3 7MD131 0.002 0.001 Q.1 0.002
4E3 97MD228 0.004 0.001 0.2 0.014
U3-23 Arenac Co. 2E3 QTMD179 0.018 0.004 0.5 0.016
3E3 97MD200 0.012 0.004 0.4 0.019
4E3 97MD235 0.006 0.006 0.7 0.000
US-131 §t. Joseph Co. 3E10 97MD193 0.011 0.011 0.8 0.015
M-53 Macomb Co. 2E1 97MD202 0.007 0.007 0.4 0.017
3E1 ?7MD209 0.004 0.004 0.1 0.020
4E} 97MD218 0.001 0.004 0.1 0.003
Us-12 Wayne Co. 3E10 97MD 168 0.008 0.002 0.1 0.005
4E10 $7MD225 0.000 0.003 0.1 0.018
1-275 Monroe Co, 2E10 P7MD 196 0.011 0.001 0.7 0.007
b 3E10 97MD226
' STD 0.007 0.004 0.27 0.007
Average 0.0082 0.005 0.37 0.009

*Confractor was allowed to use this mix fo complete project.
**Mix design was submilted with the incomect aggregates and was never reporfed out.
Conftractor attempted to produce mixture, but could not.
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MITURE PRODUCTION

Plant production of Superpave mixtures was monitored using
MDOT's QC/QA specification with the exception of replacing the Marshail
hammer with the Superpave gyratory compactor. The specifications used
to control these projects are included in Appendix C. The confractor
takes a random sample of mixture every subiot of production and runs the
following tests:

1. Theoretical Maximum Density {Rice}.

2. Percentage compaction at Nmax Using the gyratory compactor.
3. Mixture aggregate gradation and asphalt content.

4. Percent crushed faces and soft particle count.

Mixture voids, VMA, VFA, N, Naes and fines-to-asphalt ratio were
calculated. When the contractor had completed testing five sublots (a
lot), a MDOT inspector would randomly select one of the sublots and run
the same tests the contractor performed.

MDOT's test results were compared to the contractor's results for
verification. During this study, on some projects the MDOT inspector would
run his test at the same frequency as the coniractor; this was done to
resolve any problems that might arise before a large quantity of mixture
was placed that might not meet specifications.

The contractor was allowed to ask for a JMF adjustment if their test
data indicated they were consistently producing a specification mixture
but exceeded the tolerances from the JMF. Five of the approved mix
designs were produced as designed; the others had minor changes in
gradation, TMD or VMA. In most cases these changes were caused by
aggregate blend changes to meet the design gradation. Table 4 is a
summary of field changes that were approved.
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TABLE 4
JMF CHANGES
Change 475 600 | 75 Aggregale Blends
Mix/ item of Plant | TMD | VMA | %AC Gw mm mm | um | #1 | #2 {1 #3 | #4 | #5
Us-2 3kl X
Us-2  4E3
From 1553 | 148 55 53.8
To 155.6 14.2 53 54.0
Us-23 3E3
From 153.1 { 13.1 53 12565 | 390 127 | 29 125129 120 § 15 | 1y
To 15246 | 135 5.4 43.5 130 1 37 1 15 | 2¢ 1 33 1 15 | 8
To 2.558
UsS-23 4E3 .
From 2552 61.3 16.6
To 2555 | 56.0 14.6
Us-131 3E10
From 157.3 | 138 5.2
To 158.0 | 13.6 49
Us-12  4F10
from . 4.6
To . 52
275 2E10
From | A 2E1D - 26 110 |28 |16 |20
To ! A 3E10 10 {26 128 116 |20

The contractors produced and tested 68 iots (328 sublots) while
MDOT ran 81 tests. This is a higher retest ratio than normal; however, if the
results of two mixiures from the US-23 project are removed, the test ratio
becomes 56 to 60, which is closer to normal. The verification problem on
US-23 was resolved after a technician from the ceniral Iab visited the
project and went over the testing procedures with both MDOT and
coniractor technicians. The problem seemed to be caused by confusion
about what was considered cure time for the samples. This issue is more
important on projects that have mixiures with high absorption; care must
be taken to ensure that most of the asphait absorption has been satisfied
before running the acceptance test. In general there was no problem
between test results that were run at the same time and those that were
run a couple of days later.
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~ The contractors used Pine gyratory compactors on six projects and
~ Troxier gyratory compactors on the other fwo projects. Both compactors
worked well with no operational problems. The Troxler was a little
inconvenient in that the sample heights had to be entered into a
computer to calculate densities and get a data printout.  This could
become a problem as more gyratory compactor models are approved
for field use. A simple computer program should be developed so that all
gyratory compactors handie the sample heights the same way.

Table 5is a summary of the contractors’ quality control testing and
incentives or disincentives eamed on uniformity of mixture production and
in-place density. The fop data is the average value of all the contractors’
QC data. Beneath that is the standard deviation of their QC data which
is an indication of how uniform their mixture production was. The bottom
two sections show how many lots were in bonus or disincentive for mixiure
uniformity and density. '

The project specifications reward contractors who produce the
mixture consistently. The contractors can eam a 4 percent bonus if the
absolute deviation of their test results is less than the running average test
tolerances specified. Of the 68 lots produced, 40 were subject to the
bonus and 11 were subject to a disincentive.

The Table 5 data show that in general these Superpave projects
were in compiiance with the specifications. Several of the mixtures had a
single property that was out of specification, two had high fines-to-asphait
ratio, one had a low VMA and one had high air voids.

it appears that a contractor can cohsis’renﬂy produce Superpave
mixtures and expect to be verified by MDOT. The fines-to-asphalt ratio
should be added as an acceptance parameter.
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PAVING AND COMPACTION

Placement and compaction of these Superpave mixiures was
accompiished with normal paving equipment, with the exception that
more and heavier rollers were generally used. The confractors used
vibratory, static and pneumatic rollers. Some projects used pneumatic
rollers as breakdown followed by vibratory rollers; others used vibratory
rollers as breakdown followed by pneumatic roliers. it did not appear that
one method was more successful than the other.

The more important factor was getting as much compactive effort
as possible on the mixiure while it was still- hot. It is very important to
monitor mixture temperature and set up the roliing pattem based on
these temperatures. It appeared that on ail of these projects there was a
temperature zone where the mixture appeared to be tender. Typically,
between 200°F to 170°F compaction could not be increased and may
have decreased. It is advisable to stay off the mixture in these
temperature zones. it appears that if a contractor uses a density gauge
for field control and monitors mixture temperatures they could achieve
the required 92.0 percent density, and in most cases eam some incentive

pay.

Table 5 lists the average in-place density, the mixture placement
thickness, and the amount of mixture subject to a price incentive or a
price reduction. As can be seen from the data, 68 lots were placed and
54 of these were full-pay or some incentive and 13 lots were subject to a
price reduction. These numbers cannot be compared to normal MDOT
projects because the acceptance densities are different than the normal
specification. The Superpave specification has a iower bonus density,
92.5 percent of the TMD, but a higher percentage of the mixiure is
required to be at that density — 75 percent of the cores. The density
incentive specification was iowered for Superpave projects to encourage
the coniractors to obtain the highest density possible. The projects with
the highest density were being paved over a rigid pavement, and the
project with the lowest density was being paved over an aggregate
base. It should also be noted that the project with the lowest density was
placing a 3E1 mixiure 1.5" thick. It appears that mixiures should not be
placed in lifts thinner than 2 times the maximum size, or three times
nominal maximum size; therefore, a 3E1 mixture should not be placed
thinner than 2",
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SURFACE DISTRESS

The Superpave mixtures were placed with little or no segregation;
however, the mixture can segregate if the contractor does not follow
good paving practices. No special techniques or equipment were
employed on these projects to reduce segregation.

These eight projects had mixture being placed over aggregate
bases, over old flexible pavements with no joint repairs, over old concrete
pavements with no joint repairs, and over crushed and shaped asphalt
pavements.

The mixtures placed over pavements that had no joint repairs had
more surface distresses than those placed on the aggregate or crushed
bases; this is also typical on projects using nomal mixtures. The one
‘project that had a smoothness specification inciuded as part of the
project received a bonus for 95 percent of the ride guality incentive. No
flushing or rutting was observed on any of the projects.

Superpave mixtures cannot compensate for badly-deteriorated
pavements any more than conventional mixiures can.
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PROBLEMS ENCOUNTERED

The team observed several problem situations during the project
reviews. In most cases the situation was resolved by the project engineer
with very little effect on the Superpave mixture production or placement.
Following is a fist of the problem situations:

1. On one project, the contractor was unable to achieve passing
density, atthough substantial effort was made. The project engineer
increased the lift thickness at which the contractor was placing the
mixture, but it did not appedar to solve the probiem.

2. On one project, the coniractor couid not gé’r his mix design
approved by the MDOT lab. The project engineer allowed the contractor
to use the unapproved mix design and that mixture met all Superpave

properties.

3. On one project, the MDOT inspector had problems verifying the
confractor's QC test results. This confinued untit a technician from the
central lab visited the project and reviewed the testing procedures with
both contractor and MDOT technicians. 1t was determined that the
problem was caused by a difference in the mixture cure time. Once the
problem was identified, the state began verifying the confractor's QC test
results.

4. On one project, the contractor has yet to produce a
specification mixture, and does not know what the probiem is or how to
correct it. The contractor would produce one or two sublots a day,
review test data, make changes to the mixture and then make ftwo more
sublots. This continued until the project was shut down for the winter. At
this point the coniractor does not know what to do and feels he needs A
new mix design. ' '

5. On one project, a contractor with an approved mix design for a
2E10 mixture was unable to produce a mixture that met the specification
for that mixture type; it did, however, meet the specification for a 3E10.
Since the project cailled for a 2E10 and a 3E10 mixture, the project
engineer allowed the contractor to use the mixture being produced for
both the 2E10 and 3E10 mixes.
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PROJECT SUMMARIES

Project No. 1:  US-2, Dickinson County Length: 5.97 miles
Average Daily Commercial Traffic: 390 vehicles
Design ESALs: 0.5 million
Binder used: PG58-28 from Koch; No RAP
The project called for:
13,000 tons of 3E1 {19mm) mixiure
12,000 tons of 4E1 {12.5mm) mixture

The mix designs were prepared and submitted by the contractor.
MDOT verified the 3E1 mixture but on two attempts could not verify the
4E1 mixture.

The plant used was a drum plant with a baghouse; the baghouse
material was rejected. The contractor’'s personnel were doing QC testing.
Belt samples were used for aggregate gradation control, and mixture
samples, taken from the hauling unit, were tested at the plant site for
mixture volumetrics. A MDOT inspector did QA testing on splits of the
contractor’'s QC samples. No mixture production, sampling or testing
problems were reporfed.

The 3E1 leveling course was p!c'ced 1.5" thick over an aggregate
base and the 4E1 top course was also placed 1.5" thick.

Paving equipment consisted of a standard 10’ paver with hydraulic
exterssions. There was no heat or vibration on the screed.

The contractor was having trouble achieving acceptable density;
he was placing the 3E1 mixture on an aggregate base which was very
smooth and not tacked. The course thickness of 1.5" appeared fo be
thinner than a 3E1 mixture should be placed. The mixture was expanding
as it was being compacted, and this caused the [ift fo be even thinner.
The 1.5" lift thickness is less than is currently specified for MDOT projects.

The contractor was using three rollers, none of which was ballasted.
The breakdown roller was a dual drum static roller, the intermediate roller
was a pneumatic roller, and the finish roller was a dual drum vibratory
roller operated in the static mode.
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The team visited this project only once for a very short time, and the
confractor was placing small quantities of mixture. Neither temperature
nor density monitoring was being done.

When reviewing all test data from the project for the 3E1 mixture, it
was noted that some of the mixture met neither project specifications nor
Superpave requirements. Some of the mixiure failed density and shoutd
have been removed. All mixture placed was subject to price reductions
because of low in-place density and low recovered penetration of the
asphalt binder. The fines-to-asphalt ratio and the 2.36mm sieve did not
meet Superpave requirements. The 4El1 mixture design was never
approved by MDOT. However, the contractor stilt used the design. Two of
the three iots of the 4E1 produced are subject fo a mixture price reduction
because of in-place density. The gradation was out of specification on
the 2.36mm sieve.

Table 6 is a summary of the project test data.

TABLE 6
US-2 PRODUCTION SUMMARY
@ Design 3E1 (19mm) Mix ' 4E1 (12.5mm}) Mix
Gyrations
JMF QC Data Diff. SID JMF QC Data Dift, STD
Gmm 2.553 2.555 +0.002 | 0.0066 2.529 2.535 +0.006 { 0.005
VMA 13.4 13.39 0.0 0.43 14.8 14.45 -0.35 0.34
Air Voids 4 3.98 0.02 0.55 4.0 3.81 -0.19 0.41
% Asphalt 4.8 4.77 0.03 0.21 55 5.39 0.1 0,12
- VFA 70.2 70.31 +0.11 3.53 73.3 73.69 +0.39 2.44
Fines/AC 0.89 1.3 +0.4] 0.08 0.83 0.85 +H.02 0.09
25mm 100 100 0 0 100 100 0 0
19mm 98.6 99.7 +0.9 0.3 100.0 100 0 0
12.5mm 82.9 80.29 -2.61 2.20 93.8 91.95 -1.85 1.30
9.5mm 73 70.44 -2.56 2.36 83.2 80.59 -2.61 1.84
4,75mm 43,2 40.86 -2.34 1.81 52.0 49.31 -2.69 3.03
2.36mm 23.4 22.02 -1.38 1.02 28.8 27.95 085 1.64
1.18mm 16.6 15.75 -0.85 0.62 18.9 19.53 +0.63 1.21
£00um 12 §1.83 -0.17 0.57 13.5 14.17 +0.67 0.81
300um 7.1 8.14 +1.04 0.36 8.8 9.26 +0.44 0.63
150um 3.8 5.13 +1.33 0.28 5.4 5.57 +0.17 0.57
75um 3.4 3.55 +0.15 0.1% 3.8 3.78 0,02 0.39
% Compact. 91.52 $2.08
No. of Tests 17 11




Project No. 2: US-2, Delta County Length: 3.3 miles
Average Daily Commercial Traffic: 1000 vehicles
Design ESALs: 1.4 million
Binder used: PG52-28 from Amoco; No RAP
The project calied for:

2,000 tons of 3E3 (19mm) mvdure
10,000 tons of 4E3 (12.5mm) mixture

The project called for two courses: a 3E3 leveling course on an
aggregate base in a widening french and a 4E3 top course over an
existing flexible pavement.

The mix designs were prepared and submitted by the contractor.
MDOT did not verify the 3E3 mix design on the first attempt, and the
confractor had to submit a second design. The 4E3 mix design was
verified on the first attempt.

The contractor used a drum plant with a baghouse; the baghouse
material was rejected. The contractor's personnel did QC testing.
Samples were taken at the plant site from the hauling units. The NCAT
ignition oven was used for aggregate gradation and the percent asphait
cement was caiculated from the mixiure maximum density. MDOT
personnel using split samples of the contractor's QC samples did QA
testing. No mixture production or testing problems were reported.

Paving equipment consisted of a standard 10' paver with hydraulic
extensions. There was no heat on the screed and vibration was set at 70
percent

At the time of our visit, the contractor was placing the 4E3 mixture
15" wide, 1.5" thick, over an older flexible pavement. Four rollers were
used. Breakdown was accomplished with a dual drum vibratory roller in
low cmpil'rude and high frequency. Following breakdown were two
m'rerrnedlc’re pneumatic rollers followed by a tricycle steel-wheeled roller.
The finish rolling was accompfished with a duat drum stafic rolier. The
~ confractor did not appear fo be having any problems achieving
acceptable density but he did think that achieving incentive density
would be difficult. Of the three lots of mixture produced, the contractor
recelved a 2 percent incentive for density on one lot and full pay on the
other two iots.
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The contractor was monitoring mixture and air temperature, and
the rolier pattemns were based on the mixiure temperature. The mixture
was being placed at 3009F and the finish rolling was completed at 150°F.

On our visit to the project, we observed that the paver placement
rate exceeded the plant production rate. This caused the paver to stop
between loads of mix, thereby creating the potential for poor ride quality.
The paving foreman was requested to reduce the paver speed fo
coincide with plant production which improved the pavement surface.

Reviewing the test data for this project showed that ail tested
mixture appeared to meet both the project specifications and the
Superpave requirements.

Table 7 is-a summary of the contractor's QC test.

TABLE 7
US-2 PRODUCTION SUMMARY
@ Design 3E3 (19mm) Mix 4E3 (12.5mm} Mix
Gyrations
JMF QC Dalg Dift, STD JMF QC Data Diff. SID
Gmm 2.506 2.506 0 0.0035. 2,494 2,494 0 0.0053
VMA 13.5 13.28 -0.22 0.16 14.2 14,12 -0.08 0.15
Air Voids 4.0 3.52 -D.48 0.19 4,0 3.62 -0.38 0.35
% Asphatt 4.9 4.94 +0.04 0.09 5.3 5,37 +0.07 0.14
VFA 71.4 73.49 +2.09 1.37 72.5 74,37 +1.87 2.47
Fines/AC 0.98 0.90 -0.08 0.14 0.94 0.96 +0.02 0.13
25mm - 100 100 0 0 100 100 0 0
19mm 97.2 95.47 -1.73 1.51 100 100 0 0
12.5mm 81.0 78.54 -2.46 273 ?1.6 21.01 -0.59 1.96
9.5mm 63.6 62.98 0.62 3.29 79.4 77.50 -1.9 2.55
4.75mm 42.8 41.24 -1.56 2.69 54.0 54,83 +0.83 2.30
2.36mm 28.9 27.85 -1.05 1.93 36.3 36.46 +0.146 1.78
}1.18rmm 18.7 18.32 -0.38 1.05 22.7 22.69 -0.01 1.29
400um 12.6 12.8 +0,2 Q.81 14.7 15.04 +(0.34 0.80
300um 8.6 8.52 0.08 0.71 9.6 9.50 -0.1 0.54
150um 5.6 5.13 -0.47 0.56 5.8 572 -0.08 0.57
75um 4.0 3.70 0.3 0.50 4.1 4,24 +0.14 0.51
% Compact. N/A 92.9
No. of Tests 3 11




Project No. 3: |75, Cheboygan County  Length: 10.4 miles
Average Daily Commercial Traffic: 1400 vehicles
Design ESALs: 2.3 million
Binder used: PG46-34 from Amoco; 30 percent RAP to meet a
PG52-28
The project called for:
51,000 tons of a 3E3 {19mm) mixture
39.000 tons of a 4E3 (12.5mm) mixture

The project called for two courses: a 3E3 leveling course over a
crushed and shaped flexible pavement picced 2" thick and a 4E3 top
course placed 1.5" thick.

The mix desighs were prepared and submitted by the contractor.
MDOT verified both designs on the first attempt.

The plant used was a drum plant with a wet wash. Aggregate
samples were taken from the belt and mixture sampies were taken from
the hauling unit at the plant site. Contractor personnel did QC testing.
MDOT personnel using splits of the contractor's QC samples did QA
testing. The mixture contained 30 percent RAP which was not included
with the belt sample; therefore, the mixture gradation shown does not
include the RAP material. The MDOT lab resutts are the actual mixture
gradation. No mixiure produchon sampling or testing problems were
observed or reported.

“Paving equipment consisted of a standard 10' paver with hydraulic
and rigid extensions. No heat was on the screed and vibration was
approximately 50 percent.

The project called for crushing and shaping an old fiexible
pavement and then placing a 3E3 leveling course and a 4E3 fop course.
The contractor placed the 3E3 mixture 2" thick, and then placed the 4E3
mixture 1.5" thick. Four rollers were used. Breakdown was accomplished
with a dual drum vibratory roller set in low amplitude and high frequency.
Following breakdown were two intermediate rollers, a very large
pneumatic followed by another dual drum vibratory with the same
frequency and ampiitude as the breakdown roller. The finish rolling was
accompilished with a dual drum vibratory roller operated in the static
mode. The contractor was having no frouble achieving acceptable
density but did comment that more compactive effort was being used to
compact the bituminous layer than was used to compact the crushed



base being paved over. One of the company owners said he thought
the density requirements were too high and unachievable. This is not
typical of this contractor who will normally do everything to get as much
density as possible. Of the 17 lofs produced, the coniractor received
density incentive on 14. :

The coniractor was not monitoring mixture or air femperature; he
was using a density gauge to monitor compaction. The contractor was
roling in the shoulder rumble stip in the nomal manner; the mixture
temperature was 280°F,

A problem with the subbase on this project developed late in the
paving process. An area on the north end of the project settled abruptly.
This did not tear the pavement but it did cause some ride quality
problems. The interesting thing about this failure is that it did not occur
until the contractor was compacting the top course. Soil borings were
taken in these areas but no definitive answer has been found as to why
this failure occurred.

The project test data show mixture was produced very uniformly;
however, one lot was subject to a price reduction because the VMA was
low. More evaluation is needed because the fines-to-asphalt ratic was
too high when the RAP material and plant breakdown were added to the
contractor's test results. The gradation fimit on the 2.36mm sieve was also
out of Superpave requirement. Ride quaiity data shouid be evaluated
but was not available. The contractor stated he eamed a majority of the
potential incentive.

The binder test results are aiso positive. MDOT requested a PG52-28
binder, hoping to get a binder similar to the old AC-5 after adding 30
percent RAP. The penetration of binder recovered from piant mixture was
generally within specification but much softer than MDOT would have
accepted in the past. Three days of production were subject 1o a mixiure
price reduction because the recovered peneirations were too high. The
PG binder testing should be done on the binders recovered from these
mixtures.



Table 8 is a summary of the contractor's QC test results.
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TABLE 8
75 PRODUCTION SUMMARY
@ Design 3E3 (19mm) Mix 4E3 {12.5mm) Mix
Gyrations
JMF QC Daia Diff, STD JMF QC Data Diff. SID
Gmm 2.490 2.491 +0.001] 0.0040 2.474 2.474 0 0.0021
VMA 13.7 13.5 -0.2 0.36 14.6 14.5 0.1 .19
Air Voids 4.0 3.88 -0.12 0.46 4.0 3.97 -0.03 0.25
% Asphait 4.7 4.68 0,02 0.12 5.2 5.20 0 0.06
VFA 70.5 71.37 +0.87 2.79 72.3 72.66 +0,36 1.42
Fines/AC 0.92 0.69 -0.23 007 | 1.00 0.86 -0t4 0.04
25mm 100 100 0 0 100 100 0 0
19mm 100 100 0 0 100 100 0 0
12.5mm 81.5 82.97 +1.47 1.78 92.3 92.19 -0.11 1.2]
9.5mm 4.8 64.93 +0.13 2.12 79.1 78.93 0.17 1.90
4.75mm 33.0 29.93 -3.07 1.89 50.0 48.27 -1.73 1.39
2.36mm 20.9 19.17 ~1.73 1.80 25.6 25.08 -0.52 1.71
1.18mm 17.2 15.98 -1.22 1.66 16.9 17.5 +0.6 1.57
600um ‘11.2 11.74 +0.54 1.32 126 12.98 +0.38 112 |
300um 5.1 5.48 +0.38 0.49 6.6 6.96 +0.36 0.65
150um 3.3 3.41 +0.11 . 0.30 4.3 4.66 +(,36 0.3}
75um 2.8 2.82 +0.02 0.27 3.7 3.87 +0.17 0.19
% Compact. 93.77 93.59
No. of Tests 49 35
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Project No. 4:  US-23, Arenac County Length: 17.9 miles
Average Daily Commercial Traffic: 800 vehicles
Design ESALs: 1.7 million
Binder used: PG52-28 from Amoco; No RAP
The project called for:
20,000 tons of 2E3 (25mm) mixture
45,000 tons of 3E3 {19mm) mixture
33,000 tons of 4E3 (12.5mm) mixture

The 2E3 base course was placed in a trench 2.5" thick for the
widened sections. A 3E3 leveling course was placed 1.5" thick over a
flexible pavement and a 4E3 top course was placed 1.25" thick.

The mix designs were prepared ond submitted by the con’rrac’tor
MDOT verified all the designs on the first attempt.

The contractor used a drum plant with a baghouse; the baghouse
material was rejected. QC testing was done by contractor personne! with
mixture samples taken from the hauling units at the plant site. Gradation
testing was done using the NCAT ignition oven; the percent asphalt was
calculated from the mixiure maximum density. A MDOT inspecior using
splits of the contractor's QC samples did QA testing.

The confractor had a concem with the lengih of fime he had to
allow the mixture to cure before he could run his QC test. This issue
appeared to be causing some problems with MDOT verifying the
contractor's test resulls. The contractor was curing sampies for four hours
and MDOT would reheat its sampile for three hours then split it and cure
the sample for another four hours. This problem occurred on the base
and leveling mixiure; but, after some personnel changes, MDOT had no
frouble verifying the contractor on the top course. On projects with high
absorption, the cure time must be addressed within the first lot of testing.’

Paving equipment consisted of a standard 10’ paver with hydraulic
extensions. No heat or vibration was used on the screed. The coniractor
had instalied auger extensions and tunnel extensions.

The confractor placed the 2E3 mixture in q five-foot french on each
shoulder, then placed the 3E3 and the 4E3 mixiures 32' wide. Five roliers
were used, all of which were badliasted. Breakdown was accomplished
with a dual drum vibratory rolier set on low amplitude and high frequency.
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Following breakdown were three intermediate rollers, two pneumatic
rollers and a fricycle steel-wheeled rolier. The finish roling was
accomplished with a dual drum static roller. Each roller operator had a
mixture temperature measuring device and a pre-assigned temperature
zone to work within.  The leveling course was placed over an existing
bituminous pavement; the older pavement had many transverse cracks
that were not repaired before this overlay. When the top course was
placed, care was taken to ensure a good ride and very little segregation.
Both auger extensions and tunnel extensions were used on the paver.
Further, the paver never ran the hopper empty and would smoothly
fransition between frucks.

The contractor felt the lift thicknesses called for were too thin to get
proper compaction. Of the 18 jots of mixture produced, eight lots eamed
the density bonus and five lots were subject to a price reduction because
of low density. The contractor also voiced a concem about the
coarseness of Superpave mixtures in that natural aggregate sources
typically generate excessive quantities of sand thcn‘ cannot be
incomporated into the Superpave mixtures.

Reviewing the project test data showed a verification problem on
the contractor's 2E3 and the 3E3 mixtures. MDOT test results showed a
problem with air voids and the fines-to-asphalt ratio. The recovered
penetration data showed eight days of mixture production subject to a
mixture price reduction. All the in-place density data were not available
at the time of evaluation; however, at least one ot of mixture was subject
to a price reduction. The gradation data were very good but the
coniractor was allowed two JMF changes.

Tclble 9 is a summary of the contractor's QC tfest results.
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TABLE S
US-23 PRODUCTION SUMMARY
@ Design 2E3 (25mm) Mix
Gyrations .
JMF QC Data Diff. STD
Gmm 2.465 2.463 -0.002 0.0034
VMA 123 12.52 +0.22 0.55
Air Voids 4.0 4,04 +0.04 0.66
% Asphalt 4.7 4,78 +0.08 0,08
VFA 67.8 67.8 -0.0 3.95
Fines/AC 1.09 1.02 0.07 0.30
25mm 100 100 0 O
19mm 73.6 79.2 +5.60 4.01
_12.5mm 60.4 63.9 +3.5 6.34
¢.5mm 52.2 53.4 +1.2 6.72
4,75mm 32.7 33.0 +0.3 5.55
2.36mm 20.0 20.8 +0.8 3.55
1.18mm 14.6 15.4 +0.8 2.54
600um 12.0 12.1 +0.1 2.04
300um 7.6 7.3 -0.3 1.55
150um 4.6 4.6 00 1.24
75um 3.9 3.7 -0.2 1.13
% Compact. 93.50
No. of Tests 17
@ Design 3E3 {19mmy} Mix 4E3 {12.5mm} Mix
Gwrations
JMF QC Data Diff, STD JMF QC Data Diff. STD
Gmm 2.446 2.444 0.002 | 0.0038 2415 2.419 +0.004 | 0.0037
VMA 13.5 13.51 +0.01 (.45 14.5 14.56 +0.06 0.72
Air Voids 4.0 4,12 +0,12 0.48 4.0 3.89 0.1 0.44
% Asphalt 5.4 5.45 +0.05 0.11 6.1 .00 0.1 0.10
VFA - 70.1 69.6 0.5 2.74 73.8 73.29 0.51 2.60
Fines/AC 0.73 0.92 +0.19 0.19 0.77 0.81 +0.04 0.81
25mm 100 100 0 0 100 100 0 0
19mm 95.3 97.0 +1.70 1.49 100 100 0 o
12.5mm 82.0 79.12 -2.88 3.66 93.8 95.06 +1.26 1.35
?.5mm 70.0 68.93 -1.07 4.57 87.7 86.28 -1.42 219
4.75mm 43.5 43.43 0.07 4.01 56.0 55.28 0.72 3.07
- 2.36mm 29.0 26.42 -2.58 2.52 38.0 34.73 -3.27 2.44
1.18mm 19.0 18.05 -0.95 1.72 23.8 22.64 -1.16 2.10
600um 13.0 13.17 +0.17 1.29 14,6 15.74 +1.14 1.52
300um 2.0 8.15 -0.85 0.87 9.0 8.98 -0.02 0.94
150um 5.5 5.06 -0.44 0.65 3.7 4.97 +1.27 0.57
75um 3.7 3.86 +0.16 0.53 3.6 3.74 +0,14 0.57
% Cormpact. 93.34 93.43
No. of Tests 47 30




Project No. 5:  US-131, St. Joseph County  Length: 21.4 miles
Average Daily Commercial Traffic: 2400 vehicles
Design ESALs: 4.6 million
Binder used: PG52-28 from Laketon; 15 percent RAP for a
PG58-28
The project called for:
40,000 tons of 3E10 {19mm} mixture
28,000 tons of 4E10 {12.5mm) mixture

The project called for two courses over the existing concrete
pavement with no joint repair.  The leveling course, a 3E10 mix, was
placed 3" thick and the top course would not be placed until the 1998
consiruction season.

The mix design was prepared and submitted by the contractor.
MDOT verified the mix design.

The contractor used a drum plant with baghouse; the baghouse
material was rejected. Contractor personnel did the QC testing. Belt
sampies were used for aggregate control, and mixture samples were
taken from the hauling unit at the plant site. MDOT personnel ran QA tests
on splits of the contractor's QC samples. No mixture production or testing
problems were reported. '

Paving eqmpmen’r consisted of a standard 10’ paver wnfh hydraulic
extensions. No heat was on the screed and the screed vibration was
approximately 50 percent.

The coniractor placed the 3E10 mixture 3" thick over an old rigid
pavement. Five rollers were used, all ballasted. Breakdown was
accomplished with two pneumatic rollers. Foliowing breakdown were two
intermediiate roliers, both dual drum vibratory, set in low amplitude and
high frequency. Finish rolling was accomplished with a dual drum static
roller. The concrete pavement being overiaid had no preparation, so
some joints and cracks could be seen in the new overay. This also
occured on the project where the contractor was placing a normal
MDOT mixture. These conditions had nothing fo do with Superpave
mixtures.

Achieving occep’rcblé density was not a problem for the
contractor. The mixture was being placed at 280°F behind the paver and
the ﬁnish rolling was completed at about 1500F.



Reviewing the project test data revealed that the gradation failed
to meet Superpave requirements on the 2.36mm sieve and both the
MDOT plant inspector and MDOT central iab had the fines-to-asphalt ratio
too high.

Table 10 is a summary of the contfractor's QC test.

TABLE 10
US-131 PRODUCTION SUMMARY
@ Design 3E10 {19mm]} Mix
Gyrations JMF QC Data Diff. STD
Gmm 2.520 2.531 +0.011 0.0062
Air Voids 4.0% 4,15% +0.15 0.39
VMA 13.8 13.28 -0.52 0.28
Fines/Asphatt 1.08 1.27 +0.19 6.10
% Asphalt 5.2 4.87 0,37 0.16
19mm 100 100 0 0
12.5mm 83.2 83.21 +0.01 2.76
2.5mm 66.8 68.41 +1.61 2.95
4.75mm 50.6 50.8 +0.2 3.08
2.36mm 26.5 22.46 -4.04 1.39
1.18mm 13.8 12,76 - : -1.04 0.88
600um 10.5 9.80 -0.70 0.76
300um 7.3 7.57 +0.27 0.64
150um 5.1 6.14 +1.04 0.57
75um 4.5 4.80 +0,30 0.39
% Compact. 94.20
No. of Tests 45




Project No. 6: M-53, Macomb County Length: 3.0 miles
Average Daily Commercial Traffic: 420 vehicles
Design ESALs: 0.7 million
Binder used: PG58-28 from Marathon
The project called for: :

2,000 tons of 2E1 (25mm)} mixture
6,000 tons of 3E1 (19mm)} mixture
4,700 tons of 4E1 (12.5mm} mixture

The mix designs were prepared and submitted by a consultant for
the contractor. MDOT verified the mix designs on the first submitial.

The plant was a drum plant with a baghouse; the baghouse
material was rejected. Mixture samples were taken from the hauling unit
at the plant site. Consultant personnel did QC sampling and testing.
MDOT personnel did QA testing.

The existing roadway was to have 1.5" of old mixture milled off. A
2E1 mix was to be placed 3" thick in a 5' widening french, then a 3EI
leveling course and a 4E1 top course were to be placed over the total
roadway width. The confractor placed the 2E1 mixture and a small
amount of the 3E1 mixture before the weather became too cold to place
mixture. : :

The contractor placed the 2E1 mix over a sand subbase that did
not_appear to have adequate compaction; the mixture was being
pushed down into the sand. No one was monitoring air or mixture
temperature and the density technician did not know what density he
should be measuring. No informational cores were taken. The confractor
was placing the mix with a shoulder spreader and using three roliers for
compaction. Breakdown was accomplished with a dual drum vibratory
roller operated in static mode. The second roller was a dual drum static
and the last roller was very small. The mixture being placed looked very
dry. The plant operator said the mixture contained the right amount of
asphalt but the QC test results showed 8 percent air voids. In fact, the
MDOT inspector’s gyratory sample fell apart while cooling. The gradation
of the mix was very coarse and did not meet specifications.



3

Reviewing the test data for this project revealed little; there was no
consistency in the test data. The air voids, VMA, TMD and the 2.36mm
sieve were all out of specification. MDOT's test results showed that the ‘
fines-to-asphatt ratio was too high. All mixture produced was subject to a
mixture price reduction for many different violations.

Table 11 is a summary of the contractor's QC test resulis.

TABLE 11
M-53 PRODUCTION SUMMARY
@ Design 2E1 (25mm} Mix . 3E1 {19rmm) Miix
Gyrations
JMF QC Dato Diff. SID JMF QC Data Diff. SID
Gmm 2.502 2.527 +,027 | 0.0011 2.508 2.505 -.003 0.0011
VMA 13.4 15.07 +1.67 1.37 13.4 13.53 +0.1 1.68
Air Voids A0 7.27 +3.37 217 4,0 3.90 0.1 2.57
% Asphait 4.6 3.97 -1.37 0.30 4.8 4,93 +0.1 0.28
VFA 70.8 52.41 -18.4 10.62 69.9 72.64 +2.7 15.80
Fines/AC 0.84 1.12 +0.28 .11 0.90 0.97 +0.07 0.04
25mm 95.7 94.79 0.9 1.56 100 100 0 0
19mm 82,2 846.08 -3.1 0.19 100 100 0 0
12.5mm 70.3 69.03 -1.3 1.77 86.3 83.11 -1.2 4.30
2.5mm 4.7 37.35 -4.4 3.62 50.2 41.85 8.4 8.82
4.75mm 24.5 _20.56 -3.9 3.30 28.7 27.08 -1.6 3.65
2.36mm 20.4 17.72 -2.7 2.52 23.0 23.09 +0.1 3.44
1.18mm 16.7 15.36 -1.3 2.14 16.9 19.15 +2.3 _2.83
600um 129 12.58 0.3 1.59 12.1 15.95 +3.9 | 2.34
300um 7.9 8.65 +0.8 0.90 8.3 11.10 +2.9 1.67
150um 4.5 5.45 +0.8 0.17 4.9 5.88 +1.0 0.67
75um 3.4 3.80 +.04 0.07 3.6 4,00 +0.4 0.43
% Compact. 94,11 23.11
No. of Tests 3 4
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Project No. 7:  US-12, Wayne County Length: 2.8 miles
Average Daily Commercial Traffic: 1100 vehicles
Design ESALs: 3.8 million
Binder used: PG58-28 from Marathon; 15 percent RAP to meet a
PG58-28 :
The project called for:
12,000 tons of 3E10 (19mm) mixture
7,500 tons of 4E10 {12.5mm) mixture

The existing bituminous pavement was milled down to the existing
concrete pavement, approximately 3.5". A 3E10 leveling course was
placed 2" thick and then the 4E10 top course was placed 1.5" thick.

The mix designs were prepared and submitted by a consultant for
the contractor. MDOT verified the mix designs on the first submittal.

The plant used was a .drum plant with a baghouse; the baghouse
material was rejected. Mixture samples were taken from the hauling unit
at the plant site. Consultant personnel did QC sampling and testing.
MDOT personnel did QA testing on split samples of the consultant's QC
sampies. The first four sublots of the project were very inconsistent. At this
point, the contractor stopped production, reworked materiai stockpiles
and, when production resumed, the inconsistency problem had been
corrected.

Paving equipment consisted of a standard 10" paver with hydraulic
extensions. No heat or vibration was applied to the screed.

The coniractor's operation was limited by fraffic restrictions. Milling
could be done only in certain areas and those areas had to be surfaced
before any further milling could take place. This may have been a benefit
to the contractor because it kept his mixture production to small
quantities, allowing him to make comrections to his operation without
worrying about compacting a iarge quantity of mixture.

The coniractor used three rollers, two vibratory and one static.
None was ballasted. Breakdown was accomplished with a vibratory roller
set in low frequency and low amplitude. The team suggested to the
operator that he increase frequency to high and this improved density.
The intermediate roller was a dual drum vibratory set the same as
breakdown. The finish rolier was a dual drum static.



A density gauge was being used, but only behind the last roller. The
finish roller operator was monitoring the mixiure temperature with a
measuring device. Dump trucks were used to haul the mixture and no
tailgate control was used. The paver hopper was emptied and the wings
dumped after every load. After the team talked to the contractor’s
personnel, these poor practices were comected.

Reviewing the project test data indicated that the mixiure is subject
to a price reduction for in-place density. The MDOT tests showed that the
fines-to-asphalt ratio was high and the air voids were out of the contract

specifications.

Table 12is a summary of the contractor's QC test results.

TABLE 12
US-12 PRODUCTION SUMMARY
@ Design 3E10 (19mm) Mix 4E10 {12.5mm) Mix
Gyrations : ‘
JMF QC Dalo Diff, STD JMF QC Data Diff, STD
Gmm 2.508 2.455 -0.53 0.0082 | 2.463 2,466 +0.003 | 0.0096
VIMA 13.4 14.2 +0.8 .89 15.0 15.05 +0.05 0.476
Air Voids 4.0 402 +0.02 0.77 4.0 4,16 +0.16 0.99
% Asphatt 4.8 5.66 -~ +086 | 036 6.0 5.97 -0.03 0.27
VFA 69.9 71.44 +1.54 4.05 73.2 72.6 0.6 4.58
Fines/AC 0.90 119 +0.29 0.31] 0.97 1.18 +0.21 0.08
25mm 100 100 0 0 100 100 0 O
19mm 100 100 0 O 100 100 O 0
12.5mm . 86.3 82.67 -3.65 4.91 97.7 9712 -0.58 1.12
9.5mm 50.2 48.61 +18.41 550 § 87.1 86.65 0.45 2.43
4,75mm 28.7 39.08 +10.38 4.62 50.4 50.32 -0.08 4.10
2.36mm 23.0 23.98 +0.98 3.11 28.0 28.36 +0.36 3.16
1.18mm 16.9 17.61 +0.71 2.24 20.3 18.64 -1.66 2.01
600um 12.1 13.86 +1.76 2.39 13.3 13.41 +0.11 1.40
300um 8.3 10.15 +1.85 1.29 9.7 .79 +0.05 0.94
150um 4.9 6.42 +1.52 0.89 5.9 6.93 +1.03 0.61
75um 3.6 5.10 +1.5 0.80 5.2 5.56 +0.36 0.47
% Compact. 93.97 93.54 .
No. of Tests 13 11




Project No. 8: 1275, Monroe County Length: 2.3 miles
Average Daily Commercial Traffic: 3900 vehicles
Design ESALs: 8.4 million
Rinder used: PG52-28 from Amoco; 20 percent RAP to meet a
PG58-28 :

The project called for:

15,000 tons of 2E10 {25mm)} mixture

12,000 tons of 3E10 {19mm) mixiure

8,600 tons of 4E10 {12.5mm)} mixiure

The project called for rubblzing the old concrete pavement,
placing a 2E10 mix 3" thick, a 3E10 leveling course 2" thick, and a 4E10 fop
course 1.5" thick.

The mix designs were prepared and submitted by a consuftant for
the contractor. MDOT verified the 2E10 design but did not verify the 3E10
-design.

The plant was a drum plant with a baghouse; the baghouse
material was rejected. Mixture samples were taken from the hauling unit
at the piant site. The contractor's personnel did QC sampling and testing.
MDOT personnel did QA testing on splits of the contractor's QC samples.
it was noted that the contractor was not producing a 2E10 mixture; the
gradation had changed enough so that a 3E10 gradation was being
produced. The project engineer allowed the contractor to piace this
mixture for both the 2E10 and the 3E10 mixtures specified.

Paving equipment consisted of a standard 10’ paver with hydraulic
extensions. No heat or vibration was applied to the screed.

The contractor was placing the 2E10 mixture 5" thick, 12' wide.
Three rollers were being used. None was ballasted. Breakdown was
accomplished with a dual drum vibratory set in low amplitude and high
frequency. The intermediate roller was the same as breakdown. Finish
roling was accomplished with a dual drum static roller. A density gauge
was being used to measure compaction. The contractor feit he was
achieving proper densities. The mix temperature was not being
monitored in the field. On the last day of paving, this mix was being
placed when the air temperature was about 35°F and the mixture was
being placed in a wedge with the outside edge being only an inch thick.
This outside mix was cold 100" behind the paver.
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Reviewing the project test data showed that the 2E10 mixture was
never produced and the 3E10 mixture's VMA was out of project
specifications. The MDOT fests showed the mixture fines-to-asphailt ratio
out of Superpave specifications and that one of the two lots is subject to @
price reduction for low in-place density.

Table 13 is a summary of the contractor's QC test results.

TABLE 13
|-275 PRODUCTION SUMMARY
@ Design 2E10 [25mm) Mix 3E10 {19mmy} Mix
Gyrations
JMF QC Dhata pDiff. | SID JMF* QC Data Diff. STD
Gmm 2.593 2.601 +0.008 0.011 2.593 _2.601 +0.008 | 0.009
VMA 13.6 13.09 -0.51 Q.66 13.6 12.82 0.78 .1 0.57
Alr Voids 4,0 3.79 -0.27 0.63 4.0 3.66 -0.34 0.73
% Asphalt 4.5 4.36 -0.14 0.27 45 4.3 019 | 022 |
VEA 70.5 7111 +(0.61 4.58 70.5 71.59 +1.0% 5.14
Fines/AC 0.9% 1.16 +0.17 0.12 0.99 1.19 +0.20 0.07
25mm 100 100 0 0 100 100 O 0
19mm 26.0 97.64 +1.6% 1.26 6.0 96.18 +).18 1.75
12.5mm 74.0 77.49 +3.49 2.95 74.0 78.43 +4.43 3.12
9.5mm 65.0 &6.74 +1.74 2.60 65.0 70.08 +5.08 4.83
4.75mm 38.0 37.86 0.14 2.37 38.0 42,62 +4.62 5.47
2.36mm 25.6 24.86 -0.74 1.44 25.6 27.87 +2.27 3.88
1.18mm 17.9 17.29 -0.61 0.95 17.9 18.93 +1.03 | 242
600um 13.6 12.72 -0.88 0.70 13.6 13.58 -0.02 1.38
300um 9.2 8.89 -0.31 0.49 9.2 9,31 +0.11 0.73
150um 5.3 6.09 +0.79 0.39 2.3 6.22 +0.92 0.37
75um 3.9 4.37 +0.47 0.27 3.9 4.34 +0.44 0.22
% Compact. 93.22 93.19
No. of Tesis 22 17

* NOTE: The same mixture was used for the 3E10 and the 2E10.
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COST

Table 14 shows the confract prices for Superpave mixtures along
with what non-Superpave mixtures would cost. Three issues need to be
considered when looking at these prices. First, it's something new.
Second, the contractors had a lot of work. And third, the size of some of
the projects was small. This table indicates that Superpave mixes should
not cost significantly more than normal MDOT mixes. Although no 30
million ESAL projects were let at this time, these projects could cost more
than normal MDOT mixes.

TABLE 14
SUPERPAVE MIXTURE BID PRICES
- Nom
CONTRACT TONNAGE AVERAGE | Mixe
<] milion § <5000 | <10,000 | <15,000 | <20,000 | <25.000 { <50,000 | >50,000 .
2E (25mm) | $33.10 $33.10 $20.C
| _3E (19mm) . $32.35 | $25.46 $28.91 $22.0
{ 4EN2.5mm) | $32.95 $23.53 $28.24 $24.C
<3 million o
2E {25mm) $22.04 $22.04 $22..
3E (19mm) | $26.33 $21.44 | $1848 | $22.15 $24.C
4E{12.5mm} $26.77 $20.00 | $2288 | $23.22 $28.0
<10 million . ,
| _2E (25mm) L $33.60 {1 $33.60 $24.0
3E (19mm) $29.94 1 $32.50 $22.65 $28.36 $28.0
4E{12.5mm) | $31.75 | $33.80 $25.08 $30.21 $30.0

Averdge § $31.03 | $30.72 | $27.16 | $27.82 $25.08 $21.36 | $20.78
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CONCLUSIONS

The following conclusions can be made regarding Superpave

mixtures:

Verification of the contractor submitted Superpave mix designs
does not appear to be a probiem.

Superpove mixes generally require more compactive effort than
normal MDOT mixes.

The PG binders appear to allow compaction at lower
temperatures than asphalt cements used previously.

PG binders appear to be softer than the asphalt cements they
replaced.

The 75um (dust) material created in the plant must be removed
from the mixture or the aggregates used must be very ciean.

Obtaining acceptable (>92.0 %) density was not a problem as
long as the lift thickness was greater than 3 times the nominal
maximum aggregate size.

In general, confrcc’rors could conms’ren’riy produce Superpave

mbaures.

SUPERPAVE ISSUES

There are many Superpcve issues that should be further
lnveshgo’red The followmg is a list of these issues.

How diffi cul’r will it be to construct a 30 mllhon ESAL project.

The soﬁ s’rone reqwremen’r is very res'rnc’nve

Are ’rhe materials available in large enough quantities?



9.

. What are the production tolerances?2 How far from specification

can the mixture be and still be considered a Superpave
mixture?

Should the fine aggregate angularity specification be a field
control item?

Do dll aggregate blend éhonges require new designs or only a
new aggregate specific gravitye

Should dir voids be controlied by the gyratory at Naes or at Nmax®
Will small projects be Superpave designs or Marshall designs?

What modifications need to be made to field controi testing
when dealing with highly absorptive aggregates?

Mixture tendemess:

A. Is this tendemess caused by mixture temperature?

B. Is this tendemess an asphalt binder issue?

C. Is this tendemess caused by aggregate propertiese

D. Is this tendemess an issue that affects pavement
performance?

Can contractors expect fo use as much RAP with Superpave
mixtures as they used in the past without additional processing?
(The only project to use over 10 percent RAP successfully had a
special stockpile.)

Are Superpave mix design vefification tolerances appropriate?

10. What is the proper lift thickness for each mixture type?

11. How can Superpave mixtures be used on shorf-term

maintenance fixes, i.e. eight-year maintenance fixes?

12. Are 4 percent air void designs appropriate for all projects on

Michigan highwayse Will traffic compact Superpave mixes to
the design voids? What traffic compaction can be expected?



13. How does the density of the aggregate base or the crushed
and shaped base affect the ability to acquire proper density in
the Superpave mixture? ‘




RECOMMENDATIONS

It is recommended that MDOT continue to look at Superpave
projects with the following guidelines to the confractors and project
engineers: :

1. Belt sampies will not be aflowed for project control on Superpave
projects.

2. One additional gyratory specimen will be compacted at Nges.

3. Projects with two courses should have test sections set up so that
the leveling course can be placed at different thicknesses, and
then the top course over these sections would be placed in
different thicknesses. These test sections would be evaiuated for
compactive effort needed versus course thickness.

4. MDOT should do a study or have q study done on the best way
to measure core density. During this study it was noticed that
none of the plant inspectors handied the cores in the same
manner nor did they dry the cores off properly after weighing
them in water before weighing them in ar. The practices
observed will always give a higher density than the true density.

5. A new proceduré needs o be implemented to get mixture
production test data back to the tansing bituminous office in a
more timely manner. -

6. The mixture cure time before field control tests are performed
~ needs fo be befter defined.

8. The in-place density acceptance criteria should be reviewed to
ensure that what is being accepted will perform as expected.
The incentive bonus also needs to be reevaluated, How much is
it worth fo have higher in-place density?

9. Guidelines need fo be developed for cost effective use of
Superpave mixiures,

10. At least one project should be set up using a short design life for
maintenance fixes and then monitored for performance.
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11. A standard gyratory computer software program needs to be
developed. This will become more important as more
compactors are approved. '

12. The fines-to-asphait ratio shoﬁld be added to the specifications
Qs an acceptance parameter.
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ENGINEERING OPERATIONS COMMITTEE
MEETING MINUTES
NOVEMBER 5, 1996, 9:00 A.M.
CONSTRUCTION CONFERENCE ROOM

Present: T. A. Coleman C. Roberts P. F. Miller

J. J. Kanillopoolos (J. D. Culp) C.J. Amold J. Steele (T. Fort)
A. D. Clover (L. R. Brown) W. C. Tumer J. W. Reincke
D. C. Spangenberg (S. E. Hohl)

Guest: D. L. Coleman "~ G. M. Mayes

OLD BUSINESS

L.

Approval of the Minutes of the September 5, 1996, Meeting -T. A. Coleman
Minutes of the September 5, 1996, meeting were approved as written.

Status Report on Warranties: Bituminous Coustruction Projects or Concrete -

P. F. Miller/W. C. Turner

The Construction and Design Divisions provided an update on ongoing activities regarding
contract warranties. Both divisions will continue their efforts; Construction will meet with
industry representatives to discuss requirements of specifications (special provisions) for
overlays. Ed Winkler was requested to coordinate MDOT/industry committee activities
regarding concrete and bituminous warranties, and present a status report at the December
meeting.

Use of Lightweight Trailer Sign Support - J. J. Kanillopoolos

The 1996 Standard Specifications for Construction allow the use of trailers weight 350
pounds or less as portable sign supports. However, the FHWA had requested we eliminate
this support from all federal-aid contracts. Recent meetings held with industry and FHWA
representatives have lead to an agreeable position, which allows the use of lightweight trailer
signs while testing is being conducted for a Montana design. They also require placement
of these trailers out of the clear zone, when not in use.

ACTION:  The Construction Division, coordinating with the Traffic and Safety Division,
will write an information letter on use of lightweight trailer sign supports in
the right-of-way. '




Engineering Operations Committee -6- November 5, 1996

II.  Reduce speed limits only at areas and times when work is actually occurring.
This may be accomplished by use of flashing lights on signs, indicating speed
limit is in effect.

It was recommended that the Traffic and Safety, Construction, and Maintenance
Divisions, with district representation, provide a joint instructional memorandum to
the districts on the need and method for setting realistic work zone speed limits.

ACTION:  The EOC approved the proposed recommendation as presented. The Traffic
and Safety Division will modify the Traffic and Safety De51gn notes to reflect
this policy change.

7. Superpave Implementation - D. Coleman

An overview was presented of the needs to set up a statewide plan for implementing
Superpave Bituminous Mixtures. The following proposal was presented for consideration

and approval:
1996 Did one project, SPS-9, I-196, Grand Rapids
Used performance graded binders on several projects.
1997 Use performance graded binders on all projects.
Set up 18 project (2 per district) using Superpave designs.
Different Traffic Volumes
. Different Type Fixes

What Information Should be on Design Plans
How Construction Practices are Affected
What In-Place Densities Should be Required
Proper QC/QA. Procedures

Winter 1997/98 . MDOT and industry meet to develop a plan for full implementation
by the beginning of 1999 Construction Season. Including the final
specification covering all bituminous mixtures and construction
mixtures, binders, QC/QA and ride quality.

ACTION: The EOC approvéd the proposed Superpave implementation plan as
- presented.



Engineering Operations Committee -7- : November 5, 1996

NEW BUSINESS
No agenda items were presented.

Calvin Roberts, Secretary
Engineering Operations Committee

Attachment

cc: EOC Members
District Engineers :
R. A. Welke R. J. Risser, Jr. (MCPA) L. K. Heinig T. Adams (MCA)
D. L. Coleman A. C. Milo (MRBA) G. H. Grove R.D. Till
D. L. Smiley J. Becsey (MAPA) R. W. Muller R. E. Nordlund
L. E. DeFrain G. L. Mitchell G. J. Bukoski C. W. Whiteside
L. B. Patel M. Newman (MAA) J. Steele FHWA) K. Rothwell

S. Bower M. Frierson R. J. Lippert, Jr. C. Libiran
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MICHIGAN
DEPARTMENT OF TRANSPORTATION
BUREAU OF HIGHWAYS

SPECIAL PROVISION
FOR
SUPERPAVE MIXTURES

M&T:DLC/GWE 10f2 2-03-97

' ’ ~ C.APPREEDWMLL 1-28-97 ..
a. Description.-This special provision modifies the cuzrrent Special Provision for Bituminous 2

Mixture and Pavement Density Acceptance, SP4.00 (C) and the 1990 Standard Specifications for ]

Construction as required herein. .

In the Special Provision for Bituminous Mixture and Pavement Density Acceptance, SP4.00(C),
add the following sections: '

To subsection 4.02.02.B “Equipment.-” add the following;

A Superpave Gyratory Compactor with at least two 6 inch molds will be provided by
the Contractor for air void control. (Only one compactor is needed if the state inspector is
allowed to use the Contractor’s). The proposed gyratory compactor must meet the SHRP
SUPERPAVE ctiteria. Following is an alphabetical list of manufactures of the SHRP
SUPERPAVE Gyratory Compactor; '

Pine Instruments Company

101 Industrial Drive

Grove City, Pennsylvania 16127
Att: Matt Cyphert (412) 458-6391

Troxler Electronic Laboratories, Inc. -
3008 Comwallis Road

P.O. Box 12057

Research Triangle Park, North Carolina 27709

Att: Eric Dunlap (919) 549-8661

The Contractor is to provide a computer, monitor, accessories and software that is
compatible to operate the manufacturer’s SHRP SUPERPAVE Gyratory Compactor
software program.

To subsection 4.02.04.B “Bituminous Mixtures (Loose).” add the following;

The following items will be determined by both the Marshall hammer and the Gyratory
compactor methods:

Voids in Mineral Aggregate (VMA)
Bulk Density
Air Voids
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The Gyratory compactor values will be used for project control and payment.

To section 4.02.10.B “Bituminous Quality Initiative:.....” delete subsections B. 1,B.1.a, B.1.b,
and B.1.c and replace with the following: __

1. Pavement Density: The Contractor will be paid on additional percentage of the contract
unit price of the Bituminous Mixture ifthe lot core densities meet the following:

a. 75% oflot cores are greater than 92.5% of the TMD, an additional 2% will be paid.

b. 75% of lot cores are greater than 93.0% of'the TMD, an additional 4% will be paid.
c. 75% of lot cores are greater than 93.5% of the TMD, an additional 6% will be paid.

In the 1990 Standard Specifications delete the following:

In Section 4.00.11 Rolling.- in paragraph 5, delete the sentence:

“Pneumatic-tired rollers will not be permitted on top courses.”




MICHIGAN
DEPARTMENT OF TRANSPORTATION

BUREAU OF HIGHWAYS

SPECIAL PROVISION
FOR
SUPERPAVE BITUMINOUS MIXTURES

M&T:GMM 1of5 1-7-97
- C:APPR:EDW:MLL 1-8-97

a. Des{éription.-This work shall consist of furnishing bituminous mixture using Superpave
Mixture Design Methods. The bituminous mixture will be provided according to the '
requirements of the current Standard Specifications except where modified herein.,

b. Mix design.-The bitumminous mixture design will be provided by the Contractor. The
design will be submitted and evaluated according to the Manual for Submitted Mix Design
Processing. ' _

¢. Recycled Mixtures.-The Contractor may substitute Reclaimed Asphalt Pavement (RAP)
for a portion of the new materials required to produce bituminous mixture. The mixture will be
designed and produced to meet all of the criteria herein.

d. Materials.-The mixture will consist of aggregates of the highest quality available to meet
the minimum specifications herein. Tables 1-6 &10 provide the required aggregate properties,
Tables 7-8 provide the Mix Design Criteria and Volumetric Properties and Table 9 provides the
Superpave Gyratory Compactor (SGC) compaction criteria. Criteria specified below apply to the
combined aggregate blend. For information only: Top course will be either a mixture number 5
or 4, the leveling course will be mixture number 3 and base course a mixture number 2.

Table 1 Crush Minimum Criteria

Estimated Traffic Top & Leveling Base
{million ESAL) Courses Course
<03 55/ -
<1.0 65/~ -
<3.0 75/- 50/-
<10 85/80 60/-
<30 95/90 80/75
<100 : 100/100 95/90
2100 100/100 100/100
“Note: “85/80" denotes that 85 percent of the coarse aggregate has one fractured face and 80 percent has two
fractured faces.
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Table 2 Fine Aggregate Angularity Minimum Criteria

1-7-97

Estimated Traffic Top & Leveling Base
(miliion ESAL) Courses Course
<0.3 - -
<10 40 -
<3.0 40 40
<10 45 40
. <30 45 40
<100 45 45
2100 45 45
Table 3 Sand Equivalent Minimum Criteria
Estimated Traffic Top & Leveling Base
{million ESAL) Courses Course
<0.3 40 40
<1.0 40 40
<3.0 40 40
<10 45 45
<30 45 45
<100 50 50
=100 50 50
Table 4 L.A. Abra;sion Mazximum Criteria
Estimated Traffic Top & Leveling Base
(miliion ESAL) Courses Course
<0.3 45 45
<10 40 45
<3.0 35 40
<10 35 40
<30 35 i5
<100 35 35
=100 35 35
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Table 5 Soft Particles Maximum Criteria

1-7-97

Estimated Traffic Top & Leveling Base
(million ESAL) Courses Course

<0.3 10.0 10.0
<1.0 10.0 10.0
<3.0 5.0 5.0
<10 5.0 5.0
<30 1.0 1.0
<100 5 .5
2100 5 5

Note: “Soft Particles Maximum® is the sum of the shale, Siltstone, structurally weak and clay-ironstone particles.

Table 6 Flat and Elongated Particles Maximum Criteria

Estimated Traffic Top & Leveling Base
{million ESAL) Courses Course

<03 - -

<l1.0 - -

<30 10 10

<10 10 10

<30 10 10

<100 10 10

=100 10 10
Note: Maximum 10% by weight with a 1 to 5 aspect ratio.

Table 7 Superpave Mix Design Criteria
Mixture Number
Design Parameter
5 4 3 2
Percent of Maximum Specific Gravity (%G,,..) at the design number of = 96.0%
gyrations, (Ny) e
%G, 2t the initial number of gyrations, (N;) < 89.0%
%G, at the maximum number of gyrations, (N} <98.0%
VMA min % at N, (based on aggregate bulk specific gravity, (G,,) 15.0 14.0 13.0 12.0
-VFA at N, See Table 8

Fines to effective asphalt binder ratic (P, /Py) 06-1.2
Tensile strength ratio (TSR) 80 % min
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Table 8 VFA Minimum and Maximum Criteria

4 0f 5
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Estimated Traffic Top Leveling & Base
{million ESAL) Course Courses
<03 70-80 70-80
<1.0 65-78 65-78
<30 65-78 65-78
<10 65-78 65-75
<30 65-78 65-75
<100 65-78 65-75
2100 65-78 65-75

Table 9 Superpave Gyratory Compactor (SGC) Compaction Criteria

Estimated Traffic Number of Gyrations
{million ESAL)

; N, N,
<0.3 68 104
<10 7 76 117
<3.0 7 86 134
<10 8 96 152
<30 8 109 174
<100 9 126 204
2100 9 142 233

calculate volumetric properties at N; and Nd

Note: Compact all mixture specimens fabricated in the SGC to N,, . Use height data provided by the SGCto
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Table 10 Aggregate Gradation Requirements
Percent Passing Criteria (control points)
Standard
Sieve Mixture Number
5 9.5un 4 125 3 um 2 Z25am
37.5 mm 100
25.0 mm 100 90 - 100
19.0 mm 100 90 - 100 90 max
12.5mm 100 90 - 100 90 max
9.5mm 90-100 90 max
4.75mm 90 max
2.36mm 32-67 28 - 58 23-49 19 -45
1.18mm
600 pm
300 pm
150 pm
75 pm 2.0-100 20-100 20-8.0 10-7.0
Sieve Restricted Zone
4.75mm 395
2.36mm 472 39.1 346 26.8-30.8
1.18mm 31.6-37.6 25.6-31.6 223-283 18.1-24.1
600 um 23.5-275 19.1 -23.1 - 167-207 13.6-17.6
300 pm 18.7 15.5 13.7 11.4
Note: The final gradation biend must pass between the control points established. In addition, it has to be outside
of the area bounded by the limits set for the restricted zone.

e. Measurement and Payment.-

Contract Items (Pay Item)

Bituminous Mixture - 5 E(*)
Bituminous Mixture - 4 E(*)
Bituminous Mixture - 3 E(*)
Bituminous Mixture - 2 E(*)

* Determined by the ESALSs (million) on the total estimated traffic per lane over the design life,

...............................

-------------------------------

-------------------------------

-------------------------------

Pay Unit

metric ton
metric ton
metric ton
metric ton
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4.02.0] Description.~This special provision defines and describes the quality
control responsibilities of the Contractor and the guality assurance
responsibiiities of the Engineer. Unless otherwise modified herein, the 1990
Standard Specifications for Construction shall apply. In cases where this
special provision may conflict with another special provision or supplemental
specification, this special provision will prevail, .

Definitions:

Bituminous Hix Design.-The L'aborator_y evaluation of aggregate(s), mineral
filler (if required), reclaimed asphalt pavement (RAP), and asphalt binder
to determine if the stated mixture design criteria is in compliance.

Job Hix Formula (JHF).-The field application of a bituminous mix design
for_' a bituminous mixture on a specific project. This may invoive
adjustments to the mix design criteria to optimize the field application.

Target Value.- A designated JMF mixture parameter that may be adjusted,
if approved by the Engineer. (See Table I)

JMF Adjustment.-A JMF adjustment may.be retroactive for one LOT's
production, for ditems with target values, based on the Contractor's
ability to produce the revised JHF.

Voids in Mineral Aggregate (VMA).-The volume of void space betwesen the
aggregate particles of a compacted paving mixture that includes the air
voids and the asphalt binder (including the absorbed asphalt binder),
expressed as a percent of the total volume of mixture.

Theoretical Maximum Density (TMD).-The ratio of the weight in air of a
unit volume of a noncompacted bituminous paving mixture at a stated
temperature to the weight of an equal volume of water at a stated
temperature.

Effective Specific Gravity (Gse).-The ratio of the oven dry weight in air
of a unit volume of an aggregate (excluding voids permeable to asphalt) at
2 stated temperature to the weight of an equal volume of water at 2 stated
temperature. ‘

Single Test Tolerance.-The allowable deviation a single test result will
be allowed to vary from the Job Mix Formula (JMF). Unless other units are
stated, all tolerances will be stated as percentage points.

SUBLOT.-A variable increment of mixture production.
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Running Average of Five.-The average value for the last five consecutive
SUBLOT test results.

. LOT.-A LOT will be five (5) continuous SUBLOTS, of any one particular
-mixture. When combining SUBLOTS into LOTS at the end of production, if 1
or Z SUBLOTS are remaining, they shall be added to the previous Lor. If
3 or more SUBLOTS are remaining they will be considered a complate LOT. -

LOT Average.-A LOT Average will be the average of five SUBLOTS. Any
SUBLOTS removed will not be used in calculating a LOT Average.

LOT Average Absolute Deviation.-Al1l Contractor quality control test
results will be compared to the JMF and the difference calculated. The
average of the differences for each value of the five SUBLOT test results,
without regard to the sign (+/-), will be the LOT Average Absolute

Deviation.

Trial Run.-The Contractor may elect, with prior approval of the EIngineer,
to produce and test the mixture(s) as specified by the bituminous mix
design(s) for the project prior to ‘placing the mixture(s). The testing
Trequency will be as specified under SUBLOTS in this special provision.
Requests for JMF Adjustments may be made based on the Trial Run testing.
A1l costs associated with any Trial Run testing will be borns by the
Contractor.

Rounding of Numbers.-Expression of numerical requirements shall be done in
accordance with ASTH £29-93a, Rounding Hethod.

4.02.02 Testing Facilities and Fquipment.-The Contractor shall provide for the
Engineer’s exclusive use, a fully equipped field laboratory meeting all the
requirements of the current Manual for the Certification of Hot Hix Asphalt
Plants, as listed under Testing fFacilities and Equipment. The field laboratory
shall be in place, fully equipped, completely operational; and approved by the
engineer at least 3 working days prior to any mixture production.

4.02.03 Sampling.-The Contractor shall be responsible for obtaining all
samples. The Engineer will assure that samples are taken in accordance with
- approved methods and by a mutually acceptable random sampiing system. These
samples shall include, but not be limited to Aggregate, Bituminous Mixture (Loose
and Compacted), Asphalt Binder, and Mineral Filler.

A. Aggregate (Blended).-A minimum of one blended aggregate sample per
production day. Sampling shall be in accordance with ASTM D 75. The sample size
and method of sample size reduction shall be in accordance with MDOT's Aggregate
Procedure #anual. One-half of the initial split shall be placed in a large
canvas sample bag, identified and given to the Engineer.

B. Bituminous Mixture (Loose).-A sample shall be taken randomly from each
SUBLOT of mixture sent to the project.
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1. SUBLOTS may vary in size up to 1200 tons: o

. a. The initial SUBLOT increment shall be agreed upon by the Contractor and
Engineer prior to the start of production. A]l testing for thz initial
LOT must be completed and results provided to the Engineer prior to any
further production, unless prior approval is received Trom the
Engineer.

b. If the LOT Averages for the initial LOT are within the specified
tolerances and no JMF changes are requested, production will bz allowed
to continue. The testing frequency may be adjusted as mutually agreed
upon.

c. If the belt sample method (ASTM D75} is chosen as a quality control
method by the contractor, both the belt sample method and an approved
extraction method, or the incineration method (MTM 319) of testing
shall be completed for the first lot of production for each bituminous
mixture. A1l JMF changes that are requested shall be made using the
data from the extraction method. JNMF change requests referencing data
from the belt sample method will not be allowed.

d. The SUBLOT increment may be adjusted based on a trial run.

e. A minimum of three samples shall be taken for each bituminous mixture.
Testing shall be as agreed upon with the £ngineer prior to tha start of
production. :

2. #Mixture samples shall be taken from truck transports as per ASTH D 979.
The sample shall be of sufficient quantity to provide the Contricior with
adequate material for testing and provide the Engineer with a minimum
15,000 gram split. The Engineer’'s sample shall be placed in a canvas bag
and identified. The mixture temperature shall be taken and documented at
the time of sampling. '

3. The Contractor shall take a daily sample of each type of mixture, in
addition to the SUBLOT samples. The Engineer will identify the sample and
ship to the Laboratory for testing of the recovered asphalt binder
penetration.

C. Bituminous Hixture (Compacted).-The Contractor shall obtain thres 6-inch
cores from each SUBLOT of mixture placed. These cores shall be tsken from
locations randomly selected, longitudinally and laterally, and marked by the
Engineer throughout the SUBLOT. Only one core will be taken from each site. The
cores will be taken after final rolling (all roller marks have been eliminated
from the mixture). The cores must be labeled and any previous pavement, base
aggregate, or bond coat material shall be sawed off the bottom. The cores shall
be delivered to the Engineer within one day of mixture placement. Cores shall
not be taken from hand patching areas or commercial/private driveways. If
shoulders with a rumble strip are being cored and the random site falls within
the rumble strip area, then the site will be moved transversely to the nearest
smooth surface.
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It is the Contractor’s responsibility to insure that the cores are not damaged
during removal from the pavement or during transport to the field laboratory.
If, at the time of coring, & core is determined not to be representative, the
tngineer shall decide if re-coring is necessary. Informational cores may be
taken with prior approval from the Engineer. A1l informatjona) cores shall be
presented to the Engineer upon completion of the density testing. The core holes
shall be filled with hot mixture and thoroughly compacted within 24 hours. The °
method of filling holes and obtaining compaction shall be agreed upon prior to
production.

D. Asphalt Binder -The Lontractor shall take a daily sample of asphalt binder.
The Engineer will identify the sample and transmit it to the Laboratory for
testing of the original viscosity or original penetration.

E. Mineral Filler.-The Contractor shall take one sample of mineral filler (if
used) per project. The Fngineer will submit it to the Laboratory for testing of
gradatien and if fly ash is used, testing for free carbon content. A one quart
friction top can will be used for this sample.

4.02.04 Contractor’s Quality Control Testirg:

A. Aggregate (Blended).-The following.tests shall be completed asrspécified
and at a frequency that is mutually agreed upon with the Engineer.

- Gradation (ASTM C 136, ASTM C 117)

.- Crushed Particle Content (HMTM 117)

. Deleterious Particle Content (MTHM 110)
. Angularity Index (MTM 118)

N PN N,

See Option I, III, and iU under Bituminous Hixture (Loose) (Section 4.02.04).

B. Bituminous Mixture (Loose).-The bituminous mixture (loose) shall be tested
once per SUBLOT for the following parameters:

1. Voids in Mineral Aggregate (VMA) *

2. Theoretical Maximum Density, (TMD) (ASTH D 2041)

3. Marshall Density (ASTM D 1559 para. 4.5), and Air Voids *
4. Composition of Mixture:

*Calculated Values

Option I: Gradation of aggregate (ASTM C 135,C 117} , asphalt binder content
(ASTH D 2172}, and crushed particle content (MTH 117).  (Extraction method)

Option 1I: Asphalt binder content (ASTH D 4125-8B3 Nuclear Asphalt Content
" Gauge), blended aggregate gradation (ASTM C 136,C 117), and crushed particie
content (MTM 117) from belt samples taken on a per SUBLOT basis in sequence

© with the mixture sample:

Option III: Asphalt binder content based on plant recordation (System
approved by the Engineer), blended aggregate gradation (ASTM C 138, C 117},
and crushed particle content (MTM 117) from belt samples taken on 2 per
SUBLOT basis in sequence with the mixture sample.
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Option IV: Asphalt binder content is determined by a calculated value using
the SUBLOT TMD and mix design Effective Specific Eravity (Gse) of the blended

, aggregate. Crushed particle content (MTM 117) and the blended aggregate
gradation shall be determined from belt samples taken on a per SUBLOT basis
in sequence with the mixture sample..

Option V: Asphalt binder content is determined by the Incineration Hethod
(MTM 319). Crushed particle count (MTM 117) and blended aggregate gradation
(ASTM C 135,C 117) shall be determined from the incinerated aggregate after
cooling or from belt samples taken on a per SUBLOT basis in sequence with the
mixture sample.

For Options 1], I11, and IV, a minimum of one extraction or MTM 319 per day
shall be completed and if Reclaimed Asphalt Pavement (RAP) is used, then one
extraction per day on the RAP shal] be completed. -

The Test Method for Determining Aggregate Gradation for Bituminous Mixture
(MTM 311, or MTH 319) or (ASTM 2172) may be substituted for the belt sample in
Options II, III, and IV. &

The approval to utilize Option II, Option II1I, Option 1V, or Option V¥ shall
be requested from the Engineer IN_WRITINE prior to the start of mixture
production. : . .

4.02.05 Quality Control Tolerances.-Table I defines iolerance limits for both
single test {SUBLOT) results and the running average of five from the JMF for the
bituminous mixture being produced. If the Contractor's test results on any of
the measured parameters exceed these limits, the Contractor will immadiately
notify the Engineer, investigate the cause of the deviation, explain to the
Engineer the probable cause(s) of the deviation, any corrective action they deem
necessary (including cold feed adjustments), and what will be the disposition of
any mix preduced and not placed. The JMF may only be adjusted if the revised JMF
meets the mixture requirements of Tables 7.10-1 and 7.10-2 of the “Special
Provision for Plant Mixed Bituminous Mixtures". If the Engineer agrees with the
Contractor's evaluation, the suggested corrective action (if any) shall be
impTlemented. If the next test of any measured parameter for that mixture exceeds
any of the guality contro] tolerances, mixture production will STOP, Failure to
stop will lead to a price reduction or could lead to resoval and replacement at
the contractor's cost. The Lontractor will immediately notify the Engineer and
investigate the cause of the excessive deviation. The Contractor will present
to the Engineer the probable Cause of the deviation and the corrective action
necessary to bring the mixture back into compliance. The Engineer will evaluate
the Contractor's Proposal and either request further examination of the deviation
or concur with the Contractor’'s proposal and allew production to restari. The
Contractor's proposal and the Engineer's response will be documented. The
Engineer may approve the JMF adjustment to be retroactive for one LOT's
production. '

If at any point during production the Contractor fails to comply with the

_ specifications, or makes changes that effect the JMF, the Engineer may require

the Contracter to go back to the initial SUBLOT increment. (Section 4.02.03)
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TABLE 1
‘ QUALITY CONTROL TOLERANCE (+ OR -)
PARAMETER sveion | AVERAGE OF FIvE
Air Voids 1.00% 0.50%
Voids in Mineral Aggregate (VMA) * 1.20% 0.60%**
Theoretical Maximum Density {TMD) * 120 #M0° 0.60 #fi®
Asphaft Binder Content * D.50% 0.30%
Crushed Particle Content * 15.0% 10.0%
Aggregate Gradation * (% Passing) ™
Sieve Size '
No4 * 3.00% [A
No. 30 * 2.00% 4
No. 200 * 0.70% L o
={tems with Target Values
**Or Less determined by VMA Valuz from Table 7.10-1 Mix Design Criteria
==*Quality Control Tolerances Only, Not to be used {or Measurememnt and Paymert.

4.02.06. Hixture Verification/Acceptance Testing- On the completion of each
LOT, the Engineer will randomly select one SUBLGT sample. .The SUBLOT selected
shall be tested using the same test methods as the Contractor {Section 4.02.04},
except as modified below.

If Option 11 is selected and approved Tfor asphalt binder content
determination, a nuclear asphalt content gauge will be used by the Engineer for
verification testing of the asphalt content of the mixture. The Contractor shall
provide all the materials necessary to complete a nuclear asphalt content gauge
calibration for each type of mixture to be tested. These materials and a field
laboratory shall be available at Teast one week prior to mixture production.

If Option III or IV is selected and approved for asphalt binder content
determination, the Engineer will use the SUBLOT TMD and the mix design &se of the
blended aggregate for verification testing of the asphalt content of the mixture.

If Option ¥V is selected and approved for asphalt binder content determination
either an approved asphalt incineration oven shall be provided by the contractor
for the Engineer’s use in the field laboratory or the Contractor shall agree to
allow the Engineer the use of their incineration oven for verification/acceptance
testing. The Engineer’'s usage will be at a mutually accepted time.
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4.02.07 Verification/Acceptance Tolerances.-Qual ily assurance and acceptance
for the final in-place product will be based on the Contractor's guality control
test resuits when they are verified by the Engineer’s tests. Verification
Testing will be done at the field laboratory.

TABLE 11
Verification / Acceptance Tolerances (+ or -)

PARAMETER TJOLERANCE
Air Voids 1.00%
Voids in Mineral Aggregate (VMA) 1.20%
Theoretical Maximum Density (TMD) 1.20 #/1t3
Asphalt Binder Content 0.50%
Crushed Particle Content 15.0%

A LOT will be considered verified if the Engineer’s test results are within
the verification tolerances specified in Table Il as measured <rom -the
Contractor’s quality control test results for-the selected SUBLOT. 1If the
Engineer's test results do not verify the Contractor’'s quality control test
results, the Contractor shall be notified and immediate attention should be
directed to all testing equipment and procedures used by both the Contractor and
the Engineer. Once it is determined that all testing equipment is properily
calibrated and operating, and proper procedures had been followed, then a second
SUBLOT from the remaining four shall be randomly selected and all parameters
tested. Only those parameters which failed to verify on the previous SUBLOT
shall be reviewed for verification. If there is verification on the second
SUBLOT, then the LOT will be considered verified. If the Engineer's test results
from the second SUBLOT fail to verify the respective SUBLOT test results of the
Contractor, the Engineer will evaluate the-data available (Contractor's and
Engineer's) and determine which set of results best represents the mixture., If
the Engineer’s test results are selected as being most representative, then the
results from the average of the Engineer's two tests will be used for the LOT
Average. "

The testing on the asphalt binder for both the original penetration or
viscosity and recovered penetration, will be tested by the Laboratory.

Pavement Density acceptance will be tested by the Engineer within 2 work days
of receiving the core samples from the Contractor. Testing will be in accordance
with ASTM D 2726. The SUBLOT Pavement Density will be the average of the three
cores.,

4.02.09 Project Documentation.-The format of all reports and charts submitted
by the Contractor shall be approved by the Engineer before mixture production is
permitted to commence. Suggested formats of reports and charts are available
- from the Engineer. Documentation shall include, but not be limited to, the
following two types:

A. Daily:

1. Daily test results including; SUBLDT data, LOT Average and LOT Average
Absolute Deviation shall be submitted to the Engineer within 24 hours of
the time the tests are compieted. (The Engineer will forward a copy to
the Laboratory.)
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2. Control charts, which display all quality control test results, averages, tolerances, and
aggregate gradation sieves per the applicable Composition of Bituminous Mixture Table
7.10-2. All data shall be calculated and plotted upon completion of tests. These charts shall
be available for review and duplication upon request from the Engineer.

B. Project Summation:
1. Control charts.

2. A tabulation of all test data; including SUBLOT data, LOT Averages, LOT Average
Absolute Deviation, project mixture parameter averages and standard deviations, and a
projection of which LOTS are subject to any Price Adjustments (Section 4.02.10). (The
Engineer will forward a copy to the Laboratory.)

4.02.10 Measurement and Payment.-The completed work as measured for BITUMINOUS
MIXTURE AND PAVEMENT DENSITY ACCEPTANCE will be paid for at the Contract unit
prices for the following contract items (pay items).

Pay Item : Pay Unit

- Quality Control Testing .........covvnivvnneenneanes Ton
Bituminous Quality Initiative ..............c00van. Dollars

A. Quality Control Testing: Quality Control Testing will be measured in the total tons tested
and placed. Payment will be for all equipment, personnel, and any other necessary materials.

B. Bituminous Quality Initiative: If Bituminous Quality Initiative is not included in the
contract as a pay item, there will be no payment for this item of work. All Bituminous Quality
Initiatives are cumulative.

1. Pavement Density: The Contractor will be paid an additional 6 percent of the contract unit
price of the Bituminous Mixture if the LOT Average and Lot Cores meet ALL of the
following:

a. The Lot Average Pavement Density is equal to or greater than 94.0 percent®.
b. The conditions of the Pavement Density Core Table are satisfied.

* A mixture requiring an air void target value lower than 3.0 percent for nontraffic areas, will
require a corresponding increase in the pavement density values.

¢. The mixture within the LOT is not subject to any price adjustments for asphalt binder
content, air voids, VMA, or TMD.

2. Bituminous Mixture: The Contractor will be paid an additional 4 percent of the contract unit
price of the Bituminous Mixture if the LOT Average Absolute Deviation for each measured
parameter of the LOT does not exceed the Quality Control running average tolerance,
provided there are no Laboratory test failures on the asphalt binder and provided that the
LOT Average VMA is equal to or greater than the minimum design value for the bituminous
mixture as per table 7.10-1 Mix Design Criteria.
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C. Bituminous Mixture Adjustment: Negative price adjustments for the Bituminous Mixture
Contract Unit Price will be cumulative (Pavement Density + Bituminous Mixture + Failure To
Suspend Operations + Asphalt Binder Penetration\Viscosity\Recovered Penetration). The largest
adjustment allowable in each case will be used.

1. PAVEMENT DENSITY (10 Percent Maximum Sum).-A negative 10 percent adjustment for
the Bituminous Mixture Contract Unit Price will be imposed for either of the following
pavement density conditions:

a. TheLot Average Pavement Density is less than 92.0 percent* but equal to or greater than
91.0 percent.
b. The conditions of the Pavement Density Core Table are satisfied.

* A mixture requiring an air void target value lower than 3.0 percent for nontraffic areas,
will require a corresponding increase in the pavement density values.

2. BITUMINOUS MIXTURE (10 Percent Maximum Sum).-A maximum negative 10 perce;nt
adjustment for the Bituminous Mixture Contract Unit Price will be imposed under the
following conditions:

a. The Lot Average for asphalt binder content is within the following deviation:

But Less
Greater Than Or %
Asphalt Binder Content Than Equal To Decrease
Deviation from the JMI-"V 0.3 0.5 10

b. The Lot Average for crushed particle content is within the following deviation:

But Less
Greater Than Or %
Crushed Particle Content Than Equal To Decrease
Deviation from the JMF 10 15 10

c. The Lot Average for Air Voids (%) is within the following deviation:

But Less
Greater Than or %
Air Voids Than Equal to Decrease
Deviation From JMF 0.5 0.6 2
0.6 0.7 4
0.7 0.8 6
0.8 0.9 8
0.9 1.0 10
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d. The Lot Average for TMD(2/ft%) is wifhin the following deviation:

Theoretical ' But Less
4 Haximum &reater Than or A
Density Than Equal to Decrease
Deviation 0.7 0.8 2
From 0.8 0.9 4
JHMF 0.9 1.0 6
1.0 1.1 8
1.1 1.2 10

e. The Lot Average for VMA(%) is.withfn the following deviation:

VHA Deviation Below But less
Hiniaum Value of Ereater Than or ) s
Table 7.10-1 #Hix Than Equal to Decrease

Design Criteria

0.0 0.1 2
0.1 0.2 4
0.2 0.3 &
0.3 0.4 8
0.4 0.5 10

3. PAVEMENT DENSITY (25 Percent Haximum Sum).- A negative 25 precent
adjustment for the Bituminous Mixture Contract Unit Price will b imposed
for either of the following pavement density conditions:

2. The Lot Average Pavement Density is less than 91.0 percent but equal to
or greater than 90.0 percent.

b. The conditions of the Pavement Density Core Table are satisfied.

4. BITUMINOUS MIXTURE (25 Percent Maximum Sum).- A maximum negative 25
percent adjustment for the Bituminous Mixture Contract Unit Price will be
will be imposed for any of the following:

2. The Lot Average Air Void's deviation from the JMF is greater than 1.0 .
percent.

b. The Lot Average TMD's deviation from the JMF is greater than 1.2 #/ft°.

c. The Lot Average Percent Asphalt Binder Content's deviation from the JMF
is greater than 0.5 percent.

d. The Lot Average Crushed Particle Content's deviation from the JWF is
greater than 15.0 percent.

e. The Lot Average for VYMA (%) is within the following deviation:

VMA Deviation Below Ereater Less Than
Hiniaum Value of Than or f£qual to
Table 7.10-1 Hix

Design Criteria 0.5 0.6
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5.

PAVEMENT DENSITY (50 Percent Maximum Sum).-A negative 50 percent
adjustment for the Bituminous Mixture Contract Unit Price will bz imposed
if during initial base or teveling course mixture production any SUBLOT
value for pavement density is less than 90.0 percent.

FAILURE TD SUSPEND OPERATIONS (25 Percent Maximum Sum)}.-If during Quality .
Control Testing (see 4.02.05) a deviation occurs that requires production
to be suspended and the Contractor continues to operate, then ths tonnage
for that SUBLOT and any subsequent tonnage will be subject io0 this
negative adjustment until all measured parameters are within guality
control tolerances.

ASPHALT BINDER PENETRATION\VISCOSITY\RECOVERED PENETRATION.-
As per the current Standard Specifications for Construction.

Removal: The cost of the mixture removed and the removal cosi will -f)e
by the Contractor.

. If "a SUBLOT value, other than the initial base or leveling course

production for pavement density is less than 90.0 percent of ths running
average for the TMD, all mixture for that SUBLOT will be removed. .

. If the total negative adjustment is 60 percent or more, these arzas will

- be evaluated by the Engineer. If, in the Engineer’s judgemsnt, the

defective areas warrant removal, the Contractor shall remove and replace
the effected pavement with pavement meeting the contract specification
reguirements. :

. The Engineer reserves the right to evaluate any SUBLOT whose test results

on the asphalt binder content, WMA, or Air Voids, exceed ths Quality
Control Tolerances for single test or running average of five. i in the
opinion of the Engineer the in-place mixture will not perform din
accordance with normal standards the mixture will be removed.
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PAVEMENT DENSITY CORE TABLE

. #of Lot Cores | 6% Bituminous Qualty Iniiative* 10% Negative | 25% Negative
: Adjustment Adjustmients*
3 2 2 2 2
4 2 3 2 2
5 3 4 2 2
&5 4 4 3 2
7 4 5 3 2
8 5 5 3 2
9 5 7 3 2
10 5 8 3 3
11 7 8 4 3
12 8 9 4 3
13 8 10 ; 4 3
14 9 1 | 4 3
15 100 ' 12 4 4,

* A mixture requiring an air void target value lower than 3.0 percent for
nontraffic areas, will require a corresponding increase in the pavement
density value.

*x If the Lot cores satisfy both the 6 percent Bituminous Quality Initiative
criteria and the 25 percent Negative Adjustment criteria, the following

shall apply:

1. If all other conditions of 4.02.10 B.1. are satisfied, the contractor
shall not receive the 6 percent Pavement Density Bituminous Quality
Initiative nor shall the contractor be assessed the 25 percent Negative
Adjustment. The Contractor may receive the 4 percent Bituminous Mixture
Quality Initiative if so applicable.

2. If all other conditions of 4.02.10 B.1 are not satisfied, the contractor
shall be assessed the 25 percent Negative Adjustment.
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in the Michigan 1990 Standard Specifications for Construction, in section 4.00.19-
Measurement and Payment, under the subsection “Price Adjustments:”, delete
subsection “2. Tests on Asphalt Recovered from Bituminous M[xtures » ,and replace
with the following:

2. Asphalt Binders. Original samples of asphalt binder will be taken prior to
incorporation into the mixture. The original samples will be used for Asphalt
Binder Certification verification. Asphalt binder samples will also be recovered
from the daily mixture sample.

Tests on Asphalt Recovered from Bituminous Mixture.-When the penetration
results on recovered asphalt are found to fall within the ranges indicated in Table
1, the contract unit price for the mixture invoived will be decreased by the
percentages shown in the Table.

Table 1 '
Price Adjustment for Bituminous Pavement Where Asphalt Recovered
from the Mixture is Deficient in Penetration Requirements

Design Grade of 10% Decrease 25% Decrease haad
Asphalt Cement Penetration Above | Penetration Below | Penetration Below
PG 58-28 115 dmm 55 dmm 45 dmm

PG 52-28 135 dmm 65 dmm 50 dmm
PG 52-34 180 dmm 80 dmm 60 dmm

“*The mixture produced will be evaluated by the Engineer and if in the Engineer's
judgement the defective pavement warrants removal, the Contractor shall remove and
replace the affected area at the Contractor's expense. If it is determined that the removal
is not required, the contract unit price of the affected mixture will be reduced by 50 percent.
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a. Description

This specification is to provide an incentive for contractors to construct the
smoothest riding pavements possible. This specification provides two methods of
measuring the ride quality of concrete and bituminous pavements. The contractor
has the option of using either method. Once a method has been selected by the
Contractor, it may not be changed without authorization from the Engineer. The
ride quality of pavements will be determined on the finished surface only. This
Special Provision deletes paragraph five of Section 4.00.03-2, Section 4.00.12,
and Section 4.50.13, paragraphs two, three, and four of the 1990 Standard
Specifications.

b. Methods of Determining Pavement Smoothness
1. California Type Profilograph

Ride quality of the pavement, expressed in inches per mile, will be determined
from a mechanically produced profilogram (trace) or from a computerized version
of the California type profilograph.

2. GM Type Rapid Travel Profilometer

Ride quality of the pavement, expressed as RQI (Ride Quality Index) units, or
inches per mile will be determined by proper reduction of the true profile
obtained by a GM Type of Rapid Travel Profilometer. The contractor has the
option of using either unit of measurement. Once the unit of measurement has
been chosen by the contractor, it may not be changed without authorization from
the Engineer.

¢. Equipment

The contractor will certify in writing that the equipment, manufacturers
calibration procedures and visual inspections are in compliance with this special
provision. A manufacturers operating manual and a metric tire pressure gauge
will be available at the site.

1. California Type Profilograph
- The contractor will furnish a California type profilograph, which is either
mechanical or computerized. The profilograph will produce a profilogram with a

true 1:1 vertical scale and a true 1 inch to 25 feet horizontal scaling. The
profilogram will have roadway stations recorded thereon.

1TAY Mo
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If the profilograph is equipped with_ an on-board computer, the following
conditions will apply: Vertical displacement will be sampled every 3 inches or
less along the roadway. The profile data will be bandpass filtered in the
computer to remove all spatial wavelengths shorter than 2 feet and longer than
110 feet. This will be accomplished by a third order, low pass Butterworth
filter set at 2 feet and a third order, high pass Butterworth filter set at 110
feet. The resulting band limited profile will then be computer analyzed
according to the California Profilograph reduction process to produce the
required inches per mile statistic. This will be accomplished by fitting a
linear regression line to each 528 feet of .contiguous pavement section. This
corresponds to the perfect placement of the blanking bar by a human trace
reducer. Scallops are then detected and totalized according to the California
protocol. Bump analysis will take place according to the California Profilograph
reduction process. .

The computerized profilograph will produce a plot of the profile and a
printout which will give the following data: Stations every 100 feet, bump or
dip height and length of specification (3/10 of an inch and 25 feet
respectively), the blanking band width, date of measurement, overall inches per
mile for that measurement, total length of that measurement, and the raw inches
for each tenth mile segment. ' '

The calibration procedure for the mechanical machine will consist of profiling
two replicate runs on a designated roadway of 1,000 feet in length. Horizontal
calibration will be checked by running the profilograph over the 1,000 feet
length and measuring the length of the resulting output on the profilogram. A
1,000 feet run must produce 40 inches ( 1/8 inch) of profilogram output.
Vertical calibration will be checked by running the test wheel over a block of
known thickness (usually 1 inch) and measuring the displacement it produces on
the profilogram. There will be no visible tolerance allowed on the vertical
calibration.

Calibration of the computerized versions will have a run made over a distance
of a measured 2/10 of a mile (1,056 1ft). The computer must print out a distance
equal to the measured distance +5 ft. The vertical calibration will be as per
the manufacturer’s specification.

If the horizontal or vertical checks do not meet specifications, the machinery
must be corrected. In addition to the calibration procedures, a visual
inspection of the profilograph must be conducted. This would include condition
of the test tire and bogey wheels, tire pressure (25 psi iz 1 psi), tracking of
the paper on the spool and paper drum, condition of chains and cables, tracking
of the device down the road, and general condition of the test device. This
calibration procedure is the same for either type of profilograph.

2. GM Type Rapid Travel Profilometer

The contractor will furnish a profilometer based on the General Motors Rapid
Travel concept. The unit will produce a true profile for spatial wavelengths
from 2 to 110 feet. The unit must also be able to generate the equivalent
California Profilograph plot and values as well as locations of bumps or dips
over 3/10 of an inch/25 feet. The unit will &lso be capable of producing a plot
of the true profile with a range from 2 feet to 110 feet wavelengths.
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The digitized profile will be processed by dividing it into three spatial
wavelength bands by using third order Butterworth high and low pass filters. The
three bands are 50 to 25 feet, 25 to 5 feet, and 5 to 2 feet. Variance of the
profile in each band is then computed: |

Var, = X’ - (Zl)z
N N

Where x is a profile elevation value in inches and N is_the number of x values.
i =1 for 50 to 25 feet, i = 2 for 25 to 5 feet and i = 3 for 5 to 2 feet.
RQI is then given by the formula:

RQI = 3.077 1n (Var, x 10°) + 6.154 1n (Var, x 10°)
4 9.231 1n (Var, x 10°) - 141.85

This provides a scale from 0 (a perfect road) to 100 (the roughest road}.

This equipment will give a printout of the same information as the
profilograph with the addition of the ride quality index for each tenth mile
segment and for the total run.

These devices can be tested for overall operation by performing the "Bounce"
test procedure included with the unit. In addition, any other tests prescribed
by the manufacturer will be performed. Horizontal measurement will be checked
over a measured distance of 2/10 of a mile (1,056 1ft) and will read within £ 5
feet of the measured distance. The vertical calibration will be as per the
manufacturer’s specification. '

d. Method of Testing - The contractor will submit a written plan for the ride
quality measuring to the Engineer for approval prior to the start of paving
operations. The contractors plan will include, but not be limited to calibration
schedule, the length of the official test run, method of traffic control, and the
testing time frame in relation to paving operations.

The Engineer will establish and mark the Timits for Ride Quality Measurement
including the POB, POE, and any excluded area.

The Contractor will notify the Engineer a minimum of 24 hours prior to any
pavement corrections and determination of ride quality. '

The run will not be considered an official run until the pavement profile is
in compliance with the requirements for this special provision.
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The Contractor will be responsible for starting the California type
profilometer with the measuring wheel on the mark and ending on the mark at the
end of the run. The GM type profilometer measurement should start 16.25 feet
prior to the mark and end 16.25 feet after the mark at the end of the run.
Profiles will be taken 3 feet from each side of each l1ane that is to be measured.
Bridge decks will be excluded for payment of Ride Quality, but not for Ride
Quality Measurement. This requires software, mechanical or electronic means of
suspending calculation of the ride quality statistic during passage over such
sections, while retaining 1inear measurement. All damage to the pavement surface
caused by the profilometer will be repaired at no cost to. the Department.

e. Method of Interpretation
1. Profile Index (inches per mile)

The trace generated by the mechanical profilegraph will be analyzed by the
Engineer using a 2/10 inch blanking band measuring each deviation above and below
the band to the nearest 5/100 of an inch according to Michigan Test Method MTM
204-88. Deviations will be summed for each 1/10 of a mile and proportional
lengths as follows:

Segments less than 1/10 of a mile shall be prorated to a 1/10 of a mile
segment. Each run will be reported by the contractor to the nearest 1/100 of
an inch as the average inches per mile of the two runs for each lane.:

" For computerized profilograph use, the Engineer will not need to reduce_ the
trace. A copy of the official computer generated trace and printout will be
submitted for project records and to determine the ride quality payment.
Each run will be reported by the contractor to the nearest 1/100 of an inch
as the average inches per mile of the two runs for each lane.

Pavement lanes constructed with 0 to less than 4 inches per mile will result
in payment of varying percentages based on Table 1. Lanes with 4 to 10
inches per mile will not be eligible for any bonus payments for ride quality.
Lanes with more than 10 inches per mile will not be acceptable. A1l areas
with bumps or dips exceeding 3/10 of an inch/25 feet will be corrected. All
pavements will be corrected to achieve a value of 10 inches per mile or less
at no cost to the Department. Any tenth mile segments greater than 1.0 inch
will require correction. .

2. Ride Quality Index (RQI)

RQI will be calculated for each tenth mile segment. Partial segments will be
computed as partial segments at the beginning and end of excluded sections and
at the end of a run. Each run will be reported to the nearest one tenth of a RQI
unit (e.g., 48.6), as the average of the two runs for each lane. The contractor
will provide to the Engineer a trace and a printout which gives the same
information as described for the profilograph.
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pavement lanes constructed with an RQI from 22 to less than 45 will result in
payment of varying percentages based on Table 2. lanes with RQls of 45 to 53
will not be eligible for any bonus payments for ride quality. Pavement lanes
with a RQI more than 53 are not acceptable. All pavement lanes will be corrected
to achieve an RQI value of 53 or less at no cost to the Department.

A1l areas with bumps or dips exceeding 3/10 of an inch/25 feet will be
corrected. ;

f. Methods of Correction

1. Bituminous Pavements - Corrections to the pavement will be by one of the
following methods:

Diamond Grinding

Cold Milling (Not allowed on surface courses)

Wedging (Not allowed on surface courses) : _
Removal and replacement of a minimum of 1 and 1/4 inches of bituminous
a full lane width by the length required (a minimum of 100 feet)

anoa
L] L] - »

Bumps and dips which measure over 3/10 of an inch in 25 feet must be corrected
by the method(s) specified above. A11 corrections are at the contractor’s
expense. '

‘2. Concrete Pavements -Bumps or dips which measure over 3/10 of an inch in 25
feet must be corrected. Restoration of the transverse grooves in these areas
will not be necessary provided that the grinding equipment establishes a grooved
surface in the longitudinal direction. The contractor will determine those areas
which need correction. All corrections to concrete pavements will be by diamond
grinding for a full lane width and are at the contractor's expense. '

g. Method of Measurement - The item of RIDE QUALITY MEASUREMENT will be
measured as Lane Miles. The 1limits for Ride Quality Measurement will be based
on 16.25 lineal feet before the POB and after the POE (see Figure 1).

Quantities for the item RIDE QUALITY - BITUMINOUS and RIDE QUALITY - CONCRETE
will be determined by the area in square yards based on plan quantities or known
changes. The 1limits for Ride Quality will be based on 16.25 lineal feet after
the POB and before the POE. The limits for any excluded area will be 16.25
1ineal feet before and after the section. Areas of ramps, tapers, bridge decks,
and railroad crossings are not included under the item of Ride Quality (see
Figure 1). Major intersections (at grade) with part width, maintained traffic,
or staged construction may be considered as excluded areas As listed in the Ride
Quality measurement plan. The excluded area will extend between the approach and
departure spring points of the intersection.
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Quantities for the item BUMP GRINDING will be determined by the area in square
yards, outside the limits of RIDE QUALITY, as directed by the Engineer. See
Figure 1. y : E :

h. Basis of Payment

Ride Quality Measurement-Bituminous . . . . . Lane Miles
Ride Quality Measurement-Concrete . . . . . . Lane Miles

Payment for the item RIDE QUALITY MEASUREMENT will include all costs of
furnishing and operating the profilograph or rapid travel profilometer for the
official run. If the Engineer requires excluded areas, ramps, tapers,
approaches, or miscellaneous concrete pavement to be measured, they will be
measured and paid for as Ride Quality Measurement.

No additional payment will be made for runs made by the contractor to
determine the smoothness prior to corrections for the official runs.

Ride Quality-Bituminous . . . . . . . . . . . . .. Syds
Ride Quality-Concrete . . . . . . . . « &« ¢« ¢« . & . Syds
Bump Grinding . . . . . . @ e e e e e e e e e e . Syds

Payment will be determined by the Engineer for the item RIDE QUALITY based
on the inches per mile or RQI for the final weighted average for all values
within each lane. The 1imits for Ride Quality will be based on 16.25 lineal feet
after the POB and before the POE and 16.25 lineal feet before and after any
excluded area. Each lane will be determined individually. -

Incentive for pavements will be paid at the contract unit price for Ride
Quality on the finished surface. The criteria for making incentive payments or
no payments for this item will be:

i. For the California Type Profilograph (Mechanical & Computerized)

Incentive Payments.- A pavement lane having a range of 0 to less than 4
jnches per mile will receive payments for Ride Quality based on the product
of the number of square yards in the pavement lane (minus excluded areas)
times the contract unit price for Ride Quality, multiplied by the appropriate
pay factor from Table 1. A

No Payment.-A pavement 1ane having a range of 4 to 10 inches per mile will
not qualify nor receive any payment for Ride Quality.

2. For the &M Type Rapid Traﬁe] Profilometer

Incentive Payments.-A pavement lane having an RQI range of 22 (or less), to
Jess than 45, or a range of 0 to less than 4 inches per mile, will receive
payments for Ride Quality based on the product of the number of lane miles in
the pavement lane (minus excluded areas) times the contract unit price for .
Ride Quality, multiplied by the appropriate pay factor from Tables 1 or 2.
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No Payment.-A pavement lane having an RQI range of 45 to 53, or a range of
more than 4 to 10 inches per mile, will not qualify nor receive any payment
for Ride Quality. = '

Payment for the item, Bump Grinding will be used outside the limits of Ride
Quality-Bituminous or Ride Quality-Concrete. Areas with bumps or dips exceeding
3/10 of an inch in 25 feet will be diamond ground as directed by the Engineer.

RIBE QUALITY - BITUMINOUS
RIBE QUALITY - CONCRETE
RIBE QUALITY MEASUREMENT
BUMP GRINDING

v J,lill v ot

soom s RBEGWINY-MOONDS
REE GUALIT - CHECRETE

- e o = - o 0

T

POR. "0 PO.E.

FIGURE 1
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TABLE 1 '
PAY SCHEDULE FOR RIDE QUALITY USING PROFILE INDEX (Inches/Mile)
(FACTOR TO BE MULTIPLIED BY CONTRACT UNIT PRICE)

Frofle Pay | Profile Pay | Problo Pay | Frofile Pay | Profilo Pay Piotic Pay | Prohle Pay | FProfile Pay | Profilo Pay
odex Facior | index Fasior | Index Factor | Index Factor | index Facior | Index Factor | Index Faclor | Index Factor | Iindex Fector
Infm % In/m % in/m % % njm % Infm| % Infm| % nm| %

500l 10000 045 ©8.75 0.80] 77.50 T5.00| 225 4375 2.70] 32.50] 3.15] 2125 3.60] 10.00

0.01] 99.75 046] 88 To1| 7725 Ba.75] 226 43.50] 2.71] 3225 a.06] 21.00| 36| .75

0.02| 9950, 047 sa2y 092 77.00] 1. 5450, 2.27| 4325 2.72] 200 3.7 2075 a. 8.50
0.0, 9925 0.48] 8300 093 7875 1. 5.5 ¥ Ba. 226, 43.00] 273 31.75 3.18f 2050, 3.63] 625

208 4275 2.74| 21.50] 3.18] 2025 3.64] 8.00
30| 42501 2.75| 21.25] 3.20| 20.00] 3.65f B.75
531 4225 2.76] 31.00] 3.21] 19.75 3.§s;l a.sg|

53.05] 232 42.00 2. 30.75] 8.22] 1950, 3.67] 6.25
S3.00| 233 41.75| 27¢| 30.50 353_! 1525 368 €.00
5275 234 4150 278 a025| 224 19.00] 3.69] 7.75]
235 4105 2.80] 3000| 325 18.75| 3.70) 7.50
Bo.05 236 41.00] 281 29.75| 3.26| 1850 3.71] 7.25

T2.00] 2.37| 40.75| 262 29.50] 3.27] 1625 .72 7.0

§1.75| 236 4050 2.83 29.25) 328 18.00

184 5150 2.9 40.25 2.84] 29.00] 3.28] 17.75

5125 240 40.00| 2.85 26.75] 8.30| 17.50

o186 96000 061 8475 1.08| 73501 1.51] €225 166 61.00] 241] 3975 286 2850 331) 17.25

0.17] 95.75 0.62 B350 107 7335 152 6200| 187 5076 2.42| 99.50, 2.87] 26.25 3.2 17.00

0.98] 9550, 0.63| 8425 1.08] 73.00] 1.53 ~61.75 1.93@ 243 3925 288 28.00] 3.33 16.75
50.25

0.19] 9525 0.64] 84.00f 1.08] 7275 1.5_4l 61.50] 1.95 7

2.44] 8900] 289 27.75] 334] 1650
020l 55.00] 065 8375 1.10] 7250 155 61.25] 2! 50.00| 245 38.75| 290] 27.50] 3.35] 1625
0.21 m S350 T 7225 158 61001 201 45.75, 246 2850 291 2125 3.3sl 16.00] 3.81
0.22] 9450, 0.67| 83 T.12] 7200] 1.57 60.75] 202 49.50 2.47’ 3825 292] 27.00| 3.37| 15.75| 3.82
0.23] 94 068 8300 1.13 175 1.581 60.50] 203 49.25| 2.48] 3800 293 ﬁl_sl 3.38] 1650 %
G2a|  94.00] 06| 8275 1.44] 7150 1.59 6025 2 a0.00] 2481 37.75 2.94] 2650 339 1525 3

.25 93.75 o:‘owm 1. 60.00] 2 4875 2501 37.50] 205 2625, 3.40| 1500 3.85
0.26] 93.50) o? 8225 1.151 7100|161 69.05 2 48.50] 2.51 — 3725 296| 2600 341 1475 3.86
5557 9335 072 8200 1.17] 7075 1.62 69.50] 207] 4825 252] 37.00] 2.87] 2575 342 14.50] 3.87
028 93.00 073 ©1.75 1.18] 7050] 1.63 5925 208 48.00] 253 3675 296 2550] 343 1425] 389
0.29] m S0 139 7025 1.84 59.00] 209 47.75| 2.54] 36.50] 2099 2525 3.44] 14.00 3.39| 2.751
0.30] 92500 0.75] ©1.25 1.20] 70.00 1.3_53'.'75 20| 47.50] 2.55| 9625 8.00| 2500 345 1375 380 250 B
03T 5225 076 81.00 121| 69.75 1.66 6850 211 4725 256] 36.00 3.0 24.75] 3.46] 1a50] 3.1
03| 9200 077, 8075 122 6950 1.67] 5825 212 41.00 257 35.75] 3.02] 24.50 3.m
033 G175 078, B050| 123 69.25 166 5800 213 4675 258 3550] 303 2425 3480 1300] 353
0.34f, 91.50] 0.79] B0 T24] 69.00] 1,69 5775 2.14] 4650 259, 3525 8.04] 2400 849 1275
0.35| 91 ol Bosd T2 6875 170 57.50] 215 4625 260| 35.00] 3.05 23.75 3.50 12.50
B35 G100 081 7978 126| 68.50] 1.71| 57.25| 2.16f 46.00] =261 3475 3.06] 2350 351 1225
037| 9075 OB2] 79.50 127| 68 T B700| 217 45.75| 262 S4.50| 3.07| 22.25| 852 1200 3.9:l:7 0.75
T8l 9050 083 79.25 128| 68.00] 1.73 56.75 218 45.50f 263 3425 3.08 2300 853 11.75| 3.88] 0.50
030 5025 084 79.00 1.29] 67.75] 1.74] 56.50] 2191 4525 264 3400, 3.08 22.75] 3.54] 11.50] 3.09] 025
5 a0l G000 B 7878 1.00] 67.50) 175 5625 220 45.00] 265 9375 3.40] 2250] 355 1125 4.00] 0O
5ai 8575 086 7850 131 6725 176 5o00] 2.21| 44.75 266 33.50] 3.41] 2225 356 11.00 Lo
0a2| 8950 087] B7.00] 177 575 222 4As0 261 5325 52| 2200 357] 1079
0.43] 8925 o088 133] 6675 17¢| 5650 223 4420 268 3300] 813 2175 358 1050
0.44| 8900 0.9 134 6650 179 55.05 224 4400 269 T?_ﬁi 314 21.60] 359 1025
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TABLE 2
PAY SCHEDULE FOR RIDE QUALITY USING RIDE QUALITY INDEX (RQ)

(FACTOR TO BE MULTIPLIED BY CONTRACT UNIT PRICE)
Profio Pay | Profie Pay | Profile Pay | Profie Pay | Profile Pay | Profile Pay | Profile Pay | Profile Pay | Profie Pay
Todex Factor | Index Factor | Index Factor | Index Facior | Index Facior | Index Factor | Index Factor | Index Factor | index Factor
R T % | RN % | R % | RA] % | RA|] % |RAI|] % {RY| % [RA| % [RA| %
5001 100.00] 2460 86.69] 2720 7739 29.80] 66.09] 32.40] 54.78] 35.00] 43.48] 37.60] 82.17) 40.20| 20.87 4280 9.57
2205| 0.76| 2465 BB.AG| 2725 71.17| 20.65] 65.87) 3245 54.o6| 35.05) 43.20| 37.65| 1.9 4025 2085 4285 9.35
32.10], 99.56] 24.70] 85.26 27.39‘ 76.96] 29.50] 65.65] 9250 54.35 35,30 43.04| 37.70, 31.74] 40.30] 20.43] 4200 8.13
22.15] ©99.35| 24.75 sa.gfl_z?.as 76.74) 29.95 65.43] 9265 bA4.13| 35.15| 42.63| 37.75 .51
5550 G0.43] 24.80| 87.82 27.40| 76.52] 30.00] 65.22] 32.60| 53.91 sszo:l 42.61] 37.60 8.70|
525 98.91] 24.85 67.61] 27.45 76.30] 30.05] 65.00] 3265 53.70| 35.25| 42.89) 37.85
5230 98.69] 24.900 B7.39] 27.50] 76.08] 30.10] 64.76 8270 53.48 35.30 42.1'7]_37".90 ] ; .26
535 98.48] 2405 ©7.17| 2756 7587| 50.15 ©64.56] 32.75] 53.26| 95.35 41.96 3/.95
5540 o520 25,00 85,56 27.60] 7565 S50.20, 64.35| 9280] 53.04| 35.40| 41.74| 38.00) 8043 4060 1913 43.20| 7.89|
2545 98.04] 25.06 86.74] 2765 7543 30.25 64.13] 32.80 52.69) 3‘53' 4152

25501 97.82] 25.10( 86.52 27.701 75.22} 80.30f 63.91] 32.90
2585 57.61| 25.15 86.30| 27.75 75.00| 30.35 63.69] 42.95

22.60 86.09] 27. 74.78] 30.40] 63.48] 33.00

22.65 '—asﬂ%_ﬁs 30.45 €3.26| 33.05

22.70 85.65 27 74.35| 80.50] 63.04] 33.10 . 7
2275 85.43 74.13| 30.55 sz.asl 33.15]  51.52] 25.91| 40,95

28.70¢ 41.00

22.60f 96.52 85.22 28. 73.61] 80.60] 62.61] 33.20
85.00] 2B. 73.69] 30.65 62.39] 5 28.48] 41.05
84.78, 28.10] 73.48] 30.70] 62.17

28.26] 41.10
2604 41.15
27.830 4120
27.61] 41.25
27.39, 41.30

84.56| 28,15 73.28| 30.75] 61.96
84.35[ 9B.20 7a.04] 30.80] 61.74]
B4.13] 28.25| 7283 30.85| 61.52
; B83.91] 28.30] 72.61] 30.80] 61.30] 33.
00| 25.75, 83.69 26.35]  72.38] 30.95 e1.osl 33.55
23.20 94.7'1& zsg 63.48] 2840 7217| 31.00] 60.87] 33.60 41.40
D3.25| 0450 25.85 B3.26| 28.45 71.96] 31.05] 60.65| 33.65 26.74] 41.45
23.30] 94.35| 2590, ©3.04] 2550, 71.74] 51.10] 60.43| 33.70{ 49.13] 3630, 37.83 38.90] 26.5 41.50
2335 ©94.13] 2595 6282 2655 7152 51.15| 60.22] 33.75| 48.01] 36,95 O7.61| 36.95 2630, 4155 15.00 44.15| 3.70
2340] 0301] 26,000 6261| 28.60, 71.80| 31.20, 60.00| 33.80] 48.70} 86.40] 37.39| 39.00) 2623 31.60] 14.79 44.2_01—_::‘.—2{
2345 9369 26.05] 8230 28.65 71.00| 3125 S0.76] 33.65, 4845 86.45 37.17] 39.05] 25.87] 41.65] 1457, 4425 0.00|
2350 99.48] 26.10] B2.17| 28.70, 70.87] 31.30| 50.56] 33.90] 48.26] 36.50] 36.96] 39.10] 255 41.70] 1435 44.30] 304
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1. SUBMITTED MIX DESIGN GUIDELINES

For all projects, the contractor will supply the Michigan Department of Transportation (MDOT)
a SUBMITTED MIX DESIGN (SMD). The SMD must be prepared by a private testing
laboratory, either the contractor or consultant. SMD's must be prepared in accordance with MTM
322-97, Michigan Test Method for Bituminous Marshall Mix Design Procedure.

Qualifications of the contractor/consultant laboratory to submit Submitted Mix Designs to the
MDOT: The laboratory must participate in MDOT's Round Robin Mix Design Testing Program
and AASHTO Materials Reference Laboratory yearly iaboratory inspection.

When a contractor uses a consulting laboratory to supply a mix design, the contractor must
authorize in writing that the consultant acts as the contractor's agent on mix design issues for the

project.

MDOT will only accept one passing design per course, per project. The maximum number of
designs per course, per project, that any one contractor/consultant laboratory may submit is two.

~ Submittal of a submitted mix design shall be made to the MDOT, Materials and Technology
| Laboratory, Bituminous Mix Design Unit, 8885 Ricks Road, P.O. Box 30049, Lansing,
Michigan, 48909. Acceptance for evaluation requires a person from the Bituminous Mix Design
Unit to review the paperwork and submitted material. Upon acceptance, the MDOT will have 7
calendar days to evaluate the submitted mix design. SMD's received after 11.45 a.m. w1ll start
the 7 calendar day clock on the next scheduled work day.

The Project Engineer may require a new mix design from the contractor on materials at any time
it is determined necessary.






2. SUBMITTED MIX DESIGN

The Bituminous Mix Design Unit's evaluation of the -submitted mix design will be done as
follows:

Review the submitted documentation and materials for compliance with project
specifications.

Evaluate the design by entering and running the submitted mix design data with MDOT's
Bituminous Mix Design Computer Program.

Evaluate Reclaimed Asphalt Pavement (RAP) to determine if the percent virgin to percent
recycled conforms with MDOT procedures.

Test the following physical properties of the aggregate for compliance to Specification:
Aggregate Wear Index (AW}
Angularity Index (AI)
Soft Stone
Percent Crush
Current Los Angeles Abrasion Number

Prepare Marshall specimens for testing stability and flow (ASTM 1559), bulk specific
gravity (ASTM 2726).

Prepare specimens for maximum theoretical specific gravity (ASTM 2041).

Perform a gradation and asphalt analysis on mixture submitted and compare results to the
mix design and evaluation on:

Aggregate gradation

Percent crush

Recovered asphalt cement penetration

Percent of recovered asphalt cement



MATERIALS REQUIRED:

1. 3-5000 gram samples of mrxture @ pomt closest to / at optrmum asphalt content.

2. 1 - 6700 gram sample of mixture @ optimum asphalt content.

3.2- 1400 gram sample of blended aggregate

4. 800 gram sample passing 2.36 mm (No. 8) sieve and retained 0.60 mm (No. 30) sieve
for the final blend. This material will be used in determining the Angulatity Index (AI).
All material must be washed and dried.

5. Individual Aggregate Wear Index (AWT) samples for each aggregate requiring an AW]
value.

DOCUMENTATION REQUIRED:
1. Form 1820 - Contractor Bituminous Mix Design Communication.

2. Form 1923 - Sample Identification.
NOTE: be ipcluded i i I 1

3. Form 1813 - Submitted Mix Design Summary Sheet.
4. Form 1822 - Marshall Mix Design Work Sheet.
5. Form 1806 - Theoretical Maximum Specific Gravity.
6. Form 1849 - Bituminous Mix Design Checklist.

7. Provide documentation of Quality Control Testing of RAP Stockpile.
NOTE: onlv if RAP is included in the mi

8. Mix Design Regression Analysis




TOLERANCE LIMITS* FOR MDOT VERIFICATION OF SUBMITTED MIX DESIGNS

1. Bulk specific gravity of mixture + 0.026 |

2. Theoretical maximum specific .gravity £ 0.01%

3. Air voids + 1;00

4. Asphalt content + 0.3%

5. % crush must meet specification for project

6. Verification tolerance for crush particle content + 15%

7. Angularity index must meet specification for project

8. Stability must meet specification for project

9. Flow mmust meet specification for project

10. Aggregate gradation must meet design master gradation specification
11. Sieve 25.0 mm thru 9.50 mm + 3.0%

12. Sieve 4.75 mm thru 0.30 mm + 2.0%

13. Sieve 0.15 mm thru 0.075 mm + 1.0%

14. If the penetration results from the extracted mixture qualifies for a price adjustment
per Table 501.04 of the Special Provision, the SMD will be considered a failing design.

*SMD's that meet all tolerance limits will be reported out as passing.
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3. MARSHALL VOLUMES

The MS-2 Manual® recommends that the correct size of a compacted 4" Marshall is 63.5 £ 1.27
mm. This is equivalent to a volume of 515 + 8. If the Marshall height or volume falls outside

the limits, the amount of mixture used for the specimen may be adjusted using:

Adjusted weight of mix = 515 * weight of mix used

volume measured

(1) Mix Design Methods for Asphalt Concrete (MS-2) , Asphalt Institute, Research Park Drive, P.O. Box 14052,
Lexington, Ky. 40512-4052



_’0_




4. SUPERPAVE MIX DESIGN GUIDELINES

For all projects containing the Special Provision for Superpave Bituminous Mixtures, the
contractor will supply the Michigan Department of Transportation (MDOT) a Superpave Mix
Design. The Superpave Mix Design must be prepared by a private testing laboratory, either the
contractor or consultant. Superpave Mix Designs must be prepared in accordance with the
SUPERPAVE MIX DESIGN MANUAL (SP-2)*.

Qualifications of the contractor/consultant laboratory to submit Superpave Mix Designs to MDOT:
the laboratory must participate in MDOT’s Round Robin Mix Design Testing program and
AASHTO Materials Reference Laboratory yearly laboratory inspection.

If a contractor uses a consulting laboratory to supply a mix design, the contractor must authorize
in writing that the consultant acts as the contractor’s agent on mix design issues for the project..
MDOT will only accept one passing design per course, per project. The maximum number of
designs per course, per project, that any one contractor/consultant laboratory may submit is two.

Submittal of a Superpave Mix Design shall be made to:

MDOT, Materials and Technology Laboratory

Bituminous Mix Design Unit

8885 Ricks Road, P.O. Box 30049

Lansing, Michigan 48509
Acceptance for evaluation requires.a person from the Bituminous Mix Design Unit to review the
paperwork and the submitted material. Upon acceptance, MDOT will have 14 calendar days to
evaluate the Superpave Mix Design. Superpave Mix Designs received after 11:45 a.m. will start
the 14 day calendar clock on the next day.

“The Project Engineer may require a new mix design from the contractor on materials at any time
it is determined necessary.

* Superpave Mix Design, Superpave Series No. 2 (SP-2). Asphalt Institute, Research Park .

Drive, P.O. Box 14052, Lexington, Kentucky 405124052

—1 1-
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5. SUPERPAVE MIX DESIGN

The Bituminous Mix Design Unit's evaluation of the Superpave Mix Design will be done as
follows:

Review the submitted documentation and materials for compliance with project
specifications.

Evaluate the design by entering and running the Superpave Mix Design data with MDOT’s
Bituminous Mix Design Computer Program.

Test the following physical properties of the aggregate for compliance to specification:
Aggregate Wear Index (AWI) - for top course material only
Angularity Index (NAA Method A)
Flat and elongated particles
Soft stone _
Permanent crush (1/2 sides)
Current Los Angeles Abrasion number
Fine Aggregate Bulk - SSD - apparent specific gravities and % absorption
Coarse Aggregate Bulk - SSD - apparent specific gravities and % absorption

Prepare gyratory specimens per Superpave Mix Design Manual (SP-2) for bulk specific
gravity (ASTM 2726).

Prepare specimens for maximum theoretical speciﬁc gravity (ASTM 2041).

Perform a gradation and asphalt analysis on mixture submitted and compare results to the
Superpave Mix Design and evaluation on:

Aggregate gradation

Percent crush

Recovered asphalt cement penetration

Percent of recovered asphalt cement

Perform Tensile Strength Ratio Test on the mixture at 7% air voids.

_1 3_



MATERJALS REQUIRED:

1. 2(%) - gram samples of m1xture at opnmum asphalt content.

2. 1 - 2300 gram sample of mixture @ point closest to/at optimum asphalt content.
(Theoretical Maximum Specific Gravity).

3. 1- 6700 gram sample of mixture @ optimum asphalt content. (Asphalt Pavement
Analyzer)

L4

4, 2 - 1500 gram samples of mixture @ point closest to/at optimum asphalt content.
(Extraction - Asphalt Ignition Furnace)

5. 2 - 1400 gram samples of blended aggregate. (Calibration of Asphalt Ignition
Furnace)

6. 1 - 190 gram sample blended angularity index. (N.A.A. Method A)
7. 8 - TSR samples @ 7% air voids, 95 mm height, 150 mm mold.

8. Individual Aggregate Wear Index (AWI) samples for each aggregate which requires
an AWI value

oreoate or if

9. 1 - 2000 gram sample of blended aggregate, plus 4.75 mm sieve. {Coarse Aggregate
Specific Gravity) .

10. 1 - 1400 gram sample of blended aggregate, 1.18 mm sieve minus. (Fine Aggregate
Specific Gravity)

11. If the 2.36 mm sieve has 25% or greater retained, 1 - 2000 gram sample. Otherwise,
the 2.36 mm sieve is not used for aggregate specific gravity.

12. 1 - 1400 gram sample of blended aggregate, passing 4.75 mm sieve. (Sand Equivalent
Test)

RAP MIXES:
1.1-2-3-6-7-8-9-10-11 and 12 above all apply.
2. 2 - 1900 gram samples of mixture @ point closest to/at optimum asphalt content.

* We want the weight of the mix to compact to 115 mm lieight at N max. See section later
in this Procedures Manual on estimating the correct gyratory weight.

_14_




DOCUMENTATION REQUIRED:

1. Form 1855 - Superpave Bituminous Mix Design Communication

2. Form 1923 - Sample Identification

NOTE: Must be included in each sample package.

3. Form 1858 - Superpave Mix Design Summary Sheet

4. Form 1806 - Theoretical Maximum Specific Gravity work Sheet

5. Form 1851 - ijratory Compacted Bulk Specific Gravity Work Sheet
6. Form 1862 - Superpave Mix Design Checklist

7. Provide documentation of Quality Control Testing of RAP Stockpiles. This includes
a minimum of 10 Theoretical Maximum Specific Gravities performed on stockpile.

NOTE: Only if RAP js included in the mixture.
8. Combined gradation plotted on 0.45 power gradation chart.
9. Form 1859 - Coarse Aggregate Bulk Gravity

10. Form 1860 - Fine Aggregate Bulk Gravity

11. Mix Design regression Analysis -

12. 3 1/2 disk containing gyratory data (Pine Pave)
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TOLERANCE LIMITS FOR MDOT VERIFICATION OF SUPERPAVE MIX DESIGNS:

—

. Compacted bulk specific gravity of mixture + 0.020

2. Theoretical maximum specific gra‘}ity + 0.013
3. Air voids + 1.00
4. Asphalt content + 0.3%
5. % crush must meet specification for project
6. Verification tolerance for crush particle content I 15%
7. Angularity index must meet specification for project
8. Aggregate gradation must meet design master gradation specification
9. Sieve 25.6 mm through 9.50 mm + 3.0%

10. Sieve 4.75 mm through 300 um + 2.0%

11. Sieve 150 pm through 75 wm + 1.0%

12. If the penetration results from the extracted mixture qualifies for a price reduction per
Table 501.04 of the Special Provision for Price Adjustment on Asphalt Binder, the
Superpave Mix Design will be considered a failing design.

13. The tensile strength ratio must meet a minimum 80%

14. Fine aggregate bulk-SSD-apparent specific gravity + 0.028

15. Coarse aggregate bulk-SSD-apparent specific gravity & 0.028

16. MDOT gyratory test results must meet all project specifications

_‘[5..
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6. GYRATORY SAMPLE HEIGHTS

The correct height of 2 compacted gyratory sample at N max is 115 mm + 2 mm. If the gyratory
sample height falls outside the limits, the amount of mixture used for the sample may be adjusted,
using:

Adjusted weight of mix = 115 * weight of mix used

height measured

For the mixture samples submitted @ point closest to/at optimum asphalt content for gyratory
compaction. Adjust the submittal weight so MDOT compacts to a 115 mm height at N max.

..‘18_
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7. MIX DESIGNS WITH RECLAIMED ASPHALT PAVEMENT (RAP)

The Contractor may substitute Reclaimed Asphalt Pavement (RAP) for a portion of the new
materials required to produce bituminous mixture for a project. The mixture shall be produced
in accordance with Section 501 of the 1996 Standard Specifications, or as modified herein.

Reclaimed Asphalt Pavement stockpiles shall be completely established at the plant site prior to
submission of the mix design samples. There shall be sufficient RAP in the stockpile to meet the
material requirements of each mixture that a recycled mix design is approved for, per project, or
the contractor will provide a mixture with all virgin materials at the same unit price. RAP for
bituminous mixtures shall be processed to a size compatible to the mixture specified. An
Aggregate Wear Index (AWI) value of 240 will be assigned to all RAM. The contractor shall
provide Quality Control testing of the RAP during the processing and stockpiling operation in
accordance with the following schedule:

1. One complete mixtufe analysis every 1000 tons of RAP (minimum of 3).

2. One penetration test on the recovered asphalt cement every 3000 tons of RAP
(minimum of 2).

3. A minimum of 10 theoretical maximum specific gravity tests showing TMDs and GSEs.

Documented evidence of testing and accumulated tonnage in the stockpile (tonnage may be
estimated) must be provided to the MDOT Materials and Technology Laboratory before a mix
design will be processed.

The contractor will be required to meet the minimum penetration values for recovered asphalt
cement shown in Table 501.04 of the Special Provision for Price Adjustments on Asphalt Binder.

-20_




CALCULATION OF THE VIRGIN AGGREGATE
COMBINED GRADATION
FOR MIX DESIGNS WITH RAP

Combined Gradation With RAP

PIT NUMBER 95-5 41117 41-117 95-5 COMBINED
TYPE OF 3/8 3/8-4 #4-0 DOLOMITE GRADATION
AGGREGATE RAP CLEAR SAND
PERCENT OF 20.0 20.0 18.0 25.0 17.0
19.0 mm 100.0 100.0 100.0 . 100.0 100.0 100.0
12.5 mm 99.0 88.8 100.0 100.0 100.0 99.6
8.5 mm 75.0 62.3 99.8 100.0 100.0 g87.4
4.75 mm 586.0 7.1 11.9 g89.5 93.4 53.0
2.36 mm 32.0 4.3 3.0 56.8 37.1 28.3
1.18 mm 21.0 3.5 2.1 34.9 22,5 ' 17.8
600 um 17.0 2.8 1.7 22.6 16.7 12.8
300 um 14.0 23 1.5 13.3 13.0 9.1
150 um 11.0 2.0 1.3 6.3 8.7 5.9
75 um 7.6 1.5 1.1 4.0 5.0 3.9
Crush, Ret.#4 100.0 100.0 86.4 84.3 100.0 95

To obtain a combined gradation without the RAP, use the following formuia to calculate each of the*
: virgin aggregate adjusted percentages.

Virgin aggregate adjusted percentage = {mix design virgin aggregate percentage from mix design} /
: {{100-RAP percentage} / 100}

Exampie for 3/8-4 aggregate from Pit 41-117:
{18) / ({100-20} / 100)
18 /.80
22.5%

Using the individual virgin aggregate adjusted percentag_es, and the respective aggregate stockpile
gradations, compute the biended combined gradation of the belt sample.

Combined Gradation of the Belt Sample

PIT NUMBER 95-5 41-117 41-117 95-5 COMBINED o
TYPE OF 3/8 3/8-4 #4-0 DOLOMITE GRADATION K
AGGREGATE RAP CLEAR SAND
PERCENT OF 25.0 225 31.25 21.25
19.0 mm 100.0 100.0 100.0 100.0 100.0 100.0
12.5 mm 89.0 98.8 100.0 100.0 100.0 89.7
‘9.5 mm 75.0 62.3 99.8 100.0 100.0 90.5
4,75 mm 56.0 7.1 11.9 89.5 93.4 52.3
2.36 mm 32.0 4.3 3.0 56.8 37.1 27.4
1.18 mm 21.0 3.5 2.1 34.9 22.5 17.0
600 um 17.0 2.8 1.7 22.6 16.7 11.7
300 um 14.0 2.3 1.5 13.3 13.0 7.8
150 um 11.0 2.0 1.3 6.3 B.7 4.6
75 um 7.6 1.5 1.1 4.0 5.0 2.9
Crush, Ret.#4  100.0 100.0 86.4 g84.3 . 100.0 93

..2"-.-
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8. SUBMITTED MIX DESIGN TIME PERIOD (SEVEN CALENDAR DAYS)

MDOT will have 7 calendar days in which to review the submitted mix design.

The 7 calendar day time period begins when the mix design submittal forms and materials are
deemed to be complete and correct by the Bituminous Mix Design Unit.

The mix design may be refused, or the review and the 7 calendar day time period stopped, for the |
following situations (but not limited to):

1. Evaluation of mix design results indicate a failing design.
2. Incorrect or insufficient material is submitted.
3. Aggregate(s) do not meet physical requirements specified for the project.

4. The contractor-requested combined gradation does not meet Table 501-2 Master
Gradation Range in the 1996 Standard Specifications or Special Provision.

5. Incorrect calculation of ABR for mix designs incorporating RAP.
6. No project office review and signature.

7. Incomplete documenfaﬁon.

8. Lacks a current Los Angeles Abrasion Nurriber.

9. Contractor suspends interest in submitted material.

Restart of the seven calendar day clock will commence upon the timely response by the contractor
in efforts to resolve any discrepancies in the submittal.

The contractor, Traveling Mix Inspector and/or the Project Engineer will be notified of situations

that require cancellation of a Bituminous Mix Design submittal for reasons such as those listed
above.
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8. SUPERPAVE MIX DESIGN TIME PERIOD (FOURTEEN CALENDAR DAYS)

MDOT will have 14 calendar days to review the Superpave Mix Design.

The 14 calendar day time period begins when the Superpave Mix Design submittal forms and
materials are deemed to be complete and correct by the Bituminous Mix Design Unit.

The Superpave Mix Design may be refused, or the review and the 14 calendar day time period
stopped, for the following situations (but not limited to):

1. Evaluation of Superpave Mix Design results indicate a failing design

2. Incorrect or insufficient material is submitted

3. Incomplete documentation.

4. Aggregate(s) do not meet physical requirements specified for the project

"5. The contractor requested combined gradation does not meet Table 10 Aggregate
Gradation Requirements of the Special Provision for Superpave Bituminous Mixtures.

6. No project office review and signature.
7. Lacks a current Los Angeles Abrasion Number.
8. Contractor suspends interest in submitted material.

Re-start of the 14 calendar day clock will commence upon the timely response by the contractor
in efforts to resolve any discrepancies in the submittal.

The Contractor/Consultant, Traveling Mix Inspector and/or the Projectl Engineer will be notified

of situations requiring cancellation of a Superpave Mix Design submittal for reasons such as those
listed above.

_zq-
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9. AGGREGATE REQUIREMENT

NEW AGGREGATE SOURCE

If the aggregate source is new, the contractor must submit to the District Materials Unit a legal
description for the new source and directions for driving to the location so a pit number may be
assigned.

LOS ANGELES ABRASION NUMBER

Los Angeles Abrasions values are required on all new and existing aggregate sources. A Los
Angeles Abrasion test is required if the percent retained on the 4.75 mm sieve is greater than 10
percent, or the percent retained on the 2.36 mm sieve is greater than 35 percent. An aggregate
source with an L.A.Abrasion value lower than 35 is valid for 5 years, provided there are 3 L.A.s
at 35 or under on record. If an aggregate source has an L.A.Abrasion value over 35, a minimum
of one per year is required. If an L.A.Abrasion is required, contact your District Office to take
the sample for submission to the Lab.

AWI SAMPLES

For each aggregate requiring an AWI number, the following procedure applies. Start with a 2500
gram sample and separate the retained 4.75 mm, 9.50 mm, and 12.5 mm aggregate by sieving.
Wash each 51eve size and dry For each sieve size count out 300 partlcles and place in a small bag

10% MINIMUM AGGREGATE REQUIREMENT

No less than 10% of any single aggregate is allowed in the mix design, excluding inineral filler
or baghouse fines. With written permission from the Project Engineer or the Traveling Mix
Inspector, less that 10% of single aggregate may be allowed. The written permission must be
included with the mix design submittal.

SUPERPAVE FINE AGGREGATE ANGULARITY

Fine aggregate angularity will be tested per Test Method for Uncompacted Void Content of fine
Aggregate, ASTM C 1252, Method A. All aggregates including RAP which have material
retamed on the 1.18 mm, 600 ,um 300 um and 150 urn are to be used in the blcnd

-26_
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10. NOMOGRAFPH

If a nomograph exists for an aggregate which requires an AWI value, the AWI number from the
nomograph will be used for the mix design. An aggregate sample should still be submitted so the
nomographs may be updated on a yearly basis.
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Ve fmmen  CONTRACTOR'S BITUMINOUS MIX DESIGN COMMUNICATION

1820 (2/95)
This information is required by the Michigen Departrent of Transportation for mix design, The CONTRACTOR is responsible
for complate and accurats information on this form. Feilure to supply this information will result in delsy of Stuminous Pevin.

Complete end returmn to Michigen Department of Traneportation, Materiaks & Technology Division, P.O. Box 30048, Lenaing, M! 48909,
CONTROL SECTION JOB NUMBER

CONTRACTOR ROUTE & LOCATION

PLANT NUMBER PLANT LOCATION

BITUMINCUS MIXTURE
- [Circie One) 2C 2B ac 3B 4C 4B 13A 13 11A OTHER

AGG, AGG., AGG. AGG, AGG. AGG.
A B c D E F

MASTER

PIT NUMBER . ‘ GRAD-
ATION

AGGREGATE TYPE RANGE

BLEND % CDMBINED
{10% Minimum) GRADATION

P37.5mm

P 25.0 mm

P 15.0 mm

P 12.5 mm

P 5.50 mm

P 4.75 mm

P 2.36 mm

P 1.18 mm

AVERAGE GRADATION

f P 0.60 mm

P 0.30 mm

P C.1 5mm

TOTAL
P 0.075 mm

CRUSH COUNT

L.A. ABRASION Value/Yeasr

ANGULARITY INDEX

AWl
NOMOGRAPH
ASPHALT CEMENT SUPPLIER i ) GRADE

NAME (Print or Type) DATE PHONE NUMBER

SUBMITTED '
BY: SIGNATURE { )

DATE REC'D 8Y LAB PROJECT OFFICE NOTWICATION (Signature} DATE




dicheggan Dapartmant
of Transportation

_wwess GUBMITTED MIX DESIGN SUMMARY SHEET

ZONTRACTOR CONSULTANT

SONTROL SECTION 1D, JOB NO. . TYPE OF MIXTURE

" MARSHALL MiX PROPERTIES AT TESTED & OPTINL S
RECOMMENDED

. TEST POINTS OPTIMUM
ITEM Regression Value at
Actual Test Data Optimum Asphalt
Content

\SPHALT CONTENT { % )

IULK SPECIFIC GRAVITY (Compacted}

"HEORETICAL MAXIMUM [S.G.)

JRVOIDS { %)

'QIDS IN MINERAL AGGREGATE % (VMA)

. 7"DS FILLED WITH ASPHALT % (VFA}

TABILITY { LES. }

Low { Q.01 IN. }

OMPACTIVE EFFORT { BLOWS )

ASPHALT CONTENT OF SUBMITTED MIX DESIGN

The submitted mix design shall have a minimum of 4 test points at 0.5 percent asphalt content increments.
At least one full asphalt content (0.5%) above and below optimum asphalit content is required.




Michigan Departmare MARSHALL MIX DESIGN.

of Transportation
3822 (12/00)

PROJECT NUMBER DATE MiX DESIGN NUMBER
CONTRACTOR : © |TYPE SAMPLE
A 8 * C D E UNIT MARSHALL
SAMPLE WEIGHT SSD WEIGHT vOLUME ACTUAL WEIGHT STABILITY FLOW
1N AIR WEIGHT tN WATER | OF SAMPLE SPG. GR. | (1B /CU, FT.) {(LBS. ACTUAL) {019
{B - C) (A1 D)
AVERAGE ¢
AVERAGE
AVERAGE
AVERAGE

TESTER CHECKED BY




e owenmet THEORETICAL MAXIMUM SPECIFIC GRAVITY

RS OF BITUMINOUS PAVING MIXTURES

| MODIFIED ASTM D 2041 (RICE METHOD)
ROJECT NUMBER ) MIX DESIGN NUMBER
ONTRACTOR

% ASPHALT BINDER

ASPHALT SPECIFIC GRAVITY

SAMPLE and BOWL WEIGHT in AIR, g A

BOWL WEIGHT in AIR, g

SAMPLE WEIGHT in AIR, g C=A-B
SAMPLE and BOWL in WATER, g D
BOWL in WATER, g E

~ SAMPLE in WATER, g F=D-E
VOLUME, cc G=C-F
Gmm C/G
Gse

% ASPHALT BINDER

ASPHALT SPECIFIC GRAVITY

SAMPLE and BOWL WEIGHT in AIR, g A
BOWL WEIGHT in AIR, g B
SAMPLE WEIGHT in AIR, g C=A-B
SAMPLE and BOWL in WATER, g D
BOWL in WATER, g E
SAMPLE in WATER, g F=D-E
VOLUME, c¢ G=C-F
Genm CIG
Gse

AVERAGE G,

URCE AND GRADE OF ASPHALT CEMENT USED DATE TESTED

STER CHECKED BY




"

Michigan Depsrtment

of Transportetion ANGULARITY INDEX OF FINE AGGREGATES

1828 (N2/92)

MIiX DESIGN NO. MIX TYPE CONTRACTOR

AGG. LAB # AGGREGATE TYPE PIT # 9% OF MiX BLEND WT. 7
gram
Ws Vit Vsa Vs Vv e
WEIGHT OF TOTAL SAMPLE VDLUME VOLUME ANGULARITY
SAMPLE VOLUME VOLUME . S0UDS VOIDS VOID RATIO
‘ Vt-100ml Vea-Vs Vv/vs
e, AVERAGE
ANGULARITY INDEX = 10*{e,avg-0.6) =
AGG. LAB # AGGREGATE TYPE PIT £ % OF MIX BLEND WT.
gram
Ws Vi Vsa Vs Vv e
WEIGHT OF TOTAL SAMPLE VOLUME VOLUME ANGULARITY
SAMPLE VOLUME VOLUME soLUoSs VOIDS . VOID RATIO
Vt-100ml Vsa-Vs ~ VwviVs
e, AVERAGE
ANGULARITY INDEX = 10*{e,avg-0.6) =
AGG.LAB # AGGREGATE TYPE |PiT % OF MiX BLEND WT. E
' gram:
Ws Vit Vsa Vs Vv e
WEIGHT OF TCTAL SAMPLE VOLUME VOLUME ANGULARITY
SAMPLE VOLUME VOLUME SOLIDS VOIDS VOID RATIO
: Vt-100mi Veea-Vs Vv/Vs
- . e, AVERA™C

ANGULARITY INDEX = 10*(e,avg-0.6) =




dichigan Department FILE 300

of Transportation SAM P L E ONTROL SECTION(S}
~ 1923 {1/88) '
, IDENTIFICATI ON JOB NO/P.O. NO. DATE SAMPLED

Send sampies to MDOT, M&T Laboratory,
8885 Ricks Rd., Lansing. Michigan 48909 TAE RO BATERECEWVED
SEE INSTRUCTIONS BELOW

- NAME OF MATERIAL

SOURCE . . ADDRESS/PIT NO.
MANUEACTURER ADDRESS

SAMPLED FROM:

BUANTITY OF MATERIAL REPHAESENTED BY SAMPLE

CONSIGNED TO:

SAMPLED BY: TITLE

SUBMITTED B8Y: TITLE

INTENDED USE

SPECIFICATION SENDER'S SAMPLE 1.D.

IEMARKS:

NOTE: The ID is the sote basis {or identification and distribution of the report.
PLEASE BE ACCURATE
ONTROL SECTION NO. — Or¢ General, Tested Stock or name of other Agency
OB NO. — As given or PURCHASE ORDER NO. — H applicable
{AME OF MATERIAL — As shown in Standard Specifications; for Soits Testing use Soil or Granular Material as appropriate
:OURCE — Coniractor. sudphar, or producer {and pil name for aggregates}; location for naturally occurring materials
.DDRESS — Agdress of source (cily & state or county}, include pit number for aggregates
AANUFACTURER - 1l appropriate
\DDRESS — Acddress of manufacturer if appropriate )
;AMPLED FROM — Indentifiable lot or batch number, car or tank number, and/or specific location, project site, source, etc.
JUANTITY REPRESENTED — Number of gailons, tons, pieces, etc.
TONSIGNED TO — |f sampted al source other than project, state to whom and where the material is to be shipped
iAMPLED BY — Name & Title if different from submitter
NTENDED USE — State material’s use in general terms
iPECIFICATION — As catled for. For Example:
Grade 35S. 18 Std Spec (for concrete test specimen) or

" Class Il, 19___._ Std Spec (for granuiar material} or
22A, 19_.__ Std Spec {for aggregates) or
19 Std Spec {for block, steel bars, fencing, etc.)

indicate il specification is a supplemental and if gradation or other property requirements have been modified
;ENDERS SAMPLE ID — Sample number, test hole, etc., to identify sample (Not sender's name}
IEMARKS — Siatz special tests 1o be run, if sample is rush or resample, and if resuits are to be phoned., state to whom & phone number
NDICATE PURPOSE OF SAMPLE — Acceptance, Certification Verification, independen: Assurance, Information, 32,




Mot Tensooraion BITUMINOUS MIX DESIGN CHECKLIST

1849 (2/97}
ALL ITEMS MUST BE CHECKED OR FILLED IN AND VALID, OR THE REVIEW PROCESS WILL STOP. .
COMPANY NAME SUBMITTED BY DATE TIME .
CONTROL SECTION JOB NO, MIX TYPE
PAPERWORK REVIEW YES NO SAMPLE SUBMITTAL YES NO
Resubmittal OO 3 - 5000 gram mixture samples at point D B
closest tofor at optimum asphait content
N ‘ Identify on form 1813 the asphalt content of the
Blend 9% adds up to 100% D D submitted mix.

I:I I:] 2 - 1400 gram samples of blended aggregate - D D
‘ NOTE: If RAP is used in the mix design, these aggregats

samples ara not required.

Pit numbers filled in

Pit numbers on the communication D D
sheet correlate with the pit numbers

on the sample identification sheets : o
1 - BOO gram blended anguiarity index sample D D

Aggregate types filled in D D
Aggregate types on the communication -
sheet correlate with the aggregate types || || | Individual AWl samples OO

on the sample identification sheets

Master gradation range filled in [ [ | 1-670 gram mixture sample at optimum  [7] []
asphalt content

Combined gradation filled in HEN
Crush count filled in (1 [] | PAPERWORK YES N
| Contractor’'s Bituminous Mix Design D D
Angularity index filled in ] [ Communication {form 1820)
Contractor's Furnished Bituminous D D

Combined gradation meets specification D D Mix Design Summary (form 1813)

Crush count meets specification [] [ | Marshall Mix Design Worksheet (form 1822) ] O
- g ‘ Theoretical Maximum Specific Gravity of

Angularity index meets specification D D Bituminous Paving Mixtures (form 1806) D D
Current L.A. Abrasion number and year I:I D Contractor Furnished Mixed Design Data D D
filled in for each aggregate source {form 1814) ’
ifthisisa 1T1A- 13- 13A mixture, e e
does the sand ratio pass? D D Sample Identification {form 1923} D D 1

i !
Does the mix pass fines/asphalt ratio? HEE gfogir;egttg;ﬂlg; Quality Control Testing 0O :
For top course mixtures, are the AWI D D
values from the nomographs?
ined AWI .

Does the combine value I:] D Project office review and signature D D

meet specification?

Is each sample submitted accompanied by I:' D
a Sampie |dentification form {form 1923}?

Asphalt cement grade used in the mixture

Asphalt cement grade required for the project




APPENDIX C

Superpave Mix Design Forms




CONTRACTOR'S SUPERPAVE BITUMINOUS MiX DESIGN COMMUNICATION

This information is required by the Michigan Department of Transportstion for mix design, The CONTRACTOR is responsible
for complete end sccurate information on this form. Failure to supply this informstion wiil result in delay of Bitumninous Psving.
Complste and retum to Michigan Department of Trensportation,
Materisle & Technoiogy Division, PO, Box 30049, Laneing, Ml 48909,

MDOT 1855 N{2/97)

CONTROL SECTION

JOB NUMBER

CONTRACTOR

ROUTE & LOCATION

PLANT NUMBER

PLANT LOCATION

BITUMINOUS MIXTURE

AGG. AGG.

AGG. AGG.
D

AGG.

AGG.

PIT NUMBER

CONTROL
POINTS

AGGREGATE TYPE

BLEND %
{10% Minimum)

20NE

RESTRICTED

COMBINEC
GRADATIO

P 37.5 mm

|

P 25.0 mm

P12.0mm

P12.5mm

P 9.50 mm

P 4.75 mm

P 236 mm

|
!
|
|
|
|
|

P 118 mm

P .60 mm

AVERAGE GRADATION

P 0,30 mm

P Q.15 mm

TOTAL
P Q.075 mm

CRUSH COUNT ¥ SIDE

L.A. ABRASION
Vailua/Year

NAA ANGULARITY INDEX
IMETHDD A}

AW NOMOGRAPH

COARSE AGGREGATE
BULK SPECIFIC GRAVITY

FINE AGGREGATE
BULK SPECIFIC GRAVITY

FLAT & ELONGATED

ASPHALT CEMENT SUPPLIER

GRADE

SPECIFIC GRAVITY

SUBMITTED

NAME (Print or Typel}

DATE

BY: SIGNATURE

PHONE NUMBER

{ }

DATE REC'D BY LAB

PROJECT OFFICE NOTIFICATION (Signatura)

DATE




songmoweme: SUBMITTED SUPERPAVE MIX DESIGN

of Transportation

SUMMARY SHEET

3

CONTRACTOR CONSULTANT

CONTROL SECTION L.D. JOB NO. ‘ : TYPE OF MIXTURE
INITIAL GYRATIONS DESIGN GYRATIONS MAXIMUM GYRATIONS
DESIGN TEMPERATURE MIXING TEMPERATURE COMPACTOR TEMPERATURE

. SUPERPAVE MIX

PROPERTIES AT TESTED & OPTIMUM ASPHALT CONTENT
RECOMMENDED
TEST POINTS OPTIMUM
ITEM TRIAL BLEND 4 POINT DESIGN Aagression Value at
Optimum Asphalt
#1 #2 #3 FINAL BLEND - Content

ASPHALT CONTENT { % }

BULK SPECIFIC GRAVITY (Compacted)

THEORETICAL MAXIMUM (S.G.}

U \IR VOIDS ( % }

VOIDS IN MINERAL AGGREGATE % {VMA}

VOIDS FILLED WITH ASPHALT % {VFA}

% Gmm®@ N INITIAL

% Gmm @ N DESIGN

SPECIFIC GRAVITY OF
COMBINED AGGREGATE G sh

FINES/EFF ASPHALT RATIO

The submitied superpave mix design shall have a minimum of 3 trial blends and the final blend havz 4 test points
at 0.5 percent asphalt content increments. At.least one full asphalt content (0.5%) above and bzlow optimum
asphalt content is required.

ASPHALT CONTENT OF SUBMITTED SUPERPAVE MIX DESIGN

- ASPHALT SPECIFIC GRAVITY



Michigan Department
of Transportation

GYRATORY COMPACTED BULK SPECIFIC GRAVITY

1851 N(1/97)
PROJECT NUMBER DATE WX DESIGN NUMBER
CONTRACTOR TPE SAMPLE
A B [ C D E
SAMPLE VOLUME OF ACTUAL
ASPHALT WEIGHT IN SsD WEIGHT IN SAMPLE | SPEC. GRAVITY
% AR WEIGHT WATER B Ay
AVERAGE
ASPHALT
%
AVERAGE
ASPHALT
%
AVERAGE
ASPHALT
%
AVERAGE
TZSTER CHECKED BY




woimwme THEORETICAL MAXIMUM SPECIFIC GRAVITY  FT5A
OF BITUMINOUS PAVING MIXTURES 2 £
) MODIFIED ASTM D 2041 (RICE METHOD) ‘
*ROJECT NUMBER MiX DESIGN NUMBER

:ONTRACTOR

% ASPHALT BINDER

- ASPHALT SPECIFIC GRAVITY

SAMPLE and BOWL WEIGHT in AlR, g A
BOWL WEIGHT in AR, g B
SAMPLE WEIGHT in AR, g C=AB
SAMPLE and BOWL in WATER, g D
BOWL in WATER, g E
SAMPLE in WATER, g F=D-E
VOLUME, cc G=C-F
Gmm C/G
G

5€

% ASPHALT BINDER

ASPHALT SPECIFIC GRAVITY

SAMPLE and BOWL WEIGHT in AIR, g A
BOWL WEIGHT in AlR, g ‘ B
SAMPLE WEIGHT in AIR, g C=AB
SAMPLE and BOWL in WATER, g D
BOWL in WATER, g E
SAMPLE in WATER, g F=D-E
VOLUME, cc G=C-F
G;'nrn CIG
. G,

"~ AVERAGE G,

JURCE AND GRADE OF ASPHALT CEMENT USED DATE TESTED

STER CHECKED BY




Michigan Department

FINE AGGREGATE ANGULARITY

.M-DOT
METRIC,

of Transponeton
NAA PROCEDURE (METHOD A) ./
ASTM C 1252 ¥
PROJECT NUMBER DATE : MIX DESIGN NUMBER
CONTRACTOR- TESTER P
. AGGREGATE TYPE PIT NUMBER
- MASS OF NET MASS OF FiNE VOLUME OF BULKX SPEC. GRAVITY
SAMPLE AGG. IN CYLINDER CYLINDER OF FINE AGGREGATE
{grams) F (grams} VvV {mL} G
190 100
190 100
180 100
"AVERAGE F =
UNCOMPACTED VOIDS U=[V-{F/G)]*[100/V]
U= .
STANDARD GRADATION
Retained Mass (grams)
1.18mm sieve 44
600um sieve 57
300um sieve 72
150um sieve 17

TOTAL 190



itign Deparima COARSE AGGREGATE CRUSH CONTENT ﬁ&?ﬂc

of Trensportation
1862 Wi2/97) ONE & TWO FACE CRUSH
" SROJECT NUMBER SAMPLE NUMBER
SONTRACTOR ' SAMPLE DESCRIFTION
TESTER ) DATE
. SIEVE-SIZES | . ONEFACE TWOFACE. | -UNCRUSHED TOTAL
CRUSH WEIGHT CRUSH WEIGHT ‘WEIGHT WEIGHT
‘RETAINED ON ‘
4.75mm
9.5mm & .
_ABOVE I S N S
TOTAL FOR COLUMNS
A B C T=A+B+C
% ONE FACE CRUSH . {A+BYT MINIMUM
% TWO FACE CRUSH B/T MINtHUM

FLAT & ELONGATED CONTENT

FLAT & ELONG. NON FLAT &
SIEVE SIZES WEIGHT ELONGATED
MATERIAL
RETAINED ON
8.50mm & ABOVE !
SIEVES F G H=F+G
9% FLAT & ELONGATED F/H MAXIMIUM -

MARKS




Michigsn Department
of Transportation
1860 N{2/197)

FINE AGGREGATE GRAVITY

CONTROL SECTION LD,

JOB NO,

LAB NUMBER

AGGREGATE TYPE

SOURCE OF AGGREGATE

DATE

TEST NUMBER

FLASK NUMBER

PAN NUMBER

A. Weight of Fiask + SSD Agg.

B. Weight of Fiask

C.= Weight of SSD Aggregate (A - B}

D. Weight of Flask + SSD Agg. + H?*0

E. 'Weight of Flask + H0

F.= Weight of SSD Agg. in H20 (D - E}

G. Weight of Pan + Oven Dry Aggregate

H. Weight of Pan

J.= Weight of Oven Dry Aggregate {G - H)

C-F ({S5D Volume}

J-F (Dry Agg. - Dry Weight)

C-J {53D - Dry Weight) _

Bulk Dry S.G. = J/(C - F} AVERAGE
Bulk SSD S.G. = CHC - F)
Apparent S.G. = J/{J-F)

Absorption, %

i

{HC - WJ] x 100

REMARKS:

TEST PERFORMED BY:




cigan Dapartmen: COARSE AGGREGATE GRAVITY

of Transportatiocn
1859 N{97)
- QNTROL SECTION L.D. JOB NQ. LAB NUMBER
‘ GGREGATE TYPE SOURCE OF AGGREGATE DATE

TEST NUMBER

BUCKET ID

PAN ID

. SSD Agg; + Bucket

Weight of Bucket

.=Weight of SSD Aggregate {A - B}

Weight of SSD Agg. + Bucket in H20

Weight of Bucket in H?0

= Weight of SSD Agg. in H*O (D - E)

Weight of Pan + Oven Dry Aggregate

Weight of Pan

= Weight of Oven Dry Aggregate (G - H)

C-F ({5SD Volume}

J-F (Dry Agg. - Dry Weight}

C-J (5SD - Dry Weight) -

Bulk Dry S.G. = J/C - F) ‘ AVERAGE

Bulk SSD §.G. = C/[C - F)

Apparent 5.G. = J/J - F}

Absorption, % = [{C-J) /J] x 100

MARKS:

TEST PERFORMED BY:




Michigan Department FILE 300

of Transportation SAMPLE mzcnomsn

1923 {1/88)
IDENTlFI CAT' ON {308 NOJ/P.0.NO. TATE SAMPLED

Send samples to MDOT, M&T Laboratory, .
8885 Ricks Rd., Lansing, Michigan 48909 (A NO. BT AECEVED
SEE INSTRUCTIONS BELOW

NAME OF MATERIAL

SQURCE ADDRESS/PIT NO.

MANUFACTURER ADDRESS

SAMPLED FROM:

QUANTITY OF MATERIAL REPAESENTED OY SAMPLE

CONSIGNED TO:

SAMPLED BY: TITLE
“SUBMITTED BY. TITLE

INTENDED USE

SPECIFICATION SENDER’S S5AMPLE 1.0,

REMARKS:

NOTE: The (D is the sole basis
PLEASE BE ACCURATE

CONTROL SECTION NO. — Or General, Tested Stock or name of other Agency
JOB NO. — As given or PURCHASE QRDER NQ., — I{ applicable
NAME OF MATERIAL — As shown in Standard Specifications; for Soils Testing use Soil or Granular Material as apprapriate
SQURCE — Contractor. suppher, or producer {and pit name for aggregates); location for naturally occurring materiais
ADDRESS - Acdress of source (city & state or county), include pit humber for aggregates
MANUFACTURER — It appropriate
ADDRESS — Adadress of manufacturer if appropriate
SAMPLED FROM — Indentifiable 1ot or batch ndmber. car or tank number, and/or specilic tocation, project site, sous-=, etc.
QUANTITY REPRESENTED — Number of gailons, tons, pieces, etc.
CONSIGNED TO — i sampled at scurce other than project, state to whom and where the material is to be shipped
SAMPLED BY — Name & Title u ditferent from submitter
INTENDED USE — State material's use in general terms
SPECIFICATION — As called for. For Example:
Grade 355, 19 Std Spec (for concrete test specimen) or
Class 1l, 19 Std Spec (for granular material) or
22A,19 Std Spec {for aggregates) or
19 Std Spec (for biock, steet bars, fencing, ete.) ‘
indicate it specification is a supplemental and if gradation or other property requirements nzve been modifiad
SENDERS SAMPLE ID — Sample number, test hote, etc., to identify sampie (Not sender’s name)
REMARKS — S1ate special tests to be run, if sample is rush or resampie, and if results are to be phoned, state to w~== & phone number
INDICATE PURPOSE OF SAMPLE — Acceptance, Certification Verification, Independent Assurance, Information, 21s.




sn ann!mm

SUPERPAVE MIX DESIGN CHECKLIST

shalt cement grade used in the mixture

ansportation
32 N(3/97)
2 N ALL ITEMS MUST BE CHECKED OR FILLED IN AND VALID, OR THE REVIEW PROCESS WILL STOP.
 #2ANY NAME SUBMITTED BY DATE TIME
\THOL SECTION JOB NO. MIX TYPE
WORK REVIEW YES NO | VIRGIN MIXES (cont) YES NO
APER YES NO
submittal O 19?NiraAmMﬁr;céeg)angulamy index sample 0
e & )
2nd % adds up to 100% Do 8- TSRLsample_s @ optimum asphalt content at OO
numbeérs filled in OO0 7% air voids
N~ ivi Wear Index (AWI) samples for OO
numbers on the communication sheet OO Individual Aggregate !
~elate with the pit numbers on the sample each aggregate which requires an AWI value
! on sheets 1 - 2000 gram sample of blended virgin aggregate, OO
gregate types filled in D |:| 4,75mm sieve plus
gregate types on the communication sheet 0O O 1- ':435'89;“; ;i:::lzle of blended virgin aggrggaIE. OO
Telate wrlh the aggregate types on the sampie :
tifcation sheets 1 - 2000 gram sample of blended virgin aggregale O
; ; on 2.36mm sieve A
sster gradation range filled in Do NOTE: Only if this sieve has 25% or greater retained
mbined gradation filled in Do 1- 1400 gram sample of biended aggregate, passing O d
& 2 sided crush counts filed in & blend Oog 4.75mm sieve
meels specification RAP MIXES
; ; P 1-2-4-6 (includes extracted RAP) -7-8-9-10- 11 0
Tb_med gradation meets specification O D % 12 for virgin mixes apply
) - . I . t-
arity index filled in & specification 0o 2 - 1300 gram samples of mixture @ point closest ] O
rrent L.A. Abrasion number and year filled in 0o to/at optimum asphalt content
each aggregale source DOCUMENTATION YES NO
. . - o
es the mix pass fines/eflective asphait ratio’ O I:I Form 18§5 -.Superpave Bituminous Mix Design [___| D
es the combined AW value meet specification? [ ] [] | Communication
: Form 1923 - Sample {dentification OO0
sach sampie accompanied by a Sample OGO ! ) v
ntification form (form 1923)? NOTE: Must be.lnclut_!ed in each sample package
Form 1858 - Superpave Mix Design Summary Shee! D D
WWIPLE SUBMITTAL ;
RGIN MIXES YES NO | Form 1806 - Theoretical Maximum Specific Gravity Worksheet [:I D
) gram sampies of mixture @ point closest allm Form 1851 - Gyvrﬁ;rghtigrpaded Bulk Specific Gravity o0
to/at optimum asphalt content
MDOT wants the weight of the mix to Provide documentation of Quality Control Testing of RAP OO0
ompact to 115mm height at N max.) Stockpiles. This includes a minimum of 10 Theoretical
Maximum Specific Gravities performed on stockpile.
2300 gram sample of mixture @ point closest O ] | NOTE: Only if RAP is included in the mixiure
{o/at optimum asphalt content R
Combined gradation plotied on 0.45 power gradation chart g
1500 gram samples of mixture @ pointclosest [ | [] )
lo/at optimum asphalt content Form 1859 - Coarse Aggregate Bulk Gravity D D
. Form 1860 - Fine Aggregate Bulk Gravi
5700 gram sample of mixture @ optimum ogd ggreg vity 0oa
.~ - -sphalt content Mix Design Regression Anaiysis OO
1400 gram samples of blended aggregate O O { 3% disk containing gyratory data (Pine Pave) OO
ject office review and signature o0

shalt cement grade required for the project




APPENDIX D
PROJECT TEST DATA



Appendix D1

QC/QA Test Data
US-2 Dickinson Co.
<1 Million ESAL
-3E1 and 4E1 Mixtures



FILE 300

“|cl'll64~,
p \ control section: NH 22023
. i : : Job Humber: 32295A
A REPORT OF TEST Mix Design No.: 97MD-166
or et Date: JULY 30, 1997
1931 (N9®1)  BITUMINOUS MIX DESIGN
Sample Of: BITUMINOUS MIXTURE NO. ' 3E1
Date Tested: JULY 24, 1997 Specification: 4.00 MOD, 1990 STD. SPECS.
MATERIALS USED .
Agg.# Material _ Type Source Percent SP.GR.
_ ASPHALT CEMENT PG 58-28 KOCH ' - 1.025
1 COARSE 7/8X5/16 PIT # 22-08 ' 43.0%
.2 COARSE 31A PIT # 75-05 23.0%
3 DENSE 3/8-SAND PIT # 22-08 -16.0%
4 FINE MAN SAND PIT # 22-08 17.0%
5 B.H. FINES PLANT 1.0% -
MIX DESIGN
Asphalt @ Optimum= 4.8 Air Voids = 4.0

Density 1b/cu.ft =- 153.0*

(kg/cu.m) =( 2451.1) V.M.A. = 134~
Theo.Max. Density= 159.4 -
(kg/cu.m) ={ 2553.1) V.F.A. = 70.2

COMBINED  MASTER GRAD.

3 .

SIEVE SIZE AGG.#1 AGG.#2 AGG.#3 AGG.#A4 AGG.#5 GRADATION RANGE 7.10-2
11K (25.0mm} 100.0 100.0 100.0 100.0 100.0 100.0 - 100
374 IN (19.0m) 96.7 100.0 100.0 100.0 100.0 96.6 90-100
1/2 8 (12.5mm) 60.3 100.0 99.9 100.0 100.0 8.9 90 MAX
3/8 1IN { 9.5mm) 39.4 99.0 _95.9 99.8 100.0 73.0
No. & {4.75om} 10.8 3Y.v T4 4.6 100.0 43.4
No. B (2.36mm) 4.5 2.0 646 59.2 100.0 23.8 23-49
No. 16 (1.18mm) 3.6 0.4 51.3 36.8 100.0 _ - 74
Ho. 30 (600am) 3.2 0.6 37.7 2.0 100.0 12.6
No. 50 (300gm) 2.9 0.4 18.8 15.0 100.0 7.9
Ho. 100 (150am) 2.3 0.2 8.0 7.8 100.0 4.6
No. 200 (75am) 2.3 0.1 4.7 4.3 100.0 3.5 2-8
CRUSH RET.¥& 82.1 100.0 34.7 94.2 0.0 84.0 &5 Hin.

Materials submitted by: BACCO CONSTRUCTION COMPANY Plant # 050-02 —(Contractor Furnished}
ANGULARITY INDEX =45.5 ° '
* RECOMMENDED FIELD CONTROL DENSITY

BFFECTIVE $PECIFIC GRAVITY = 2762
The bitumen content and aggregate characteristics are based on the submitted material with the gradation ang blend ratios

indicated. Variation in materials or field conditions may require adjustments of this mix design (see T.M.L for form 1911
for field application). This laboratory design is valid for two years from date reported and shouid not be applied or
adjusted without written approval of the Bituminous Services Unit. TESTED FOR INFORMATION.

.- CC: ROBERTS, M. (PE)  (2) COMTRACTOR

FIELD ERGIMEER BIT. FILE
KEN LAMBERT eJ)
D. ANDREUS (&) Bituminous Unit - Supervising Engineer
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| A.C. BULK BULK MAX T.M.D. AIR VMA VFA  FINES/E™

BY WT S.G. DENSITY THEO. VOoIDS ASPHA
S.G. ' RATIO

- REGRESSION EVERY 0.1% ) _
4.2 2.430 151.6 2.578 160.9 5.7 13.7 57.9 1.06
4.3 - 2.434 151.9 2.574 160.6 5.4 13.6 60.0 1.02
4.4 2.438 152.1 2.570 1604 5.1 13.5 62.1 0.99
4.5 2.442 152.4 2.566 160.1 4.8 13.5 64.2 - 0.96
4.6 . 2.446 152.6 2.562 159.9 4.5 134 66.3 " 0.94
4.7 2.449 152.8 2.558 159.6 4.3 13.4 68.3 0.91
4.8 2.452 153.0 2.554 159.4 4.0 134 70.2 0.89
4.9 2.455 153.2 2.550 159.1 3.7 13.4 72.2 0.87
5.0 2.458 153.4 2.546 158.9 3.5 13.4 74.2 0.85 .
5.1 2.460 1563.5 2.542 158.6 3.2 13.4 - 75.9 0.83
5.2 2.462 153.6 2.538 158.4 3.0 13.4 .7 0.81
5.3 2.464 153.8 2.534 158.1 2.8 134 79.5 0.79
54 2.466 153.9 2.530 157.9 25 13.5 81.2 0.77
5.5 2.468 154.0 2.527 1567.7 2.3 13.5 82.7 0.75
5.6 2.469 154.1 2.523 157.4 2.1 13.5 84.2 0.74
5.7 2.470 154.1 2.519 157.2 1.9 13.6 85.7 0.72

B ISPECIFICATIONS 2 4% 130 6578 o.s-1.';3:

- (PG 58-28 - KOCH OIL) SP. GR. =1.025

- - EFFECTIVE SPECIFIC GRAVITY = 2.762
BULK AGGREGATE SPECIFIC GRAVITY = 2.696 ]
DESIGN ESAL'S = <1.0
- DESIGN TEMPERATURE = 39 degrees C
MIXING TEMPERATURE = 143 degrees C
COMPACTION TEMPERATURE = 135 degrees C
INITIAL GYRATIONS =7 %Gmm=85.8  SPECIFICATION = 89% MAX.
DESIGN GYRATIONS = 76 | |
MAXIMUM GYRATIONS = 117  %Gmm =87.3 'SPECIFICATION = 88% MAX.
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Michigan Oepartment JOB MIX FORMULA (JMF)

of Transportation M'DOT :
1911 13197) BITUMINOUS FIELD COMMUNICATION METRIC.
e DISTRIBUTION: WHITE - Testing Lab. GREEN - District YELLOW - Project Engineer  PINK - Inspector GOLD - TMi %‘\
‘ This form applies only to the project listed below and is not transferabie to other projects. \
CONTROL SECTION JOB NO. PROJECT ENGINEER DATE EFFECTIVE -
NH 22023 | 32298A | Naacy Roberts . g -29 -9 7
CONTRACTOR PLANT LOCATION PLANT NO.
Baccoe ConsT Coa, Norw cy S0 -o0/
TYPE OF MIXTURE]MIX DESIGN NO. VMA % AIR VOIDS %  |MARSHALL DENSITY THEORETICAL MAX, DENSITY
J3F Gimo lEL 13. 4 .o Is3.0 kgtm® | (59,4 keim?
TESTING OPTION |MIX DESIGN EFFECTIVE SPECIFIC GRAVITY [PLANT CERTIFICATION DATE|CONTRAGTOR'S OC PLAN [ ] YES
T iy VDY N A TO PROJECT ENGINEER [ ] no /4
MIX/AGG. GRADATION, % NiX/AGG. BLEND PROPORTION, %
ITEM PERCENT MATERIAL/PRODUCER PIT NO. PERCENT
ASPHALT, % H, 8 Céa/‘SC. 7/5) ,1-5‘//5 22-08 4 3. &
FARA 4
P 37.5 mm e J{Bert) Coarse,  3(A 7 5-05 2.0
rd
P 25.0 mm (00,0 [100.0| Dente 3/6 - Sand 22-08 1 7.9
4
P19.0 mm qg'o/qg,_( }":.‘nc; M <, _S'qnz,[ 22 -05 7. ¢
P12.5 mm '
249/82.9
P 9.5 .
mm 730/ 73.0
i \ P 4.75 mm L{]tf!/lf:;’,‘z
P 2.36 mm . 23’3/2_3‘,_/
P1.18 mm 17,//1(9.6 RECLAIMED
i B
j i P 6
P 300 ym 79/ 7,/ ASPHALT (eck -G—q., B‘Y Se-2& 4. &
b 150 um ' " [awi (Spec.) AWI (Actual) ANGULARITY INDEX
o del 3.8 M4 riA 455
P 75 : TYPE OF TESTING
Hm 3 g/ 3. lf K] QUALITY ASSURANCE TESTING ]:l REGULAR TESTING
s ’ DUST. CORRECTION
CRUSHED St o 7] BATCH PLANT BJ DRUM PLANT -
REMARKS:

Propog ! Grig anad Callcd fer 38 i n
P"‘/ :I+rm§ Hﬁu/u/r,— SFP(.’tI fofav-‘(.‘ef- -F-or-

¥

S‘uP e~ Pnve P/-v\-i- Mrwi, E.‘ ‘l—vm.-nu-_r Mc‘ ‘;L"'u/(_\‘ & 4
Pew 59 Chinyy t+h¢ ~te A S &F] Miyrtho-e

Vs
TRAVELLING MIX INSPECTOR {TMi) - Signaty OATE

O ¢ . - B-29-27
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Michigan Depanument
of Transportation
1911 (3/97)

JOB MIX FORMULA (JMF) R
BITUMINOUS FIELD COMMUNICATION

YELLOW - Project Engineer

DISTRIBUTION: WHITE - Testing Lab.

This form applies only to the project listed below and is not transferable to other projscts.

GREEN - District

PINK - Inspector GOLD - Thti

CONTROL SECTION JOB NO. PROJECT ENGINEER !DATE EFFECTIVE
NH 22023 3.7.-.195-/’1 N_x«qu./ Rab-e/'*)'. Q- lée-9 7
CONTRACTOR PLANT LOCATION ' * TPLANT NO. T
ac¢ e Lo re o i So -2
TYPE OF MIXTURE |[MiX DESIGN NO. VMA % AIR VOIDS % MARSHALL DENSITY THEOHETiCAL MAX, DENSITY
3 E¢ G AIMDICE | 3. . ¢ (53.0 kot | 1 S 9.4 kgim®
TESTING OPTION |MIX DESIGN EFFECTIVE SPECIFIC GRAVITY [PLANT CERTIFICATION DATE| CONTRACTOR'S OC PLaN ] ves /9{
2. 702 ~M/4 TO PROJECT ENGINEZR ] NO r/
MIX/AGG. GRADATION, % MIXIAGG. BLEND PROPORTION, % :

ITEM PERCENT MATERIAL/PRODUCER PIT NO. PERCENT

ASPHALT, % L{' 8 Co,a/‘s-p__ 7/8 X 5_//(- 22 -~ 8 HI.,0
P 37.5 mm 'm,rr—/&:-f CoarsSe. 3/ A J5—05 23, o
P 25.0 mm /oo,a//m’.o D ons e 3/3-5,{”0’ 22 - 08 ! 7., ©
P19.0 mm 91‘.C/?3.(— ﬁ‘-n‘ ‘ /\/\qn_ JT.QJ 2_?_—08 { 7. o
P12.5mm 9‘2.9/52.9
P 9.5 mm 23,0/ 73.0
P 4.75 mm 4”4/‘”2
P1.18 mm :7,//ré.¢ RECLAIMED
P 600 ym 12.¢/i2.6| FILLER
P 300 T B o ‘

pm 7.5/ 7.1 | ASPHAL Kodi- Gre,, e, YE- 22 o, g

P 150 - AW! {Spec.) AWI {Actual) ANGULARITY INDEX
2L ym L{'L/ 3; 6’ N/!— N/ _#_ J_f_s_l__),
_ TYPE OF TESTING
P75 ym 3, g/ 3.y (X] QUALITY ASSURANCE TESTING O AscrLsz 7STING
DUST. CORRZCTION
CRUSHED 4. 0 [J BATCH PLANT E-DRUM PLANT
REMARKS:

TI’)_S /9/{ /Zc f--'—/(.. +< 0/}[? TLL C,Adn}v_e /4
Piga+ and Locs Tron  as Shee en T
Privoe, s 1911 da e $ -29-77

Cempar G rade +en LeS i vs v LetF  Grade+oany

TRAVILLING MIX INSPECTOR (TMI) - Siodature DATE
< ,Z;L/—— VT -l6-77

4
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US-2 Dickinson Co.

Contractors Quality Control Test Data 3E1 Mixture
Marshall % Gmm % Gmm 1 face 2 face FAA
Subiot AV. at N at Nﬂm Crushed Crushed
1 435 88.81 98.27 78,5
2 4.47 B86.6 98.22 85.9
3 4.27 86.23 28 82.2
4 4.89 88.3 .97.92 82.9
5 5.37 85.81 07.43 83.8
6 3.29 87.3 98.51 83
7 5.78 86.04 97.38 82.9
8 6.2 B85.45 96.95 78.1
9 4.64 86.6 97.89 82.7
10 4.83 86.41 9784 81.2
11 4.73 80.72 97.98 86.4
12 4.73 86.44 97.89 85
13 4.88 88.05 97.14 B1.1
14 53 86.21 97.81 B85
15 85.44 97.19 83.3
16 85.17 28.73 84.6
17 493 87.2 97.95 86.7
18
19
20
21
22
23
24
25
26
27
28
29
30 -
31
32
33
34
35
36
a7
38
39
40
41
42
43
44
Average 484 86.68 87.70 83.14
STD 0.6764 1.1582 0.4918 2.4558
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US-2 Dickinson Co. _
Contractors Quality Contro! Test Data 3E1 Mixture

Sublot 75um 150mm 300um 600um 1.18mm 2.36mm 4.75mm 9.5mm 12.5mm. 19mm 25mm
1 3.8 5.5 8.5 121 15.9 21.8 40 68.5 78.7 98.4 100
2 3.4 4.8 8.3 121 16 22.1 41.1 69.1 78.3 98.3 100
3 3.9 56 8.6 12.4 16.6 23 41.6 70.4 83.4 100 100
4 3.7 53 8.4 12.2 16.2 22.4 412 70.8 814 100 100
5 3.5 51 8.1 11.8 16.1 22.3 403 676 776 100 100
6 a7 53 8.1 11.5 15.1 206 371 67.7 78.1 100 100
7 3.7 53 8.2 119 16.2 23.2 445 73.4 82.9 100 100
8 35 5 7.7 109 146 20.7 39.9 70.1 81.1 100 100

9 3.7 54 8.6 12.4 16.4 226 41.9 70.7 815 100 100
10 3.5 8.1 8.3 12.2 16.2 221 396 68.1 78.9 100 100
1" 35 5.1 7.9 11.3 15.1 214 406 - 68.7 T 100 100
12 3.6 53 8.6 12.8 16 24 .4 43.2 73 77.8 100 100
13 36 5.2 8.3 121 16.3 229 43.1 74.9 841 ° 100 100
14 3.4 4.9 7.6 10.8 14.8 215 42.4 73 81.9 100 100
15 a2 4.7 7.5 11 14.9 20.8 39.4 69.6 79.4 100 100
16 3.4 5 8 11.7 15.6 21.5 39.2 71.3 81.3 8.5 100
17 3.2 4.6 7.7 11.8 15.8 21 39.5 72.6 81.5 100 100

. Average 355 513 814 1183 1575 2202 4086 7044 8029 99.72 100.00
STD 0.194 0.2756 0.3606 0.5654 06185 1.0193 1.8100 2.3556 22036 06297 O
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US-2 Dickinson Co.

Contractors Quality Control Test Data 3E1 Mixture
Marshail % Gmom - % Gym 1face 2face FAA
Sublot AV. at Niy at Nyax Crushed Crushed

1 4.35 86.61 98.27 78.5
2 4.47 86.6 08.22 85.9
3 4.27 86.23 o8 82.2
4 4.89 88.3 97.92 82.9
5 5.37 85.81 97.43 83.8
6 3.29 87.3 98.51 83
7 578 86.04 97.38 82.9
8 6.2 85.45 96.95 78.1
9 4.64 86.6 97.89 827
10 4.83 86.41 - 9764 81.2
1" 473 80.72 97.98 86.4
12 473 86.44 97.89 85
13 4.86 88.05 97.14 81.1
14 53 86.21 97.81 85
15 85.44 07.19 83.3
16 85.17 96.73 84.6
17 4.93 87.2 07.95 86.7
18

19

20

21

22

23

24

25

26

27

28

29

30

3

32

33

34

35

36

37

38

39

40

41

42

43

44

45

Average 484 86.68 97.70 83.14

STD 0.6764 1.1582 0.4918 24558

D1-7




US-2 Dickinson Co.

Contractors In Place Density Results 3E1 Mixture
sublot core#1 core#2 core#3 Sublot Avg. Lot Av'g. +2% +4% +6% -10% -25%
1 93.7 93.1 93.3 93.387
2 91.9 91.3 91,5 01.567
3 00.8 91.9 91 91.233
4 926 92.6 91.5 82233
5 89.8 88.3 91.6 89.900 9166 33.33 2000 667 10.00 10.00
. 6 90 88.2 89.9 89.367 90.86
7 89.2 86.3 87.2 B87.567 90.06
8 91.7 90.6 911 91133 90.04
9 92.3 92.7 932 92733 00.14
10 092.3 93.6 o1 92.300 90.62 20.00 13.33 667 10.00 10.00
1. 92.3 92 92.3 92200 91.19
12 02.7 91.1 904 91.400 91.95
13 02.1 092.6 926 92433 02.21
14 94.2 92 93.5 93.233 92.31
15 93.8 90.7 91.7 - 92.067 92.27
16 90.3 o1 929 91.400 82.11
17 91.5 1.4 924 91.767 9218 40.00 20.00 13.33 6.00 6.00
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
a3
34
a5
ag
a7
3B
39
40
41
42
43
44
45
456
47
Average 91.5235
STD 1.6381
Bonus Lots 0 0 0
Deduct Lots 0 3
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US-2 Dickinson Co.

Contractors Mixture Price Adjustment Table 3E1 Mixture ,
TMD VMA Voids
JMF Lot Abs. JMF Lot Abs. JMF Lot Abs.
sublot | 1584 Avg. Dev. Dev. | 134 Avg. Dev. Dev.! 40 Avg Dev. Dev.
1 1.34 0.26 c.8
2 0.44 0.06 0.5
3 0.22 0.16 0.38
.4 0.03 0.17 0.22 .
5 071 15937 0548 0028 | 0.48 1300 0226 0.31:021 364 0382 0.36
6 0.16 0.68 0.91
7 0.48 0.19 0.27
8 0.03 0.69 0.81
) 0.59 0.2 ) 0.38
10 008 159.41 0.268 -0.018) 0.05 1341 0382 -0.01{0.13 4.032 0.486 -0.032
11 0.25 0.6 0.43
12 0.09 0.36 0.3
13 0.15 ' 0.6 0.51
14 0.16 0.06 0.23
15 009 159.59 0.68 13.648 0.81 4.454
16 0.78 0.26 1.02

17 078 15046 0.392 -0062] 0.4 1375 04 -035|034 443 0582 -043

SPEC 0.6 0.6 06 06 0.5 0.5
Bonus Lots 3 3 2

Deduct Lots 0 0 0

DI-9



US-2 Dickinson Co.

Contractors Mixture Price Adjustment Table 3E1 Mixture
% A.C. 75um % Crushed
JMF Lot Abs. JMF Lot  Abs JMF Lot Abs. -

sublot| 48 Avg. Dev. Dev. | 34 Avg Dev. Dev | 84 Avg. Dev. Dev.

1 0.04 0.4 55

2 |0.16 0 1.9

3 0.07 0.5 1.8

4 o 0.3 1.1

5 031 4792 0116 0008 | 01 366 028 -026| 02 82.66 21 1.34

6 |0.05 0.3 1

7 0.19 0.3 1.1

8 (003 0.1 5.9

9 |02 0.3 : 1.3

10 | 0.03 4816 0.104 -0.016; 01 362 022 -022] 28 81.58 242 242

11 | 0.09 0.1 24 )

12 | 0.05 0.2 1

13 | 0.06 0.2 29

14 | 0.57 o 1

15 0 4,67 02 346 0.7 84.16

16 | 0.27 o 0.6

17 | 03 4704 024 0086; 02 336 012 004 | 27 84.14 1.58 -0.14
Specification 0.3 0.3 07 07 10 10
Bonus Lots 3 3 3
Deduct Lots 0 0 0
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US-2 Dickinson Co.

MDOT Verification Test Data 3E1 Mixture
Sublot TMD BULK AIR VQID VMA %AC Eff AC Fines/AC VFA
3 160.1 154.06 3.75 12.58 4.53 3.66 1.392 70.191
8 159.31 149,18 48 14.2 4.83 3.97 1.160 66.197
15 159.83 149.88 8.3 14.11 46 373 0.696 62.438
Average 159.78 151.04 4617 1 3.63 485 3.79 1.08 66.28

MDOT Central Lab Test Data 3E1 Mixture
AC Used PG58-28
LAB Fines/AC___Eff. AC %AC __ Orig. Pen Rec. Pen
71211997 1.115 4.04 4.9 129 75
8/29/1997 1.487 343 4.3 145 68
9/6/1997 1.369 3.43 4.3 145 n
9/12/1997 133
9/16/1997 . 130
9/17/1997 137
8/19/1997 1.631 3.13 4 134 100
8/27/1997 1.682 333 . 42 48
10/4/1997 136
10/7/1997 1.457 343 4.3 138 76
Average 1.46 3.46 4.33 136.33  73.00
STD 0.2008 0.3038 0.3011 5.7445 16.7082
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US-2 Dickinson Co.
MDOT Verification Test Data 3E1 Mixture

Sublot 75um 150um 300um 600um 1.18mm 2.35mm 4.75mm 9.5mm 12.5mm 19mm 25mm
3 3.6 5.2 8 12.1 16.7 24.5 441 71.3 814 99.3 100
8 3.1 4.8 7.4 11.2 15.3 22.4 42.8 71.4 79.7 100 100
15 1.1 2.8 56 97 13.8 20.1 84 64.3 77.4 a8 100

Avg. 260 427 700 11.00 1527 2233 41.7/ 6900 7950 99.10 100.00
e o 22 2008 1.2490 1.2124  1.4503 22008 29872 4.0706 _2.0075 1.0149 0.0000

MDOT Central Lab Test Data 3E1 Mixture -

__LAB 75um_150um_300um _600um_1.18mm_2.35mm_4.75mm _9.5mm _12.5mm 19mm_25mm .
7/2/97 45 6.7 14.8 24 M2 39.3 5389 70.9 834 100 100
8/29/97T 51 6.9 10.2 13.8 17.8 238 41.9 71.5 823 982 100

9/6/97 438 6.8 10.1 13.9 17.9 24 43.7 72.9 827 985 100
9/19/87 51 7.1 10 -- 129 16.2 224 43 74.1 83.7 98.1 100
9/27/19T 56 7.8 10.6 13.9 176 25 44.8 72.3 833 969 100
1077197 5 6.9 9.7 125 15.8 216 43 72.3 835 100 100

Avg. 5.02 703 1080 1517 1942 26.02 4505 7233 83.15 9862 100.00
STD 0.365 0.3983 1.9328 4.3869 5.8393 6.6188 4.4392 1.1129 0.5357 1.2023 0

D1-.12




1US-2 Dickinson Co.

Film Thickness Table 3E1 Mixture
DESIGN PLANT MDOT LAB
Gradation % Pass % Pass % Pass
37.5 100 100 100
25 100 100 100
19 98.6 99.7 98.6
12.5 829 80.3 83.2
9.5 73 70.4 72.3
4.75 43.4 409 451
2.36 23.8 22 28
1.18 1741 15.8 19.4
0.6 12.6 11.8 15.2
03 7.9 8.1 10.9
0.15 46 5.1 7
0.075 35 3.8 5
% AC 4.8 4.77 4.3
Film Thick. 0.00122 0.00118 0.00079
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FAIL: Compacted Specific Gravity fails the tolerance limits established by MDOT on the Submitted Mix Design.

FILE 300
Control Section: NH 22023
Job Humber: 32295Aa
REPORT OF TEST Mix Design ¥o.: 97MD-241
Date: OCTOBER 7, 1997
1931 (N9m1y  BITUMINOUS MIX DESIGN
Sample Of: BITUMINOUS MIXTURE NO. 4E1 _
Date Tested: OCTOBER 1, 1997 Specification: 4.00 MOD, 1990 STD. SPECS.
MATERIALS USED
- Agg.# Haterial Type Source Percent SP.GR.
ASPHALT CEMENT PG 58-28. KOCH 1.025
1  COARSE GRADED 11716 X 5/16 PIT # 22-08 27.0%
2 COARSE GRADED 31 A PIT # 75-05 20.0%
3  FINE GRADED MAN. SAND PIT # 22-08 33.0%
4 FINE GRADED 3/8 — SAND PIT # 22-08 7.0%
5 COARSE GRADED 5/8 ~ CHIP PIT # 22-53 12.0%
6 BH FINES PLANT 1.0%
~OTE: If the crush count falls below 94%, the AWT will fail.
MIX DESIGN
Asphalt @ Optimum= 5.5 Air Voids = 4.0
Density lb/cu.ft = 151.6*
{kg/cu.m) =( 2428.7) V.M.A. = 14.8
5 £ }
EAG o Y INED  MASTER GRAD,
SIEVE SIZE g s‘i';{; 2 AGG [ ke A%q GREUATION RAMWGE 7.10-2
3/4 IN (19.0mn) ;- 100.0 X ‘he.4 103‘% 100.631 3.0 100
“f
172 h (12, sm)hj 80.9 £90:8 (%.9 982 10008 .8 90-100
3/8 v ¢ 9.5my¥3 6. 2:.1-4:99 ok 99 a 195:9, - 63, 55rmgg s .2 90 HAX
No. & (4.7Smm) &R 16,3430 n@ otd  ary” PR we.o 52.0 :
Ho. 8 (2.36mm) 7.3 2.0 592 0sbhabmeill Sundifuiamsn e, 8 28-58
No. 16 (1.18mm) 4.3 0.4 36 B 51.3 8.1 100.0 18.9
No. 30 (&00mm) 3.8 0.4 26.0 37.7 6.6 100.0 13.5
Ho. 50 (300pm) 3.4 0.6 _ 15.0 18.8 4.4 100.0 8.8
No. 100 (150gm) 2.8 0.2 7.8 8.0 3.7 100.0 5.4
No. 260 (75um) 2.0 0.1 4.5 4.7 3.4 100.0 3.8 2-10
CRUSH RET.#% 93.0 100.0 4.2  34.7 100.0 100.0 9.9 65 Hin.
AT, 263.6 170.0 266.3 232.2 365.0 260.9 260 Min.
Haterials subwitted by; BACCO CONSTRUCTION COMPARY Plant # 050-02 --(Contractor Furnished)

HOTE: THE 2.36MM SIEVE IS WEAR HIMIMUM SPECIFICATION.

* RECOEMMENDED FIELD CONTROL DENSITY
AHGULARITY THOEX HUMBER = ’

EFFECTIVE SPECIFIC GRAVITY = 2.767 -
The bitumen content and aggregate characteristics are based on the submitted material with the gredstion and blend ratios

indicated. Varistion in materials or field conditions may require edjustments of this mix design (see T.H.I. for form 1911
for field application). This laboratory design is valid for two years from dste reported and should not be spplied or
adjusted without written spprovel of the Bituminous Services Unit. TESTED FOR INFORMATION.

46.1

CC:
BIT. FILE

Bituminous Unit - Supervising Engineer

D. AMDREUS (%)
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Control Section: NH 22023

Job Humber: 32295A
REPORT OF TEST Mix Design No,: 97MD-241
Hix Type: 4E1
1931A (N9s1)  BITUMINOUS MIX DESIGN
AC. BULK BULK MAX T.M.D. AR VMA VFA  FINES/EFF.
BY WT S.G. DENSITY  THEO. VoIDS ASPHALT
S.G. RATIO
& OPTIVUM .
l . 5.5 243 151.6 2.53 157.9 4.0 14.8 73.3 0.83 ]
REGRESSION EVERY 0.1%
4.5 2.390 149.1 2.570 160.4 7.0 15.3 54.2 1.07
4.6 2.396 149.5 2.566 160.1 6.6 15.2 56.4 1.04
4.7 2.401 149.8 - 2.562 159.9 6.3 15.1 58.4 1.01
4.8 2.406 150.1 2.558 159.6 5.9 15.0 60.4 0.99
4.9 2.411 150.4 2.554 159.4 5.6 14.9 62.5 0.96
5.0 2415 150.7 2,550 159.1 5.3 14.9 64.4 0.94
5.1 2.419 150.9 2.546 158.9 5.0 14.8 66.3 0.91
52 2422 151.1 2.542 158.6 4.7 14.8 68.1 0.89
5.3 2.425 151.3 2,538 158.4 4.5 14.8 69.9 0.87
54 2428 151.5 2.534 158.1 4.2 14.8 7 0.85
5.5 2,430 151.6 2.530 157.9 4.0 14.8 73.3 0.83
5.6. 2.432 151.8 2,527 157.7 3.8 14.8 74.6 0.81
5.7 2.433 151.8 2.523 157.4 3.6 14.9 76.0 0.80
58 2434 1519 2.519 157.2 3.4 14.9 774 0.78
5.9 2435 151.9 2.515 156.9 3.2 15.0 78.8 0.76
6.0 2.435 151.9 2,511 156.7 3.0 15.1 79.9 0.75
SPECIFICATIONS = - 4% 14.0 65-78 0.6-1.2

-(PG 52-28 — KOCH OIL) SP. GR. =1.025

- EFFECTIVE SPECIFIC GRAVITY = 2.767

BULK AGGREGATE SPECIFIC GRAVITY = 2.695

DESIGN ESAL'S = <1.0

DESIGN TEMPERATURE = 38 degrees C

MIXING TEMPERATURE = 143 degrees C

COMPACTION TEMPERATURE = 135 degrees C

INITIAL GYRATIONS = 7

DESIGN GYRATIONS = 76

MAXIMUM GYRATIONS = 117

%Gmm = 86.1

%Gmm = 97.8

SPECIFICATION = 89% MAX.

SPECIFICATION = 98% MAX.
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US-2 Dickinson Co.

Contractors Quality Control Test Data 4E1
Gy =1.025 Gee =2.767 Gy =2.605 Absorb. =0.99 .
SUBLOT TMD BULK AIRVOID  VFA VMA %AC Eff. AC  FINE/AC
1 158.75 152.17 4.15 70.88  14.25 5.16 4.22 0.92
2 158.37 152.73 3.56 7470  14.07 5.31 4.37 0.94
3 157.68 152.98 2.98 78.88  14.18 5.59 4.66 0.92
4 158.31 152.39 3.74 7383 1429 5.34 4.40 0.91
5 158.37 152.55 367 7410  14.17 5.37 4.43 0.82
6 158.37 15212 3.94 7266  14.41 5.31 4.37 0.91
7 158.5 153.02 3.46 7507 13.88 5.26 4.32 1.04
8 157.81 152.27 3.51 7584 1453 5.54 461 0.83
9 158.32 152.58 3.64 7431 1417 532 4.38 0.80
10 158.43 151.46 4.4 7017 1475 520 4.35 0.78
11 158.18 152.18 3.79 7375  14.44 5.39 4.45 0.81
12 157.93 152.13 3.67 7479 1456 5.49 4.55 0.77 -
13 158.06 151.16 4.36 7105  15.06 5.44 4.50 0.73
14 157.93 152.1 3.69 7468  14.58 5.49 4.55 0.70
15 158.12 151.3 4.31 7121 1497 5.41 4.47 0.76
16 158 151.9 3.86 7371 14868 5.47 4.53 0.71
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
a8
.39
40
Average  158.20 152.19 3.80 7373  14.44 5.39 4.45 0.84

§TD 0.2820 0.5428 0.3727 22039 03249 0.1131 0.1142 0.0992
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US-2 Dickinson Co.

Contractors Quality Control Test Data 4E1 Mixture

Sublot  75um 150um 300um 600um 1.18mm -2.36mm 4.75mm 9.5mm 12.5mm 18mm
1 39 57 8.8 125 17.1 24.9 482 804 92 100
2 4.1 6 9.6 141 19.5 28.1 50,3 80.2 91 100
3 43 6.3 10.2 148 20.2 28.8 52 84 947 100
4 4 5.9 94 136 19 28 516 819 931 100
5 4.1 6.1 10.1 14.9 21.1 31 54.1 81.2 91.3 100
6 4 59 9.5 14.3 20.2 29.4 51.9 81.6 923 100
7 45 6.4 9.8 14 19.2 276 408 79.4 82 100
8 3.8 5.9 10.9 17.7 236 304 49.2 82 93 100
9 3s 53 9.8 15.4 20.4 28.4 44.8 80 92.8 100
10 34 5 9 14.6 19.7 25.9 436 76.4 81.1 100
1" 36 53 9.5 15.5 21 27.5 487 801 . 827 100
12 35 52 2.1 14.5 19.5 27.4 456 77.3 90.8 100
13 3.3 4.8 84 . 138 18.9 276 459 80.1 1.2 100
14 32 47 8.3 13.8 18.7 264 46.8 78.3 804 100
15 34 5.1 9.3 154 211 27.9 46.7 80.8 927 100
16 3.2 4.8 8.7 14.3 19.3 252 433 76.7 80 100
17

18

19

20

21

22

23

24

25

26

27 A

28

29

30

K] |

3z

a3

34

35

36

37

38

39

40

Average 3.74 5.53 9.40 14.58 19.91 2766 4816 80.03 91.94 100.00
STD 0.4047 05639 06870 1.1346 1.4261 1.7009 3.2422 2.0476 12137 0
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US-2 Dickinson Co,

Contractors Quality Control Test Data _ 4E1 Mixture
Marshall % Gnm % Gmm 1 face 2 face .
Subtot AV. at Ny at Ny Crushed  Crushed FAA

1 5.54 86.27 97.44 93.8
2 4.96 86.81 97.91 95.3
3 4.51 87.45 98.62 98.2
4 86.66 97.75 91.7
5 88.4 98.11 92
6 86.13 97.84 919
7 86.53 98.15 91

8 87.33 98.1 91.9
9 87.19 97.63 911
10 86.83 97.4 88.9
1 87.22 97.52 90.1
12 4.66 87.37 97.63 88.6
13 5.65 88.89 97.24 89.3
14 534 87.16 97.79 88.2
15 5.64 88.91 97.28 88.5
16 , 874 97.59 89.5
17

18

19

20

21

22

23

24
25

26 .

27

28

29

30

A

32

33

34

a5

36

a7

as

a9

40

Average 5.19 87.16 97.76 91.25
STD 0.4752 0.7129 0.3652 271141
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US-2 Dickinson Co.
Contractors In Place Density Results 4E1 Mixture

Sublot core#1 core#2 core#3 SublotAvg. LotAvg. +2% +4% +6% -10% -25%
1 89.9 83 . 89.9 90933

2 90.5 90.9 895 80.300

3 914 80.7 92.5 91.533

4 92.1 83.7 914  92.400

5 92.7 90.5 89.1  90.767 9119 2000 667 667 10.00 8.00
6

7

8

9

924  90.7 916  91.567 91.31
90.3 80.2 91.5 90.667 91.39
89.8 92.2 91.2 91.067 91.29
91 93.1 954  93.167 91.45
10 82.1 84.6 924  93.033 -91.80 20,00 20.00 1333 8.00 4.00
11 3.5 92.1 92.1 92.567 92.10
12 934 93.3 936  93.433 92.65
13 93.8 92 944 . 93.400 93.12
14 95.2 92.1 93.4  93.567 93.20
19 92.3 03.2 83  92.833 93.16 6667 60.00 26.67 000 0.00

40
Average 92.0822
STD 1.5282
Bonus Lots 0 0 0 0
Deduct Lots ‘ 2
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US-2 Dickinson Co.

Contractors Mixture Price Reduction Table 4E1 Mixture
: TMD : VMA Voids
JMF Lot  Abs. JMF Lot  Abs. JMF Lot Abs.

Sublot) 1579 Avg. Dev. Dev, | 148 Avg. Dev. Dev. 4 Avg. Dev. Dev.

1| 0.85 0.55 0.15

2] 047 0.73 0.44

3} o0.22 0.62 1.02

4 041 0.51 0.26

5/ 047 158.29 0.484 0.396| 063 14182 0.608 0.608 033 362 044 0.38

6] 047 0.39 0.06

7 0.6 0.92 0.54

8 0.08 0.27 0.49

9 042 0.83 0.36 :

10| 0.53 158.28 0.422 0.386| 0.05 14.348 0.452 0.452 04 379 037 021

11| 0.28 1 0.36 0.21

12{ 0.03 0.24 0.33

13; 0.16 0.26 0.36

141 0.03 0.22 0.31

15| 0.22 158.04 017 14722 031 3.964

16 0.1 158.00 0.108 0.108] 0.12 1477 0.202 0.03 0.14 3978 0.29 0.022
Specification 0.6 08 06 0.6 0.5 0.5
Bonus Lots 3 2 3
Deduct Lois 0 1 0
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US-2 Dickinson Co.

Contractors Mixture Price Adjustment Table 4E] Mixture
% A.C. 75um % Crushed
JMF Lot Abs, JMF Lot Abs. JMF Lot Abs.
sublot{ 4.8 Avg. Dev. Dev. ! 34 Avg. Dev. Dev.| 84 Avg. Dev. Dev.
11 0.04 04 5.5
2i 016 0 1.9
3| 0.07 0.5 1.8
4 0 0.3 11
5 031 4792 0116 0.008/ 01 386 026 -0.26/f 0.2 8266 21 1.34
6| 0.05 0.3 1
7| .19 0.3 1.1
8; 0.03 0.1 5.9
9 022 0.3 . 1.3
10| 0.03 4.816 0.104 -0.016f 01 362 022 -0.22| 28 8158 242 242
1] 0.09 0.1 24 '
12} 0.05 0.2 1
13| 0.06 0.2 29
14| 0.57 0 1
15 0 4.67 02 3.48 0.7 B84.16
16| 0.27 0 : 0.6
17 03 4704 024 0096 02 336 012 004] 27 84.14 158 -0.14
|
Specification 0.3 0.3 07 07 10 10
Bonus Lots 3 3 3
0 0 0

Deduct Lots
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US-2 Dickinson Co.

MDOT Vertification Test Data 4E1 Mixture
Subiot TMD BULK AIR VOID VMA %AC Eff. AC Fines/AC VFA
1 158.87 151.68 46 14.48 5.11 417 0.911 68.23
7 157.93 153.07 31 13.88 549 4.55 0.844 T7.84
Average 158.4 152.38 3.85 14.24 5.30 4.36 0.93 73.04
03485 0.2687 02714  0.0233 G6.7948

—

LR

MDOT Central Lab Test Data

AC Used PG58-28 Koch

Fines/AC Eff. AC %AC  0Orig. Pen Rec. Pen

Average
STD
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US-2 Dickinson Co.

MDOT Verification Test Data 4E} Mixture
Sublot 75um 150um 300um 600um 1.18mm 2.35mm 4.75mm 9.5mm 12.5mm 19mm
1 38 5.8 8.7 128 17.7 26.7 51.4 81.1 02 100
7 4.3 6.5 0.8 14.8 20.5 30.4 54.8 82.9 93.6 100
Average 4.05 6.15 9.25 13.80 19.10 28.55 5310 82.00 9280 100.00
STD_0.3536 04950 0.7778 14142

19700 26163 24042 12728 1.1314 00000

MDOT Central Lab Test Data

LAB 75umm 150um 300um 600um 1.18mm 2.35mm 4.75mm 8.5mm 12.5mm

19mm

Average
STD
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US-2 Dickinson Co.

Film Thickness Table 4E1
DESIGN PLANT MDOT LAB
Gradation % Pass % Pass % Pass
37.5 100 100
25 100 100
19 100 100
12.5 93.8 921.9
9.5 83.2 80
475 52 48.2
2.36 288 27.7
1.18 18.9 19.9
" 0.6 135 146
0.3 8.8 9.4
0.15 54 55
0.075 3.8 3.7
% AC 5.5 5.39
Film Thick 0.00128 0.00123
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FILE 300
- Control Section: NH 21024
- Job Humber: 31059A
REPORT OF TEST Mix Design Ho.: 97MD-172

Date: AUGUST 5, 1997
1931 (N91)  BITUMINOUS MIX DESIGN
Sampie Of: BITUMINOUS MIXTURE NO. 3E3
Date Tested: JULY 31, 1997 Specification: 4.00 MOD, 1990 STD. SPECS.
MATERIALS USED :

Agg.# Material Type Source Percent SP.GR.
.~ ASPHALT CEMENT PG 52-28 PAYNE AND DOLAN 1.019
1 COARSE 6A PIT # 75-05 15.0%

2  COARSE 5/8 CHIP PIT # 21-78 40.0%
3 FINE 3/8 MINUS PIT # 21-78 15.0%
4 FINE MAN SAND PIT # 75-05 24.0%
5 FINE REJECT SAND PIT # 21-89 5.0%
6 DEG PLANT : 1.0%
MIX DESIGN
Asphalt @ Optimum= 4.9 Air Vpids = 3.8
Density 1b/cu.ft = 150.4* -
(kg/cu.m) =( 2409.1) V.M.A. = 13.5
Theo.Max. Density= 156.4
(kg/cu.m) ={ 2505.9) V.F.A. = 71.4
COMBINEO MASTER GRAD.
SIEVE SIZE AGG.#¥1 AGG.¥2 AGG.#3 AGG.#4 AGG.#5 AGG.¥HS GRADATION RANGE 7.10-2
110 (25.0mm)  100.0 100.0 100.0 100.0 100.0 100.0 100.0 100
374 1N (19.0mm) 81.5 100.0 100.0 100.0 100.0 100.0 97.2 90-100
1/2 I (12.5mm) 36.7 76.5 °100.0 100.0 ¢8.6 100.0 81.0 90 HAX
3/8 IN ( 9.5mm) 14,0 42.2 100.0 100.0 91.8 100.0 63.6
No. 4 (4.75mm) “3.6 4.5 T9.0 98.4 T79.6 100.0 42.8
No. 8 (2.36am) 2.2 2.1 49.4  66.6 67.4 100.0 8.9 23-49
No. 16 (1.18mm} 1.8 1.8 3.7 37.9 57.0 100.0 18.7
Ho. 30 (&00mm) 1.6 1.8 213 21,7 45.5 100.0 12.6
Ko. 50 (300um) 1.4 1.7 15.6 124 281 9%9.D 8.6
Ho. 100 (150um) 1.3 1.7 -11.1 6.5 10.9  98.0 5.6
No. 200 (75am) 1.2 1.1 9.9 3.7 61 750 4.0 2-8
CRUSK RET.#4 100.0 100.0 100.0 100.0 53.6 .2 75 in.

Materials submitted by: PAYNE & DOLAN, INC. Piant # 350-05 —(Contractor Furnished)
NOTE TO TMi: ELIMINATE THE DEG & INCREASE THE REJECT SAND TO 6%. :

* RECOMMENDED FIELD CONTROL DENSITY

ANGULARITY INDEX NUMBER = 42.5 -~

EFFECTIVE SPECIFIC GRAVITY = 2711

The bitumen content and aggregate characteristics are based on the submitted material with the gradation and biend ratios

indicated. Variation in materials or field conditions may require adjustments of this mix design (see T.M.L for form 1911
for field application). This laboratory design is valid for two years from date reported and should not be applied or
adjusted without written approval of the Bituminous Services Unit. TESTED FOR INFORMATION.

|1 cC: BEDARD, J. (PE) (2)  COMTRACTOR
FIELD ENGINEER BIT. FILE , .
KEW LAMBERT 7)) s

D. AHDREWS (4) Bituminous Unit - Supervising Engineer
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FILE 300
control section: NH 21024
Job Number: 310594
REPORT OF TEST Mix Design #o,; 97MD-172

Date: AUGUST b5 ) 1997
1931 (N991)  BITUMINOUS MIX DESIGN
A.C. BULK BULK MAX T.M.D. AIR VMA VFA FINES/EFF.
BY WT S.G. DENSITY THEO. VOIDS ASPHALT
) S.G. . _ RATIO
@ OPTIMUM '
4.9 2.41 150.4 2.507 156.4 4.0 13.5 714 0.98
REGRESSION EVERY 0.1% _ '
4.4 2.390 149.1 2.526 157.6 54 13.8 60.9 1.12
4.5 2.395 149.4 2.523 1574 5.1 13.7 62.9 1.09
4.6 2.400 149.8 2.519 157.2 4.7 13.6 65.3 1.06
4.7 2.404 150.0 2.515 - 156.9 4.4 13.5 67.4 1.03
4.8 2.407 150.2 2.511 156.7 4.1 13.5 69.4 1.01
4.9 2.410 150.4 2.507 156.4 3.9 13.5 714 0.98
5.0 2.412 150.5 2.503 156.2 36 13.5 73.1 0.96
5.1 2414 150.6 2.499 155.9 3.4 13.6 74.9 0.93
5.2 2.415 150.7 2.496 155.8 3.2 13.6 76.2 0.91
5.3 2416 150.8 2.792 174.2 13.5 13.7 14 0.89
54 2.416 150.8 2.788 174.0 13.3 13.8 3.0 0.87
55 =~ 2.415 150.7 2.484 155.0 2.8 13.9 80.0 0.85
5.6 2.414 150.6 2.480 154.8 2.7 14.0 81.0 0.84
57 - 2.412 150.5 2.477 154,65 2.6 14.2 81.5 0.82
5.8 2.410 150.4 2.473 154.3 2.5 14.3 82.2 0.80
5.9 2.407 150.2 2.469 154.1 2.5 14.5 82.7 0.79
SPECIFICATIONS = - 4.0% 13.0 65-78 0.6-1.2

-{PG 52.28 — PAYNE&DOLAN) SP. GR. = 1.019

- EFFECTIVE SPECIFIC GRAVITY = 2.711

BULK AGGREGATE SPECIFIC GRAVITY = 2.650

DESIGN ESAL'S = <3.0

DESIGN TEMPERATURE = 35 degreef_ C

MIXING TEMPE#ATURE =132 degrees C

COMPACTION TEMPERATURE = 124 degrees C

INITIAL GYRATIONS =7  %Gmm = 85.4 SPECIFICATION = 89% MAX.
DESIGN GYRATIONS = 86

MAXIMUM GYRATIONS = 134 %Gmm=97.6 SPECIFICATION = 98% MAX.
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of Transportation

iichigan Department JOB MIX FORMULA (JMF) CL/ i

1911 (3/97) BITUMINOUS FIELD COMMUNICATION METRIC
DISTRIBUTION: WHITE - Testing Lab. GREEN - District YELLQW - Project Engineer PINK - inspector  GOLD - TM: / AT\: %\5\_
o This form applies oniy to the project listed below and is not transferable to other projects. S
ONTROL SECTION JOE NO. PROJECT ENGINEER TDAIE EEFECTIV
I H 2jo24 eTc | 3710394 £vc T acie E'eJ(.—a( | - "Fq
SNTRACTOR PLANT LOCATION  |FLANT NO.
e f‘ Dolen Gledstent J 35~ S
’PE OF MIXTURE|MIX DESIGN NO. VMA % AR VOIDS % MARSHALL DENSITY THEORETICAL MAX. DENSITY
FTEZ . (91Mo 17> (3. 5 3.8 ! 5O, 4 dgm?| [ 5L, o kgl
STING OPTION | MIX DESIGN EFFECTIVE SPECIFIC GRAVITY [PLANT CERTIFICATION DATE|conTR ACTOR'S QC PLAN L] YES
S TO PROJECT ENGINZZR 1 No
MIX/AGG. GRADATION, % MIX/AGG. BLEND PROPORTION, %
ITEM PERCENT MATERIAL/PRODUCER PIT NO. PERCENT
ASPHALT, % 4. g Ceoasse cA JIs-o5 | /5,0
P 37.5 mm Coarse Sy chop 21-7¢ | Heo,0
P 25.0 mm Iy o 378 Miavs 21-28 | /5.0
P19.0 mm ?7 y F,‘/\/l Mof‘.q, 7S(r.\J -7.)—."05- Z 17/.0
" !
P12.5 mm 8/0 F:‘.‘/\J' ﬂe,jl."lf"j{"ﬂ/ 2/'8? § 6:6
P 9.5 mm (3L
.‘—.:}:5-&_1.75 mm H), £
P 2.36 mm 2 4.9
21.18 mm [ 9.7 RECLAIMED
> 300 SPHALT y ”e S
rm g'é A AL P-FD, Cledgdon S i- 1& 7{?
S . AWI {Spec.) AW {Actual) ANGULARITY INDEX =~
150 pym LA Mg LA 2,5
N TYPE OF TESTING
75 pm o 6 EFQUALITY ASSURANCE TESTING [J AZGULAR TESTING
R : DUST. CORRZCTION
~RUSHED 99, 2_ X BaTcH PLANT [ DRUM PLANT
MARKS: ‘

VELLING MIX INSPECTOR (TM) - Signature |DATE
|
I

Do 72t 78797
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US-2 Delta Co.
Contractors Quality Control Test Data - 3E3 Mixture

Gy, =1.019 Gee =2.711 Gep =2.85 Absorb =0.87 . _
SUBLOT TMD BULK AIRVOID  VFA VMA %AC Eff. AC  FINE/AC

156.56 153.44 .55 72.92 13.1 4.85 4.03 1.01
156.12 153.5 3.32 75.06 13.31 5.03 4.21 0.74
156.36  153.13 3.69 72.50 13.42 4.93 4.11 0.95

Average  156.35  153.36 a.52 73.49 13.28 4.94 411 0.90
STD 02203 0.1986 0.1868  1.3692 0.1572 0.0802 0.0910 0.1393
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_ US-2 Delta Co.
Contractors Quality Control Test Data 3E3 Mixture

Sublot 75um 150um 300um 600um 1.18mm 2.36mm 4.75mm 9.5mm 12.5mm_ 19mm 25mm
4.06 56 9.06 13.43 19.28 29.72 428 ©467 T77.36 93.74 100
313  4.51 7.72 11.88 172 25,87 38.13 59.19 76.6 86.15 100
3.91 528 8.77 13.1 18.49 27.97 4278 65.07 81.67 96.51 100

Ave. 3.70 513 852 1280 1832 2785 4124 6298 78.54 9547 100.00
STD 0.499 0.5602 0.7050 0.8164 1.0499 1.9276 2.6904 3.2854 27343 1.5061 0
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US-2 Delta Co.
Contractors Quality Control Test Data 3E3 Mixture

Marshali % Gmm % Gmnm = 1face 2 face

Subiot AV, at Niy at Npo, Crushed  Crushed FAA
' 98.1
99.4
98.7

average ‘ 898.73
STD 0.650640
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US-2 Delta Co.
Contractors In Place Density Results

3E3 Mixture

sublot Core#1 Core#2 Core#3 SublotAvg. LotAvg.

+2%

+4%

+6%

-10%

-25%

1 #DIV/0!
2 #DIV/0!
3 #DIV/O!
4 #DIV/0!
5 #DIV/0!
6 #DIV/O!
7 #DIV/0!
8 #DIV/O!
g #DIV/O!
10 #DIV/O!

#Div/o!
#DIV/O!
#DIVIO!
#DIv/0!
#DIV/O!
#DIV/O!

0.00

0.00

0.00

0.00

0.00

0.00

Bonus Lots
Deduct Lots
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US-2 Delta Co.

Contractors Mixture Price Adjustment Table 3E3 Mixture
TMD VMA ’ VOIDS .
JMF Lot Abs. JMF Lot  Abs. JMF Lot Abs.

Sublot}| 1564 Avg. Dev. Dev.| 135 Avg. Dev. Dev. | 4 Avg. Dev. Dev.
1 0.16 0.39 0.45

2 0.28 0.19 0.68

3 0.04 15634 016 0.053| 008 1328 022 0.22 { 0.31 3.52 048 0.48
.4

5

6

7

8

9

10

11

12

13

14

1§

18

17

18

19

20
Specification 06 08 0.6 0.6 0.5 0.5
Bonus Lots

Deduct Lots

D2-8




US-2 Delta Co.

Contractors Mixture Price Adjustment Table 3E3 Mixture
% A.C 75um % Crushed

JMF Lot Abs. JMF Lot  Abs. JMF Lot Abs.
Sublot! 49 Avg. Dev. Dev.| 4 Avg. Dev. Dev. | 69.2 Avg. Dev. Dev.
1 0.05 0.06 1.1
2 0.13 0.87 0.2
-3 003 493 007 003|009 37 03¢ 03 0.5 98.73 06 046
. 4
5
L]
7
8
9
10
11
12
Specification 03 03 0.7 0.7 10 10
Bonus Lots
Deduct Lots
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US-2 Delta Co.

MDOT Verification Test Data 3E3 Mixture
Sublot TMD BULK _ AIR VOID VMA %AC Eff AC  Fines/AC VFA
1 156.48 153.55 3.57 13.19 4.88 4.06 1.181 72.934
average 156.48  153.55 3.57 13.19 4.88 4.08 1.18 72,93

MDOT Central Lab Test Data 3E3 Mixture
AC Used PGS52-28
_ LAB %AC Eff AC Orig. Pen Rec. Pen Fines/AC
T 9/13/97 4.7 - 3.88 202 105 1.16
Average 4.70 3.88 202.00 105.00 1.16
STD
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US-2 Delta Co.
MDOT Verification Test Data 3E3 Mixture

Subiot 75um 150um 300um 600um 1.18mm 2.35mm 4.75mm 9.5mim 12.5mm 19mm 25mm_
1 479 6.32 10.03 1458 20.73 32.76 51.78 73.39 85 97.31 100

Avg. 479 6.32 1003 1456 20.73 32,76 51.78 73.39 8500 97.31 100.00

MDOT Central Lab Test Data 3E3 Mixture

, 75um_ 150um 300um 60Qum 1.18mm _2.35mm _4.75mm 9.5mm_12.5mm 19mm _25mm
9/13/87 45 62 99 14.3 20.2 30.6 479 702 859 971 100

g\{% 450 620 990 14.30 2020 3060 47.90 7020 8590 97.10 100.00

D2-11




US-2 Delta Co.

Fiim Thickness Table 3E3 Mixture
DESIGN PLANT MDOT LAB
Gradation % Pass % Pass % Pass
375 100 100 100
25 100 100 100
19 97.2 95.5 97.1
12.5 81 78.5 85.9
9.5 63.6 63 70.2
4.75 428 412 47.8
2.36 28.9 27.9 30.6
1.18 18.7 18.3 20.2
06 1286 12.8 14.3
03 86 . 85 9.9
0.15 56 - 5.1 6.2
0.075 4 3.7 45
% AC 49 4.84 4.7
Film Thick. 0.00112 0.00118 0.00095
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FILE 300

—

Control Section: NH 21024

. “wule‘" )
@ N ' Job Number:
' k‘h REPORT OF TEST Hix Design No.:
AL Date:
1931 (N9@1)  BITUMINOUS MIX DESIGN '

31059A
97MD-164 -
JULY 30, 1997

Sample Of:
Date Tested: JULY

BITUMINOUS MIXTURE NO.

24, 1997

MATERIALS USED

4E3
Specification: 4.00 MOD, 1990 STD. SPECS.

SP.GR.

Agg.# Material - Type Source Percent
ASPHALT CEMENT PG 52-28 PAYNE & DOLAN 1.01¢
1  COARSE 5/8 CHIP PIT # 21-78 20.0%
-2 COARSE 5/8 CHIP PIT # 52-36 25.0%
3 FINE 3/8 MINUS - PIT # 21-78 10.0%
4 FINE MAN SAND PIT # 75-05 '39.0%
5 DENSE REJECT SAND PIT # 21-89 5.0%
6 DEG PLANT 1.0%
MIX DESIGN '
Asphalt @ Optimum= 5.5 Air Voids = 4.0
Density 1b/cu.ft = 148.9* _ D
{kg/cu.m) =( 2385.7) V.M.A. = " 14.8
Theo.Max. Density=  155.3
{kg/cu.m) =( 2487.0) V.F.A. = 725
COMBINED HASTER GRAD.
SIEVE SIZE AGG.#1 AGG.#2 AGG.#3 AGG.#4 AGG.¥5 AGG.#6 GRADATION RANGE 7.10-2
. 34 IN (19.0em)  100.0 100.0 100.0 100.0 100.0 100.0 100.0 100
172 1N (12.50m) 76.5 8.3 1000 100.0 98.6 100.0 91.6 90-100
3/8 IK ¢ 9.5mm) 42.2 65.3 100.0 100.0 91.8 100.0 9.4 90 MAX
No. 4 (4.75mm) 4.5 6.4 T9.0 9.4 T79.6 100.0 53.8
No. 8 (2.36am) 2.1 2.5  49.4 66.6 67.4 100.0 '36.3 28-58
Mo. 16 (1.18am) 1.8 2.0 31,7 37.9 57.0 100.0 22.7
No. 30 (600zm) 1.8 1.7 213 21,7 45.5  100.0 M.7
Ko. 50 (300mm) 1.7 1.7 15.6 124 28.1 100.0 9.6
No. 100 (150um) 1.7 1.3 14 6.5 10,9 99.0 5.8
No. 200 (75um) 1.1 0.8 9.9 3.7 6.1 9.0 4.1 2-8
CRUSH RET.¥ 100.0 100.0 100.0 100.0 53.6 0.0  99.0 75 Hin.
AL 228.7 318.0 228.7 170.0 236.0 0.0 273.3 260 Min.
Materials submitted by: PAYNE & DOLAN, INC. Plant # 350-05 -—(Contractor Furnished)

NOTE TO TM!: ELIMINATE THE DEG & INCREASE THE MAN SAND TO 40%.

* RECOMMENDED FIELD CONTROL DENSITY

EFFECTIVE SPECIFIC GRAVITY = 2716 ,
The bitumen content and aggregate characteristics are based on the submitted material with the gradation and blend ratios

indicated. Variation in materials or field conditions may require adjustments of this mix design (see T.M.L for form 1911
for field application). This laboratory design is valid for two years from date reported and should not be applied or
adjusted without written approval of the Bituminous Services Unit. TESTED FOR INFORMATION.

€C: BEDARD, J. (PE)
FIELD ENGINEER
KEH LAMBERT
D. ANDREWS

(2) COXTRACTOR
BIf. FILE

(2)

%)’

D2-14

ANGULARITY INDEX =43.3.

Bituminous Unit - Supervising Engineer



AC, BULK BULK MAX T.M.D. AIR VMA VFA  FINES/EFF

BYWT S.G. DENSITY THEO. VvOIDS : . ASPHALT :
S.G. RATIO :
@ OPTHAUM
5.5 2.387
REGRESSION EVERY 0.1% :

4.4 2.349 146.6 2.531 - 157.9 7.2 15.2 52.6 1.18
4.5 2.353 146.8 2.527 157.7 6.9 15.1 54.4 1.156

4.6 12.356 147.0 2.523 157.4 6.6 15.1 56.1 1.12 .
4.7 2.359 147.2 2.519 157.2 6.4 15.1 57.8 1.09
4.8 2.363 147.5 2.515 156.9 6.0 15.0 59.7 1.06
4.8 2.366 147.6 2.511 156.7 5.8 15.0 61.5 1.03

5.0 2,370 147.9 2.507 156.4 5.5 14.9 63.4 1.01

5.1 2373 148.1 2.503 156.2 5.2 14.9 65.2 0.98
5.2 2,376 148.3 2.500 156.0 5.0 14.9 66.7 0.896
53 2.380 148.5 2.496 155.8 4.6 14.9 68.7 0.94
5.4 2,383 148.7 2,492 155.5 4.4 148 70.5 0.92
5.5 2.387 148.9 2.488 155.3 4.1 14.8 72.5 0.90
5.6 2.390 149.1 2.484 155.0 3.8 14.8 744 0.88
5.7 2.394 1494 2.481 154.8 3.5 14.7 76.2 0.86
5.8 2,397 149.6 2.477 154.6 3.2 14.7 78.0 0.84
5.9 2.401 149.8 2.473 154.2 2.9 - 14.6 80.1 0.82

SPECIFICATIONS = ' - 4% 13.0 65-78 0.6-1.2 l

- (PG 52-28 — PAYNE & DOLAN) SP. GR. = 1.019

- EFFECTIVE SPECIFIC GRAVITY = 2.7;l'6
BULK AGGREGATE SPECIFIC GRAVITY = 2.647
DESIGN ESAL;S = <3.0

DESIGN TEMPERATURE = 35 degrees C
MIXING TEMPERATURE = 132 degrees C

- COMPACTION TEMPERATURE = 124 degrees C
" INITIAL GYRATIONS =7  %Gmm =854  SPECIFICATION = 89% MAX.

'DESIGN GYRATIONS = 86

MAXIMUM GYRATIONS =134 %Gmm=97.0 SPECIFICATION = 98% MAX.

D2-15



JOB MIX FORMULA (JMF)
BITUMINOUS FIELD COMMUNICATION

DISTRIBUTION: WHITE - Testing Lab. GREEN - District  YELLOW - Project Engineer GOLD - TAU
This form applies only to the project listed below and is not transferable to other projects.

Michigan Department
of Transportation
1911 {3/97

PINK - Inspector

CONTROL SECTION JOB NO. PROJECT ENGINEER ;D EFEECTIVE
NH 2029 £« 3/0594 3 ede-d !,%E_ §/, 77
CONTRACTOR , : PLANT LOCATION ‘ IFLANT NO.
70,«7/1: f'b-/fﬂ GledSHFeaac | 350 -05 ]
TYPE OF MIXTURE|MIX DESIGN NO. VMA % AIR VOIDS % MARSHALL DENSITY THEOQRETICAL MAX. DENSITY ‘
4 FI |gamoscy | 1y, 8 G0 | JuE 9 ke i3 ke }‘
TESTING OPTION [MIX DESIGN EFFECTIVE SPECIFIC GRAVITY |PLANT CERTIFICATION DATE CONTRACTOR'S QC 2LAN :] YES ‘
: 2,74 TO PROJECT ENGINEZR (] NO |
MIX/AGG. GRADATION, % MIX/AGG. BLEND PROPORTION, %
ITEM PERCENT MATERIAL/PRODUCER PITNO. | PERCENT
ASPHALT, % S35 | Cearse 5% chip 21- 74 20.¢
7 .
P 37.5 mm CocrSe , /8 chop S2-~3¢ 25,0
P 25.0 mm E:ne | ..?/5 Mg 21- 78 [0«
P 19.0 mm foo.o Kene Meq . Sand EERAY Lo, o
P12.5 mm A L oense ﬁe_,‘nf Sa;qaf 21- 89 5O
P 9.5 mm 79 4
P4.75 mm 53, £
P 2.36 mm 3¢. 3
P 1.18 mm 22,7 RECLAIMED
P 600 um 1y, 7 FILLER - §
- <PH ] T T
300 #m 7. ASTRAT _IPro Gldste, S2-2s | s.s
b 150 AWI (Spec.) AWI (Actual) ANGULARITY INDEX
Hm 5% 2Llu 277. % 47, 3
TYPE OF TESTING
P75 um  / LS TQUALITY ASSURANCE TESTING (O RsGULAR TESTING
DUST. CORAZCTION
CRUSHED 29,0 X 8aTCH PLANT [ pRUM PLANT
REMARKS: N

TRAVELLIN

A
MIX INSPECTOR [Th%e—
4’1/\—\/"’1 i

D2-16




f-14 97 12:87 FROM:MDOT 986-T89-97 73 TO:C & T LAB/LANSING PREE:83

Minigen Dnprimon JOB MIX FORMULA (JMF) ' |
1913 81 BITUMINOUS FIELD COMMUNICATION METRIC N

DISTRIBUTION: WHITE - Yesting Lub. GREEN - District  YELLOW - Projoct Engineer  PINK - inspector  GOLD - TML

This torm applies only 1o the project listed bslow and is not transferable to other projects.

CONTAOL SECTION JoND. ~ T PROJECT ENGINEER :me"z#acnve T
MH 2102y | 310594 | T Feded C‘(,}}C‘
CONTRACTOR PLANT LOCATION ~ FLANT NO ™
- f)(744 f O el e cs ,f‘,5 #E'A‘: -3 8¢ ":Jr/
TYPE OF MIXTUREIMIX DESIGN NO. VMA ¥ y |AIRVOIDS % MARSHALL DENSTTY THEDRETICAL MAX. DENSITY
4 £3 Gamp ey Mad| 14, 2 4. o 1491 ¥ kgim? {s1.d kgm ¥
TESTING OPTION [MIX DESIGN EFFECTIVE SPECIFIC GRAVITY |[PLANT CERTIFICATION DATE|CONTRACTOR'S QC PLAN I j-¥65—
v 2. /6 gL ¢ 7 TO PROJECT ENGINEER [ ] NO
MIX/AGG. GRADATION, % MIX/AGG. BLEND PROPORTION, %
" ITEM PERCENT MATERIAL/PRODUCER PIT NO. PERCENT
ASPHALT. % | 53% | Coarse,  */k chir 21-7§ 1 20.0
P37.5mm - ' C.é"f__’:—c'_a___ '- .‘-/J‘ CA.-D SJ;'_-S‘ 2 r'o
_romm Foac, — _2/6 Miaws |20 7Y 1 (0.0
. . -
P 18.0 mm logo | F:an, Miq Sand 75-08 1 Hoe
_Przomm 96 | Drase, . Rejersed pi 89 | 5o
P 9.5mm —74-. L{
P 4.7 mm 5 uf ﬂ*
P 2.36 mm 3 L3 !
P 1.18 mm 22,7 | RECLAIMED 5
P
600 um I4.7 | FLER 1 o
ARSI S & o .
P 300 ¢m 9. ¢ ASPHALT  |p e Gladstem S52-28 | 5.3
50 o ST T AW (Spec.) AW (Actusl) ANGULARITY INDEX
P10 ] sy Z¢o 273 3
TYPE OF TESTING
P75 ym Y. | - [ FOUALITY ASSURANCE TESTING 7] REGULAR TESTING
T T ~ |DUST. CORRECTION
CRUSHED 94,0 ] BATCH PLANT [B-TRUM PLANT
REMARKS:
_ # Drearstr  Cheygs To T MmEF A Aperaid }
_ b Vi . P £ - —— :

P ————————

v d :
DATE

TRAVELLING Mk INGPECTOR (TMI) - Signature
Cere [0 - 1Y- 77
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US-2 Delta Co.
Contractors Quality Control Test Data 4E3 Mixture

G, =1.019 Gy =2.716 Ggp =2.647 Absorb. =0.98

SUBLOT _TMD ___BULK__AIRVOID__VFA VMA %AC____Eff. AC___FINE/AC

1 155.24 153 3.03 78.43 14.05 55 4.58 0.96
2 15572 152.07 4 72.03 14.3 5.29 4.36 0.89
3 155 152.57 313 77.96 14.2 561 - 4.69 0.92
4 155.8 152.57 .67 73.64 13.92 - 527 4.34 1.05
5 155.8 152.44 3.72 73.35 13.96 5.27 4.34 0.96
6 155.25 152.6 326 76.83 14.07 55 4.58 0.80
7 15591 15213 3.78 73.40 14.25 837 4.44 0.78
8 155.5 152.19 3.72 73.91 14.26 54 4.47 0.83
) 155.5 152.51 3.51 75.25 14.18 5.45 4.53 1.02
10 16599 152,38 3.82 72.46 13.87 519 4.26 1.13
1 155.94 1518 - 4.16 70.77 14.23 5.21 4.28 1.18

Average 15560 152.39 3.62 74.37 14,12 537 444 0.96
STD 0.3302 03250 03546 24710 0.1505 0.1353 0.1366 0.1303
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US-2 Delta Co.

Contractors Quality Control Test Data

4E3 Mixture

Sublot  75um
1 4.38
2 3.87
3 4.29
4 4.55
5 417
6 365
7 3.48
8 3.72
9 462
10 4.83
1 5.04

150um 300um 600um 1.18mm- 2.38mm 4.75mm 9.5mm 12.5mm 19mm

5.95
5.24
5.81
6.09
5.68
511
4.89
5.1
6.04

6.2
8.75

10.21
8.97
9.81

10.02
9.59
9.03

15.73
14.45
16.38
15.49

15
14.44
13.63
14.58
14.86
15.19
16.66

23.18
2193
22.83
23.09
22.41
21.95

206
22.28
22.45
22.95
25.89

36.48
35.93
36.08
37.21
36.14
35.54
32.83
36.82
35.76
36.95
40.39

54.38
55.82
56.67
57.62
54.67
54.23
49,29
56.07
52.79

54,89

56.73

75.22
78.67
78.49
80.19
75.35
78.19
72.39
78.41
75.61
78.99

81

89.6
92.32
92.48
91.99

87.8
93.65
88.91
80.83
89.23
92.69
92.57

100
100

Average 424

STD 05087 0.5706 0.5425 0.7989

5.72

9.50

15.04 2269

1.2854

D2-19

3646 5483 77.50
1.7760 2,2985 2.5468

91.01 100.00

1.9576
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US-2 Delta Co.
Contractors Quality Control Test Data 4E3 Mixture

Sublot AV. at Ni; at Nipay Crushed Crushed FAA

1 99.4
2 98.2
3 98.4
4 99.4
5 89.2
6
7
8
9

98.2
9.4
99.1
99.5
10 ‘ 99.4
11 99.5

average £9.06
STD 0.5277
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US-2 Delta Co. ,
Contractors In Place Density Results 4E3 Mixture

Sublot Core #1 Core #2 Core #3 Sublot Avg. Lot Avg. +2% +4% +#% -10% -25%

1 93.1 93.1 93.1 93.100

2 91.7 91.7 91.7 91.700

3 944 844 944 94400

4 924 92.4 924 92400

5 92.2 92.2 922 92200 92,76 4000 4000 2000 3.00 0.00
6

7

8

9

93.8 93.8 93.8 93.800 §2.90
92.6 92.6 926 92,600 93.08
92.5 92.5 925 92.500 92.70
93.4 93.4 93.4 93.400 92.90
10 92.9 92.9 929 92900 93.04 80.00 40.00 2000 000 0.00

Average 892.9
_ 8TD 0.7732
Bonus Lots 1 0 0
Deduct Lots 0 0
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US-2 Delta Co.

D2-22

Contractors Mixture Price Adjustment Table 4E3 Mixture
T™MD VMA - VOIDS
JMF Lot  Abs JMF Lot Abs JMF Lot Abs

Sublot| 1556 Avg. Dev Dev | 142 Avg. Dev Dev 4 Avg. Dev Dev

1 0.36 0.16 0.97

2; 0.12 0.1 0

3 06 0 0.87

4 0.2 0.28 0.33

-5 0.2 155.51 0.296 0.088; 0.24 14.086 0.154 0.114; 0.28 3.51 049 049

6] 035 0.13 0.74

7] 031 0.05 0.21

8 0.1 0.08 0.28

9 0.1 0.02 0.48

10; 0.39 : 0.33 0.18

1 0.34 155.76 0.248 0.168] 0.03 14.158 0.098 0.042] 0.18 38 0284 02
Specification 06 06 0.6 0.6 05 05
Bonus Lots 2 2 2

" Deduct Lots 0 0 0




US-2 Delta Co.

Contractors Mixture Price Adjustment Table 4E3 Mixture
% AC 75um Crushed .
JMF Lot  Abs. JMF Lot  Abs. JMF Lot Abs.
Sublot | 5.3 Avg. Dev. Dev.| 41 Avg. Dev. Dev.!| 89 Avg. Dev. Dev.
1 0.2 0.28 04 '
2 0.01 0.23 0.8
3 0.31 0.19 0.6
4 0.03 0.45 0.4
5 0.03 5.388 0.116 0.088| 0.07 4.252 0244 0.152; 0.2 9892 048 0.08
6 0.2 0.45 0.8
7 0.07 0.62 04
'8 0.1 0.38 0.1
9 0.15 0.52 0.5
10 0.11 0.73 0.4
11 009 5324 0.104 0.024] 094 4.338 0638 0.238( 05 9938 038 038
12
Specification 03 03 07 07 10 10
Bonus Lots 2 2 2
Deduct Lots 1} 0 0
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US-2 Delta Co.

MDOT Veriftcation Test Data 4E3 Mixture
Sublot TMD BULK AIR VOID VMA - %AC Eff. AC Fines/AC VFA
2 155.69 151.32 4.4 14.7 5.32 4.39 0.915 70.07 .
8 165.35 152.82 3.23 13.93 5.45 453 0.871 76.81

11 155.86 152.7 3.46 13.67 5.24 4.31 1.122 74.69 |

average 155.6333 152.28  3.606666  14.10 5.34 441 097 7386
STD 02587 _ 0.8335 06160 __ 0.5356 _ 0.1060 _0.1070 0.1343  3.4485

MDOT Central Lab Test Data

- _ PG52-28
LAB Fines/AC Eff &(2 %AC Orig. Pen Rec. Pen
9/8/97 1.100 4.27 5.2 213 112

9/10/97 205
9/11/97 o111 3.87 48 200 76

9/12/97 1.111 3.87 48

9/12/97 0.982 3.97 . 4.9 189 103

9/15/97 202

9/16/97 - : 201
Average 1.08 4.00 493 20167 97.00
STD 0.062837 0.191148 0.189296 7.788880 18.73499
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US-2 Delta Co.
MDOT Verification Test Data 4E3 Mixture

Sublot 75um 150um 300um 600um 1.18mm 2:35mm 4.75mm 9.5mm_ 12.5mm 19mm
2 4.02 5.44 9.19 14.7 2211 35.74 546 79.52 91.75 100
8 3.94 549 9.33 1478 2222 36.79 56.06 79.25 92.83 100
11 4.84 6.07 952 1598 24.74 39.28 55.72 77.59 90.35 100

Average 427 567 935 1515 2302 3726 5576 7679 9164 100.00
STD 04981 0.3502 01656 0.7170 1.4877 1.8071 _1.1805 _1.0451 12434 00000

MDOT Central Lab Test Data

75umm_150um_ 300um 600um 1.18mm 235mm 4.75mm 9.5mm_  12.5mm _19mm
9/8/97 4.7 6.3 10.5 15.8 225 36.3 558 79 92.3 100
911/07 43 5.8 99 149 225 366 541 748 922 100
9/12/07 4.3 6 99 149 25 35 54 766 928 100
9/12/97 3.9 5.4 8.9 135 21 348 538 757 934 100

Average 4.30 5.88 980 1478 2275 3568 5443 7653 9268 100.00
STD 0.3265 0.3774 06633 085 16583 085089 09251 1.8062 0.55 0
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US-2 Delta Co.

Film Thickness Table 4E3 Mixture
DESIGN PLANT MDOT LAB |

Gradation 9% Pass % Pass % Pass
375 100 100 100
25 100 100 100
19 100 100 100
12.5 91.6 91 92.7
9.5 79.4 775 76.5
4.75 53.8 548 h4.4
2.36 36.3 36.5 35.7
1.18 227 227 22.8
0.6 14.7 15 14.8
0.3 0.6 0.5 9.8
0.15 58 5.7 59
0.075 4.1 4.2 4.3
% AC 5.5 5.37 4.9

Film Thick. 0.00117 0.00111 0.00098
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Appendix D3

QC/QA Test Data

1-75 Cheboygan Co.
<3 Million ESAL
'3E3 and 4E3 Mixtures



FILE 300
controt section: IM 16093
Job Number: 32510A
REPORT OF IEST Hix Design Ho.: 97MD-131

Date: JUNE 25, 1997
1931 (N991)  BITUMINOUS MIX DESIGN
Sample Of: BITUMINOUS MIXTURE NO. 3E3 --Recycled
Date Tested: JUNE 19, 1997 Specification: 4.00 MOD, 1990 STD. SPECS.
MATERIALS USED _ .

Agg.# Material - . Type Source . Percent SP.GR.

) ASPHALT CEMENT PG 46-34 AMOCO - 1,021

1 COARSE . 3/4" - STONE PIT # 16-52 20.0%

2 COARSE 172" - STONE PIT # 16-52 35.0%

3 FINE 3/87 - SAND PIT # 16-52 10.0%

4 DENSE 1/2" - DENSE GR PIT # 16-52 10.0%

5 RAP - YARD 25.0%

MIX DESIGN o
Asphalt @ Optimum= 1 4.7 Air Voids = 4.0

Density 1b/cu.ft = 149.1* .- S
(kg/cu.m) =( 2388.3) V.M.A. . = | 13.7°
Theo.Max. Density= 155.4 oL
(kg/cu.m) =( 2488.7) = V.F.A. . 70,_5;

COMBINED  MASTER GRAD.

SIEVE SIZE AGG.#1 AGG.W2 AGG.#3 AGG.¥4 AGG.#5 GRADATION RANGE 7.10-2
374 1N (19.0mm) 100.0 100.0 100.0 100.0 100.0 100.0. 90-100
172 I8 {(12.5mm) 32,5 100.0 100.0 96.5 100.0 86.2 90 HAX
3/8 1N ¢ 9.5mm) 5.5 82,5 100.0 8.5 83.0 69.4

Ho. & (4.75m) 2.5 26.0 93.0 &5.5 53.0 38.0

Ho. 8. (2.36mm) 2.0 6.0 78.0 540 35.0 26.4 23-49
He. 16 (1.18mm) 1.9 5.0 62,0 45.5 30.0, - 20.4

He. 30 (600zm) 1.8 4.2 38.0 33.0 23.0 1.7

Mo. 50 (300um) g 3.6 100 12,0 125 6.9
Mo, 100 (150um) 4 33 35 65 TS5 4.3 !
e No, 200 (75am). 1.5 2.8 3.0 5.5 .65 3.8- 2-8

1

1

1. - - -
CmshCountRer.MSmm'/,sme; T2 99/94 102 65/55 99/95:-  95.4/903 75 MIN -

Materials submitted by: H & D INC. Plant # 210-03 --(Contractor Furmshed)
RAP CONTAINS 4.6% ASPHALT - 3.6% NEW ASPHALT ADDED TO THE MIXTURE .

PO 52-28 GRADE ASPHALT REQUIRED FOR THE PROJECT

* RECOMMENDED FIELD CON’I‘ROL DEN_S!'I.'_Y__H

ANGULARITY INDEXNUMBER =~ | 42 8-

EFFECTIVE SPECIFIC GRAVITY = 2680 -

The bitumen content and aggregate chargcteristics are based on the submitted material with the gradation and blend ratios
indicated. Variation in materials or field conditions may require adjustments of this mix design (sce T.M.L for form 1911
for field application). This laboratory design is valid for two years from date reported and should not bé applied or
adjusted without written approval of the Bnummous Senrim Unit. TESTED FOR INFORMATION.

CC: HILBERG, T (PE} (2)- CONTRACTOR
FIELD ENGINEER BIT. FILE
JOHN LIJEWSKI . (2). .
.D. ANDREWS %) , _Bituni:_\o‘us Unit - Supervising Engineer
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FILE 300

control Section: IM 16093
Job Number: 32510A

. REPORT OF TEST ix Design No.: 97MD-131

Date: JUNE 25, 1997
1931 (N9®1)  BITUMINOUS MIX DESIGN

AC. BULK BULK MAX T.M.D. AIR VMA VFA  FINES/EFF, % %.

BY WT $.G. DENSITY  THEO. VOoIDS ASPHALT ABSORBED EFFECTIVE
T 8.0. RATIO ’ ASPHALT  ASPHALT
. ) CONTENT

© OPTRILK :

4.7 - 2388 14941 248 1554 4 13.7 70.5 0.92

Pba Pbe
REGRESSION EVERY L% : .

4.0 1273 794 2.51€ 167.8 494 537 8.0 1.1 0.592 34

41 . 237 1483 2.613 156.8 A 1.6 603 1.08 ' 0.592 35

42 2380 1488 2.508 166.8 8.1 136 62.2 1.06 0.552 KX

43 2,382 148.8 2.606 1563 4.9 138 839 1.02 T 0582 a7

44 2385 143.8 2.501 156.1 4.0 1.6 e6.9 0.98 . 0582 a8 .

4.5 2387 148.9 2497 168.8 44 1ne 67.7 097 - 0582 as -’

4.8 2388 148.0 2454 1556.€ 43 17 68.6 0.94 0.592 4.0

4.7 2388 149.1 2480 1554 4.1 77 " 70.8 0.92 © 0,582 4.1

4% | 2390 1481 2486 185.1 38 138 72.0 0.80 0582 42

4.9 2301 1482 2482 1649 T 13.8 73.6 0.88 ’ 0592 43

6.0 12391 1482 2478 1647 L 179 745 0.86 Ce 0.592 44 .

5.1 2391 149.2 2476 1644 34 14.0 768 084 ¢ 0592 45

62 2.350 1481 2471 16542 33 . A 768 0.82 0.592 4.6

53 2389 149.1 2468 154.0 3.2 1“3 778 0.80 0,592 47

64 2.388 143.0 2464 1638 . a1 1“4 788 0.78 0562 4.8

6.8 2386 1489 2460 1636 - 3.0 4.6 703 0.77 0.592 4.8
SPECIFICATIONS = 4% 1.0 85-78 0.6-1.2

-(PG 4634 - AMOCO OIL) SP. GR. = 1.021

- EFFECTIVE SPECIFIC GRAVITY =2.680 . 7
Ab‘" Li0=n, T 0 . t‘ (-]

BULK AGGREGATE SPECIFIC GRAVITY = 2.639 Abserp

: 3.8 _ 92
DESIGN ESAL’S » <3.0 =

- : x =38,

DESIGN TEMPERATURE = 36 degrees C _ 52
MIXING TEMPERATURE = 143 degrees ¢ 290°F ' 'i _’) E:L‘C
COMPACTION TEMPERATURE = 143 degrees C ' T Absery

INITIAL GYRATIONS =7 %Gmm=66.8  SPECIFICATION = §9% MAX.

" DESIGN GYRATIONS = §6

MAXIMUM GYRATIONS 134 %Gmm=87.6  SPECIFICATION = 88% MAX.
[l
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ﬁcfhirganbe;:r:.r::nt JOB MIX FORMULA (JMF)
" 611 taren BITUMINOUS FIELD COMMUNICATION

DISTRIBUTION: WHITE - Testing Lab. GREEN - District YELLOW - Project Engineer PINK - Inspector  GOLD - TRW
This form applies only to the project listed below and.is not transferabie to other projects.

-t

- GNTROL SECTION JOB NO. PROJECT ENGINEER BATE EFFECTIVE
Im /16093 32s1pA | T ltiepees lo-D6-97
DNTRACTOR ~[FLANT LOCATION 7 ) BLANT NO.

M) s c - | Fwasiawn ﬂtu%(émwf'f') L /0-3
¥YPE OF MIXTURE | MIX DESIGN NO. VMA % . '.a(.,.'thmﬂ VOIDS ‘?&LoDMAHSHALL DEN I'fzf‘,o THEORETICAL Mi\i(. D:E/NgETY
E e | QImo 137 L3=7 7.0 1949 7 Zkgim® | /5T T g
ISTING OPTION [MIX DESIGN EFFECTIVE SPECIFIC GRAVITY [PLANT CERTIFICATION DATE|CONTRACTOR'S OC PLAN ] YES
Tz L — TO PROJECT ENGINEER ] No

MIX/AGG. GRADATION, % MIX/AGG. BLEND PROPORTION, %

ITEM PERCENT MATERIAL/PRODUCER PIT NO. | PERCENT
J-O\b,b E
PHALT, 9 - = 7y,

ASPHALT, % ;’-7 Yy S maic /népﬁ Lyl [l -~52 0.0
= ‘ RTAACTEAS .o
P 37.5 mm /p!-” < FTR0E, -85 | 25D
P 25.0 mm Yol S " 16—52 10. O

Fs 1 ' T ’

P12.5 mm QL. 7 E
P 9.5 mm L9 e./ {

P 4.75 mm 2p.5 : *

l ) i
P 2.36 mm 24 ¢ i
P 1.18 mm RECLAIMED [CAP- Scastni® T 75miotians ,
. 20.4 . . F570

P 600 pm )97 FILLER i

P 300 HALT 72 4 .

#m L. ASPHALT 4 Yé-3y en &L Co Srpraret | 3.0

P 150 AWI {Spec.} AWI {Actual) ANGULARITY INDEX -, .- = = ™

pm ¥.3 oy A Y2, IR

$ TYPE OF TESTING _ .
P75 um 3.8 R QUALITY ASSURANCE TESTING {1 REGULAR TZSTING

F75 T ‘ DUST. CORAZCTION
[CRUSHED T Y /90_5 [J BATCH PLANT [A DRUM PLANT v/
‘MARKS: 4

JMJEM—J&M&M on. THes lorwv, fer TS Dasr
Ol‘o‘i'bov"i'__f o Be Useq tnTH gi(—?‘ Stmtpe - [ /‘11?5?

C g ATion).

) -
[ ZaSpwtct  [em Z.ft'V\Sl«-c.‘, mes Desisw Section 14"1' fDumT:S'ITa:
T'Db/i-y‘

AVELLING MIX INSPECFOR (TMI - Signature {DATE
;ﬁ ,_Z . | | £-D6e-97
/o 4 b3-3




1-75 Cheboygan Co.

Contractors Quality Control Test Data 3E3 Mixture
G, =1.021 Cge =2.68 Ggp =2.639 % Absorb. =0.6
SUBLOT TMD BULK AIRVOID VFA VMA %AC Eff. AC FINE/AC
1 155.13 151.10 2.60 - 79.3 12.7 48 4.24 0.590
2 155.25 150.90 2.80 778 12.7 48 4.24 0.519
3 155.75 150.92 3.10 75.2 12.5 45 . 393 0.610
4 155.44 150.93 2.90 76.8 12.7 47 414 0.629
5 155.70 148.07 4.90 65.3 14.3 46 4.04 0.669
6 155.48 148.64 4.40 69.2 14.2 48 4.24 0.637
7 154.75 149.33 3.50 747 139 5 4.44 0.608
8 155.26 149.36 3.80 72 13.7 48 424 0.614
] 155.35 149.60 3.70 72.5 13.4 4.7 4.14 0.653
10 155.38 149.16 4.00 70.5 13.7 4.7 414 0.701
11 155.70 149.16 420 68.9 136 46 4.04 0.694
12 155.11 149.22 3.80 72.2 13.7 4.8 424 0.685
13 155.05 150.09 3.20 75.7 132 48 4.24 0614
14 155.41 149.35 3.90 71.2 13.6 47 4.14 0.604
15 155.68 148.99 430 66.6 13.7 486 4.04 0.644
16 155.44 149.22 4.00 70.9 136" 47 4.14 0.701
17 155.13 149.39 370 728 136 48 424 0.885
18 155.34 149.59 3.70 72.2 135 4.7 4.14 0.829
19 155.71 149.01 430 88.7 138 47 4.14 0.629
20 155.4 149.03 410 70.3 138 47 4.14 0.677
21 155.24 149.03 4.00 71.2 138 48 4,24 0.637
22 155.48 148.79 430 88.6 13.8 48 4.04 0.585
23 155.24 149.50 3.70 72.8 136 48 4.24 0.567
24 155.24 149.03 4.00 7" 13.8 48 4.24 0.614
25 15551 © 14898 420 69.5 13.7 46 4.04 0.620
26 155.65 148.96 430 68.7 137 46 4.04 0.743
27 155.01 1490.74 3.40 75 135 49 4.34 0.892
28 155.48 149.42 3.80 71.1 13.5 47 4.14 0.677
29 155.52 149.92 3.80 72.8 13.1 46 4.04 0.669
30 155.57 149.97 3.60 724 13.2 46 4.04 0.694
31 155.77 148.92 4,40 68 136 45 3.93 0.813
32 155.83 149.13 4.30 684 _ 135 45 393 0.737
- 33 155.42 149.98 3.50 73.2 13.2, 47 4.14 0.750
34 155.82 149.74 3.80 702 - 132 45 3.93 0.813
35 154,94 148.90 3.90 721 14 49 4.34 0.715
38 155.69 148.84 4.40 88.1 13.7 4.5 3.93 0.813
37 155.58 149.67 3.80 71.5 13.3 46 4.04 0.793
38 155.3 149.86 3.50 73.5 13.3 4.7 414 0.798
39 155.56 149.03 420 69.3 13.7 4.6 4.04 0.719
40 155.72 149.02 4.30 68.4 13.5 4.5 3.93 0.737
41 155.24 149.19 3.90 71.4 13.7 47 4.14 0.701
42 155.36 148.83 4.20 60.7 13.9 47 4.14 0.677
43 155.32 149.42 3.80 719 135 4.7 4.14 0.822
44 155.29 1490.08 4.00 70.8 13.7 47 414 0.750
45 155.33 149.12 4,00 70.7 13.7 47 4.14 0.798
48 155.73 149.03 4.30 68.5 13.6 45 3.93 0.788
47 155.79 148.78 4.50 67.3 13.7 45 3.03 0.737
48 155.28 149.69 3.60 735 134 48 4.24 0.685
49 155.56 149,96 360 725 13.1 46 4,04 0.644
Average 155.43 149.40 3.88 71.37 13.53 468 412 0.69

STD  .0.247% 0.6198 0.4561 27926  0.3640 0.1202  0.1209 0.0727
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1-75 Cheboygan Co.
Contractors Quality Control Test Data 3E3 Mixture

Sublot 75um 150mm 300um 600um 4.18mm 2.36mm 4.75mm 9.5mm 12.5mm 19mm
1 250 3.10 580 1410 1830 21.20 2050 6520 6460 100.00
2 2.20 2.80 540 12980 16.40 18.90 2630 6250 8380 100.00 °
3 240 2.80 530 1310 16.50 19.20 26.10 6220 84.10 100.00
4 2.60 3.20 6.30 1520 19.80 22.30 3090 6430 8340 100.00
5 270 3.80 540 10.50 1420 17.10 2780 6510 B80.70 100.00
6 2.70 3.40 530 11.70 14.90 17.80 2760 6430 80.20 100.00
7 270 3.30 4.50 9.20 12.40 15.30 2730 6620 8210 100.00
8 260 3.30 520 1080 14.50 17.40 2050 6620 81.80 100.00
9 270 3.60 610 1080 13.70 16.20 2790 6540 8220 100.00
10 290 3.40 580 11.00 1420 16.70 2040 6440 8140 100.00
1 2.80 3.40 550 13.00 17.60 20.50 2930 6590 B84.30 100.00
12 2.90 3.70 620 1390 1860 21.90 3030 6660 8450 100.00
13 260 3.30 500 1240 17.30 20.40 2880 6510 83.70 100.00
14 2.50 2.90 460 1070 14.70 1780 27.00 6200 81.50 100.00
15 260 2.90 460 1020 1550 19.80 2940 6230 8210 100.00
16 2.90 3.40 530 1220 16.90 20.60 3150 6770 8380 100.00
17 2.90 3.50 550 11.80 16.50 20.00 - 30.30 66.30 8320 100.00
18 260 3.10 490 1230 1710 20.30 2870 6310 82980 100.00
19 260 3.10 470 1240 17.30 20.50 2880 6270 8250 100.00
20 2.80 3.30 4.80 9.50 12.70 16.00 27.90 6290 8080 100.00
21 2.70 3.30 490 1040 13.70 16.60 2060 6350 8140 10000
22 240 3.10 540 1230 17.40 19.80 2040 6270 8270 100.00
23 240 3.00 530 1190 16.80 21.00 3080 63.50 84.50 100.00
24 260 3.20 550 1280 17.50 20.80 31.50 68,00 8410 100.00
25 2.50 3.00 430 1090 16.80 18.90 2030 6540 8330 100.00
26 3.00 3.60 6.10 1400 19.40 23.20 3410 6840 6560 100.00
27 3.00 3.50 5.70 9.10 16.70 20.10 3080 6690 8540 100.00
28 2.80 3.40 5.70 9.30 16.30 19.50 3050 66.10 8450 100.00
29 2.70 3.20 510 10,70 1470 18.50 2080 6060 80.10 100.00
30 2.80 3.40 520 11.30 16.70 20.70 3270 6330 8220 100.00
31 3.20 3.20 50 1270 17.00 20.60 33.70 668680 8540 100.00
a2 2.90 3.50 560 1200 16.20 19.50 30.20 64.20 79.20 100.00
33 3.10 3.70 560 1090 1400 17.00 3020 6510 8320 100.00
34 3.20 3.70 560 1110 1440 17.40 3080 6840 8260 100.00
35 -3.10 3.70 550 1090 1380 . 16.80 30.00 6590 8240 100.00
K] 3.20 3.80 580 1160 1500 18.10 2880 64080 8430 100.00
a7 3.20 3.80 590 1280 17.50 - 21.20 33.10 6870 84.10 100.00
38 3.30 4.00 6.30 1350 18.10 22.00 3480 70.70 86850 100.00
39 290 3.50 540 11.00 14.80 18.10 2010 6460 8280 100.00
40 290 3.50 560 1150 1460 17.50 2840 6360 8210 100.00
41 290 3.50 560 11.50 15,30 18.70 2070 6470 8280 100.00
42 2.80 3.40 560 1160 15.40 18.40 2890 63,70 81.80 100.00
43 3.40 4.10 650 1310 17.20 20.80 3330 6970 87.10 100,00
44 3.10 3.80 6.10 1070 14.10 18.00 30.00 6330 8400 100.00
45 3300 390 580 1240 16.30 19.50 2080 63.10 80.20 100.00
48 3.10 3.50 550 1230 16.20 19.40 2980 6280 8050 100.00
47 290 3.40 560 1240 16.80 20.00 2080 6310 7970 100.00
48 290 3.50 580 1220 15.80 19.10 31680 6720 8510 100.00
49 2.60 3.30 550 10.60 15.10 18.00 3170 6440 B84.10 100.00

Average 2.82 M 548 11,74 1598 1917 2993 6493 8297 100.00
STD 02705 0.2981 0.4900 1.3198 1.6568 1.7969 1.8835 2.1219 1.7838 0
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I-75 Cheboygan Co.

Contractors Quality Control Test Data 3E3 Mixture
Marshall % Gmm % Gmom 1 face 2 face
Subiot AV. at Niy at Npax Crushed Crushed
1 483 87.4 98.8 93.4 91.1
2 4.78 874 98.6 2.2 Q0
3 5.05 87 98.3 927 90.3
4 5.58 87.1 98.5 92.3 89.9
5 6.6 83.5 96.9 92.5 80.4
6 6.6 84.3 97.4 94 .1 Q2
7 4.72 85.4 98.1 84.9 00
8 5.27 85.3 978 93.7 90.3
9 5.38 856 97.9 93.8 88.5
10 5.38 85.2 976 84.9 9.2
1" 521 84.9 97.5 956 92
12 515 85.3 97.8 94.7 88.9
13 4.95 86.7 98.3 _ 94.9 216
14 542 85.5 97.7 95.1 91.1
15 573 851 97.3 93.7 89.4
16 5.48 85 1.7 93.8 89.6
17 4.59 85.4 97.9 94.1 20
18 4.9 854 97.9 93.4 889
19 57 84.7 97.3 924 88.1
20 52 848 87.6 93 86.9
21 5 854 97.6 93.1 89.7
22 ) 55 a5 974 93.9 88.1
23 5.2 859 97.9 939 89.5
24 52 85.2 97.6 829 89
25 53 85.1 971.5 23.2 80.1
26 5.6 84.8 97.4 5.1 9.5
27 4.91 86.2 98.2 214 84.3
28 - 8541 97.8 93.7 88.8
29 49 86 97.92 914 883
30 5.13 85.9 98 23.1 88.9
N 57 846 07.4 95.1 91.2
32 56 85 97.4 93.3 89.9
33 4.94 85,9 981 | 95 80.4
3 548 85.2 T 93.8 88.7
.35 5.07 854 97.8 928 80.1
35 577 849 97.3 894.2 90
37 5.33 856 97.8 88.4 M5
38 85.8 88.1 942 90.3
39 5.58 84.8 97.5 93.1 1.4
40 5.37 85.1 874 94.8 90.1
4 5.14 85 97.7 83.2 20
42 5.5 84.9 97.5 94.1 90
43 5.38 85.7 97.8 94.4 90.2
44 5.38 853 97.6 929 89.3
45 5.46 85.1 976 91 88.9
46 6.09 85.1 97.3 928 88.7
47 5.53 8s 97.2 91.3 854
- 48 5.18 857 97.9 856 90.7
49 533 86.2 97.9 94 90.1
Average 5.34 85.43 97.74 93.65 89.70
STD 0.4075 0.7527 0.3753 1.1853 1.4728



I.75 Cheboygan Co.

Contractors In Place Density Results 3E3 Mixture

Sublot core #1 core #2 core#3 Lot Avg. +2% +4% +6% -10% -25%
1 93.8 84.6 95.2
2 4.8 96.8 95.1
3 96 95.9 96
4 94.4 95.1 94 4 ’
5 91.3 94.7 82 84.67 86.67 86.67 86.67 1.00 0.00
6 83.5 92.6 93.8 94.43
7 832 91.1 94.6 93.91
8 914 921 92.4 93.11
9 94.3 91.9 94.6 82.90
10 94.4 95.4 86.6 93.46 66.67 60.00 45.67 3.00 0.00
11 83.3 83.5 91.9 93.38 '
12 90.8 91.8 94.8 93.26
13 926 93 026 83.43
14 . 937 85 83.5 83.53
15 94 84.4 84.3 93.28 20.00 -60.00 40.00 3.00 1.00
16 93.1 23 83.8 93.36
17 939 4.2 93.2 93.62
18 93.2 83.9 93.8 93.80
19 93.3 92.7 923 93.54
20 93.3 04.4 93.9 9347 93.33 80.00 46.67 0.00 0.00
21 o2 3.9 95.2 93.55
22 929 94.1 91.8 93.38
23 93.1 94 92.8 93.31
24 925 93.2 94.5 93.44
25 93.5 942 93.3 93.40 80.00 66.67 40.00 1.00 0.00
26 93.2 3.5 4.6 93.41
27 938 94.1 95.8 93.75
28 844 85.7 941 94.03
29 96.2 942 94.1 94.32
30 928 093.3 93 84.19 100.00 86.67 66.67 0.00 0.00
K| 93.1 83.3 953 9422
32 927 94.1 94.8 04.07
a3 549 95.2 92,9 94.06
34 94.1 94.2 834 93.87
35 924 93.7 922 93.82 86.67 73.33 53.33 0.00 0.00
36 94.9 95 85.4 84.06 -

137 93.8 93.3 94.7 94.07 -
38 22 91.8 93.6 93.65
39 54,3 925 84.2 93.60
40 2.7 93.9 852 93.83 80.00 73.33 66.67 1.00 0.00
41 92.5 93.4 84.9 93.53
42 924 093.3 93.9 93.39
43 95.1 93.5 93.5 93.69
44 859 94.6 94.3 93.94
45 a3 94.9 95.1 94.02 86.67 80.00 53.33 0.00 0.00
46 938 923 925 93.87
47 a5 . 94.4 93.3 94.08
48 504 94.4 93.6 93.83
49 93.9 95.5 93.4 93.70 80.00 73.33 60.00 1.00 1.00

Average 83.77
§TD 1.2052

Bonus Lots 9 4 1
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I-75 Cheboygan Co.

Contractors Mixture Price Adjustment Table 3E3 Mixture
TMD VMA Voids
JMF Lot Abs. . JMF Lot Abs. JMF Lot Abs.
Subiot | 15540 Avg. Dev. Dev. 13.70 Avg. Dev. Dev. 4.00 Avg. Dev. Dev.
1 0.27 1.00 1.40
2 0.15 1.00 1.20
3 0.35 1.20 0.90
4 0.04 ‘ 1.00 1.10
5 030 15545 022 -0.05| 0.60 1298 0.96 072 0.80 3.26 110 074
6 0.08 0.50 0.40
7 0.65 0.20 0.50
8 0.14 0.00 0.20
9 0.05 0.30 0.20
10 0.02 15524 019 0.16| 0.00 1378 020 -0.08| 0©.00 3.88 028 0.12
1 0.30 0.10 0.20
12 0.29 0.00 0.20
13 0.25 0.50 0.80
14 0.01 0.10 0.10
15 0.28 158539 0.25 0.01 0.00 1356 014 . 0.14| 0.30 3.88 032 012
16 0.04 0.10 0.00
17 0.27 0.10 0.20
18 0.06 0.20 0.30
19 0.31 0.10 0.30
20 0.00 15540 014 -0.00] 0.10 1366 012 0.04; 0.10 386 020 0.04
21 0.156 0.10 0.00
22 0.08 0.10 0.30
23 0.16 0.10 0.30
24 0.16 0.10 0.00
25 011 15534 013 0.08] 000 1374 0.08 004! 020 404 015 -0.04
26 0.25 0.00 0.30
27 0.39 0.20 0.60
28 .08 0.20 0.10
20 0.12 0.60 0.40
30 0.17 15545 020 -0.05] 0.50 1340 0.30 0.30] 040 376 0.36 024
3 0.37 1 0.10 0.40
32 0.43 0.20 0.30
33 0.02 0.50 0.50
34 0.42 0.50 0.10
35 046 15556 0.34 -0.16| 0.30 13.50 0327 0.20{ 0.10 4.00 0.28 0.00
36 0.29 0.00 ' 0.40
37 0.18 0.40 0.20
38 0.10 0.40 0.50
39 0.16 0.00 0.20
40 0.32 15557 0.21 -0.17] 0.20 1350 020 0.207 0.30 4.04 0.32 -0.04
41 0.16 0.00 0.10
42 0.04 0.20 0.20
43 0.08 0.20 0.20
44 0.1 0.00 0.00 .
45 0.07 15531 0.09 0.09 0.00 13.70 0.08 0.00] 0.00 3.98 0.0 0.02
46 0.33 0.10 0.30
47 0.39 0.00 0.50
48 0.12 0.30 0.40
49 0.6 15554 0.1 =014} 0.60 13.50 0.20 0.20| 0.40 4.00 0.32 0.00
Specification Q.6 0.6 0.6 0.6 0.5 05
Bonus Lots 10 8 o
Deduct Lots 0 1 1
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1-75 Cheboygan Co.

Contractors Mixture Price Adjustment Table 3E3 Mixture
% A.C, 75um Crushed
JMF Lot Abs JMF Lot Abs JMF Lot Abs
Sublot | 4.70 Avg. Dev. Dev| 280 Avg.  Dev. Dev| 90.30 Avg. Dev. Dev
1 0.10 0.30 . 3.10
2 0.10 0.60 1.90
3 0.20 0.40 : 2.40
4 0.00 0.20 2.00
5 0.10 468 010 0.02! 0.10 248 032 032! 220 52.62 2.32 «2.32
6 0.10 0.10 3.80
7 0.30 0.10 4.60
8 0.10 0.20 340
] 0.00 0.10 3.50
10 0.00 480 0.10 -0.10( 0.10 272 012 0.08| 4.60 94,28 3.08 -3.98
11 0.10 0.00 5.30
12 0.10 0.10 440
13 0.10 . ' 0.20 : 4.60
14 0.00 0.30 4.80
15 0.10 470 008 0.00 020 268 0.16 0.12{ 3.40 94.60 4.50 -4.50
16 0.00 0.10 3.50
17 0.10 0.10 3.80
18 0.00 0.20 3.10
19 0.00 0.20 2.10
20 0.00 472 002 -0.02] 0.00 276 0.12 0.04| 270 93.34 3.04 +3.04
21 0.10 0.10 2.80
2 0.10 040 3.60
23 0.10 0.40 3.60
24 0.10 0.20 2.60
25 0.10 472 010 -0.02| 0.30 252 028 0.28| 290 03.40 3.10 -3.10
26 0.10 0.20 4.80
27 0.20 0.20 1.10
28 0.00 0.00 340
20 0.10 0.10 110
30 0.10 468 010 0.02{ 0.00 286 010 -0.08| 280 92.94 264 -2.64
K} | 0.20 0.40 4.80
32 0.20 0.10 3.00
33 0.00 0.30 4,70
34 0.20 0.40 - 3.50 .
35 0.20 462 016 0.08( 030 3.10 0.30 -0.30; 250 94.00 3.70 -3.70
K] 0.20 0.40 : 3.90
37 -0.10 . 0.40 6.10
38 0.00 0.50 3.90
38 0.10 0.10 : 2.80
40 0:20 458 012 0.12( 0.10 310 030 -0.30] 4.50 94.54 4.24 4,24
4 0.00 0.10 2.90 '
42 0.00 0.00 3.80
43 0.00 0.60 4.10
44 0.00 0.30 260 .
45 0.00 470 000 000 050 310 030 -030] 070 93.12 2.82 -2.82
46 0.20 0.30 2.50
a7 0.20 0.10 1.00
48 0.10 0.10 5.30
49 0.10 462 012 0.08] 0.20 286 024 -0.16f 3.70 92.84 2.64 -2.64
Specification 0.3 0.3 0.7 0.7 10 10
Bonus Lots . 10 10 10
DeductLots 0 : 0 0
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I-75 Cheboygan Co.

MDOT Verification Test Data . 3E3 Mixture

Sublot TMD BULK AIR VOID VMA %AC Eff. AC Fines/AC VFA
2 155.88 151.20 . 3 123 4.48 3.01 0.639 75.610
9 155.94 150.01 3.8 13 4.48 3.89 0.822 70.769
15 155 148.34 4.3 143 4.86 4.30 0.628 69.930
19 155.44 148,29 46 14.1 467 4.11 0.609 67.376
23 155.38 148.85 4.2 139 47 414 0.895 69.784
28 156.25 148.91 4.7 13.5 4.33 3.76 0.664 85.185
34 156.19 149.01 4.6 135 4.36 3.79 0.817 65.926
40 155.94 148.77 4.6 136 4.44 - 3.87 0.826 86.176
41 155.42 148.74 43 13.9 4.65 4,09 0.685 69.065
46 156 1497 4 13.2 4.4 3.83 0.782 89.697

Average 155.7155 148.1235 4.2333 13.5666 4.55 3.9850 0.7316 68.86880

MDOT Central Lab Test Data
Specification AC  PG52-34 AC used PG46-34 +30% RAP  Amoco
LAB %AC Eff. AC Orig. Pen Rec. Pen Fines/AC
6/26/97 4.4 3.83 260 94 1.304
710197 o
710/97 4.2 3.63 323 105 1.378
7H6/97 4.1 353 315 122 1.444
7/119/97 4.1 353 330 120 1.359
7/23/97 325
7126/97 3.9 3.33 340 121 1.261
7/30/97 ’ 336 '
7/31/97 3.8 3.23 335 116 1.362
8/1/97 338
8r7/97 i , 3Bs2 '
8/8/97 4 3.43 112 1.224
8/21/97 ‘ 42 3.63 367 134 1.404
8/22/97 4.1 3.53 361 129 1.387
8/23/97 : 354
8/27/97 4.1 3.53 370 129 1.274
8/28/97 360 '
9/5/87 42 363 131 1.294
5697 4.2 3.63 133 1.184
9/12/97 351 :
Average 411 3.54 338,59 120.50 1.32
STD . 0.1564 0.1573 20.7007 12.1767 0.0784
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I-75 Cheboygan Co.

MDOT Verification Test Data 3E3 Mixture
Sublot 75um 150um 300um 600um 1.18mm 2.35mm 4.75mm 9.5mm 12.5mm 19mm
2 25 a2 6.4 144 18.5 218 30.3 63.9 82 100
8 3.2 4 56 10.5 141 17.5 3 68 83.8 100

15 27 3z 54 12 16.5 19.9 29.7 63.6 80.8 100
19 25 3.2 5.8 12.7 17.2 20.2 28.5 63.2 85.2 100
23 3.7 4.8 7.5 11.9 16.7 21.2 N5 65.8 846 100
28 25 29 5 10.9 15.1 19 30.3 88.5 83.3 100
34 3.1 7 5.7 10.6 13.7 16.9 20.7 66.2 854 100
40 3.2 3.9 6.3 12.7 171 20.8 32.5 68.4 84.6 100
41 2.8 35 6 12.2 164 20.2 318 66.2 85.9 100
46 3 3.2 56 111 14.5 17.3 27.8 60.4 79.8 100

Average 292 3.56 581 1190 1588 19.46 30.31 6522 83.52 100.00
_STD 03938 0.5602_0.6951_1.1981 1.5548 1.8985 14617 24362 2.0080 _0.0000

MDOT Central Lab Test Data

LAB_7S5umm_150um_ 300um_600um 1.18mm_2.35mm_4.75mm 9.5mm 12.5mm ___19mm

6/26/97 5 6.1 9.5 18.2 246 28.1 404 728 90.5 100
TH0M7 ) 57 8 13.7 17.6 21.2 323 6641 83 98.4
716/97 51 6 8.8 15.6 19.8 23.7 /1 715 88 100
T19/97 4.8 5.8 8.6 154 19.8 23.7 35.7 696 864 100
7/26197 42 § 7.7 1341 16.7 20.1 313 e7 84.1 99.5
7131197 4.4 5.3 8.2 14 17.8 209 30.8 653 86.4 99.1
8/8197 42 5.1 8 13.2 16.9 20.4 34.1 67 846 99
8/21/97 5.1 6.1 0.3 16.3 193 23 366 696 88.6 100

8/22/97 49 5.9 8.7 15 18.9 224 349 672 85.2 100
8127197 45 57 86 146 188 213 325 8656 848 100
9/5/97 47 57 8.7 154 19.6 23.3 36.7 703 86.4 100
9/8/97 43 52 82 14.8 18.7 224 34 689 84.2 100

Average 468 5.63 853 1488 1904 2254 3462 6839 8602 9967
STD 0.3485 0.3802 0.5344 1.3654 2.0518 2.1520 2.7175 2.3758 2.1611 0.5466
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1-75 Cheboygan Co.

Film Thickness Table 31E3 Mixture
DESIGN PLANT MDOT LAB
Gradation % Pass % Pass % Pass
a7.s 100 100 100
25 100 : 100 100
19 ' 100 100 . 99.7
12.5 86.2 83 86
- 9.5 690.4 64.9 68.4
4.75 38 299 346
2.36 24 4 18.2 22.5
1.18 20.4 18 19
0.8 14.7 1.7 14.9
0.3 6.9 5.5 8.5
0.15 43 ' 3.4 5.8
0.075 3.8 28 . 4.7
% AC 4.7 4.68 4.1
Film Thick. 0.00121 0.00153 0.00089
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FILE 300 __
Control Section: IM 16093
Job Number: 32510A
REPORT OF TEST Mix Design NHo.: Q7MD-228

Date: SEPTEMBER 17, 1997
1931 (N981)  BITUMINOUS MIX DESIGN
Sample Of: BITUMINOUS MIXTURE NO. . 4E3 --Recycled
Date Tested: SEPTEMBER 17, 1997 Specification: 4.00 MOD, 1990 STD. SPECS.
MATERIALS USED
Agg.# Material Type ~ Source Percent SP.GR.
ASPHALT CEMENT PG 46-34 AMOCO 1.018
1  COARSE 5/8” - STONE PIT # 16-52 45.0%
2 FINE 3/8” - SAND PIT # 16-52 10.0%
3 FINE SCREENED FINES PIT # 16-52 15.0%
4 RAP YARD 30.0%
MIX DESIGN .
Asphalt @ Optimum= 5.2 Air Voids = 4.0

Density 1b/cu.ft = 148.1*

(kg/cu.m) ={ 2372.6) V.M.A. = 14.6
Theo.Max. Density= 154.4 , b
(kg/cu.m) ={ 2473.2) V.F.A. = 72.3
COMBINED  MASTER GRAD.
SIEVE SIZE AGG.#) AGG.#Z AGG.#3 AGG.#  GRADATION RANGE 7.10-2 .
3/4 IN (19.0mmy  100.0 100.0 100.0 100.0 100.0 100
1/2 IN (12.5mm) 8s.0 100.0 100.0  94.5 92.9 90-100
3/8 IN ( 9.5mm) 67.5 100.0 100.0  83.0 80.3 90 HAX
No. &  (4.750m) 24.5 9.0 97.0 56.5 51.9
No. 8 (2.36mm) 8.0, B85.0 39.0 40.0 30.0 28-58
No. 16 (1.18m) 6.0 74.0 115  31.5 21.3
Ho. 30 (600zm) 5.0 53.0 8.5 24.0 16.0
No. 50 (300xm) 4.0 17.0 7.5 1.8 8.5
No. 100 (150gm) 3.7 4.0 6.5 7.8 5.4
No. 200 (7Sgm) 3.2 3.3 .55 6.5 4.5 2-10
CRUSK RET.#4 93.5  10.0 100.0 91.4 91.9 © 75 Min.
AL, 268.0 215.0 273.0 272.0 . 268.5 260 Min:
Materials submitted by: H & B, INC, Plant # 210-03 --(Contractor Furnished)

RAFP CONTAINS 4.6% ASPHALT - 3.9% NEW ASPHALT ADDED TO THE MIXTURE
PG 52-28 GRADE ASPHALT REQUIRED FOR THE PROJECT

* RECOMMENDED FIELD CONTROL DENSITY

ANGULARITY INDEX NUMBER = 42 .9

EFFECTIVE SPECIFIC GRAVITY = 2.685
The bitumen content and aggregate characteristics are based on the submitted material with the gradation and blend ratio

indicated. Variation in materials or field conditions may require adjustments of this mix design (see T.M.1. for form 1911
for field application). This laboratory design is valid for two years from date reported and should not be applied or
“ adjusted without written approval of the Bituminous Services Unit. TESTED FOR INFORMATION.

CC: HILBERG,'T. (PE) (2) CONTRACTOR

FIELD ENGIKEER BIT. FILE
JOHRN LIJEWSK] (2)
D. AKDREWS <4) Bituminous Unit - Supervising Engineer

D3-14
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control section: 1M 16093
Job Number: 32510A
REPORT OF TEST Mix Design Ho.: q7MD-228

Mix Type: 4E3 RP
1931A (N981) BITUMINOUS MIX DESIGN
AC. BULK BULK MAX - T.M.D. AIR VMA VFA  FINES/EFF.
BY WT S.G. DENSITY  THEO. VOIDS ASPHALT

S.G. RATIO

@ OPTIMUM

5.2 2,374

REGRESSION EVERY 0.1%

4.5 2.347 146.5 2,501 . 156.1 6.2 14.9 58.8 1.18
4.6 2.351 146.7 2.497 155.8 . 5.8 14.9 60.7 1.15
4.7 2.356 147.0 2493 - 1556 5.5 14.8 62.8 1.12
4.8 2.360 147.3 2,489 155.3 5.2 14.7 64.8 1.09
4.9 2.364 147.5 2.486 155.1 4.9 14.7 66.6 1.07
5.0 2.367 147.7 2.482 154.9 4.6 14.7 68.4 1.04
5.1 2.371 148.0 2.478 154.6 4.3 14.6 70.4 1.02
5.2 2.374 148.1 2.474 154.4 4.0 14.6 72.3 1.00
©53 | 2376 148.3 2.471 154.2 3.8 14.6 73.7 0.97
5.4 2.379 148.4 2.467 153.9 3.6 14.6 75.6 0.95
5.5 2.381 148.6 2.463 153.7 3.3 14.6 77.2 0.93
5.6 2.382 148.6 2.459 153.4 31 14.7 78.6 0.91
5.7 2.384 148.8 2,456 153.3 2.9 14.7 - 80.0 0.90
5.8 2.385 148.8 2.452 153.0 2.7 14.7 81.5 0.88
59 2.386 148.9 2.448 152.8 2.5 14.8 82.9 0.86
6.0 2.386 148.9 2.445 152.6 2.4 14.9 83.8 0.85
SPECIFICATIONS = 4% 14.0 65-78 0.6-1.2

- (PG 46-34 — AMOCO OIL) SP. GR. =1.018

_ EFFECTIVE SPECIFIC GRAVITY = 2,685 o
BULK AGGREGATE SPECIFIC GRAVITY = 2.635 \)\aa |
DESIGN ESAL'S = <3.0 '
DESIGN TEMPERATURE = 38 degrees C |

135
MIXING TEMPERATURE = 144 degrees C

124
COMPACTION TEMPERATURE = 443 degrees C
INITIAL GYRATIONS =7  %Gmm =85.7  SPECIFICATION = 89% MAX. -
.. DESIGN GYRATIONS = 86

MAXIMUM GYRATIONS = 134  %Gmm =97.7  SPECIFICATION = 98% MAX.
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Michigan Oepanment
of Transportation
1911 [3/97}

DISTRIBUTION: WHITE - Testing Lab.
This form applies only to the project listed below and is not transferable to other projects.

- JOB MIX FORMULA (JMF)
BITUMINOUS FIELD COMMUNICATION

YELLOW - Project Engineer

GHEEN - District

—~ .
U M-DOY
R

PINK - Inspector GOLD - TMI

CONTROL SECTION JOB NO. PROJECT ENGINEER DATE EFFECTIVE
T 1073 39 y/0M T Hitdzec [0~(~-F7
CONTRACTOR PLANT LOCATION PLANT NO.
H+ 0 v Zwgidn Eivee S/0-3
TYPE OF MIXTURETIAIX DESIGN NO. VMA % AR VOIDS %  |MARSHALL DENSITY THEORETICAL MAX, DENSITY
972mo 225 IR .0 'ye./ koim® | /5Y Y kgfm?
TESTING OPTION |MIX DESIGN EFFECTIVE SPECIFIC GRAVITY |PLANT CERTIFICATION DATE|CONTRACTOR'S OC PLAN ] YES
2.L¥s5 P -s—97 TO PROJECT ENGINEER & NO
MIX/AGG. GRADA’QOVN.,L,,Z?J_ MIX/AGG. BL.END PROPCRTION, %
'gBM; . 7— | PERCENT MATERIAL/PRODUCER PITNO. | 'PERCENT
L e —'i o r"} ! -
ASPHALT, % | & et s Dine | 4L -2 Y50
P 37.5 mm % e ! /652 /8.0
P 18.0 mm/wo J00.0
P12.5 mmrf;:i’. TG
P 9.5 mm 79_( 0.3
P 4.75 mmfo.o /T
P 2.36 mm;s.“ 3p.0
e ; y
P18 MM o |2/ 3 RECLAIMED | 5 €#EevFa &40 fny 30.0
P 600 ym [2.61/6 0 FILLER
P 300 pm G. (.9 S)'f ASPHALT /JQ (A ——3 o 14,’.(1(0 0!(_, CZ) 85'57774 37
P 150 um ‘ AW! {Spec.} AWI {Actual) ANGULARITY INDEX
4315 220 LeP.S ¥2.9
TYPE OF TESTING
P75 ym 37 |l9¢ {& QUALITY ASSURANCE TESTING [[J REGULAR TESTING
#14 : DUST. CORRECTION
CRUSHED 72 © | 9/.9 [J BATCH PLANT (X} DRUM PLANT Y -
REMARKS;
Ccm THAL TT4 62 y L p/zamx ervaw O+ Téis Mlex Tapag
$00 T (Tt at gousd.,o'T S/z ¢ Ag pc.t 1224
O PTion) T tegis BELT’ Sfmp(_,;‘_f .’:04__449_5,,49.9—7-:0/0_

TRAVELLING MIX 1

DATE

/10-/—-%7
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I-75 Cheboygan Co.

Contractors Quality Control Test Data 4E3 Mixture
G, =1.018 Gee =2.685 Gg =2.635 Absorb. =0.72
SUBLOT  TMD BULK AIRVOID VFA VMA %AC Eff. AC  FINE/AC

1 154.2 1481 3.9 73.29 14.6 53 4.62 0.82
2 154 4 1482 3.7 7413 14.3 5.2 4.52 0.82
3 15447 14767 4.40 70.27 14.8 5.18 4.50 0.84
4 1545 147.86 4.3 70.75 14.7 5.15 4.47 0.83
5 15426 147.78 4.2 71.81 14.9 5.26 4.58 0.85
6 15464 147.68 4.5 69.59 14.8 5.1 442 0.86
7 154.4 147.76 4.3 70.85 14.8 521 4.53 0.80
8 15469 148,19 4.2 70.83 14.4 5.07 4.39 0.80
9 154.2 148.49 3.7 7448 14.5 5.20 4.61 0.78
10 15428 14871 36 74,83 143 ' 5.26 4.58 0.81
11 15455 148.37 4 7222 14.4 5.13 445 0.85
12 15437 148.04 4.1 71.92 1486 521 453 0.82
13 15444  147.80 4.3 70.85 148 518 4.50 0.84
14 15438 147.72 43 70.95 14.8 521 4.53 0.84
15 15424 14822 39 73.29 146" 5.26 4.58 0.83
16 15417 148.16 39 73.29 146 5.29 4.61 0.85
17 154.31 148.60 3.7 7413 143 524 4.56 0.81
18 154.53 148.66 3.8 7343 14.3 5.15 4,47 0.87
19 154,32  148.30 39 73.10 145 5.24 4.56 0.83
20 154.52 148.34 4 72.41 145 5.15 4.47 0.85
21 154.51 148.18 4.1 71.72 145 5.15 4.47 0.85
22 1546 148.57 3.9 72,73 14.3 5.1 442 0.93
23 154.38 148.36 3.9 73.10 145 521 453 0.88
24 154.21 148.20 3.9 73.29 14.6 5.29 461 0.91
25 154 .31 148.60 3.7 74.21 144 5.24 4.56 0.88
26 1564.33 148.47 3.8 73.79 145 5.24 4.56 088
27 15449 148.16 4.1 71.72 145 515 - 447 0.08
28 154.31 147.98 4.1 72.11 14.7 5.24 4.56 0.94
29 15424 148.69 3.6 74.83 143 5.26 4.58 0.85
30 15432 148.30 3.9 73.29 146 5.24 4.56 0.92
N 154.52 148.34 4 7241 _ 145 5.15 4.47 0.85

- 32 1545 148.47 3.9 7273 14.3. 5.15 447 0.85
a3 154.4 148.22 37 74.13 14.3 521 453 0.86
34 154.5 148.32 42 71.23 146 515 4.47 0.87
:;: 154.31 148.14 3.5 75.18 141 524 4.56 0.86
37
38
39
40

Average 154.39 148,22 3.97 72.66 14.52 5.20 4.52 0.88

STD 0.134749 0.298181 0.248017  1.424787 0.192200 0.060076 0.080509  0.042955
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Contractors Quality Control Test Data

1I-75 Cheboygan Co.

4E3 Mixture

Sublot 75um 150um 300um 600um 1.18mm 2.36mm 4.75mm 9.5mm 12.5mm 189mm
1 38 45 9.1 15 19.2 25.8 49.3 81 94.9 100
2 37 4.4 6.1 10.7 14 21.2 49 80 92.6 100
3 38 4.3 6.1 11.7 16.5 23.2 487 80 92.8 100
4 3.7 4.3 5.9 10.2 13.2 20.1 45.1 78.7 02.1 100
5 39 4.8 7.3 14 19.8 27.2 48.7 79.1 o1 100
6 a8 4.6 6.8 12.8 17.9 24.2 47.4 78.3 90.7 100
7 36 43 6.5 116 16.6 23.5 47.3 78.5 90.9 100
8 3.5 41 59 114 15.5 23 473 T4.7 91.3 100
9 a6 4.1 8.2 11.7 15.3 24.2 47.7 79.1 91.8 100
10 3.7 4.5 6.7 12.7 176 25.8 47.3 77.8 91.4 100
1 38 45 6.4 126 173 26.1 47.3 78.2 91.6 100
12 37 4.5 6.7 12.7 16.7 24 48.1 771 00.9 100
13 3.8 4.4 6.5 128 16.8 23.7 485 77.3 90.7 100
14 3.8 4.5 6.5 12.1 16.3 23.9 47.4 771 919 100
15 38 4.6 6.9 12.9 171 246 49 79.3 93.2 100
16 3.9 4.5 6.9 124 16.7 25.1 48.9 . 78.1 93 100
17 3.7 4.4 6.5 12.7 16.9 24 48.1 77.5 o1 100
18 3.9 4.7 T 12.9 17.3 25.1 48.9 79 931 100
19 3.8 46 73 131 17.8 26.2 48.5 778 91 100
20 a8 4.7 73 13.5 19.8 28.2 49.9 779 91.1 100

21 a8 48 7.2 13 17.2 24.2 46.8 77.5 90.4 100
22 4.1 5" 7.5 14.1 19.3 26.6 48.5 79.7 92.5 100
23 4 5 T4 141 18.8 26.9 49.1 79.9 91.9 100
24 42 51 7.6 14.4 19.3 266 47.9 80.2 928 100
25 4 5 7.5 144 198 27 46.5 80.3 844 100
26 4 48 7.3 13.1 184 25.4 46 78.8 91.6 100
27 4.4 53 7.9 14.3 19.1 27.8 52 83.8 943 100
28 43 5.4 7.9 -14.7 19.7 271 45.8 768 92.2 100
29 39 46 66 142 18.3 25.3 471 77.7 91.6 100
30 4.2 5.1 7.2 144 18.9 257 47.8 77 91.3 100
31 38 4.7 6.8 12.7 17.2 25,5 50.9 826 94.3 100
32 a8 4.7 7 129 17.2 25 49.5 B81.5 93.8 100

- 33 a9 49 7.1 12.9 17 255, 50.6 B2.5 92.9 100
34 39 5 7.4 12.8 168 25 499 80.8 92.1 100
gg 3.9 4.7 8.7 12.8 17.2 25 47.8 77 03.8 100
37
a8
39
40

Average 3.87 466 696 1208 17.50 25.08 48.27 78.93 92.19 100.00
8sTD 0.1939 0.3116 0.6458 1.1179 1.5746 1.7148 13941 1.8054 1.2093 0

D3-18



I-75 Cheboygan Co.

Contractors Quality Control Test Data 4E3 Mixture
Marshall % Gun % Gmm 1 face 2 face

Sublot  AV. at Nip at Npox Crushed  Crushed FAA
1 85.3 97.8 922
2 85.7 97.9 92.9
3 84.9 97.3 . 92.9
4 85 974 92.3
5 849 97.5 94.2
6 84.7 97.2 93.1
7 84.8 97.5 92.1
8 84.9 97.6 92.2
9 85.8 ' 97.9 92.8
10 86.2 97.9 92.7
1 85.5 97.6 92.2
12 856 97.3 92.5
13 84.6 97.5 93.1
14 85.1 97.5 80.6
15 85.4 97.9 92.5
16 85.5 97.8 91.6
17 85.8 97.9 91.8
18 85.6 97.8 92.22
19 B85.7 978 92.2
20 85.4 97.7 91.7
21 85.3 97.6 93.1
22 85.4 97.7 92.3
23 85.6 97.8 o2
24 85.2 97.9 91.6
25 85.6 97.9 92.6
26 85.3 97.9 92.2
27 85.2 97.6 91.9
28 _ 85 97.7 90.5
29 856 981 91.5
30 85.1 97.8 922
A ‘ 85.1 97.7 - 917
az 85.2 97.9 92.1
33 85.7 98 - 91.9

7 85 97.5 91.9
35 86.2 98.1 91.1
26 .
a7
as
39
40 .

Average 85.34 97.1 92.18
STD 0.3874 0.2251 0.7118

D3-19



I-75 Cheboygan Co.
Contractors In Place Density Resuits 4E3 Mixture

sublot Core#1 Core#2 Core#3 SublotAvg. LotAvg. +2% +4% +6% -10% -25%
1 91.4 923 93.6 92.433

2 93.8 85 83.6 84.133

3 93.6 984.9 92.3 93.600

4 93.3 84 83.7 93.667 .

5 92.8 93.6 84.3 93.587 93.48 80.00 7333 66.67 1.00 000
6 93.2 3.7 92.6 83.167 93.63

7 94.2 92.9 91.1 92.733 93.35

8 84.7 92.6 829 83.400 93.31

8 95.2 85.5 83 94.567 93.49

10 92.9 84.3 95.9 94,367 9365 93.33 5333 4667 1.00 0.00
" 95 846 84.3 84.633 93.94

12 83.3 80.9 826 82.267 93.85

13 94.4 84.8 83.9 94.367 84.04

14 83.8 814 84.1 93.100 83.75

15 96.4 85 956 . 95667 9401 86.67 80.00 7333 200 1.00
16 90.8 83.1 94.1 82.667 93.61 )

17 92 = 926 84.9 83.167 93.79

18 80.4 81.2 95.5 92.367 83.39

19~ 9845 91.3 83.4 93.087 83.39

20 93.7 214 92.3 92.467 9275 53.33 4667 3333 5.00 200
21 93.9 82.2 85 93.700 92985

22 84.6 93.9 85 84.500 93.22

23 84 95 94.8 84.600 93.67

24 84.5 91.3 92.2 92.667 93.59

25 94.7 95.6 84.1 84.800 9405 80.00 8000 80.00 1.00 0.00
26 9.7 92.6 6.8 93.700 84.05

27 90.5 82.9 92.8 92.067 93.57

28 91.8 942 85.5 93.833 93.41

29 84.7 96.7 843 95233 83.93 ‘

30 95.5 84,2 95.4 95.033 9397 80.00 60.00 6000 3.00 1.00
3 93.5 92.9 83.3 93.233 93.88

32 80.9 83.8 93.8 82.833 84.03

a3 84.2 92.1 91.9 92.733 93.81 -

34 92.3 80.8 84 82.367 83.24 66.67 60.00 4667 3.00 2.00

Average 93,5452

STD 1.4419

Bonus Lots 5 2 1

Deduct Lots - , 1 0
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I-75 Cheboygan Co.

Contractors Mixture Price Adjustment Table 4E3 Mixture
TMD VMA VOIDS
JMF Lot Abs. JMF Lot Abs. JMF Lot Abs.
Sublot | 1544 Avg. Dev. Dev. [146 Avg. Dev. Dev. | 4 Avg. Dev. Dev.
1 0.2 0 ' G.1
2 0 0.3 0.3
3 0.07 0.2 0.4
4 01 0.1 0.3
5 0.14 154386 0.102 0.034 | 0.3 1466 018 -0.08| 02 41 026 -0.1
6 0.24 0.2 0.5
7 0 0.2 03
8 0.29 0.2 0.2
] 0.2 0.1 0.3
10 0.14 154438 0.174 -0038| 0.3 1456 02 004 [ 04 4.06 034 -0.06
11 0.15 0.2 : 0
12 0.03 0 0.1
13 0.04 0.2 0.3
14 0.04 0.2 0.3
15 0.16 154.392 0.084 00087 0 1464 012 -004 ) 01 412 016 -0.12
16 0.23 0 0.1
17 0.09 0.3 0.3
18 0.13 0.3 0.2
19 0.08 0.1 0.1
20 0.12 15437 013 003 | 01 1444 016 0.16 0 3.86 0.14 0.14
21 0.11 0.1 0.1
22 0.2 0.3 0.1
23 | 0.02 0.1 0.1
24 0.19 0 0.1
25 0.09 154402 0.122 -0.002| 0.2 1446 014 0.14 0.3 as 0.14 0.1
26 0.07 0.1 0.2
27 | 0.08 0.1 0.1
28 0.09 0.1 0.1
29 0.16 _ 0.3 04
30 0.08 154338 0.088 0062| 0O 1452 0.12- 0.08 | 01 39 18 04
K] 0.12 0.1 : 0
32 0.1 03 01
33 0 0.3 0.3
34 0.1 0 _ 0.2
a5 0.09 154446 0.082 -0046] 0.5 14.36 024 0.24 0.5 .86 022 014
Specification 0.6 0.6 0.6 0.6 05 05
Bonus Lots 7 7 7
Deduct Lots o 0 0
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1-75 Cheboygan Co.

Contractors Mixture Price Adjustment Table 4E3 Mixture
% A.C. 75um Crushed
JMF Lot  Abs. JMF Lot Abs. JMF Lot Abs.

Subjot| 52 Avg. Dev. Dev. | 3.7 Avg. Dev. Dev. 82 Avg. Dev. Dev.

1] 041 0.1 0.2

2 0 0 0.9

3| 0.02 0.1 0.9

4j 0.05 0 0.3

5| 0.06 5.218 0.046 -0.018 02 378 0.08 -0.08 2.2 929 09 -09

6] 01 0.1 1.1

7| 0.01 0.1 0.1

8] 0.13 0.2 0.2

9| 0.09 0.1 0.8

10{ 0.06 5.186 0.078 0.014 0 364 01 0.06 0.7 9258 0.58 -0.58

11| 0.07 0.1 ‘ 0.2

12| 0.01 0 0.5

13| 0.02 0.1 1.1

14| 0.01 0.1 1.4

15 0.06 5.198 0.034 0.002 0.1 378 0.08 -0.08 0.5 92,18 0.74 -0.18

16| 0.09 0.2 04

17 0.04 0 0.2

18| 0.05 0.2 0.22

19| 0.04 0.1 0.2

20] 0.05 5214 0.054 -0.014 0.1 382 012 -0.12 0.3 91.904 0.264 0.096

22( 0.1 0.4 0.3

23| 0.01 03 0

24| 0.09 0.5 0.4 :

25; 0.04 5198 0.058 0.002 0.3 402 032 -0.32 06 8232 0.48 -0.32

26 0.04 0.3 0.2

27| 0.05 0.7 0.1

28| 0.04 0.6 1.5

28] 0.06 0.2 0.5

30} 0.04 5228 0.046 -0.026 05 416 046 -046 0.2 9166 05 034

31| 0.05 0.1 : 0.3

32| 0.05 0.1 0.1

33| 0.01 0.2 0.1

34| 0.05 0.2 0.1

35| 0.04 518 0.04 0.02 02 385 0.16 -0.16 0.9 ¢1.74 03 026
Specification 0.3 0.3 0.7 07 10 10
Bonus Lots 7 7 7
Deduct Lots 0 0 0
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1-75 Cheboygan Co.

MDOT Verification Test Data 4E3 Mixture
Subiot  TMD BULK AIR VOID %AC Eff. AC Fines/AC
4 154.71 148.06 4.3 5.07 4.35 0.62
8 154.82 147.85 4.5 5.02 4.30 0.81
14 153.97 148.12 38 54 4.68 0.83
17 154.56 149.30 34 523 4.51 0.69
22 155.18 148.97 4.3 4.86 414 1.01
28 155 148.8 4.9 494 422 1.07
31 154.25 148.08 3.5 5.28 454 0.77
Average 1546414 148.4549 4.1 51114 4,3919 0.8294
_STD__04214 05508 05507 __ 04923 _0.1823 __ 0.1621

MDOT Central Lab Test Data
Specification AC PG52-28 AC used PG46-34 +30% RAP
LAB Fines/AC  %AC __ Orig. Pen _ Rec. Pen
10/1/97 1.64 5 355 127
10/3/97 350
10/6/97 2.02 4.4 358 134
107707 : 360
10/8/97 1.97 4.7 359 131
10/9/97 1.24 5.1 380
10/10/97 1.81 4.5 384 130
10/11/97 1.75 4.8 361 135
10/13/97 ' 365
10/15/97 1.46 . 52 134
10/16/97 : 400
10/23/97 400
10/24/97 1.66 4.9 147
10/25/97 405
10/26/97 1.7 4.9 370 141
10/28/97 365
10/29/97 1.76 5 387 142
10/30/97 1.56 4.9 134
10/31/97 380
1107 1.67 5
11/3/97 395
Average . 1.69 4.87  372.00 135.50
STD 0.209763  0.234843 18.11077  6.096447

D3-23




I-75 Cheboygan Co.

MDOT Verification Test Data 4E3 Mixture

Sublot 75um 150um 300um 600um 1.18mm 2.35mm 4.75mm 9.5mm 12.5mm_ 19mm
4 2.7 3.2 49 8.6 114 18 443 78.7 84.1 100
8 35 4.1 6.3 11.7 16.1 248 48.6 74.6 91.1 100
14 39 4.7 74 13.8 18.7 - 275 52.8 80 95 100
17 31 3.9 66 12.5 16.6 . 246 51 79.4 83.3 100
22 42 51 7.8 138 18.1 25 45 774 93.6 100
28 4.5 54 8.1 14.2 18.8 26 45.9 78.7 83 100
k| 35 44 7 13 17.5 26.5 51.9 80.4 84 .1 100

Average 3.6285 44 6.8714 12514 16742 246 485 76414 934571 100
LIS Y O (- T R 2 SO T O B

MDOT Central Lab Test Data

LAB 75umm 150um 300um 600um 1.18mm 2.35mm 4.75mm 9.5mm 12.5mm_ 19mm
10187 5.2 6.2 0.1 15 19.2 258 48.7 81 84.9 100
10/6/87 56 6.5 9 14.4 184 24 45.1 78.2 934 100
10/8/97 6 6.0 0.7 15.9 20.5 27 47.9 78.9 23 100
10/0/97 36 4.2 6.2 117 16.8 237 48.1 75.2 90.1 100
1010197 5 58 7.8 119 15 20 40.3 7.7 84.1 100
101187 53 6.3 0.4 158 20.3 26.5 495 79.4 93.4 100
10115097 ° 47 5.7 8.7 15.3 199 26 47 81.4 o4 100
10/24/197 5.1 6.1 9.2 15.8 20.5 26.4 45.9 79 3 100

10/26/97 53 64 8.3 15.5 19.3 25.1 46.9 70.8 83.5 100
10/20/97 5.7 6.7 9.9 15.7 20.2 26.4 47.9 81.2 95.1 100
10/30/97 4.7 8.7 8.5 146 19 246 43.9 736 885 100

111097 53 6.4 9.4 158 207 278 47.9 81 844 100

Average 5.13 6.08 885 14.78 1907 2526 4859 7887  93.12 100.00
STD 06121 07008 1.0048 14776 1.8588 2.0366 2.5245 24332 1.9366 0
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I-75 Cheboygan Co.

Film Thickness Table 4E3 Mixture
DESIGN PLANT MDOT LAB
Gradation % Pass % Pass % Pass
3rs 100 100 100
25 100 100 100
19 100 100 100
12.5 92,9 g2.2 93:1
8.5 80.3 78.9 78.9
4.75 51.9 48.3 466
2.38 30 25.1 25.3
1.18 213 17.5 19.1
0.6 16 13 14.8
0.3 8.5 7 8.9
0.15 54 4.7 6.1
0.075 4.5 39 . 5.1
% AC 5.2 5.2 4.87
Film Thick. 0.00114 0.00130 0.00099
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Appendix D4

QC/QA Test Data

US-23 Arenac Co.
<3 Million ESAL
2E3, 3E3 and 4E3 Mixtures



FILE 300
Control Sectjon: NH 06073
Job Humber: 32358A
REPORT OF TEST Mix Design No.: 97MD-179

_ Date: AUGUST 5, 1997
1931 (N9p1)  BITUMINOUS MIX DESIGN
Sample Of: BITUMINOUS MIXTURE NO. 2E3
Date Tested: AUGUST 6, 1997 . Specification: 4.00 MOD, 1990 STD. SPECS.
MATERIALS USED -
Agg.# Material . Type Source Percent SP.GR.
- ASPHALT CEMENT PG 52-28 . AMOCO - 1.019
1 COARSE 1X7/8 PIT # 06-08 ' 32.0%
2 COARSE . 3/4 CHIP PIT # 06-08 27.0%
3 COARSE 31A PIT # 06-08 13.0%
4 FINE 3/8 MINUS PIT # 06-08 15.0%
5 FINE REJECT SAND PIT # 65-55 12.0%
6 DEG PLANT 1.0%
MIX DESIGN
Asphalt @ Optimum= 4.7 Air VYoids = 4.0
Density 1b/cu.ft = - 147.7*% ' .
(kg/cu.m) =( 2366.7) V.M.A. = 12.3
Theo.Max. Density=  153.9 ' e
(kg/cu.m) =( 2465.1) V.F.A. = 67.8
COMBINED HMASTER GRAD.
S1EVE SI1ZE AGG.#1 AGG.#2 AGG.#3 AGG.#4 AGG.#5 AGG.#HS ' GRADATION RAWGE 7.10-2
1R (25.00m)  100.0  100.0  100.0 100.0 100.0 100.0 - 100.0 90-100
374 I8 (19.0mm)  17.4  100.0 100.0 100.0 100.0 100.0 73.6 90 HAX
/2 1§ ¢12.5am) 2.2 69.2 100.0 100.0 100.0 100.0 60.4 -
3/8 1N ¢ 9.5mm) 2.2 39.6 100.0 100.0 8.1 100.0 52.2 -
No. 4 (4.TSmm) 22 7.2 583 765 B35 100.0 2.7 -
_ No. B (2.36mm) 2.1 3.9 141 543 60.9 100.0 20.0 19-45
Ho. 16 (1.18mnm) 21 25 2.0 , 3.7 50.7 100.0 1%.6 -
No. 30 (600mm) 2.0 2.0 2.0 30.7 41.2 100.0 12.0 -
~ No. 50 (300zm) .7 2.00 2.0 3.0 153 9.0 . 7.6
No. 100 {150pa) .5 2.0 1.0 1.0 3.2 - 98.0 4.6
No. 200 (7Sgm) - 1.0° 1.9 0.7 13.2 1.9 80.0 . 3.9 1-7
CRUSH RET.#4 . 100.0 100.0 100.0 100.0 46.3 0.0 98.4 50 Min.
Materials submitted by: PAYNE & DOLAN, INC, Plant # 350-07 ~(Contractor Furnished)

NOTE TO TMI: ELIMINATE THE DEG & INCREASE THE REJECT SAND TO 13%. .

* RECOMMENDED FIELD CONTROL DENSITY

ANGULARITY INDEX NUMBER =" 42.9 .

EFFECTIVE SPECIFIC GRAVITY = 2.652 :

The bitumen content and aggregate characteristics are based on the submitted material with the gradation and blend ratios
indicated. Variation in materials or field conditions may require adjustments of this mix design (see T.M.L for form 1911
for field application). This Jaboratory design is valid for two years from date reported and should not be applied or
adjusted without written approval of the Bituminous Services Unit. TESTED FOR INFORMATION.

CC: RGBERTS, R. (PE) (2) CONTRACTOR

FIELD EMGINEER BIT. FILE
. KEN LAHBERT 2) :
D. ANDREWS _ ) o Bituminous Unit - Supervising Engineer




. -EFFECTIVE SPECIFIC GRAVITY = 2.652

BULK AGGREGATE SPECIFIC GRAVITY = 2.574

'DESIGN ESAL'S = <3.0

DESIGN TEMPERATURE = 39 degrees C

MIXING TEMPERATURE = 132 degrees C

COMPACTION TEMPERATURE = 124 degrees C
SPECIFICATION = 89% MAX,

INITIAL GYRATIONS =7

DESIGN GYRATIONS = 86.

MAXIMUM GYRATIONS = 134 %Gmm=95.8 SPECIFICATION = 88% MAX.

%Gmm = 85.0

D4-2

|1

A.C. BULK BULK MAX T.M.D. AIR VMA VFA  FINES/EFF.
BY WT S.G. DENSITY THEO. VOIDS ASPHALT
8.G. RATIO
f @ oPTIMUM
4.7 - 2.368
REGRESSION EVERY 0.1%
4.0 2,324 145.0 2.492 155.5 6.7 13.3 49.4 1.35
4.1 2.333 145.6 2.488 155.3 6.2 13.1 524 1.3
4.2 2.341 146.1 2.485 155.1 5.8 12.9 55.0 1.26
4.3 2,348 146.5 2.481 154.8 54 12.7 57.8 1.22
4.4 2.354 146.9 2477 154.6 5.0 12.6 60.5 1.19
4.5 2,359 147.2 2.474 154.4 4.6 12.5 82.7 1.15
4.6 2.364 147.5 2.470 154.1 4.3 12.4 - 65.3 1.12
4.7 2.368 147.8 2.466 153.9 4.0 12.3 67.8 1.09
4.8 2.371 148.0 2.463 153.7 3.7 12.3 69.7 1.06
4.9 2.373 148.1 2.459 153.4 3.5 12.3 71.6 1.03
5.0 2,375 148.2 2.455 153.2 3.3 12.3 73.6 1.00
5.1 2.376 148.3 2.452 153.0 31 12.4 75.0 0.98
5.2 2.376 148.3 2.448 152.8 2.9 12.5 76.5 0.95
5.3 2.375 148.2 2.444 152.5 2.8 12.6 77.6 0.93
54 2.374 148.1 - 2.441 152.3 2.7 12.8 78.5 0.91
5.5 2.372 148.0 2.437 152.1 2.7 - 12.9 79.3 0.89
SPECIFICATIONS = 4% 12.0 65-78 0.6-1.2
- (PG §2-28 — AMOCO OIL) SP. GR. = 1,019 ’ Q,
. ﬂbgo



US-23 Arenac Co.

Contractors Quality Contro] Test Data 2E3 Mixture
G, =1.019 Gee_=2.652 Gy =2.574  Absorb. =1.16
SUBLOT TMD BULK AIR VOID VFA VMA %AC Eff. AC FINE/AC

1 153.08 147.72 3.50 69.83 116 4.71 3.60 1.628
2 153.75 147.05 4.36 65.12 125 4.76 365 0.824
3 153.82 145.96 511. 61.43 1325 4 65 3.54 0.590
4 153.38 146.89 4.23 67.61 13.08 493 3.82 0.740
5 153.83 148.51 3.33 72.25 12 4.82 N 1.245
6 153.69 149.08 3.01 74.14 11.64 4.79 3.68 1.247
7 153.89 148.42 343 71.46 12.02 4.79 3.68 1.331
8 153.69 14761 4.08 67.18 12.43 471 360 1.105
2] 153.85 147.45 4.16 66.85 12.55 4,73 3.62 1.027
10 153.85 148.22 4,96 82.68 13.28 473 3.62 0.702
11 154 1486.46 4.4 62.26 13.09 4.65 3.54 0.670
12 153.64 147.46 3.95 68.55 12.58 4.82 3.1 1.053
13 153.5 148.45 3,32 72.56 121 4.87 3.76 1.244
14 153.75 145.84 4.49 65.43 12.99 4.77 366 1.224
15 153.77 14645 4.76 63.91 13.19 477 3.66 0.568
16 153.63 148.1 3.61 70.53 12.25 4.82 a7 0.762
17 153.52 148.13 3.48 71.64 12.27 4.88 .77 1.169
18
19
20
21
22
23
24
25
26
27
28
29
30
31 -

.32
33
K’}
a5
36
7
as
39
40
41
42
43
44

Average 153.67 147.45 4,04 67.85 12.52 4.78 1.01

. 8TD 102173 0.9090 0.6581 398495 0.5520 0.0768 0.3044
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US-23 Arenac Co.
Contractors Quality Control Test Data 2E3 Mixture

Sublot 75um 150um 300um 600um 1.18mm 2.386mm 4.75mm 9.5mm 12.5mm 19mm_ 25mm
1 586 648 970 1533 1944 28.36 4176 6449 7373 88.04 100.00
2 3.01 401 680 1114 1422 19.55 3184 51.34 6068 78.36 100.00
3 209 293 516 8.82 11.17 14.62 2239 37.70 4848 68.83 100.00
4 283 318 580 1042 13.92 1868 2026 4848 58,30 75.82 100.00
5 462 579 B8.77 1397 17.74 23.92 3658 5471 63.30 75.85 100.00
6
7
8
]

4590 583 8.87 1442 1843 2503 3922 5883 6B8.79 83.12 100.00
490 603 894 1392 1745 2360 3665 5525 6347 70.08 100.00
398 495 766 1242 1570 2120 3373 5485 6459 78.11 100.00
372 459 712 12,08 1534 2068 3481 5268 69.56 81.28 100.00
10 254 335 570 1004 1283 17.32 2070 5268 63.51 81.40 100.00
11 237 310 542 9985 1283 1714 2775 4796 6047 76.06 100.00
12 391 491 763 1271 1638 2218 3518 5485 64.87 80.55 100.00
13 4868 581 800 1451 1854 2539 4072 6215 7274 8340 100.00
14 448 554 853 1383 1723 2324 3763 6371 7277 8377 100.00
15 208 285 499 9.2 11.57 1576 28.24 4990 6239 77.92 100.00
16 283 374 611 1082 1333 1746 2616 4564 5576 77.22 100.00
17 441 553 812 1294 1602 2075 3160 53.02 63.68 78.76 100.00

Avg. 370 462 7.30 12.14 1542 20.76 33.01 5343 63.80 79.16 100.00
STD 1.125 1.2424 1.5463 2.0385 2.5424 3.5518 55450 6.7229 6.3443 4.0099 0
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US-23 Arenac Co.

Contractors Quality Control Test Data 2E3 Mixture
Marshall % Gmm % Grm 1 face 2 face
Sublot  A.V. at Ny - at Nmgx Crushed Crushed FAA

1 90.4
2 100
3 08
4 99.2
5 98.3
6 994
7 100
8 99.2
9 99.8
10 100
11 98.4
12 98.2
13 ] 100
14 98.8
15 884
16 98.3
17 28
18

19

20

21

22

23

24

25

26

27

28

29

30

K| .
32

33

M

35

36

37

38

39

40

41

42

43

44

average 98.96

STD 0.999963
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US.23 Arenac Co.

Contractors In Place Density Results 2E3 Mixture

Sublot core #1 core #2 core #3 Sublot Avg. Lot Avg. +29 +4% +6% -10% -25%
1 92.5 91.4 03.63 92.510 :

2 1.9 91.17 92.05 91.707

3 88.98 89.2 92.35 80.177

4 04.3 92.76 ©3.63 03.5683 . :

5 93.39 93.68 84.03 93.700 92.33 4667 40.00 33.33 5.00 2.00
6 92.08 91.92 83.5 92.800 92.39

7 95.71 84.51 92.38 94.200 92.89

8 92.29 03.75 084.07 93.370 93.53

8 92.52 938 92.76 92.9680 93.41

10 04.43 92.38 92.29 93.027 93.27 6667 4667 40.00 1.00 0.00
11 92.1 91.51 95.44 93.017 93.31

12 95.85 93.17 02 93.673 93.21

13 92 92 84.48 92.827 93.10

14 03,85 ' 93.24 94.59 93.980 93.30

15 96.65 95.82 95.67 96.047 93.90

16 97.06 97.29 96.5 96.950 94.69

17 96.58 93.76 84.75 95.030 84,96 86.67 86.67 B0.00 0.00 0.00
18

19

20

21

22

23

24

25

26

27

28

29

3o

3

a2 .

33

34

a5

36

a7

as

39

40

41

42

43

44
Average 93.50

sTD 1.8211

Bonus Lots 1 1 1
Deduct Lots 1
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US-23 Arenac Co.

Contractors Mixture Price Adjustment Table 2E3 Mixture
TMD VMA VOIDS
JMF Lot Abs. JMF Lot Abs. JMF Lot Abs.

Subiot| 1539 Avg. Dev. Dev.| 123 Avg. Dev. Dev. 4 Avg. Dev. Dev.

1 0.82 0.7 0.5 :

2 0.15 0.2 0.38

3 0.08 0.95 1.1

4 0.52 0.76 0.23

5 027 15353 0.368 037 03 1248 0.582 -0.18 ; 0.67 4.11 0.574 -0.11

6 | 0.1 0.68 0.99

7 0.21 0.28 0.57

8 0.01 0.13 0.08

9 0.05 0.25 0.16

10 0.05 153.79 0.106 0.11 ] 089 1239 0462 -0.09 | 0.96 393 0552 0.07

11 0.1 0.79 0.94

12 0.26 0.28 0.05

13 0.4 0.2 0.68

14 0.15 0.69 0.49

15 0.13 153.73 0.89 12.79 0.76 4.29

16 0.27 0.05 0.39

17 038 15363 0.268 027 | 0.03 1256 0.372 -0.26 0.52 3.93 0568 0.07
Specifications 06 06 0.6 0.6 05 05
Bonus Lots 3 3 0

0 0 0

Deduct Lots
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US-23 Arenac Co.

Contractors Mixture Price Adjustment Table 2E3 Mixture
% A.C. 75um Crushed :
JMF Lot  Abs. JMF Lot  Abs. JMF Lot  Abs. )
Sublot| 47 Avg. Dev. Dev. | 39 Avg Dev. Dev. |984 Avg. Dev. Dev.
i | 0.01 1.98 1
2 0.06 0.89 ) 16 L
3 0.05 1.81 04
4 0.23 1.07 0.8
5 012 4774 0.094 -0.074; 0.72 3682 1.29 0218 | 2.1 9858 1.18 -0.18
6 0.08 0.69 1
7 0.08 1 1.6
8 0.01 0.08 0.8
) 0.03 0.18 14
10 0.03 475 0.05 -0.05| 1.38 3.946 0862 -0.048 | 16 ©968 128 -1.28
11 0.05 1.53 , 0
12 0.12 0.01 0.2
13 0.17 0.78 1.6
14 0.07 0.58 ) 04
15 0.07 4.776 1.82 3.504 1 98.96
16 0.12 1.07 0.1

17 018 4822 0.122 -0.122] 0.51 3696 0.852 0.204 | 04 989 07 <05

19
Specification 0.3 0.3 0.7 0.7 10 10
Bonus Lots ' 3 ) 1 3

Deduct Lots 0 o} 0
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US-23 Arenac Co.

MDOT Verification Test Data 2E3 Mixture
Sublot TMD BULK AIRVOID %AC Efi. AC VFA
4 154,22 146.02 532 4.48 3.37 59.849
5 154.21 149.11 Ry | 4.58 347 71.016
7 154.08 148.56 3.58 463 3.52 69.635
14 153.46 145.56 5.15 4.91 3.80 62.789
15 152.5 144 22 5.43 5.32 422 63.752
Average 153.694 146.69 4558 478 3es 65.41

MDOT Central Lab Test Data
_ ACUsed PG52-28  Amoco
Date Eff. AC__ Orig. Pen Rec. Pen
8/18/97 3.69 205 128
8/19/97 3.59 207 105
8/20/97 : 209
8/22/97 3.79 184 122
8/23/97 206
8/25/97 2.98 210 131
87311987 - 2.78 229 120
9/3/1987 3.49
9/4/1997 212
9/6/1997 ' 3.19 237 149
9/8/1997 227
9/8/1997 2.58 227
9/16/97 3.29 141
8/25/97 . 228
10/30/87 3.08 262 139
Average 3.25 218.46  129.38
STD 0.3895 17.886 13.9072
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US-23 Arenac Co.
MDOT Verification Test Data 2E3 Mixture

Sublot 75um 150um 300um 600um 1.18mm 2.35mm 4.75mm 9.5mm 12.5mm 19mm 25mm
4 414 512 769 1242 15.7 21.16 3385 55.16 646 B4.41 100
5 543 663 967 1499 18.88 25,63 3876 5848 6911 8585 100
7 494 6.1 89 1385 1747 2368 3636 5494 6401 7915 100
14 432 538 809 13.07 16.35 21.75 3427 5808 70.71 8662 100
15 346 44 683 1167 14.73 19.91 3236 5481 6792 8282 100

Avg. 446 553 824 1320 1663 2243 3512 56.29 ©67.27 83.77 100.00
wSID 075 086 100 28 80 22 2 L Ot i i

MDOT Central Lab Test Data

LAB 75um 150um 300um 600um 1.18mm .2.35mm 4.75mm 8.5mm 12.5mm 19mm .25mm
8/18/97 5.3 6.8 101 15.8 20.7 258 385 518 534 798 100
8/19/97 5.9 7.2 104 15.8 19.7 2586 38.5 58.3 88.3 851 98.5
8/22/97 59 7.3 10.7 16.8 214 276 45 70.2 816 88.7 100
8/25/97 4.8 6 89 136 18.1 2.7 381 556 65 764 100

9/3/97 48 56 8.2 13 16.4 222 345 568.5 65.7 1784 100
9/3/97 54 6.6 9.7 15 18.9 258 388 585 69.1 858 100
9/e/97 48 5.2 7.9 12,6 16.1 22.8 384 818 715 81.9 100

9/9/97 3.5 44 6.6 1" 14 18.7 20.8 407 595 724 100
9/16/97 3.6 4.5 71 121 15 19.8 316 564 877 824 100
1073077 4 5.1 7.7 123 16.3 20 31.5 55 664 854 100

Avg. 476 587 873 1378 1768 23.08 36.27 57.38 66.82 81.63 99.85
STD 0.87 1.07 1442 19808 2482 2979 4554 5643 7.355 4.951 0474
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US-23 Arenac Co.

Film Thickness Table 2E3 Mixture
DESIGN PLANT MDOT LAB
Gradation % Pass % Pass % Pass
375 100 100 100
25 100 100 89.8
19 736 79.2 81.2
12.5 60.4 83.9 66.9
8.5 52.2 534 57.6
475 32.7 33 36.8
2.36 20 208 23.4
1.18 14.6 15.4 17.8
0.6 12 121 13.9
0.3 7.6 7.3 8.8
0.15 4.6 4.6 6
0.075 3.8 3.7 . 48
% AC 47 48 4.4
Film Thick. 0.00107 0.00111 0.00080
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Jet-

FILE 300
Control Section: NH 06.073
Job Number: 32357A
REPORT OF TEST Nix Design Wo.: 97MD-200
e Date: AUGUST 28, 1997
1931-(N9@1)  BITUMINOUS MIX DESIGN
Sample Of: BITUMINOUS MIXTURE NO. - 3E3
Date Tested: AUGUST 25, 1997 Specification: 4.00 MOD, 1990 STD. SPECS.
MATERIALS USED . -
Agg.# Material Type Source Percent SP.GR.
- ASPHALT CEMENT PG 52-28 PAYNE & DOLAN - 1.019
1 COARSE 1X3/4 CHIP PIT # 06-08 25.0%
2  COARSE 3/4 CHIP PIT # 06-08 29.0%
3 COARSE 31A PIT # 06-08 20.0%
4 .. FINE WASHED MAN SAND PIT # 06-08 15.0%
5 FINE REJECT SAND PIT # 65-55 10.0%
6 DEG PLANT 1.0%
MIX DESIGN
Asphalt @ Optimum= 5.3 Air Voids = 4.0
Density 1b/cu.ft == 146.7* R
(kg/cu.m) ={ 2349.9) V.M.A. = 13.1
Theo.Max. Density= 153.1 E —
(kg/cu.m) =( 2451.7) V.F.A. = 70.1
. COMBINED  HMASTER GRAD.
SIEVE SIZE AGG.#1 AGG.#2 AGG.#3 AGG.®% AGG.#5 AGG.#6 GRADATION RANGE 7.10-2
1IN (¢25.00m)  100,0 100.0 100.0 100.0 100.0 100.0 100.0 100
3/4 IN (19.0em)  81.2 100.0 100.0 100.0 100.0 100.0  ~ 95.3 $0-100
1/2 IN (12.5mm) 5.9 9.2 100.0 100.0 100.0 100.0  67.5 90 HAX
3/8 IN ¢ 9.5mm) 3.7 39.6 100.0 100.0 98.1 100.0 58.2 -
No. 4 (4.75mm) 3.5 7.2 58.3 100.0 5.5 100.0 - 39.0 -
Ho. 8 (2.36mm) 3.0 3.9 141 9.4 60.9 100.0 26.1 3-49
Ho. 16 (1.18am) 29 2.5 2.0 641 50.7 100.0 17.5
No. 30 (600pm) 28 2.0 2.0 " 392 41.2 _100.0 2.7
Ho. 50 (300zm) 2.0 2.0 2.0. 204 153 100.0 74
No. 100 (150am) 13 2.0 1.0 6.0 3.2 100.0 3.3
No: 200 (7Sgm) 1.1 1.9 07 S0 1.9 100.0 2.9 2-8
CRUSH RET.# 100.0 100.0 100.0 100.0 463 0.0 98.5 75 Hin.
Materials submitted by: PAYNE & DOLAN, INC, Plant # 350-07 ~(Contractor Furnished)

NOTE TO TME: ELIMINATE THE DEG & INCREASE THE REJECT SAND TO 11%.
* RECOMMENDED FIELD CONTROL DENSITY Al=437
EFFECTIVE SPECIFIC GRAVITY = 2.658 '
The bitumen content and aggregate characteristics are based on the submitted material with the gradation and blend ratios
_ indicated. Variation in materisls or field conditions may require adjustments of this mix design (see T.M.L for form 1911
_ for field application). This laboratory design is valid for two years from date reported and should not be applied or
adjusted without written approval of the Bituminous Services Unit. TESTED FOR INFORMATION.

CC: ROBERTS, R. .(PE) (2) CONTRACTOR

" FIELD ENGIMEER BIT. FILE
JOHN LIJEUSKI = (2)

D. AHDREWS ({3 i : Bituminous Unit - Supervising Engineer
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{ tontrol Section: NH 705 073
Job Number: 32357A
REPORT OF TEST Mix Design Ho.: 97MD-200

Hix Type: 3E3
1931A (N991) BITUMINOUS MIX DESIGN
A.C, BULK BULK MAX T.M.D. AIR VMA VFA  FINES/EFF.
BY WT S.G. DENSITY THEO. VoIDS - ASPHALT

5.G. RATIO

" REORESSION EVERY 0.1%

4.4 2327 145.2 2.482 154.9 6.2 13.3 52.9 0.94
4.5 2.331 145.5 2479 154.7 6.0 13.2 54.8 0.91
4.6 2335 145.7 2475 154.4 5.7 13.2 57.0 0.89
4.7 2.338 145.9 2.471 154.2 5.4 13.1 59.0 0.86
4.8 2.341 146.1 2.467 153.9 5.1 13.1 .61.1 0.83
4.9 2,344 146.3 2.464 153.8 4.9 131 62.8 0.81
5.0 2,347 146.5 2.460 153.5 4.6 131 64.9 0.79
5.1 2.349 146.6 2456 . 1533 4.4 131 . 66.7 0.77
52 2.351 146.7 2453 1631 4.2 131 68.3 0.75
5.3 2353 146.8 2.449 152.8 3.9 13.1 70.1 0.73
54 2.354 146.9 2.446 152.6 3.8 13.2 71.5 0.71
5.5 2.355 147.0 2,442 152.4 3.6 13.2 73.1 0.69
56 - 2356 1470 = 2438 152.1 34 13.3 74.7 0.68
§.7 2,357 1471 . 2.435 151.8 3.2 13.3 76.0 0.66
5.8 . 2,357 147.1 2.4 161.7 3.0 134 77.3 0.65
5.9 2,358 1471 2.428 151.5 2.9 - 13.8 78.6 0.63
SPECIFICATIONS = ' 4% 13.0 65-78 0.6-1.2

-{PG 52-28 —P&D} S$P. GR = 1.019

- EFFECTIVE SPECIFIC GRAVITY = 2.658 o
BULK AGGREGATE SPECIFIC GRAVITY = 2.565

 DESIGN ESAL'S = <3.0

DESIGN TEMPERATURE = 39 degrees C

MIXING TEMPERATURE = 135 degrees C

COMPACTION TEMPERATURE = 124 degrees C

INITIAL GYRATIONS = 7 %Gmm=857  SPECIFICATION = 89% MAX.
.DESIGN GYRATIONS = - 86

" MAXIMUM GYRATIONS = 134 %Gmm =97.6 | SPECIFICATION = 98% MAX.

D4-14



dichigan Oepartment
of Transportation
1911 {3/97}

DISTRIBUTION: WHITE - Testing Lab.
This form appties only to the project listed below and is not transferabie to other ;:|rc>jec:ts.',\'__,t

BITUMINOUS FIELD COMMUNICATION

YELLOW - Project Engineer

4 g 4= =

JOB MIX FORMULA (JMF)

GREEN - District

PINK - Inspector

MDOT
METIRIC

GOLD - TMI

7

D4-15

' ONTROL SECTION JOB NO. PROJ/?T ENGINEER DATE EFEECTIVE
'H 00673 Z2357H . [fo8enTs$ §-27-
‘ONTRACTOR PLANT LOCATION FLANT NO.

PA*;; we s Decad (NC DOAEL 3509,
YPE OF MIXTURE |MIX DESIGN NO. - VWA % . /20N VOIDS %, IGARSHALL DENSITYy " [THEORETICAL MAX. DE_NS;TY
. £/
3E€3 7770 S00 /3./ .0 /Y6.7 ke 753/ 46/,:
ESTING OPTION |MIX DESIGN EFFECTIVE SPECIFIC GRAVITY |[PLANT CERTIFICATION DATE|CONTRAGTOR'S QC PLAN ] YES
.55 ~/ A- TO PROJECT ENGINEER (3] NO
MIX/AGG. GRADATION, % MIX/AGG. BLEND PROPORTION, %
ITEM PERCENT MATERIAL/PRODUCER PIT NO. PERCENT
o 4os5Y, 3 ~~ L5 -
ASPHALT, % | 5 3 / Y7, Crio G Lhnt (Ll =8 25.0
P 37.5 mm /(/ C'f{/ﬂ “r O, 29 0
P2.0mm  |pwo.0 7/ K e 20.0
P 19.0 mm 5. 3 LASHED M AY Sheid " 6 - /5.0
P12, ' “ 7%
12.5 mm &67.3 R{J T Skaw Gy ~8 /O
P 9.5 mm {82_
Pa7s5mm <« loo 5 3o
P 2.36 mm 26 /
P1.18 mm s RECLAIMED
= 4+ 2.0 .
P 600 pm 2.7 FILLER
P -
300 pm 7./ ASPHALT(O'G 539§ Amow O o € cB2aTh 53
B 150 um AWI (Spec.) AWI {Actual] ANGULARITY INDEX
F 73 A et 2.7
- | TYPE OF TESTING
P75 um & 29 *e 7 (X QUALITY ASSURANCE TESTING .  [] REGULAR TESTING
. 4] DUST. CORRECTION
CRUSHED 285 [J BATCH PLANT (X DRUM PLANT A
EMARKS: .
v Tvia—¢ ot ﬂ/w.uuct O M=K /K cx /6‘-"-’?- do:mT f?“r‘._pa-rﬂ._ 92“.':?, 70 [Msx
D¢s 5w Aponswm (0Kes 8, Pg )
< evtuw“,c H‘UC} /-I_C”-f'ﬂr("lﬂ.c.{ S,
Q!—LN:\-! ~e ﬂvq e VUmA Cpuwort F4Lc 681.0@ /3.0
S-bt_rﬁfd_. PA‘UE, pM\C T
aAVELuNGdLmZETOR [TMRZ Signature DATE
ing./ G- 357



JOB MIX FORMULA (JMF]) g

of Transportation Mw
1911 (3187} BITUMINOUS FIELD COMMUNICATION METRIC
DISTRIBUTION: WHITE - Testing Lab. GREEN - District  YELLOW - Project Engineer PINK - Inspector - T™MI 3
This form applies only to the project listed below and is not transferable to other projects. -
CONTROL SECTION JOB NG. PROJECT ENGIPEER DATE EFFECTIVE
VAt 06Gp73 32357 A fé 0% 2T S G- 597
CONTRACTOR PLANT LOCATION PLANT NO.
[94-/”5-{- Dou\u v ome 2 3(0’/ Y
TYPE OF MIXTURE |MIX DESIGN NO. VMA % + 123 AlR VOIDS ;ﬁ:/ MARSHALL DENSITY THEQORETICAL MAXL BENSITY
. 4>] .
3 &-3 Frecg Mo Desisd 3.5 G.o t e s ket | 752 2 St
TESTING OPTION |MIX DESIGN EFFECTIVE SPECIFIC GRAVITY [PLANT CERTIFICATION DATE| CONTRACTOR'S QC PLAN 1 YES
7 2.658 rMA {TO PROJECT ENGINEER ¢ NO
" MIX/AGG. GRADATION, % MIX/AGG. BLEND PROPORTION, %
ITEM PERCENT . MATERIAL/PRODUCER PIT NO. { PERCENT
o . osP 7 . o~ | vew
ASPHALT,J:; 57/ /)f/g, CHi/P 5Wt&/ J—S’ Seo /5
I . . .
P37.5 mm Y " CHP , (-¥ 1o | 27
4 ‘ .
P 25.0 mm /0.0 3/A4 (-8 iac0 | 33
P 19.0 mm 753 LoASH Hidn SAnd : ¢-¥ ilis0 | /5
P 125 -
mm 7.3 @{d cer Shamn 4 £5-55 /10 F.o
P 9.5 mm g2
P 4.75 - = 3y
mm370 3.5 ?
P 2.36 mm 2¢./
P1.18 mm 178 RECLAIMED
0 £ 24
P 600 ym 2.7 1 73.0 FILLER
P 300 pm 7./ ASPHALT f,).- é 51-25 )(47)“-:..: Cio (o Ecntant 5.4/
AWI {Spec. AW! (Actual) ANGULARITY INDEX
P 150 -
S0 pm 7.3 ‘b/ A+ - A 47,7
. « /. o| TYPE OF TESTING _
P 75 ym 2.9 3.7 =" ] QUALITY ASSURANCE TESTING ] REGULAR TESTING
=+ /4] DUST. CORRECTION
CRUSHED 78¢5 [ BATCH PLANT [X DRUM PLANT e
REMARKS:

E FlecTIUVE L T4 Suaw—,'#"(_-.. A’Pr’ﬂwt‘o /J,y P-cc: .

ﬁ?(-cmmf-.ar-a 4*-/ g"?—'—(rn(-vsus '/7fzt .D?S:gfu .S-GCT—[Q.\J TH»T | & finu,,
[

Mo g I mF AdvfusTm?yT% ArRE ﬁE—?Ga-uccrsa 1S THes MMy - A ueew

Mex Desiamw Must Bs Sumrria 6 Bir pw E AvSiAg,
THO_ [Faon  [T34 7= s59-C

(h//ﬂf‘q' fd e )3-/ e 3.5

A.C Feemn 5.3 T S

TRAVELLING —m77ro nature DATE
<
2 e L /- 19-97

R {TMI) - Sig
A [
e D4-16
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Michigan Department
of Transportation
1911 {397

DISTRIBUTION: WHITE - Testing Lab.

BITUMINOUS FIELD COMMUNICATION

JOB MIX

GREEN - Distric

FORMULA (JMF)

t  YELLOW - Project Engineer PINK - Inspector

GOLD - TMi

This torm applies only to the project listed below and is not transferable to other projects.

CONTROL SECTION JOBNO._ _ PROJECT ENGINEER DATE EFFECTIVE
VH pg o3 323574 V. [ToBezaTs ?-27-97
CONLRACTOR FLANT LOCATION PLANT NO.
/[B e+ Povay lne DHC F50-rY
TYPE OF MIXTURE|MIX DESIGN NO, VMA % AR VOIDS %  |MARSHALL DENSITY THEORETICAL MAX, DENSITY
J€-3 Fisio M Ossisly 1757 7.0 /YL .7 ket T A kghor I
TESTING OPTION |MIX DESIGN EFFECTIVE SPECIFIC GRAVITY |PLANT CERTIFICATION DATE| CONTRACTOR'S OC PLAN L| YES
7 D L5 Af g TO PROJECT ENGINEER  [3 NO
MiX/AGG. GRADATION, % MIX/AGG. BLEND PROPORTION, %
ITEM PERCENT MATERIAL/PRODUCER PIT NO. PERCENT
-~ 2 . _
ASPHALT. % | 3y [ vK " Cet1 Citmey | _6-F | /570
P 37.5 mm 7.?/ “ ("0,_!‘/3 ! % 6(7 O
4
P25.0mm (0D 314 ) ¢-¥ 330
‘ :
P 19.0 mm 75:5 [AS[cg Maw Stowe ‘ 6-F /50
P12.5 mm Fi.© 0@‘{\1} coeT S:&—w’ﬁ . “ 635-3¢ ?D
P 9.5 mm 2P0
P 4.75 -
mm 7?15
P 2.36 mm 290
P1.18 mm RECLAIMED
17.0
P 600 um FILLER
o /3.0
P 300 ym g o ASPHALTPC JJ;)_,_;J’ [4’”—{460 O/(, (’0 g(_,se,-n;_r_} 5’.(7/
R AWI {Spec.) AWI {Actual) ANGULARITY INDEX
TYPE OF TESTING
P75 um 7.7 QUALITY ASSURANCE TESTING [J REGULAR TESTING
, DUST. CORRECTION
CRUSHED 78-S ] BATCH PLANT [ DRUM PLANT A
REMARKS: - .
THeocr Caaorriev (o2 Mo SPCE. Siéwves CHuwser 7% e Fe feT /4{;:,

0

5:4-419-'?—7'10”5 B‘E-Iﬂ)';vl.’l—anucto l@t, Conrrst roa

Afdtco B, P € dwy O 73 ﬂf‘u Sioe By Sive. Tssts
CHtcwe TesTrny paocf.oun.cs — 60‘:74- 0—(—{-1'?1; TH e Cie Awo ﬁsr{mrra S A,

_ -(\mmﬂm&”#l—so lA"?-f.rra Zo t1 53z A ﬁf(ﬂf_Cl(L.A"Tf'? Naumesé OF 2.55€ |
THE éS@ . STAATIA9 LOtTH Sz o 4‘ A= ﬂf"’p'g-

P- £ Awa TI i H‘ét-q T#S 'Dﬁ"‘;

DATE

I-A9-77

7_0_

ﬂ'/?{‘r‘;af gfﬂurw N ﬂ 7 5471 - f::?sae i gm_,", 5.t

?aAVEWPEcTOR 7] llji’gfwy 7
/' el prr) - .

D4-17
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US-23 Arenac Co.
Contractors Quality Control Test Data 3E3 Mixture

Gp =1.018 Cge =2.658 Ggp =2.565 Absorb. =1.38

SUBLOT TMD BULK AIRVOID VFA VMA %AC Eff AC  FINE/AC

1 152.44 148.30 4.03 70.37 13.6 547 4.16 0.984
2 162.52 145.66 4.50 67.74 - 13.95 5.44 4.13 0.778
3 152.33 145.57 4.44 68.49 14.08 5.53 4.22 1.039
4 152.34 148.29 .97 70.96 13.67 5.53 4.22 0.704
5 152.26 146.17 4.00 70.93 13.76 5.56 4.25 0.772
6 152.28 147.30 .27 75.08 13.11 5.56 4.25 0.942
7 152.59 147.51 3.33 74.09 12.85 5.42 4.11 0.987
] 152.60 145.60 4.59 67.17 13.98 542 4.11 1.030
) 152.77 145.62 4.68 66.26 13.87 5.33 4.01 0.929
10 152.69 146.44 4.00 60.50 13.41 5.38 4.04 1.103
1 152.83 146.26 4.3 68.12 13.49 5.31 3.99 1.014
12 152.63 148.43 4.08 60.79 13.44 5.39 4.07 0.950
13 152.69 146.03 4.36 686.06 13.6% 5.36 4.04 0.964
14 162.57 145.87 4.39 68.21 13.81 5.42 4.11 0.938
15 152.75 145.23 4.92 65.08 14.09 5.33 4.01 0.765
16 152.33 145.52 4.47 68.34 14.12 5.53 4,22 0.752
17 162.17 145.48 4.41 68.36 13.04 5.58 4.27 0.752
18 15213 148.33 3.81 71.71 13.47 5861 4.30 0.719
19 152.24 146.73 3.62 72.51 13.17 5.56 4.25 0.883
20 152.13 145.63 4.27 60.46 13.08 5.61 4.30 0.800
21 162.53 146.11 - 4.21 68.72 13.46 5.44 4.13 0.953
22 152.91 146.66 4.09 68.49 12.98 5.28 3.96 1.072
23 152.28 145.59 4.39 68.37 13.88 5.56 4.25 0.824
24 1523 144.88 4.87 65.80 14.24 5.53 422 0.821
25 15226 146.22 3.97 70.59 13.5 5.56 4.25 0.946
26 1623 147.6 3.00 8.5 4.19 1.008
27 152.7 147.2 3.60 5.3 3.98 0.929
28 152.5 147 3.61 54 409 1.175
29 152.6 145.1 4.91 5.4 4.09 0.979
30 1523 146.8 3.61 6.5 4.19 0.955
3 153 147 3.92 . 5.2 3.88 1.339
32 152.7 148.5 4.08 . 54 4.09 0.955
33 162.3 146.7 3.68 , 5.5 4.19 1.075
34 152.5 146 4.26 54 4.09 0.759
35 152.4 1486.5 3.87 5.5 4.19 0.000
36 152.4 145.8 4.33 ‘ 55 4.19 0.812
37 162.1 145.27 4.69 66.40 13.98 5.48 4.17 1.049
8 151.84 147.2 3.08 76.66 13.11 576 4.45 1.054
39 152.8 146.86 3.9 69.72 12.88 531 3.99 0.876
40 152.51 146.79 373 71.37 13.03 545 4.14 1.090
4 152.59 147.69 3.2 74.42 12.51 5.43 4.12 0.991
42 152.69 145.36 4.79 65.34 13.82 5.37 4.05 0.797
43 156276  146.6 4.05 €6.04 13.08 5.34 4.02 0.954
44 152.63 145.76 4.49 66.99 138 54 4.09 0.737
45 152,53 147.33 3.4 7323 12.74 5.45 4.14 1.088
46 152.67 148.74 3.87 70.18 12.98 827 3.95 0.981
47 162.57 146.62 3.94 70.08 13.17 5.43 4.12 0.855
Average 152.49 146.29 4.07 60.60 13.51 5.45 413 0.92

§TD 0.2384  0.7098 0.4.806 27431 04519 0.1075 0.1090 0.1916
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US-23 Arenac Co.

Contractors Quality Control Test Data

3E3 Mixture

Sublot 75um 150um 300um 600um 1.18mm 2.36mm 4.75mm 9.5mm 12.5mm _18mm 25mm

1 409 541 874 1403 1964 2984 3900 5820 8268 96.86 100.00
2 321 445 749 1204 1658 2450 4122 6820 77.05 98.74 100.00
3 438 574 920 1447 1977 2899 5019 7719 84.91 9850 100.00
4 297 413 745 1199 1680 2532 | 39.93 6266 7422 9743 100.00
5 328 437 7.38 1239 1747 2601 4194 6884 7940 94.51 100.00
6 400 527 855 1382 19.37 2821 4280 6746 77.85 98.97 100.00
7 405 549 944 1519 2077 2983 4464 6769 77.73 98.31 100.00
8 423 547 874 1399 1851 2066 4832 7419 8370 98.58 100.00
9 373 492 804 12956 1823 2759 4465 6915 79.00 9581 100.00
10 448 574 917 1459 1998 2036 4754 7276 8273 98.74 100.00
11 405 522 871 1276 19.04 2819 4535 7401 8291 9847 10000
12 387 500 828 1343 18.99 201 4745 T1.8 822 97.84 100.00
13 39 500 82 13.26 18.5 26.88 4313 6985 79.97 9521 100.00
14 385 502 820 13.14 1926 2083 4327 6391 7247 9571 100.00
15 307 419 7.03 1149 1599 23.74 40.83 6334 7355 97.34 100.00
16 317 386 7.13 1200 17.57 25.3 4138 6093 7347 9827 100.00
17 321 43 720 1222 1695 2554 4417 6859 7822 9231 100.00
18 3.00 417 718 1219 1719 2654 4527 6924 787 ©6.63 100.00
19 375 505 859 1428 1976 2893 4785 7088 7086 98563 100.00
20 344 457 767 1285 1785 2655 4607 7087 79.81 67.84 100.00
21 383 503 795 13.03 1784 27.08 4863 7315 7047 97.81 100.00
22 425 558 B89 1416 1904 2728 4642 7252 8237 9853 100.00
23 35 462 743 12 16.16 23.58 4321 6883 7741 ©6.04 100.00
24 346 453 73 1181 1619 2397 4248 69.13 79064 9864 100.00
25 402 516 801 1268 1707 2491 4418 701 7761 97.71 100.00
26 48 6 10 16.9 22.6 3141 48.1 68.8 78.3 842 100
27 37 49 8.2 138 18.2 259 418 638 731 98.2 100
28 48 6 9.5 154 204 20 48.9 771 85 97.2 100
29 4 5.1 8 12.5 16.8 253 46.5 725 809 9883 100
30 4 52 8.4 13.3 17.6 25 425 689 79.9 86 100
3 52 6.5 10 15.9 21 29.3 48.7 735 813 848 100
32 39 51 7.8 12.8 16.8 24.1 436 67.3 76 954 100
33 45 586 8.9 144 19.1 271 471.8 739 8386 88.8 100
M4 31 41 6.9 116 15.5 218 - 385 622 72 97.4 100
35 100
36 3.4 44 73 1241 16.5 244 427 ©684 745 9853 100
37 437 5862 873 1379 1834 ~26.29 458 7382 8303 9720 100
38 469 5988 9025 1449 198 2017 4455 7257 8385 8865 100
3 35 465 725 1166 154 21.9 3347 6042 7238 98.05 100
40 451 569 869 14.05 1892 2772 4741 7553 8468 984 100
41 408 522 8 1278 16.89 2354 3567 6277 7547 9641 100
42 323 417 664 1099 1491 21.9 3495 6359 7769 979 100
43 384 487 752 123 16.66 246 30.08 6647 7788 9612 100
44 301 384 641 1081 1471 21.7 36.17 6462 7819 9756 100
45 45 560 878 1399 1849 2619 4093 7242 8373 0695 100
46 388 502 785 1262 1669 2359 3827 6797 797 98556 100
47 393 633 875 1281 1932 2007 4260 7263 8148 66.87 100
AVI 386 508 8.15 1317 18.05 2642 4343 6893 7912 97.00 100.00
- 8TD 0.534 0652 0.872 1.287 1721 2515 4.000 4.571 3681 1.491 0
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US-23 Arenac Co.
Contractors Quality Control Test Data 3E3 Mixture

Marshall % Gnm % Gmm 1 face 2 face
Subiot AV. at Nii al Npay  Crushed Crushed FAA

1 100
2 98.7
3 98.3
4 97.74
5 89,11
6 100
7 98,43
8 97.56
9 99.56
9 99.17
10 97.32
1 100
12 97.32
13 98.19
14 99.26
15 99.36
16 98.62
17 895
18 99.4
19 98.1

- 20 98.47
21 98.87
22 . 99.14
23 98.32
24 97.31
25 97.3
26 98.3
27 _ 97.5
28 ' 100
29 96.4
30 _ 583
31 97.4
32 : 99.1
33 98.7
34 97.9
35 ' 88.3
35 99.2
a7 99
3B 09
39 99
40 99
41 29
42 29
43 : 99
44 99
45 29
46 , 09

average 97.82 -

STD 5.8824
D4-20 ‘



US-23 Arenac Co.

Contractors In Place Density Results 3E3 Mixture
sublot core#1 core#2 core#3 SublolAvg. LotAvg. +2% +4% +8% -10%  -25%
1 91.73 92.6 91.45 91.927
2 83.15 90.98 00.44 91.523
3 93.84 93.84 93.84 93.840
4 93.03 93.35 94.94 93.773 .
5 91.85 94.59 95.31 93.917 93.00 66.67 60.00 4000 5.00 2.00
6 91.56 89.64 93.1 91.433 92.90
7 95.8 93.45 95.06 94.770 93.556
8 94.23 91.66 89.62 91.837 93.15
9 91.34 92.36 02 91.900 92.77
10 95.17 90.89 92.94 93.000 92.50 48.67 40.00 2667 6.00 3.00
1 93.99 90.33 88.94 91.087 92.52
12 94.85 9267 94.16 93.893 92.34
13 92.83 93.85 91.03 92.570 92.49
14 92 o2 92 92.000 92,51
15 94.95 93.5 92 93.483 9261 53.33 40.00 33.33 3.00 2.00
16 91.74 92.49 95.09 93.107 93.01 ’
17 93.05 92.89 95.58 93.840 93.00
18 92.34 95.12 93.01 03.490 93.18
19 93.62 93.62 93.9 93.713 93.53
20 91.76 94.67 93.32 93.250 0348 73.33 66.67 4667 2.00 0.00
21 91.88 94.37 93.61 93.287 93.52
22 94.49 954 94.4 94.763 93.70
23 90.23 88.61 89.81 89.550 92.91
24 91.46 95.58 9267 93.237 02.82
25 92.87 94.65 93.22 93.580 9288 66.67 53.33 4667 5.00 3.00
26 9374 9373 9062 92.697 92.77
27 95.73 97.06 93.59 95.460 92.80
28 97.1 6661 9536 96.357 84.27
29 96.91 8407 93.57 94.850 94.59
30 95.36 9116 9535 93.957 9466 8667 8667 8667 2.00 1.00
]| 93.69 84.23 96.34 94.753 95.08
a2 84.45 94356 9513 94.647 94.91
33 93.73 9475 9444 94.307 94.50
M 92.99 94.02 9513 94.047 94.34 -
35 95.36 91.77 9234 93.157 8418 86.87 80.00 80.00 1.00 0.00
36 92.52 93.47 922 92730 93.78
37 91.22 9349 9282 92510 ° 9335
38 96.53° 9549 9741 96.477 93,78
39 84.37 9342 9450 94127 93.80
40 94.24 9544 9715 95.610 8420 8687 73.33 5333 1.00 0.00
41 97.25 96.15 9288 95427 94.83
42 95.59 93.79 9578 95.053 95.34
43 92.93 9323 9356 93.240 984.69
44 95.48 86.52 9535 95.783 95.02
45 96.13 9584 9662 96.263 95.15
46 96.69 9669 9547 96.283 95.32
47 95.58 95.48 95.530 9541 9333 86.67 80.00 0.00 0.00
Average 93.7324
STD 1.883
-~ Bonus Lots 4 3 3
Deduct Lots - 3 0
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US-23 Arenac Co.

Contractors Mixture Price Adjustment Tabie 3E3 Mixture
TMD _ VMA VOIDS

JMF Lot  Abs. JMF Lot  Abs. IMF Lot Abs.
Sublott 152.6 _Avg. Dev. Dev. 13.5 Avg. Dav, Dev. 4 Avg. Dev. Dev.
1 0.16 0.1 0.03
2 | o008 0.45 0.5
3 | 027 0.59 0.44
4 | 026 0.17 0.03
5 1034 15238 0222 022 | 026 4381 0314 -0.31 0 419 02 -0.19
5] 0.32 0.39 0.73
7} 0.01 0.65 0.67
8 0 0.48 0.59
9 i017 0.37 0.68
10 | 009 15259 0118 0.01{ 009 1344 039 005 0.00 300 0552 0.01
1 | 023 0.01 0.3
12 | 0.03 0.06 0.08
13 0.09 0.15 0.36
14 | 0.03 0.3 0.39
15 | 015 15269 0106 -0.08] 0.5 1370 0224 -0.20 0.92 441 0406 -0.41
16 | 0.27 0.62 0.47
17 | 0.43 0.44 0.41
18 | 0.47 0.03 0.19
19 | 0.36 : 0.33 0.36
20 | 0.47 15220 04 040 | 048 1374 038 -0.24 0.27 442 0.344 -0.12
21 0.07 0.04 0.24
22 0.31 0.52 0.0o
23 | 0.32 0.38 0.39
24 0.3 0.74 0.87
25 | 0.34 15246 0268 0.14 0 1361 0.336 -0.11 0.03 431 0318 -0.31
26 | 0.3 0.91
27 0.1 0.39
286 | 01 0.39
29 0 0.91
30 03 15248 016 012 135 0.38 376 06018 0.24
31 04 : 0.07
a2 0.1 0.06
33 0.3 0.32
34 0.1 - 0.26
a5 02 15258 022 0.02 13.5 0.12 396 0.1705 0.04
36 0.2 : 0.33
37 0.5 0.45 0.69
3 | 0.76 0.39 0.94
ag 0.2 0.62 : 0.1
40 | 009 15233 0.35 027 | 047 1325 3.088 025 0.27 304 0.4661 0.08
41 | 0.01 0.99 0.8 :
42 1 0.09 0.22 0.79
43 | 0.16 0.42 0.05
44 | 0.03 0.1 0.49
45 | 0.07 15264 076 13.15 0.59 3.99
46 | 0.07 0.52 0.13
47 1003 15263 0.072 -003| 0.33 1311 0426 0.38 006 395 0264 0.05
Specification 0.6 0.6 0.6 0.6 0.5 0.5
Bonus Lots g [ r
Deduct Lots 0 0 (]




US-23 Arenac Co.

Contractors Mixture Price Adjustment Table 3E3 Mixture
% A.C. 75um Crushed
JMF Lot Abs. JMF Lot Abs. JMF Lot Abs.

Sublot| 54 Avg.  Dev. Dev. 37 Avg  Dev. Dev. 98.5 Avg. Dav. Dev.

1 0.07 0.38 1.5

2 0.04 0.4¢ 0.2

3 0.13 0.68 0.2

4 0.13 0.73 0.76

5 0.16 5505 0.106 -0.106| 042 3586 0542 0.114 0.61 98.77 0.654 0.27

6 0.16 03 1.5

7 0.02 0.35 0.07

8 0.02 0.53 0.94

9 0.07 0.03 1.06

10 0.04 5418 0082 -0.018| 0.76 4.094 039 -0394 0.67 08.944 0.848 -0.444

11 0.09 0.35 1.18

12 0.01 017 1.5

13 0.04 0.2 1.18

14 0.02 0.15 0.31

15 0.07 5352 0046 0038% 063 3.748 03 -0.048 0.76 98418 0.986 0.082

16 0.13 0.53 0.86

17 0.18 0.49 0.12

16 0.21 0.61 1

19 0.16 0.05 0.8

20 021 5578 0.178 -0178}; 0.26 3.332 0.388 0.368 0.4 g8 006 0656 -0.496

21 0.04 0.23 ' 0.03

22 0.12 0.55 0.37

23 0.18 0.2 0.64

24 0.13 0.24 0.18

25 016 5474 0122 -0.074} 032 23832 0308 -0132 1.19 o8 422 0482 0.078

26 0.1 0.9 1.2

27 0.1 0 0.2

28 0 11 1

29 0 0.3 1.5

30 0.1 5.42 0.06 -0.02 0.3 422 0.52 -0.52 21 97.9 1.2 0.6

31 0.2 1.5 402

32 0 0.2 11

33 0.1 0.8 0.6

3 0 0.6 - 0.2

35 0.1 5.4 0.08 0 37 4175 136 0475 0.6 80.28 8.54 8.22

a6 0.1 0.3 : 0.2

37 0.08 0.67 0.7

38 0.36 0.99 0.5

39 0.09 0.2 : 0.5

40 0.05 85 0136 -0.1 0.81 4084 0594 -0.394 0.5 989 0.48 0.4

41 0.03 0.38 0.5 ’

42 0.03 0.47 05

43 0.06 0.14 0.5

44 0 0.69 0.5

45 0.05 5,398 0.8 3.732 0.5

46 0.13 0.18 0.5

47 003 5378 0054 0022] 023 3832 0408 -0.132 0.5 (]2] 0.5 0.5
Specification 0.3 0.3 0.7 0.7 10 10
Bonus Lots <] 8 8
Deduct Lots 0 0 0
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US-23 Arenac Co.

MDOT Verification Test Data 3E3 Mixture
Sublot TMD BULK  AIR VOID VMA %AC Eff. AC VFA Fines/AC
5 152,72 145.97 442 13.71 537 405 67.761 1.136
10 162.94 146.46 4.24 13.61 5.26 304 68.846 1.156
13 153.06 144.41 5.65 14.46 5.2 388 60927 1.110
14 152.67 143.85 5.78 14.94 . 8.37 - 408 61312 1.137
15 153.66 143.81 6.41 14.62 4.96 364 56.156 1.042
16 1563.52 143.48 - 6.54 14.62 5.01 360 55267 1.062
18 153.21 144.09 5.85 144 517 385 58.681 0.963
22 162.94 146.59 4.15 13.01 5.28 3.96 68.101 1.125
26 152.7 148.1 5.4 4.09 1.224
31 152.6 148.4 54 4.09 1.346
39 152.83 145.98 448 . 1341 5.31 399 6B8.582 1.184
44 1521 144 .96 4.69 14.33 5.65 434 67.2M 0.861
17 152.5 144.5 54 4.09 0.930
27 152.5 148.1 54 4.09 0.979
20 153 145.2 5.2 3.88 1.056
35 152.5 147 54 4.09 1.028
average 152.84 145.68 5.23 14.11 5.30 3.98 63.09 1.09

D 00084 16407 08287 06302 01675 01699  S5.2322 0.1108

MDOT Central Lab Test Data
' PG52-28 Amoco
LAB # ' %AC Eff. AC Ong Pen Rec. Pen Fines/AC

9/18/97 P&D SPLIT 4.7 3.38 151 1.333

9/18/97 MDOT SPLIT 49 3.58 21 0 13 1.593

8/26/97 5.1 3.78 219 129 1.208

8/27/97 : 212

9/13/97 ) 4.6 .27 260 132 1.466

9/15/97 _ 261

o/16/97 5.2 3.88 239 132 1.082

9/18/97 53 3.98 235 132 1.029

9/22/97 245 '

9/23/97 4.3 2.97 257 128 1.313

/26797 4.3 2.97 255 141 1.212

9/27/197 245 '

9/29/97 246

8/30/87 4.8 3.48 244 140 1.151

10/1/97 54 4.09 250 0.979

10/2/97 51 3.78 248 145 1.270

10/3/97 248

10/6/97 : ) 53 3.98 248 138 1.15%
10/23/97 5.5 419 230 125 1.242
Average 4.96 3.64 241.05 133.58 1.24

STD . 0.3990 04045 152113 906484 01701
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US-23 Arenac Co.
MDOT Verification Test Data 3E3 Mixture

Sublot 75um 150um 300um 600um 1.18mm 2.35mm 4.75mm 9.5mm 12.5mm_19mm 25mm
5 46 581 904 1444 2018 3066 47.92 71.6 8422 9917 100
10 456 577 903 1433 19.63 28.99 4657 7013 8375 9786 100
13 4.31 5.56 8.56 13.62 19 28.19 4512 73.36 B85.77 100 100
14 4.61 58 894 1402 1935 2867 . 47 72.2 8516 98.16 100
15 379 492 79 1268 17.39 25.87 40.96 65.7 7906 98.84 100
16 392 506 793 1253 17.27 25.67 41.93 68.5 8221 9885 100
18 an 48 777 1269 17.54 25.97 4202 6319 7504 9769 100
22 446 575 9.02 1425 1923 27.54 4585 6942 8246 99.55 100
26 5 6.3 10.3 16.7 221 30.5 48,5 68.3 78.2 967 100
] 5.5 6.8 10.5 18.5 21.7 30.2 498 75 B83.1 08 100
30 477 64 803 1384 18.23 25.88 396 68.03 8223 9639 100
44 417 526 791 1286 17.54 26.08 4129 7114 8478 9949 100
17 3.8 4.9 8 131 18.3 27.4 452 1.7 82.2 100 100
27 4 5.2 8.6 144 19.2 27.3 43,2 62.8 73.2 954 100
29 4.1 52 7.9 126 16.9 24.9 422 64.6 77.2 97.7 100
35 42 54 8.6 13.8 184 26.5 45 70.5 81.2 289 100

Avg. 434 554 868 1390 1887 2751 4437 6914 81.35 98.29 100.00

MDOT Central Lab Test Data

LAB 75um 150um 300um 600um 1.18mm 2.35mm 4.75mm 9.5mm_ 12.5mm 18mm 25mm

L e A o

9/18/97 4.5 5.9 9.1 14.2 19.9 28.8 464 718 o8 972 100

9/18/97 5.7 71 109 171 234 329 513 754 ge.2 985 100

8/26/97 4.9 6.5 10.5 16.4 22 30.9 445  66.3 765 9877 100
9/13/97 48 6 8.9 13.7 19 27.3 42.6 67 80.3 ©43 100
9/168/97 4.2 54 85 134 19 27.9 46.2 70.8 81 958 100
9/18/97 4.1 5.5 8.8 14.5 21 30.7 48.4 72.9 824 959 100

9723197 39 5 78 12.1 16.6 23.2 384 611 714 922 100
9/26/97 3.8 4.7 73 11.7 15.5 21.2 34.2 5741 696 953 100

9/30/87 4 58 79 124 16.9 24.9 47 668 77.7 944 100
10/1/97 4 5.1 8.6 14.4 19.2 27.3 419 6828 73.2 954 100
10/2/97 48 6 9.1 14.4 19 274 45.3 716 826 989 100

10/6/97 486 5.9 0.2 15 19.7 278 48.2 71.9 816 973 100
1072377 5.2 6.7 10 15.6 20.9 20.8 46.8 72.3 8§28 994 100
Avg. 448 582 897 1422 1939 2768 4471 6820 78.83 86.33 100.00
STD 0.5913 0687 1.037 1602 21983 3.197 4536 5364 4950 2073 0
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US-23 Arenac Co.

Film Thickness Table - 3E3 Mixture
DESIGN PLANT MDOT LAB

Gradation . % Pass % Pass % Pass
ars ’ 100 100 100
25 100 100 100
19 85.3 87 06.4
12.5 67.5 79.1. 80.2
9.5 58.2 68.9 69.1
475 39 434 447
2.36 26.1 26.4 21.7
1.18 17.5 18.1 19.4
0.6 12.7 13.2 14.2

0.3 7.1 " B2 ]

0.15 33 5.1 58
0.075 2.9 3.9 4.5
% AC 5.3 5.45 4.96

Film Thick. 0.00136 0.00112 0.00D89
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FILE 300

Control Section: NH 06073
Job Number: 32358a

REPORT OF TEST Mix Design No.: 97MD-235

Date: SEPTEMBER 29, 1997
1531 (N9s1)  BITUMINOQUS MIX DESIGN
Sample Of: BITUMINQUS MIXTURE NO. 4E3
Date Tested: SEPTEMBER 25, 1997 " Specification: 4.00 MOD, 1990 STD. SPECS.
MATERIALS USED
Agg.# Material Type Source Percent SP.GR.
ASPHALT CEMENT PG 52-28 RMOCO 1.019
1  COARSE GRADED 3/4 cHIp PIT # 06-08 20.0% '
2 COARSE GRADED J1a PIT # 06-08 43.0%
3 FINE GRADED WASH MAN SAND PIT # 06-08 24.0%
4 FINE GRADED REJECT SAND PIT # 65-55 12.0%
5 DEGRADATION PLANT : 1.0%

Note to TMI: Eliminate the Degradation & increase the Reject Sand to 13%.

MIX DESIGN
Asphalt @ Optimum= 6.1 Air Voids = 4.0
Density lb/cu.ft = 145.0
(kg/cu.m) =( 2317.0)} v.M.A. = 14.5
Theo.Max. Density= 150.7
(kg/cu.m) =({ 2417.5) V.F.A. = 73.8

COMBINED  MASTER GRAD,

SIEVE SIZE AGG.#1 AGG.#¥2 AGG.¥3 AGG.# AGG.#5 GRADATION RAMGE 7.10-2

374 8 (19.0mm)  100.0 100.0 100.0 100.0 100.0 "100.0 100

172 1H (12.5mm) 69.2  100.0 100.0 100.0 100.0 93.8 90-100

3/8 IN ¢ 9.5mm) 39.6 100.0 100.0 8.1 100.0 87.7 90 HAX

No, & (4. 75mm) 7.2 583 100.0 @3.5 100.0 61.5

No. 8 (2.36mm) 3.9 1.1 954 60.9 100.0 38.0 28-58

Ko. 16 (1.18mm) 2.5 2.0 6.1  50.7 100.0 2.8

Ho. 30 (600um) 2.0 2.0 39.2 412 too.p 16.6

No. 50 (300wm) 2.0 2.0 206 153 100 9.0

No. 100 ¢150mm) = 2.0 1.0 6.0 3.2 100.0 3.7

No. 200 (7Sum) 2.0 1.0 6.0 3.0 100.0 3.6 2-10

CRUSH RET. %4 100.0  100.0 100.0 46.3 100.0 97.2 75 Win.

AT, 332.0 332.0 262.7 328.4 260 Nin.
Materials submitted by: PAYNE & DOLAH, INC. Plant # 350-00 --{Contractor Furnished)

NOTE TO TMI: ELIMINATE THE DEGRADATION % INCREASE THE REJECT SAND TO 13%.

* RECOMMENDED FIELD CONTROL DENSITY

ANGULARITY INDEX NUMBER = 43 6

EFFECTIVE SPECIFIC GRAVITY = 2.651

The bitumen content and aggregate charscteristics are based on the submitted material with the gradation and blend ratios
indicated. variation in materials or field conditions may require adjustments of this mix design (see T.H.l. for form 1911
tor field application). This taboratory design is velid for tuo years from date reported and should not be applied or
adjusted without wWritten-approval of the Bi tuninous Services Unit. TESTED FOR IHFORMATION.

CC: ROBERTS, R. (PE) (2) CONTRACTOR
FIELD ENGINEER BIT. FILE g

JOHN LIJEWSK] (2)
D. AMDREWS - (4} Bituminous Unit - Supervising Engineer
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contro! Section: NH 06073

Job Humber: 32358A
REPORT OF TEST Mix Design Wo.: 97MD-235
) ix Type: 4E3
1931A (N991} BITUMINOUS MIX DESIGN
AC. BULK BULK MAX T.M.D. - AIR VMA VFA  FINESJ/EFF. ‘
BY WT S.G. DENSITY THEO. voins ASPHALT |
' S.G. RATIO
@ OPTIMUM o
6.1 2.323 145 2.415 150.7 4.0 14.5 73.8 0.77
REGRESSION EVERY 4.1% ’
5.4 2.292 143.0 2.440 152.3 6.1 15.0 - 59.7 0.80
5.5 2.296 143.3 2.436 152.0 5.7 15.0 61.6 0.88
5.6 2.300 143.5 2.433 151.8 5.5 14.9 63.4 0.86
5.7 2.305 143.8 2.429 151.6 5.1 14.8 65.6 0.84
5.8 2.309 1441 2.426 1514 4.8 14.8 67.3 0.82
5.9 2.314 1444 2422 - 1511 4.5 14.7 69.6 0.80
6.0 2.318 1446 2.419 150.9 4.2 14.6 71.4 0.78
6.1 2.323 145.0 2.415 150.7 3.8 14.5 73.8 0.77
6.2 2.327 145.2 - 2.412 150.5 3.5 14.5 75.6 0.75
6.3 2.332 1455 2,408 150.3 3.2 14.4 78.0 0.73
6.4 - 2.336 1458 2.405 150.1 29 14.3 80.0 0.72
6.5 2.341 146.1 2.401 149.8 2.5 14.2 824 0.71
6.6 2.345 146.3 2.398 145.6 2.2 14.2 84.4 0.69
6.7 2.350 146.6 2.394 1494 1.8 14.1 B87.0 0.68
6.8 2.355 147.0 2,391 149.2 1.5 14.0 8%.2 0.67
6.9 2.359 147.2 2.387 148.9 1.2 13.8 81.6 . 0.65
SPECIFICATIONS = 4% 14.0 65-78 0.6-1.2

- (PG 52-28 — AMOCO OIL) SP.GR. = 1.019

- EFFECTIVE SPECIFIC GRAVITY = 2.651

BULK AGGREGATE SPECIFIC GRAVITY = 2,552 -

DESIGN ESAL'S = <3.0 | :
DESIGN TEMPERATURE = 38 degrees C |
MIXING TEMPERATURE = 135 degrees C

COMPACTION TEMPERATURE = 123 degrees C

INITIAL GYRATIONS =7 %Gmm=86.1  SPECIFICATION = 89% MAX.

DESIGN GYRATIONS = 86

MAXIMUM GYRATIONS = 134  %Gmm = 97.5 SPECIFICATION = 98% MAX.
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[FFeSTO SPFc Supp /

Miigan Deparimen: | JOB MIX FORMULA (JMF)
1911 (2/97) BITUMINOUS FIELD COMMUNICATION

DISTRIBUTION: WHITE - Testing Lab. GREEN - District YELLOW - Project Engineer PINK - inspector GOLD - TMI
This form applies only to the project listed below and is not transferable to other projects.

CONTROL SECTION JOB NO. PROJECT ENGINEER !'DATE EFFECTIVE
WH 26073 322358/ . KoBgeTs | 9-30-97
"CONTRACTOR PLANT LOCATION - i‘PLANT NG.
[Z e+ Dotan 1w c CHnEL | 350~ 1Y
TYPE OF MIXTURE|MIX DESIGN NO. VMA % X2 AIRVOIDS %, IMARSHALL DENSITY THEORETICAL MAX. DENSITY
Y E 3 97M0 335 | /4.5 ¥.0 / 95 .0 kglmd /507 ket
"TESTING OPTION |MIX DESIGN EFFECTIVE SPECIFIC GRAVITY |PLANT CERTIFICATION DATE CONTRACTOR'S QC PLAN [ ] YES
. 2.l N g TO PROJECT ENGINEER X NO
MiX/AGG. GRADATION, % MIX/AGG. BLEND PROPORTION, %
ITEM PERCENT : MATERIAL/PRODUCER PIT NO. PERCENT
o _‘fa‘(‘} . .
ASPHALT, % Lo . / : %vrﬁi{f e _GL-/\"H.C_ v -5 200
"
JLEEme . . 3.4 o £-8 | Y30 | |
P 25.0 4 ¢
mm LOBSH EoM AW Shwd é -8 2¢.0 |
I ,
P1a. — :
0 mm /000 P‘E_Js'c‘i" Sy & 555 /3.0
P12.5 mm ¢.73 . ?
P 9.5 mim 5}7' 7
P 4.75 mm a & /.3
P 2.36 mm 2.0
P .
1.18 mm 23.9 RECLAIMED
P 600 ym a )l o FILLER
P 300 2k
30 Hm 79 . ASPHALT ( .4 5.01'35) 4»15{9 du_. CO gc,g;,”,q, é/
P 150 ym AWI (Spec.) AWI {(Actual) ANGULARITY INDEX
=7 2460 FaAPY Y32 .6
P75 o TYPE OF TESTING
#m EqA [& QUALITY ASSURANCE TESTING [0 REGULAR TESTING
218 - . DUST. CORRECTION
CRUSHED 77 z (] BATCH PLANT (& orRuM PLANT ' /A

REMARKS:
* Do ‘\—1—('3'? CJWLTa‘LdL_ SI £ oS

Hix Desion Recigusg reom  1dr Las  Tips Dave.

INTIhL SuseoT Ss28 - SooTow.
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MICHIGAN DEPARTMENT
JOB MIX FORMULA (JMF)
OF TRANSPORTATION
BITUMINOUS FIELD COMMUNICATION
1911
DISTRIBUTION: WHITE - Testing [ab  GREEN - District YELLOW - Proizet Epgineer  PINK . {nispector 1D - T
CONTROL SECTION/JOB NO. PROJECT ENGINEER DATE EFFECTIVE
NH 06073 32357A R ROBERTS 10-09-97
CONTRACTOR PLANT LOCATION PLANT NO.
PAYNE & DOLAN INC. OMER 3514
TYPE OF hﬂX‘_l‘URE MDX DESIGN NO. AlR VOIDS T.MD, . MARS=ALL DENSITY
4E3 97MD-235 MOD 4.0 150.7 ibs/ft 145.0 s/t
TESTING OPTION MIX DESIGN V.M.A. MIX DESIGN EFFECTIVE SPECIFIC GRAVTTY
I§iR1QAYAY, v 14.5 2.651
MIX/AGG. GRADATION, % MIX/AGG. BLEND PROP. %
ITEM PERCENT MATERIAL / PRODUCER PIT NO. PERCENT
ASPHALT, % 6.1 3/4 CHIP 06-08 0 %
P15 1A 06-08 100 %
Plo" WASH MAN SAND 06-08 40 % -
P3/n 100.0 REJECT SAND 65-55 120 %
P 93.8 %
P 3/8" 87.7 Yo
Pa4 36.0 %
P48 38.0 RECLAIMED %
P&16 23.8 FILLER - %
£30 14.6 ASPHALT 52-28 AMOCO ELBERTA 61 %
P#50 3.0 AWl 260 AW 329 ANGULARITY 235
(SPECH (ACT Y INDEX
P #100 3.7 PLANT TYPE X DRUM BATCH CONTIN.
P 200 3.6 ACTUAL MIX TIME DRY WET
CRUSHED, % 9787 X QUALITY ASSRANCE TESTING
DUST. CORR. 04 % REGULAR TESTING
REMARKS: CONTRACTOR MADE BLEND PERCENT CHANGES AND #4 TO 56.0 AND #30 TO 14.6

CHANGED BULK AGGREGATE SPECIFIC GRAVITY FROM 2.552 TO 2.555

CHANGED TO 1200 TOSI SUBLOTS STARTING WITH SUBLOT #6, CHANGES APPROVED BY P.E.

SIGNATURE.. ik PSC oaun e

DATE: 100597
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US-23 Arenac Co,

Contractors Quality Control Test Data 4E3 Mixture
Gy =1.019 Gge =2.651 Gy =2.552 Absorb. =1.49
SUBLOT TMD BULK AIRVOID VFA VMA %AC Eff. AC FINE/AC
1 151.28 144.97 417 70.74 14.25 683 4.43 0.94
2 151.83 146.05 3.81 71.63 13.43 5.6 419 1.19
3 150.8 144.89 3.94 72,90 -14.54 6.08 4.65 0.72
4 150.78 144.39 4.26 71.35 14.87 6.08 4.88 0.73
5 150.77 144,23 423 71.50 14.84 6.08 4.68 082
6 150.8 145.47 3.53 75.28 14.28 6.06 4.88 0.89
7 150.88 145,68 345 75.60 14.14 6.03 4.63 0.81
8 150.94 145.45 ae7 74.28 14.27 ] 4.60 0.77
9 150.74 146.77 264 80.49 13.53 6.08 4.68 0.92
10 150.89 = 145.83 3.04 78.30 14.01 6.03 4.63 074
11 151.2 144.14 4.65 68.81 14.91 5.89 4.49 0.68
12 150.97 144.56 3.95 72.80 14.52 6 4.60 0.80
13 150.98 144.82 4.09 71.95 14.58 5.97 4.57 0.67
14 150.65 144,53 4.07 72.74 14.93 6.14 474 0.61
15 150.68 144.59 4.06 7266 14.85 6.11 471 0.64
16 150.76 144.58 4.07 72.50 14.8 6.08 4.68 0.80
17 150.86 144,33 4.39 70.69 14.98 6.03 4,63 067
18 150.67 145.42 3.52 75.50 14.37 6.11 4.7 0.95
19 150.84  144.71 4.04 72.57 14.73 6.06 4.66 0.82
20 150.69 145.85 3.19 77.36 14.09 6.11 47 0.79
21 151.01 14583 3.43 75.50 14 5.97 4.57 0.88
22 151 144.59 4.24 71.18 14.M 5.97 4.57 0.97
23 151.13 14564 361 74.27 14.03 501 4.51 0.86
24 - 151.07 144.89 4.09 71.83 14.52 594 4.54 0.70
25 151 144 .59 4.25 71.15 14.73 5.87 4.57 0.87
26 150.94 144.61 4.18 76.41 17.72 6 4.60 0.79
27 150.95 144.21 4.45 70.25 14.96 6 4.60 0.71
28 151.08 14539 378 73.56 14.22 5.94 4.54 1.04
29 15095 14527 3.78 73.70 14.37 6 4.60 0.84
g? 151.04 144,59 4.24 71.20 14,72 5.97 4.57 0.90
132
a3
34
35
36
37
as
39
40
41
42
43
44
Average 15084  145.04 380 7329 14.56 6.00 4.60 0.81

STD 0.2320 06529 04449 26020 07212  0.1043 0.1059 0.1359
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Contractors Quality Control Test Data

1US-23 Arenac Co.

4E3 Mixture

Sublot 75um 150um 300um 600um 1.18mm 2.38mm 4.75mm 9.5mm 12.5mm_19mm
1 4.17 579 1077 18.89 26.95 40.23 6329 89.68 94.79 100
2 4.98 498 11.78 204 29 414 6282 89.15 95.9 100
3 3.38 4,59 8.46 14.76 20.99 33.21 5395 83.37 93.64 100
4 3.4 4.26 7.59 13.31 19.55 32.34 5282 8429 94.08 100
5 3.85 5.08 8.5 14.6 21.32 35.35 58.51 88.6 95.23 100
6 4.6 591 9.45 1569 22 3522 5485 B86.36 9575 100
7 3.76 5 8.32 13.96 19.79 32.37 52.01 81.81 91.53 100
8 3.53 47 8.03 1376 19.77 32.38 5166 84.31 94,26 100
9 4.31 567 1002 17.7 25.75 38.54 5253 87.01 98.2 100
10 3.43 4.61 8.16 14,59 21.16 32.12 51.34 8493 9508 100
11 3.03 42 8.18 14.99 21.8 33.43 54 .84 85.5 93.77 100
12 3.68 5.1 9.27 16.26 23.13 34.57 5643 87.17 95.4 100
13 3.07 4.34 8.24 1477 21.26 3274 - 53.13 85.3 95.29 100
14 2.91 4.22 8.16 1466 21.02 32.86 53.9 85.51 95.28 100
15 3.01 423 816 14.M 21.28 3262 53.07 8417 9274 100
16 279 4.15 8.47 15.32 21.66 33.41 5295 83.11 93.87 100
17 3.1 4.38 82 14.69 21.48 34.2 5522 86.21 95.76 100
18 447 5,78 9.78 16.67 2413 36.52 56.33 87.89 91.77 100
19 3.8 5.09 9.04 16.1 235 32.26 5498 8588 9461 100
20 374 5.09 9.31 16.51 23.88 38.45 5645 86.91 95.76 100
21 4.03 533 923 1581 22.81 35.16 5527 8598 94.7 100
22 4.42 587 1056 17.85 2522 38.52 61.06 89.71 95.36 100
23 3.87 5.16 9.34 16.45 23.54 34.95 56.21 88.42 95.05 100
24 3.17 4.33 8.09 15.14 2218 33.78 53.09 8619 9568 100
25 3.99 52 8.98 15.62 22,73 34.8 5564 88.16 96.18 100
26 3.65 5.08 = 882 15.35 22.21 3415 5485 8492 95.81 100
27 3.28 447 8.25 14.68 21.19 32.24 53.01 8565 9456 100
28 473 5.91 969 16.73 2416 37.27 594 80.20 95.61 100
29 3.86 521 9.4 16.28 22.85 34.15 5308 83.08 9237 100
3? 4.11 533 9.19 15.88 23.05 34.67 5559 8986 97.37 100
3
32

"33
34
35
36
37
as
39
40
41
42
43
44 rec— —

average 3.74 4.97 8.98 15.74 22.64 34.73 5528 86.28 95.06 100.00
STD 0.5728 0.5731 0.9424 1.5233 21039 24392 3.0726 2.1885 1.3521 0
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US-23 Arenac Co.
Contractors Quality Contro! Test Data 4E3 Mixture

Marshall % G % Gum 1 face 2 face
Sublot AV, At Ni; al Np,,  Crushed  Crushed FAA

1 96.4
2 97.9
3 98.5
4 97.2
5 08.3
6 98.5
7 97.7
8 97.1
9 87.9
10 98.4
1 §8.2
12 26.9
13 . 89.1
14 98.6 .
15 7.2
16 8.4
17 97.3
18 97.8
19 98.6
20 98.8
21 ‘ 987.2
22 98.4
23 . 973
24 08.4
25 . 98.3
26 97.4
27 08.4
28 L 99.1
29 98.7 3
30 96.5 .
31 - :
32
a3 "
35 :
a6
37
38
39
40
41
42
43 b
44 ‘

Avg. 97.88

STD ~0.7970
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US-23 Arenac Co.

Contractors In Place Density Results 4E3 Mixture
sublot core#1 core#2 core #3_Subjot Avg. Lot Avg. +2% +4% +6% -10% -25%
1 92 82 92 92.000
2 a2 92 82 92 000
3 92 92 92 92.000
4 92.41 91.36 92.31 92.027 :
5 87.35 03.24 95.6 92.0683 92.02 13.33 13.33 6.67 2.00 1.00
6 92.44 93.2 93.79 93.143 0225
7 93.34 93.74 96.01 94.363 02.72
8 90.94 94.18 94.50 93.230 92.97
9 95.74 02.93 94.38 94.350 93.43
10 95.09 94.20 94.38 94,587 93.93 8667 80.00 €667 1.00 1.00
1 92.37 86.5 95.95 94.940 84,29
12 95.07 93.24 92.48 93.590 94.14
13 93.5 -92.19 84.23 93.307 94,15
14 94.21 96.04 93.61 94.620 94.21
15 96.11 94.31 91.78 94.057 o4 10 73.33 73.33 60.00 1.00 0.00
16 94.89 89.42 93.92 82.743 03.67
17 96.79 95.18 97.01 06.327 94.21
18 924 92.67 94.19 93,087 84.17
19 89.82 96.31 93.82 93.317 93.91
20 93.25 93.6 98.78 94,543 8400 860.00 7333 6667 200 2.00
21 93.7 93.07. 92.98 93.250 94.10
22 93.85 92.88 94.23 93.687 93.58
23 92.7 90.34 92.05 91.697 93.30
24 93.58 84.71 84 13 94 140 093.46
25 980.33 94.9 93.01 92.747 93.10 80.00 60.00 4667 2.00 2.00
26 93.81 91.35 94.34 93.167 93.09
27 91.19 92.34 91.07 91.533 02.66
28 02.68 82.01 9443 ~ 93.040 92.93
28 92.21 94.83 95.81 94.283 92.95
30 90.91 9545 91.15 92.503 92.91 4687 40.00 40.00 5.00 1.00
31
32
33
34
35
35
37
38
39
40
41
42
43
44
Average 03.345
STD 1.7967
Bonus Lots , 3 1 0
Deduct Lots 1 0
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US-23 Arenac Co.

Contractors Mixture Price Adjustment Table 4E3 Mixture
T™MD , VMA VOIDS
JMF Lot Abs. JMF Lot Abs. JMF Lot  Abs.
Sublot| 150.7 Avg. Dev. Dev. | 145 Avg. Dev. Dev. 4 Avg. Dev. Dev.
1 0.59 0.25 0.17
2 1.13 1.07 . 0.19
3 0.1 0.04 0.06
4 0.08 0.37 0.26
5 0.07 151.08 0.39 -0.39 | 0.34 14.386 0414 0114 | 023 4.082 0.182 -0.082
6 0.1 0.22 047
7 0.18 0.36 0.55
8 0.24 0.23 0.33
] 0.04 _ 0.97 1.36
10 019 150.85 015 -0.15| 049 14.046 0454 0454 | 098 3266 0.734 0.734
1" 0.5 0.41 . 0.85
12 0.27 0.02 0.05
13 0.28 0.08 0.09
14 0.05 0.43 0.07
15 0.02 150.89 0.224 -0.196| 0.35 14.758 0.258 -0.258| 0.06 4.164 0.184 -0.164
16 0.06 0.3 0.07
17 0.16 0.48 0.39
18 0.03 0.13 0.48
19 0.14 0.23 0.04
20 0.01 150.76 008 -0.084| 041 14594 031 -0.094) 081 23.842 0.358 (.158
21 0.31 0.5 0.57
22 0.3 0.21 0.24
23 043 0.47 0.39
24 0.37 0.02 0.09 ‘
25 0.3 151.04 0342 -0.342| 0.23 14.308 0.286 0.102 | 025 3.924 0.308 0.076
26 0.24 a2 0.18
27 0.25 .| 046 0.45
28 0.38 0.28 0.24
29 0.25 0.13 0.22
30 0.34 15099 0292 -0.292| 0.22 15168 0.862 -0698| 0.24 4.082 0.266 -0.082
3 .
32
33
Specification 0.6 0.6 0.6 0.6 0.5 0.5
Bonus Lots 6 5 5

Deduct Lots 0 . 0 1
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US-23 Arenac Co.

Contractors Mixture Price Adjustment Table - 4E3 Mixture
% A.C. 75um Crushed
JMF Lot  Abs. JMF tot Abs. JMF Lot Abs.

Sublot| 61 Avg. Dev. Dev.| 36 Avg Dev. Dev. |97.2 Avg Dev. Dev.

1 0.27 0.57 0.8

2 0.5 1.38 : 0.7

3 0.04 0.24 1.3

4 0.02 0.2 . 0

5 002 593 017 017 | 025 3952 0.528 -0.352} 1.1 9766 078 -0486

6 0.04 1 1.3

7 0.07 0.16 0.5

8 0.1 0.07 0.1

9 0.02 0.71 0.7

10- | 0.07 804 0.068 008| 017 3926 0422 -0.326| 1.2 9782 0.76 -0.72
1 0.21 0.57 ‘ 1

12 0.1 ‘ 0.08 0.3

13 0.13 0.53 1.9

14 0.04 0.69 14

15 0.01 6.022 0,008 0.078! 059 314 0492 046 0 98 092 -0.8
16 0.02 0.81 1.2

17 0.07 0.49 0.1

18 0.01 0.87 0.6

19 0.04 0.2 14

20 001 6.078 0.03 0022, 014 3582 0502 0018| 18 9818 0.98 -0.98
21 0.13 0.43 0

22 0.13 0.82 1.2

23 0.19 0.27 0.1

24 0.16 0.43 1.2

25 0.13 5952 0.148 0.148| 039 3.608 0468 -0.298| 09 97.52 0.68 -0.32
28 0.1 0.05 0.2

27 0.1 1 0.32 12

28 0.18 1.13 1.9

29 0.1 0.26 1.5

gg 013 5982 0.118 0.118| 051 3926 0454 -0.326| 0.7 9802 1.1 -0.82
32

Specificalion 0.3 03 0.7 0.7 10 10
Bonus Lots ' 6 - 6 L]
_Deduct Lots 0 0 0
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US-23 Arenac Co.

MDOT Vertfication Test Data 4E3 Mixture

Sublot TMD BULK AIRVOID VMA %AC Eff AC VFA Fines/AC

5 151.61 144 .62 4.61 14.34 569 4.28 67.852 0.978

8 151.45 145.71 .79 - 13.88 577 4.38 72,685 0.981

1 151.55 144.60 459 14.48 572 4.1 68.301 0.876

19 151.37 14637 33 13.51 . 5.8 4.40 75.574 1.012

22 151.37 145.14 412 14.24 5.8 4.40 71.067 0.982

28 151.16 145.26 3.9 14.29 591 4.51 72.708 1.096
average 151.4183 14528 4.0516686 1412 5.78 4.38 71.37 0.08

_STD ___0.1500 06769 0.5025 03608 00768 _0.0779 _2.9360 _0.0714

MDOT Central Lab Test Data
AC used PG52-28 Amoco
LAB %AC Eff AC__ Orig. Pen Rec. Pen Fines/AC
9/5/1987 5.7 429 233 126 1.025
9/9/1997 58 4.40 143 1.138
10/7/1997 . 245
10/8/1997 8.7 4.29 230 134 0.838
10/10/97 5.8 4.40 250 132 0.910
10/14/97 52 3.79 230 151 1.188
10/15/97 - 234
10/16/97 ) 55 4.09 230 130 1.076
10117/07 - 240 :
10/20/97 241
10/21/97 57 . 429 239 114 0.815
10/22/97 : 242
10/24/97 58 440 230 126 0.887
10/25/97 : 55 4.09 213 132 0.978
10/28/97 305
10/29/97 ‘5.8 4.40 292 133 0.958
Average 565 4.24 243680 132.10 0.88
STD 0.1957 0.1987 24,0232 9.9269 0.1250
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US-23 Arenac Co.
MDOT Verification Test Data 4E3 Mixture

Sublot 75um 150um 300um 600um 1.18mm 2.35mm 4.75mm 9.5mm 12.5mm__ 18mm
5 419 555 B93 1487 21.44 35.15 5483 8562 96.04 100
8 428 5861 .06 1505 21.51 34.88 5275 8548 97.56 100
1" 3.78 5.1 902 1592 23.23 36.27 5716 86681 9569 100
19 445 587 982 1666 24.21 37.02 56.53 8643 96.25 100
22 423 567 967 1639 23.19 345 5417 8446 9484 99.36
28 494 624 10.03 1692 24.33 37.42 5853 87.27 98.82 100

Avg, 4.31 5.67 9.42 1587 22.98 35.87 5566 8598 98.22 99.89

MDOT Central Lab Test Data

LAB 75umm 150um 300um 600um 1.18mm 2.35mm 4.75mm_ 95.5mm 12.5mm  18mm
9/5/97 4.4 6.4 12.3 20.3 29.1 40.3 62.8 88 95.1 100
0/9/97 5 58 115 20.4 293 43.4 65.8 91.6 97.6 100

10/8/87 38 5 8.8 15.2 21.4 33.7 547 848 04.7 100
10/10/97 4 52 8.6 14 20.3 32.1 51.8 82.9 93.5 100
10/14/97 4.5 4.9 9 15.2 211 312 49 80.2 93.3 100
10/16/97 4.4 59 10.3 171 14 34.9 524 80.9 93.2 100
10/21/87 35 48 8.8 15.1 218 41 53 84.7 84.5 100
10/24/97 3.8 51 8.8 15.2 22.2 34.2 53.7 84.8 93.2 100
10/25/97 4 51 89 14.9 22.1 326 53.9 86.8 97.3 100
10/29/97 4.2 5.7 10.1 16,9 241 354 56 86.9 95.6 100

Average 415 537 960 1643 2254 3519 5531 8516 9480 100.00
STD 0.4478 0.5538 1.3203 22568 4.3886 3.8036 5.1371 3.3925 1.6323 0
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US-23 Arenac Co.

Film Thickness Table 4E3 Mixture
DESIGN PLANT MDOT LAB

Gradation % Pass % Pass - % Pass
37.5 100 100 100
25 100 100 100
19 100 100 100
12.5 93.8 95.1 94.8
9.5 87.7 . 883 85.2
4,75 61.5 55.3 55.3
2.36 as 34.8 35.2
1.18 23.8 ) 226 225
0.6 16.6 15.7 16.4
0.3 9 9 9.7
0.15 3.7 5 54
0.075 36 37 42
% AC 6.1 6 5.65

Film Thick. 0.00127 0.00119 0.00102
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Appendix D5

QC/QA Test Data

US-131 St. Joseph Co.
<10 Million ESAL
3E10 Mixture



FILE 300
‘controt Section: NH 78013
Job Kumber; 38066A
REPORT OF TEST Mix Design No.: 97MD-193

o Date: AUGUST 20, 1997
1931 (N9o1y  BITUMINOUS MIX DESIGN
Sample Of: BITUMINOUS MIXTURE: NO. 3E10 --Recycled
Date Tested: AUG}IST 20, 1997 Specification: 4.00 MOD, 1996.STD. SPECS.
: MATERIALS USED :
Agg.# Material Type Source Pertent SP.GR.
. ASPHALT CEMENT PG 52-28 . LAKETON - 1.034
1 COARSE 1200 PIT # 39-69 30.0%
2 FINE 1300 PIT .# 14-06 15.0%
3 FINE : 1305 (E2) PIT # 49-65 30.0%
4 .. COARSE 140 PIT # 14-06 . 10.0%
5 RAP YARD N 15.0%.
MIX DESIGN .
Asphalt @ Optimum= 5.2 Air Voids = 4.0
Density 1b/cu.ft =- 151.,1* ST T
(kg/cu.m) =( 2419.9) V.M.A. = 13.8.
Theo.Max. Density= 157.3 : - R
(kg/cu.m) =( 2519.9) V.F.A, = 712
: COMBINED  MASTER GRAD. :
SIEVE SI1ZE AGE.#1 AGG.#2 AGG.#3 AGG.#4 AGG.#5  GRADATION RANGE 7.10-2 !
374 IN ¢19.0am)  100.0 100,0 100.0 100.0  100.0 100.0 $0-100
1/2 IN (12.5mm) 46.0 100.0 100.0 100.0  96.0 £3.2 90 MAX
3/8 1N ( 9.5am) 9.0 99.3 100.0 &0.0 88.0 66.8
Ho. & (4.75zm) 3.5 71.0 9.0 5.0 é8.0 50.6
¥o. B (2.34cm) 3.0 4.0 35,0 3.7  54.0 26.5 2349
¥o. 16 (1.18mm) 2.5 27.5 6.5 3.3 4.0 13.8
No. 30 (600xm) 21 18.0 5.0 3.1 360 10.5
No. 50 (300xm) 1.9 1.0 4S5 29 23.0 7.3
Ho. 100 (150zm) 1.7 8.0 - 43 2.7 120, 5.1
n No. 200 (75um) 1.5 ° 7.0 40 2.5 0.0 4.5 2-8.
12 Sidedcrush Ret 4.75mm; .~ 9996 10097 1000100 %084 8580 | 9650  .8580Min -

Materials submitted by: KLETT CONSTRUCTION COMPANY Plant # 240-03 —(Contractor Furnished)

RAP CONTAINS 4.0% ASPHALT - *4 6 |NEW ASPHALT ADDED TO THE MIXTURE : : ,
“ pG58-28 GRADE ASPHALT REQUIRED FOR THE PROJECT :

* RECOMMENDED FIELD CONTROL DENSITY

ANGULARITY INDEX NUMBER = 46.7 b

EFFECTIVE SPECIFIC GRAVITY = 2.737 : .

. | 'The bitumen content and aggregate characteristics are based on the submitted material with the gradation and blend ratios
indicated, Variation in materials or field conditions may require adjustments of this mix design (see T.M.L for form 1911
for field application). This laboratory design is valid for two years from date reported and should not be applied or
adjusted without written approval of the Bituminous Services Unit. TESTED FOR INFORMATION.

CCx JOHNSOM, G. (PE) 2) CONTRACTOR ,-—

; FIELD EHGINEER " BIT. FILE®
FRED KORIN ) ' -
-0« ANDREMS - %) . o -Bituminous Unit - Supervising Engineer

e



.“cmuu,,

/ \ Control Secﬁon: NH 78013
k $ Job Kumber: 38066A
o "“’,d“' REPORT OF TEST Hix Design No.: 97MD-193

: Hix Type: 3E10 RP
1931A (N9®1) BITUMINOUS MIX DESIGN ’ :

A.C. BULK | BULK MAX T.M.D. AIR VMA VFA  FINES/EFF.

BYWT  S.6. DENSITY THEO. VOIDS ~ ASPHALT
S.G. RATIO

REGRESSI&N EVERY 0.1%

4.7 2.420 151.0 2.540 158.5 4.7 13.4 - 64.6 1.22
4.8 2.419 150.9 2.536 158.2 4.6 13.5 65.8 1.19
4.9 2418 150.9 2.533 158.1 4.5 13.6 66.7 1.16
5.0 2.418 150.9 2.529 157.8 4.4 13.7 68.0 113
5.1 2419  150.9 2.525 157.6 4.2 13.8 - 69.5 1.10
5.2 2421 1511 2.521 157.3 4.0 13.8 - 7.2 1.07
5.3 2.424 151.3 2.517 157.1 3.7 13.8 73.2 1.056
5.4 2427 1514 2.513 156.8 3.4 13.8 75.1 1.02
5.5 2432 151.8 2.510 156.6 3.1 13.7 77.3 1.00
5.6 2437 152.1 2.506 156.4 2.8 13.6 79.7 0.98
SPECIFICATIONS = 4% 13.0 65-78 0.6-1.2 /-

-{PG 52-28 — LAKETON) SP. GR. = 1.034
- EFFECTIVE SPECIFIC GRAVITY = 2.737
' BULK AGGREGATE SPECIFIC GRAVITY = 2,662
DESIGN ESAL'S = <10
DESIGN TEMPERATURE = 39 degrees C
MIXING TEMPERATURE = 143 degrees C
COMPACTION TEMPERATURE = 132 degrees C
INITIAL GYRATIONS =8 %Gmm=85.1  SPECIFICATION = 89% MAX.
DESIGN GYRATIONS = 96
MAXIMUM GYRATIONS = 152  %Gmm =97.8 SPE_CIFICATION = 98% MAX.
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icsigan Ouparmen JOB MIX FORMULA (JMF) i

of Transportation

1911 (3/87) BITUMINOUS FIELD COMMUNICATION

DISTRIBUTION: WHITE - Testing Lab. GREEN - District YELLOW - Project Engineer PINK - Inspecton, GOLD - TMj

mm H

This form applies only to the project listed below and is not transferable to other prajects.
TROL SECTION JOB ND. /9.:501' ENGINEER DATE EFFECTIVE
// 78043 Sou 4 2 Johnson FR6-97
NTRACT R LANTZOCATION PLANT NO.
! éﬁ nggz_z'/fa | &'jfaaa//f R0 -0.3
TYPE OF MIXTURE |MIX DESIGN NO. VMA % AIR VOIDS %  |MARSHALL DENSITY\ THEORETICAL MAX, DENSITY
: 2 /25 AP /9.9 Clvgm | 2 5/9 G 513 g
TESTING OPTION | MIX DESIGN EFFECTIVE SPECIFIC GRAVITY |PLANT CERTIFICATION DATE|CONTRACTOR'S OC PLAN X YES

/7 ﬂfo/,-( 2 7327 Sy 7 TO PROJECT ENGINEER [] NO

MIX/AGG. GRADATION, % MIX/AGG. BLEND PROPORTION, %

ITEM PERCENT MATERIAL/PRODUCER PIT NO. PERCENT

ASPHALT, % / |

* 15X Y (202 29-46% | 70.0
P37.5 : '
m £ine L300 L0206 (L50
P 25.0 ’ -
m Eine (205(£Z) Y745 RO
P 19.0 ' /1 2y
™ 00.0 |Conese /40 _y#oeusio I
P12.5 mm Z? 0‘2 —
P 9.5 mm é é /?
P 4.75 mm 6”0 é
i rd
P 2.36 mm 72 é 5‘
L ya
P 1.18 mm RECLAIMED ' '
/5T R /7.3 (507
P 600 gym /O 5 FILLER
P 300 ym ASPHALT :
o 7.3 heton Prs2-28 |46
- . AWI {Spec.) AWI (Actual} ANGULARITY INDEX
P 150 — |
prm 5,’ / — YL 7
TYPE OF TESTING
P 75 pm [T QUALITY ASSUR TING ] REGULAR TESTING
- ST. CORRECTION
CRUSHED 9/&0 Q D BATCH PLANT E/DRUM PLANT

EMAH}E;“ 4/49/7& sl Y% Furo st /4/ 50/7/4?//75 4/&/

7 5 &- 28, ////13 4/;4&55 // 0#[@/,91/7, ﬁ/’d/( [’5{’5{///74

272 ,fg;; z .z/.gé'géf mgéﬁ/ fzenmenad 4/// A ////m’// .

‘or7 74//; /

- 1.5-/3/ ’77{/(7(’ [ ess - .)?‘/oo/(/ar//

IAVELLING MIX INSPECTOR (TMI) - Signature _ : DATE

){,/////%/"/ _ ) L-26-97
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US-131 St. Joseph Co.

Contractors Quality Control Test Data 3E10 Mixture
Gy =1.034 Gua =2.737 Gy ~2.662 Absorb. =1.064
SUBLOT TMD BULK AIRVOID VEA VMA FAC Eff AC FINE/AC

1 2537 2490 3.6 70.97 124 4.7 3.69 1.28
2 2530.9 2489 4.3 68.15 13.5 4.9 389 1.13
3 2545 2465 4.9 62.88 13.2 4.5 3.48 1.18
4 2538.6 2467 47 64.66 13.3 47 3.69 1.25
5 2530.9 2461 46 66.42 137 4.9 3.88 1.21
6 2529.7 2473 41 69.17 13.3 4.9 3.8 1.23
7 2520.2 2470.9 3.8 72.26 13.7 52 418 1.12
8 2538.9 2471 4.5 65.91 13.2 47 3.69 1.28
8 2540.8 2471 4.5 65.65 13.1 4.6 3.58 1.31
10 2537.2 2467 4.6 65.41 13.3 47 3.69 1.25
1" 25331 2483 3.8 70.77 13 48 3.79 1.29
12 2525.7 2473 3.9 70.68 13.3 5 3.99 1.30
13 2625.3 2479 .7 71.97 13.2 5 3.8 1.23
14 2537.1 2480 4.9 63.97 136 47 3.69 1.33
15 25288 2470 4.2 68.66 134 4.9 3.88 1.23
16 2531.9 2486 3.6 71.88 128 - 4.9 3.89 1.26
17 2536.5 2470 4.4 66.67 13.2 48 . 3.79 1.24
18 2538.4 2477 43 66.92 13 4.7 3.69 1.30
18 2528.7 2478 3.8 70.99 131 5 3.08 1.33
20 2529.4 2467 4.3 68.15 13.5 4.9 3.89 1.21
21 2523 2471 3.9 71.32 13.6 51 4.09 117
22 2533.1 2472 4.2 68.18 13.2 438 3.7¢9 1.45
23 2534.1 2472 4.3 67.67 13.3 48 3.79 1.35
24 2539.3 2471 4.5 65.91 132 47 3.69 133
25 2520.2 2482 a7 71.54 13 49 3.89 1.29
26 2538.8 2482 4.8 64.44 13.5 47 3.69 0.64
27 2533 2480 3.9 70.00 13 4.8 3.79 1.35
28 2532.8 2478 4 69.47 131 4.8 3.79 1.24
29 25228 2463 4.3 69.06 139 5.1 4.09 0.98
30 2525.7 2472 3 70.37 135 5 3.99 1.18
31 2538.8 2466 47 6493 134 47 3.69 1.33
32 25254 2469 41 69.85 136 5 399 1.23
33 25381 2471 4.5 86.91 13.2 4.7 3.69 1.36
34 2533.3 2475 4.1 6870 131 48 3.79 1.29
- 35 2523.7 2466 4.1 70.29 138 5.1 4.09 1.15
36 2528.8 2474 4 7015 134 5 3.99 1.25
37 2522.9 2472 4 70.59 136 5.1 4.09 1.22
38 26222 2489 3.2 75.38 13 5.1 4.09 1.37
39 2526.9 2481 37 71.97 13.2 5 3.99 1.25
40 2531.3 2483 3.9 70.23 131 4.9 3.89 1.21
41 2537.3 2476 4.3 66.92 13 47 3.69 1.33
42 2525.3 2465 41 69.85 13.6 5 3.99 1.20
43 2531.9 2477 41 68.94 13.2 49 3.89 1.23
44 25228 2483 34 74.05 131 5.1 4.09 1.27
45 2540.3 2472 4.6 65.15 13.2 47 3.69 1.30
Average 2531.66 2473.55 415 88.73 13.28 4.87 3.85 1.25

STD  6.2025 7.1249 0.3846  2.8128 0.2817 0.1623 0.1640 0.1004
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US-131 St. Joseph Co.

Contractors. Quality Control Test Data 3E10 Mixture
Sublot 75um 150um 300um 600um  1.18mm 236mm 4.75mm  9.5mm  12.5mm_19mm
1 4.7 6 8.1 11.3 14.8 239 48.4 66.8 81 100
2 4.4 56 7 g3 12.1 21.1 47 .1 63.5 79.9 100
3 4.1 5.1 6.3 8.4 111 19.8 43.8 62 74.9 100
4 4.6 5.7 6.9 8.8 11.6 214 525 68 82 100 ;
5 47 5.8 71 9.1 12 211 48.7 66.1 84 100
6 4.8 59 7.2 9.3 12.2 215 47.8 64.1 80.4 100 P
7 47 59 7.3 9.5 12.5 228 54.2 72.2 84.7 100
8 4.7 5.8 7.2 9.3 12.1 215 50.3 67 81.5 100
2] 4.7 58 7.1 9 11.7 204 479 66.3 83.2 100
10 4.6 58 7.2 9.2 121 21.9 516 68.3 85.3 100
11 4.9 6.1 7.6 97 126 226 527 69.3 82.9 100
12 5.2 6.6 8 10.3 13.5 23.8 547 71.3 83.3 100
13 49 6.1 7.5 9.6 12.5 27 523 69.8 86.8 100
14 4.9 6.1 7.4 94 12.1 216 51.4 70.7 86.4 100
15 4.8 6 7.4 95 125 222 51.1 67.7 85 100
16 49 6.2 76 9.9 13.2 238 54 70.7 84.9 100
17 47 6 7.2 9.3 12.2 21.8 50.8 69 84.9 100
18 4.8 6.1 7.5 98 12.8 224 50.6 68.4 82.1 100
19 53 6.6 6.1 10.5 138 265 54.2 66.8 83.2 100
20 47 6 7.3 9.4 12.3 21.8 51.5 68.2 824 100
21 4.8 6 7.3 9.5 12.3 214 47.9 65.9 83.5 100
22 5.5 6.9 8.3 10.6 13.7 247 56.2 72 85.1 100
23 5.1 65 7.9 10.2 134 24.2 55.8 746 88.3 100
24 4.9 6.1 7.4 2.5 124 21.8 477 64.8 81.6 100
25 5 63 7.6 9.7 12.7 227 50.5 68.4 845 100
26 31 4 5.2 7.2 10 19.2 46.8 63.9 77.6 100
27 5.1 6.3 7.7 98 12.9 223 492 65.7 81 100
28 47 59 7.3 9.5 124 x2 49.8 67 81.2 100
29 4 5 7.2 10.4 121 21.2 51.9 70.7 82.2 100
a0 47 58 7.2 95 124 221 51.1 68.1 82.7 100
k3 | 4.9 6.1 7.5 9.8 13 238 56.2 727 85.6 100
32 4.9 6.1 74 9.6 12.7 221 48.4 68.6 83.6 100
33 5 6.5 8 10.3 13.6 25 50.2 75.7 B87.3 100
34 4.9 6.1 7.5 8.7 12.8 228 512 694 834 100
35 4.7 6 7.3 9.5 126 226 50.7 67.6 84.5 100
. 36 5 6.3 7.7 10 13.1 22.7 51.9 71 84.6 100
37 5 6.5 8.2 10.7 138 235 50.5 65.5 78.7 100
38 56 7.4 9 1.3 14.3 23.5 50.5 70.6 85.4 100
30 -5 6.7 8.3 10.5 134 223 47.6 66.4 79.9 100
40 4.7 63 7.8 9.9 12.7 215 46.2 65.4 80.5 100
41 4.9 7 86 10.8 " 137 226 48.3 70.8 87.6 100
42 4.8 6.8 8.3 10.3 13 21.2 46 66.2 81.1 100
43 4.8 6.7 8.3 10.6 135 224 495 67.7 82.2 100
44 5.2 6.8 8.4 10.8 14 24.2 53.5 71.3 85.9 100
45 4.8 6.9 _8.4 10.8 14 245 52.6 72.2 B87.6 100
Average 4.80 6.14 7.57 g.80 12.76 22.46 50.80 66.41 83.21 100.00
STD 0.3855 0.5686 0.6379 0.7563 0.8806 1.3889 3.0841 29518  2.7583 0

D5-5



US-131 St. Joseph Co. :
Contractors Quality Control Test Data 3E10 Mixture

Marshali % G % Gmm 1face 2 face
Subiot AV. at Nini &t Nrmax Crughed Crushed FAA
1 ) ‘85 98.2 -96 91
2 84.8 97.5 97 92
3 83.8 969 95 a1
4 83.9 972 96 90
5 84.1 97.3 86 92
6 84.5 ar7 97 91
7 84.7 98 " 86 o1
8 84 97.3 95 92
9 84 87.3 96 80
10 84 97.2 83 89
1 84.6 96.2 B4 89
12 84.7 a7.9 85 20
13 84.7 98.2 a5 89
14 837 o7 95 90
15 84.4 97.7 - a5 80
16 o6 90
17 95 8g
18 26 o1
19 95 81
20 95 8g
21 a5 a2
22 82 90
23 94 89
24 95 80
25 a5 a0
26 . 95 89
27 96 292
28 B4 20
29 _ 93 8%
30 B4 90
i} | ’ 93 91
3z S 26 80
3 a7 91
34 26 90
35 - 85 89
36 87 91
37 : 84 20
.38 ‘ 82 89
39 a5 21
40 : 94 80
41 92 89
42 95 21
43 . ) 94 90
44 82 88
45 94 90
Average 84.33 97.44 94.87 90.20
STD 0.416561 0.535590 1.375103 0.9676
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US-131 St. Joseph Co.

Contractors In Place Density Results 3E10 Mixture
Sublot Core#1 Core#2 Core#3 Sublot Avg. Lot Avg. +2% +4% +6% -10% -25%
1 923 94 84 4 93.567
2 95.3 028 93.3 93.800
3 93.4 944 96.3 94.700
4 o7 95.4 829 95.100
5 93.7 92.1 84.7 93.500 9413 8667 7333 60.00 0.00 0.00
6 90.7 94.6 83.9 93.067 94.03
7 93.4 95.8 84.4 94,533 94.18
8 93.2 92.6 93 92.933 93.83
9 954 94.6 93.5 94.500 93.71
10 95 93.5 93.6 94.033 93.81 9333 80.00 53.33 1.00 1.00
1" 93.5 94.2 93 93.567 83.91
12 94.9 95 94.3 94.733 93.95
13 95.7 94.5 95.4 85.200 94 41
14 93.7 921 92.1 92.633 94.03
15 855 94.5 93.2 94400 9411 8667 B0.00 6667 0.00 0.00
16 93.6 95 94.7 94,433 94.28
17 94.4 04.7 94.9 94.667 94.27
18 03 939 94 93.633 93.95
19 93.6 94.3 96.1 94867 94.36
20 94.8 945 856 94.967 94.47 100.00 9333 93.33 0.00 0.00
21 5.1 95.8 959 95.600 94.71 :
2 93.8 93.6 94.6 94.000 94.57
23 949 94 943 94 400 94.73
24 857 84.5 93.9 94.700 9473
25 94.5 4.1 94.9 94,500 94.64 100.00 100.00 100.00 0.00 0.00
26 93.5 94.6 837 93.833 94.31
27 93.7 937 93.3 93,567 94.22
28 93.9 93.6 942 93.900 94.12
29 95 943 93.3 94.200 94.02
30 94.2 95.1 95.2 94.833 94.00 100.00 100.00 80.00 0.00 0.00
ol 839 93.9 854 94.400 94.18
32 25 93.4 94.6 94.333 94.33
33 84.9 94.5 95.4 94.633 94.54
34 83.9 94.8 94.8 94.433 94.59
35 947 943 93.7 94,233 8447 100.00 100.00 93.33 0.00 0.00
38 95 94.8 93.6 94,467 94.48 -
37 o4.6 955 94.7 94.933 94.60
38 924 944 94.9 983.900 94.39
39 95.7 . 96.8 96.3 96.267 9476
40 94.8 83 832 93.867 9465 0333 86.67 80.00 0.00 0.00
4 95 93.9 91.7 93.533 ' 94.46
42 93 95.4 941 94.167 94.31
43 85 a2 93.5 83.500 94.23
44 926 83 93.8 93.133 93.60
45 93.3 92.2 93.5 93.000 9347 B80.00 60.00 40.00 1.00 0.00
_Average 84.203
STD 1.0686
Bonus Lots 9 7 5
Deduct Lots 0 0
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US-131 St. Joseph Co.

Contractors Mixture Price Adjustment Table 3E10 Mixture
TMD — VNMA VoIS
JMF Lot Abs, JMF Lot Abs. JMF Lot Abs.
Sublot| 158.01  Avg. Dev. Dev. 13.6 Avg. Dev. Dev. 4 Avg. Dev. Dev.
1] 0.298 12 0.4
2] 0.081 0.1 0.3 .
3| 0.798 0.4 : 0.9 L
4{ 0.398 0.3 ‘ - 0.7 ‘
51 0.081 158.276 0.33182 0.26635 01 1322 042 038 06 442 0.56 -0.42
6| 0.156 0.3 0.1
7] 0.749 0.1 0.2
8] 0417 04 0.5
9i 0.53% 0.5 0.5
10{ 0.311 158.081 0.43416 0.07166 03 1332 032 028 0.6 4.3 0.38 0.3
11 0.055 0.6 0.2
12| 0.406 0.3 0.1
13 0.431 0.4 ' 0.3
14| 0.305 0 0.9
15{ 0.206 157.873 0.28094 0.13675 0.2 13.3 03 . 03 0.2 4.1 0.34 -0.1
16] 0.018 0.8 04
17} 0.267 . 0.4 0.4
18] 0.386 0.6 0.3
18! 0.219 0.5 : 0.2
20| 0.175 158.057 0.21355 0.04795 01 1312 048 048 0.3 4.08 0.32 -0.08
21| 0.574 0 0.1
22| 0.055 0.4 02
23] 0.117 0.3 0.3
24) 0.442 0.4 0.5
25( 0.187 157.980 0.27565 0.02842 06 13.26. 034 0.34 0.3 4.12 0.28 -0.12
26| 0.411 0.1 0.8
27| 0.049 0.6 0.1
28] 0.035 0.5 0
287 0.587 0.3 0.3
30{ 0.406 157.910 0.29812 0.09931 0.1 134 0.32 0.2 0 4.2 0.24 0.2
31| 0411 o 0.2 0.7
32| 0.425 0 _ 0.1
33; 03687 0.4 0.5
34| 0.067 0.5 - 0.1
357 0.531 157.988 0,38052 0.02193 0.2 1342 026 ' 0.18 0.1 4.3 0.3 0.3
36| 0.225 0.2 ’ 0
37| 0.581 . 0 1]
38| 0.624 0.6 0.8
39{ 0.331 04 - 0.3
40 0.056 157.646 0.35388 0.38388 05 1326 034 034 0.1 3.76 0.24 0.24
41 0.317 0.6 0.3 ’
42| 0.431 , 0 0.1
43| 0.019 04 0.1
441 0.587 0.5 0.6 .
451 0.504 157.966 0,37204 0.04315 04 1322 038 0.38 0.6 4.1 0.34 -0.1
Specification 06 06 0.6 06 0.5 0.5
Bonus Lots 8.00 9.00 8.00
Deduct Lots 0.00 0.00 0.00
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US-131 St. Joseph Co.

Contractors Mixture Price Adjustment Table 3E10 Mixture
% AC. . 75um Crushed
JMF Lot Abs, JMF Lot Abs. JMF Lot Abs.
Sublot | 4.9 Avg. Dev. Dev. | 45 Avg. Dev.  Dev. | 96 Avg  Dev. Dev
1 0.2 0.2 o
2 0 0.1 1
3 04 0.4 0
4 0.2 0.1 0
5 0 474 0.16 0.16 0.2 45 0.2 0 0 96.2 0.2 0.2
6 0 0.3 1
7 0.3 0.2 0
8 02 0.2 1
9 0.3 0.2 0 '
10 0.2 4.82 0.2 0.08 0.1 4.7 0.2 0.2 3 954 1 0.6
11 0.1 0.4 2
12 0.1 0.7 1
13 0.1 0.4 1
14 0.2 0.4 1
15 0 4.88 0.1 0.02 0.3 484 044. -0.44 1 84.8 1.2 1.2
16 0 0.4 0
17 0.1 02 1
18 0.2 0.3 0
19 0.1 0.8 0o
20 0 4.86 008 004 0.2 488 038 -0.38 1 956 0.4 0.4
21 0.2 0.3 1
2 0.1 1 4
23 0.1 06 2
24 0.2 0.4 1
25 0 4.86 0.12 0.04 0.5 5.06 056 -0.56 1 94.2 1.8 1.8
26 0.2 1.4 1
27 0.1 0.6 0
28 01 0.2 2
29 02 05 ‘ 3
30 0.1 4.88 0.14 0.02 0.2 432 058 (18 2 94 4 1.6 1.6
3 0.2 0.4 3
32 0.1 04 0
33 02 0.5 1
34 0.1 0.4 ) 0 ‘
35 0.2 4.86 016 0.04 0.2 468 038 -0.38 1 85.4 1 0.6
36 0.1 0.5 ' 1
7 02 - 0.5 2
38 0.2 ] 1.1 4
39 0.1 0.5 1
40 0 5.02 012  -0.12 0.2 5.06 056 -0.56 2 944 2 1.6
41 0.2 0.4 4
42 0.1 0.3 1
43 0 0.3 2
44 0.2 0.7 4 ‘
45 0.2 4.88 0.14 0.02 0.3 4.9 0.4 -0.4 2 93.4 2.6 2.6
Specification 03 03 07 07 10 10
Bonus Lots 8.00 9.00 9.00
Deduct Lots 0.00 0.00 0.00
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US-131 St. Joseph Co.

MDOT Verification Test Data 3E10 Mixture

Subiot TMD BULK AIR VOID VMA %AC Eff. AC VFA Fines/AC
4 2542 2462 4.9 13.4 4.8 3.58 83.43 1.255
7 2530.2 24796 3.9 13.1 4.9 3.89 70.23 1.260
14 2554.5 2457.2 586 13.3 43 3.28 57.89 1.280
17 2539.5 2478.2 4.3 13 4.7 3.69 66.92 1.248
20 2548.9 2472.0 49 129 4.4 3.38 62.02 1.390
22 2533.1 2481.2 3.9 12.9 4.8 3.79 69.77 1.294
27 2533.7 24846 3.7 12.8 4.8 3.79 71.09 1.284
29 25421 2421.6 6.6 14.9 46 3.58 55.70 0.697
34 25477 24929 4.0 12.2 4.5 3.48 87.21 1.550
36 2534.2 2498.5 3.2 12.3 4.8 3.79 73.98 1.400
43 2541.2 2488.9 3.9 12.5 4.6 3.58 68.80 1.506

average 2540.7368 2474245 4.445 13.027 4636 3.621 66.0096 1.288

_ sSTD . 0.7281 0.1859 0.1878 5.7095 0.2217

76725 213720 09802

MDOT Central Lab Test Data
Specification . PG58-28 AC Used PGS52-28 +7% RAP  Laketon
Date ' %AC Eff. AC Ong. Pen Rec. Pen Fines/AC
9/13/97 167
8/15/97 4 2.98 170 . 82 1.511
9/24/97 .7 2.67 17 86 1.009
9/25/97 . . 168
9/26/97 170
9/29/97 4 2.98 169 82 1.545
9/30/97 75 ‘
Average 3.80 2.88 169.17 81.25 1.35
§TD 0.1732 0.1750 1.4719 4.5734 0.2097
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US-131 St. Joseph Co.

MDOT Verification Test Data 3E10 Mixture
Sublot _75um _150um 300um 600um 1.18mm 2.35mm 4.75mm 9.5mm 12.5mm 19mm
4 4.5 56 6.9 8.7 11.3 21.2 45 61.1 785 100
7 49 6.1 7.5 94 124 234 52.1 69.8 86.1 100
14 42 55 6.9 8.7 11.4 20.8 478 83.6 84 100
17 46 59 7.3 9.2 12 22.2 49.8 66.8 86.2 100
20 4.7 6 7.5 0.4 12.3 23 51.5 68.6 83.7 100
22 49 6.2 76 9.5 12.3 23.7 51.9 67.3 83.9 100
27 4.9 6.3 7.9 10 13.2 247 55.1 69.9 87 100
29 25 36 5.2 7.3 106 21.8 52 69.5 86 100
4 5.4 6.7 8.1 10.3 13.5 243 53.7 70.5 84.3 100
36 53 6.8 8.5 10.9 145 27.7 50.1 75 88.3 100
43 5.4 7.3 9.2 118 15 28.7 571 77.4 911 100
Avg. 4663 6 7500 0545 12590 23.590 52281 69.045 85372 100

_STD_ 08115 _0.9560 1.0282 11605

2.1755

39075 4.5620 34750 _0.0000

MDOT Central Lab Test Data
LAB 75umm 150um 300um €00um 1.18mm 2.35mm 4.75mm 9.5mm 12.5mm 19mm
9M15/87 45 5.2 6.4 7.9 10.2 171 40.7 18.6 758 100
8/24/97 2.7 3.2 4.2 58 7.8 13.9 . 356 51.8 71.7 100
0/29/97 486 5.4 6.6 8.2 10.6 19.6 432 61.3 79.2 100
9/30/97 5.1 . 5.8 7 8.7 11.3 19.5 45.7 63.8 81.2 100
Avg. 423 4.90 6.05 7.60 5.98 17.53 4130 4833 76.98 100.00
s§TD 1.05 1.1604 1.2583 1.3735 1.5185 286787 43135 21.757 4.1638 0
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US-131 St. Joseph Co.

Film Thickness Table 3E10 Mixture
DESIGN PLANT MDOT LAB
Gradation % Pass % Pass % Pass
37.5 100 100 100
25 100 100 100
19 100 100 100
12.5 83.2 83.21 77
9.5 £6.8 68.4 483
475 50.6 50.8 41.3
2.36 26.5 225 17.5
1.18 13.8 128 10
0.6 10.5 0.8 7.6
03 7.3 7.6 6.1
0.15 5.1 6.1 4.9
0.075 4.5 48 - 4.2
% AC 52 4.87 3.9
Film Thick 0.00115 0.60100 0.00088
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Appendix D6

QC/QA Test Data
M-53 Macomb Co.
< 1 Million ESAL
. 2E1 and 3E1 Mixture



FILE 300

control Section: DSTTH0012
Job Humber: 35997A
REPORT OF TEST Mix Design No.: 97MD-202

Date: SEPTEMBER 3, 1997
1931 (N9p1)  BITUMINOUS MIX DESIGN
Sample Of: BITUMINOUS MIXTURE NO. - 2E1
Date Tested: AUGUST 27, 1997 Specification: 4,00 MOD, 1980 STD. SPECS.
MATERIALS USED : .
Agg.# Material _ Type Source Percent SP.GR.
. ASPHALT CEMENT PG 58-28 MARATHON - 1.025
1  COARSE 11/2-3/8 PIT # 44-71 29.7%
2 COARSE 3/4 PIT # 44-71 19.9%
3 COARSE 1/2 _ PIT # 44-71 24.7%
4 . FINE . Q SAND PIT # 44-71 24.7%
5  BKDOWN PLANT 1.0%
o MIX DESIGN _
Asphalt @ Optimum= 4.6  Air Voids = 40
Density 1b/cu.ft = - 150.1* ~ - —
- (kg/cu.m) ={ 2403.7) V.M.A. = 134

Theo.Max. Density= 156.2° = -
(kg/cu.m) =( 2501.8) V.F.A.

"
)}
S|,
o

. COMBINED MASTER GRAD.
SIEVE SIZE - AGG.#1 AGG.#2 AGG.#3 AGG.#F AGG.#5 GRADATION RANGE 7.10-2

1% IH (37.5mm) 100.0 100.0 100.0 100.0 100.0 100.0 100

118 (25.0mm) §.5 100.0 100.0 100.0 100.0 95.7 90-100

374 1H €19.0m2) 63.6 100.0 100.0 100.0 100.0° 89.2 90 HAX

1/2 18 (12.5=a)  32.0 58.9 94.6 100.0 100.0 70.3

3/8 I ( 9.5mW) 0.8 21.4 37.2 97.4 100.0 .7

Ho. 4 (4.756m) 5.1 4.1 5.6 80.2 100.0 265

Ho. 8 (€2.3&m) 5.0 3.8 43 65.2 $5.0 20.4 19-45

Ho. 16 €1.18zm) 4.9 3.6 40 S1.0 900 16.7

¥o. 30 (£00am) 4.8 3.4 3.8 36.6 85.0 - 12.9

Ho. 50 (300zm) 4.5 3.2 3.5 17.1 80D 7.9

No, 100 (150um) 3.3 2.5 2.7 6.4 75.0 4.5

‘No. 200 (75am) 2.4 2.0 2.2 43 T0.0 3.4 AT

CRUSH RET.#& gs.0 as.0 88,0 20,0 0.0 82.5 65 Hin.
Materials submitted by; JOHN CARLO, INC. Plant # 115-02 --(Contractor Furnished)

L™

* RECOMMENDED FIELD CONTROL DENSITY

EFFECTIVE SPECIFIC GRAVITY = 2.650 T .
The bitumen content and aggregate characteristics are based on the submitted material with the gradation and blend ratios
indicated. Variation in materials or field conditions may require adjustments of this mix design (see T-M.L for form 1911
for field application). This laboratory design is valid for two yeaTs from date reported and should not be applied or
adjusted without written approval of the Bituminous Services Unit. TESTED FOR INFORMATION.

CC: HASKO, H.L. (PE) (2) CONTRACTOR

JIN Imlsw BIT.‘FII.E
TED MANLON @ I : ,
b. AKDREWS (4) ' ' Bituminous Unit - Suparvising Engineer

Ded _ .

NOTE TO TMI: Efiminate the BRDOWN & increase the 11/2-3/8 to 30%, 3/4" Stone 1o 20%, 1/2" Stope to .
25%, & Q Sand to 25%.




Controt section: DSTT50012
Job Number: 35997A
REPORT OF TEST Mix Design No.: 97MD-202

‘ HixX Type: 2E1.
1931A (N9/51) BITUMINOUS MIX DESIGN
A.C. BULK BULK MAX T.M.D. AIR VMA VFA  FINES/EFF.
BY WT S.G. DENSITY THEO. ' VOIDS ASPHALT

S.G. | ~ RATIO

REGRESSION EVERY 0.1%

3.5 2.398 149.8 2.545 158.8 5.8 12.6 - 543 1.16
3.6 2.399 149.7 2,541 158.6 5.6 127 56.0 1.12
3.7 2.400 149.8 2.537 1583 = 54 128 57.7 1.09
3.8 2.401 " 149.8 2.534 158.1 5.2 12.8 59.0 1.05
3.9 2.402 149.9 2.530 157.9 5.1 12.9 - 60.7 1.02
4.0 2402  148.9 2.526 157.6 4.9 13.0 62.1 0.99
4.1 2.403 149.9 2.522 157.4 4.7 13.0 63.7 0.96
4.2 2.403 149.9 2518 15741 4.6 131 65.1 0.94
4.3 2404 1500 2.514 - 156.9 4.4 13.2 66.7 0.91
4.4 2.404 150.0 2.511 156.7 4.3 13.2 67.8 0.89
4.5 2.405° 150.1 2.507 156.4 4.1 13.3 69.4 0.86
" 4.6 2.405 150.1 2.503 156.2 3.9 13.4 70.8 0.84
47 . 2405 150.1 2.499 155.9 3.8 13.5 721 0.82
4.8 2.405 150.1 2.495 1558.7 3.6 13.6 734 - 0.80
4.9 . 2.405 150.1 2.492 155.5 3.5 13.7 74.4 0.78
5.0 2.405 150.1 2.488 185.3 3.3 - 13.8 75.7 0.77
l SPECIFICATIONS = ' 4% 12.0 65-78 0.6-1.2

- (PG 58-28 — MARATHON OIL) SP. GR. = 1.025

| . EFFECTIVE SPECIFIC GRAVITY = 2,690

BULK AGGREGATE SPECIFIC GRAVITY = 2.649

DESIGN ESAL'S = <1.0

- DESIGN TEMPERATURE = 35 degrees C

MIXING TEMPE;RATURE = 145 degrees C

. COMPACTION TEMPERATURE = 135 degrees C

INITIAL GYRATIONS =7  %Gmm=86.8  SPECIFICATION = 89% MAX.
DESIGN GYRATIONS = 76 |

MAXIMUM GYRATIONS = 117  %Gmm =97.2 - SPECIFICATION = 98% MAX.

D6- 2



of Transportation

1911 (2197) BITUMINOUS FIELD COMMUNICATION

DISTRIBUTION: WHITE - Testing Lab. GREEN - District YELLOW - Project Engineer PINK - inspector GOLD - TMI
This form applies only to the project listed below and is not transferable to other projects.

wihigan Deparmen JOB MIX FORMULA (JMF)

MDOT
METRIC

ZCONTROL SECTION JOB NO. PHOJECT ENGINEER DATE EFFECTIVE
)S77" EQQ /7 359974 | Jibnson HeT / L sk | Jo-13-97
ZONTRACT. PLANT LOQCATION BLANT NO.
Loabnlarde, Tac.. ,7 //S-0%
TYPE OF MIXTUR TX DESIGN NO. VMA % AR VQIDS % MAHSHALL DENS% THEORETICAL MA)E_.) DE[\ISITY
AE ] F7L70-Z02 | /3. & £/ 2403, 7 Wkaim* | 250 /. B kgim?
TESTING OPTION [MIX DESIGN EFFECTIVE SPECIFIC GRAVITY [PLANT CERTiFlCATlON DATE CONTRACTOR'S QC PLAN YES
* /17 2490 D y-F7 TO PROJECT ENGINEER NO
MIX/AGG. GRADATION, % MIX/AGG. BLEND PROPORTION, %
ITEM PERCENT MATERIAL/PRODUCER PiT NO. PERCENT
ASPHALT, % ! ‘
) L4 4&.5:-:’?_7 / / 2% - j/éb 44T 297
i
PI768mm | g | n  a S ‘ q4-7/ | 20,/
I .
P 25.0 mm 95, 7 i h /2 : 44-7) 25 .0
19. *® —-
P 18.0 mm 592 "\ e n ) sand 447/ |15.0
P12.5mm 7ﬂ 5 '
P 9.5 mm 4/ 7
P 4.75 mm j¢ 5
P 2.36 mm 20 l
P1.18 mm /é 7 RECLAIMED
y 3 —
P 600 pm’ /2.9 FILLER %)‘éﬂ%ﬂ/f
J -
P 300 ym 79 ASPHALT A Y
- AWI {Spec.) AW! {Actual) ANGULARITY, INDEX
P 150 ym 4_, S / —_— P %7
" TYPE OF TESTING .
P75 pm 3. 4 /Ef QUALITY ASSURANCE TESTING ] REGULAR TESTING
— DUST. CORRECTION
CRUSHED £3.5 [ BATCH PLANT [ DRUM PLANT —_—

{EEMARKS: . . -
/ .S’Pér-— /02,&_: G osp= o?-(ad—qi 265!5?07/&»1/{-":- 35"6} M x "]":"‘{‘f": 135¢C

RAVELLUNG INSPELTOR AJMI] - Signature . DATE
' | /ﬂ/ o7
D8 3



M-53 Macomb Co.

Contractors Quality Control Test Data 2E1 Mixture
Gy =1.025 G =2.60 Gy =2.649 Absorb. =0.500
SUBLOT _TMD BULK AIRVOID VFA VMA %AC Eff AC FINE/AC )
1 2514.84 2436 4.8 64.44 13.5 43 3.74 1.00 )
2 2538.24 2359 8.9 4438 16 3.7 3.13 1.21
3 2528.9 2364 8.1 48.41 187 3.92 3.35 1.15 3
4
5
6
7
8
. -~
Average 252733  2386.33 1.27 52.41 15.07 3.97 3.41 1.12

STD 11.7791 43.0852 2.1733 10.6162 1.3650 0.3035 0.3053 0.1081

- M-53 Macomb Co.
Contractors Quality Control Test Data , 2E1 Mixture

Sublot 75um 150um 300um 600um 1.18mm 2.36mm 4.75mm 9.5mm 12.5mm 19mm 25mm
374 558 968 -14.27 17.27 2034 2429 4147 71.01 85.88 986.57
3.79° 526 805 11.1 13.04 15.32 1799 3468 &67.58 86.25 93.67
3.87 55 821 1238 15.76. 17.49 19.41 35.89 68.51 861 9414

SOPENONAWN -

Avg. 380 545 865 1258 1536 17.72 2056 37.35 69.03 86.08 94.79
STD 0.0655 0.1665 0.8984 1.5047 2.1436 25176 3.3045 3.6217 1.7738 0.1861 1.5564
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M-53 Macomb Co.
Contractors Quality Control Test Data 2E1 Mixture

Marshall % Gmn % Gmm 1 face 2 face
Sublot AV, at Ny at Npg, Crushed Crushed FAA

1 85.61 96.9 725
2 81.6 92.9 67.4
3 82.5 93.3 75.45
4

5

6

7

8

]

10

Avg. 8324 9437 71.78
STD 2.1040 22030 4.0725.

M-53 Macomb Co.
Contractors In Place Density Results 2E1 Mixture

Sublot core #1 core#2 core#3 Sublot avg. Lotavg. +2% | -Hi% +8% -10% -25%

1 8485 9529 9201 94.050
2 9543 0484 09222 94.163 )
-3
4 .
5 9411 2667 26,67 26.67
6 94.16
7 .
8
9
10
Average 94.106
STD 1.561
Bonus Lots 0 0 0
Deduct Lots 0 0
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M-53 Macomb Co.

Contractors Mixture Price Adjustment Table 2E1 Mixture
T™D VMA VOIDS
JMF Lot  Abs. JMF Lot Abs. JMF Lot Abs.
Sublot | 156.2 Avg. Dev. Dev. | 134 Avg. Dev. Dev. 4 Avg. Dev. Dev.
1] 0.726 0.1 0.8
2] 2.186 26 : 4.9
31 1.603 157,70 1.505 1.505| 23 15.06 1.686 1.668 41 7268 3.266 3.268
4
5
6
7
8
-9
10
Specification 0.6 0.6 0.6 0.6 0.5 0.5
Bonus Lois 0 0 0
Deduct Lots 1 1 1
M-53 Macomb Co.
Contractors Price Adjustment Table 2E1 Mixture
% A.C. 75um Crushed
JMF Abs | JMF Abs JMF Abs
Subict] 4.6 Ave Dev. Dev. 34 Ave Dev. Dev.| 825 Ave Dev. Dev,
1 0.3 ] 0.34 10
2] 0.9 0.39 ‘ _ 15.1
3} 0.68 397 062 062 047 38 04 047 7.05 17.71 10.71 64.78
Specification 0.3 0.3 0.7 0.7 10 10
Bonus Lots 0 1 0
Deduct Lots 1 0 1
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M-53 Macomb Co.

MDOT Verification Test Data 2E1 Mixture
Sublet TMD BULK AIR VOID VMA %AC Eff. AC VFA Fines/AC
1 2531 2386.6 T4 149 3.9 3.33 50.336 1.008
2 2526 2356.9 8.2 16 4 343 48.750 1.013
average 2528.5 2371.75 7.8 1545 3.85 3.38 49.54 1.06
STD___3.5355 __0.5657 07778 00707 _ 0.0711 14212  0.0568

MDOT Central Lab Test Data
Specification AC PG58-28 AC Used PG58-28 Marathon
LAB %AC Eff. AC Orig. Pen Rec. Pen Fines/AC
10/13/97 4.6 4.04 108 68 1.288
1017/07 34 283 114 45 1.484
Average 4.00 343 111.00 56.50 1.39
STD 0.8485 0.8535 42426 16.2635 0.1386
M-53 Macomb Co.
MDOT Verification Test Data 2E1 Mixture

Sublot 75um 150um 300um 600um 1.18mm 2.35mm ,i.TSmm 9.5mm 12.5mm 19mm 25mm

1 3.66 51 7.87 10.%1 124 1455 1732 3377 6449 83.88 8211
2 348 481 774 1103 1320 154 17.78 3369 70.25 86.97 9593
Average 3.57 4.86 7.81 10.77 12.85 © 1498 1755 3373 67.37 8543 94.02

STD 0.1273 0.2051 0.0019 0.3677 06293 _0.6010 03253 00500 t.0728 21830 27011

MDOT Central Lab Test Data
LAB  75um 150um 300um €00um 1.18mm 2.35mm 4.75mm 95mm 12.5mm 19mm 25mm
1013797 52 67 105 149 18.2 21 248 43.3 79.4 935 08
1017197 4.2 57 8.7 121 144 16.8 206 8.1 692 859 035
Average 470 6.20 960 1350 16.30 18.90 22.70 39.70 7430 89.70 9575

- 8TD 0.7071 0.7071 1.2727 19788 26870 20698 29698 50011 7.2124 5.3740 3.1819
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M-53 Macomb Co.

Film Thickness Table 2E1 Mixture
DESIGN PLANT MDOT LAB
Gradation % Pass % Pass % Pass
37.5 100 100 100
25 95.7 94.8 85.8
19 86.2 86.1 B89.7
125 70.3 69 74.3
9.5 41.7 374 39.7
4.75 245 206 227
2.36 204 17.7 18.9
1.18 16.7 15.4 16.3
0.6 12.9 126 13.5
0.3 7.9 8.7 9.6
0.15 4.5 55 6.2
0.075 3.4 38 - 4.7
% AC 4.6 3.97 4
Film Thick, 0.00128 0.00100 0.00087
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FILE 300 ___
Control Section: DSTTH50012

Job Number: 35997A
REPORT OF TEST Mix Design No.: 97MD-209
Date: SEPTEMBER 9, 1997
1931 (N9/91) BHUM]NOUS MIX DESIGN

3E1

Sample Of:

BITYMINOUS MIXTURE NO.

Date Tested:

AUGUST 28, 1997

Specification: 4.00 MOD, 1990 STD. SPECS.

MATERIALS USED

Agg.# Material Type Source Percent SP.GR.
’ ASPHALT CEMENT PG 58-28 MARATHON ' 1.025
1 COARSE 3/4 STONE PIT # 44-71 27 .5%
2 FINE 3/8 CRUSH PIT # 44-71 9.7%
3  COARSE 1/2 STONE PIT # 44-71 44.9%
4 _FINE 3CS PIT # 63-47 16.9%
5  BKDOWN PLANT 1.0%
MIX DESIGN
Asphalt @ Optimum= 4.8 Air Voids = 4.0
Density 1b/cu.ft = - 150.3* o -
(kg/cu.m) =( 2406.8) V.M.A. = 134
Theo.Max. Density=  156.6 ' —_—
(kg/cu.m) =( 2508.2) V.F.A. = 699
COMBINED HASTER GRAD.
SIEVE SIZE AGG.#1 AGG.¥2 AGG.H3 jAGG.M4 AGG.#5 GRADATION RANGE 7.10-2
374 IN ¢19.0mm)  100.0 100.0 100.0 | 100.0 100.0 100.0 90-100
1/2 IN ¢12.5mm) 58.9 100.0 94.6 | 100.0  §00.0 86.3 90 MAX
3/8 IN ( 9.5mm) 21.4 9.7 37.2 {100.0 100.0 50.2
Ho. 4 {&.75mm) 4.1 5.4 5.4 9.5 100.0 8.7
No. B (2.36mm) 3.8 54.6 4.3 B81.5  95.0 23.0 23-49
No. 16 ¢1.18am) 3.6 417 4.0 ] 54.5 90.0 16.9
No. 30 (600zm) 3.4 33.8 3.8{ 31.6 85.0 12.1
No. 50 (300sm) 3.2 26.2 3.5 15.1 - 80.0 8.3
No. 100 (150zm) 2.5 16.3 2.7] 3.7 Ts.0 4.9 ,
Ho. 200 (7Sgm) 2.0 1.8 2.2 1.2 70.0 3.6 2-8
CRUSH RET.# 88.0 98.0 88.0( 10.0 0.0 88.2 &5 Min.
Materials submitted by: JOHN CARLO, INC. Plant # 115-02 --(Contractor Furnished)

NOTE TO TME: ELIMINATE THE BKDOWN & INCREASE THE 34 STONE TO 28%, 3/8
CRUSH TO 10%, 1/2 STONE TO 45%, 3CS TO 17%. :
ANGULARITY INDEXNUMBER = 41.5 |
EFFECTIVE SPECIFIC GRAVITY = 2707 .
The bitumen content and aggregate characteristics are based on the submitted material with the gradation and blend ratios
indicated. Variation in materials or field conditions may require adjustments of this mix design (see T.M.L for form 1911
for field application). This laboratory design is valid for iwo years from date reported and should not be applied or
adjusted without written approval of the Bituminous Services Unit. TESTED FOR INFORMATION.

CC: JIM HANSON (PE) (2) CONTRACTOR
FIELD ENGIMEER BIT. FILE
TED HANLOH €2) -
D. ANDREWS : %) Bituminous Unit - Supervising Engineser
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control Section: DSTT50012
dJob Numnber: 35997A
REPORT OF TEST Mix Design No.: 97MD-209

X ) Hix Type: 3El
1931A (N9®1) BITUMINOUS MIX DESIGN
A.C. BULK BULK MAX T.M.D. AIR VMA VFA  FINES/EFF.
BY WT S.G. DENSITY THEO. VOIDS ~ ASPHALT
$.G. RATIO
€ OPTIMUM
4.8 2.408
{EGRESSION EVERY 0.1%
4.0 2.386 148.9 2.540 158.5 6.1 135 55.0 1.13
4.1 2.389 149.1 2.536 158.2 5.8 13.4 56.9 1.10
4.2 2.392 149.3 2.532 158.0 55 13.4 58.8 1.07
4.3 2.396 149.5 2.529 157.8 5.3 13.4 60.7 1.03
4.4 2.398 149.6 2.525 157.6 5.0 13.4 62.4 1.01
4.5 2.401 149.8 2.521 157.3 4.8 13.4 64.4 0.98
4.6 2.404 150.0 2.517 1571 4.5 13.4 66.4 0.95
4.7 2.406 150.1 2.513 156.8 4.3 134  68.2 0.93
4.8 2.408 150.3 2.509 156.6 4.0 13.4 69.9 0.90 .
4.9 2.410 150.4 2.506 156.4 3.8 134 71.4 0.88
5.0 2411 150.4 2.502 156.1 3.6 13.5 73.0 0.86
5.1 2.413 150.6 2.498 155.9 3.4 13.5 74.8 0.84
52 2414 150.6 2.494 155.6 3.2 13.5 76.3 0.82
5.3 2.415 150.7 2.490 155.4 3.0 136 77.9 0.80°
5.4 2.416 150.8 2.487 155.2 2.9 137 79.1 0.78
55 2417 150.8 2.483 - 154.9 2.7 - 13.7 80.6 0.77

SPECIFICATIONS = | 6578  0.6-1.2

- (PG 58-28 — MARATHON) SP. GR. = 1.025

- EFFECTIVE SPECIFIC GRAVITY = 2.707

3ULK AGGREGATE SPECIFIC GRAVITY = 2.647

JESIGN ESAL'S = <1.0

JESIGN TEMPERATURE = 35 degrees C

AIXING TEMPERATURE = 150 degrees C

SOMPACTION TEMPERATURE = 135 degrees C

NITIAL éYRATlONS =7 %Gmm=86.5 SPECIFICATION =89% MAX. -
)ESIGN GYRATIONS = 76 '

AAXIMUM GYRATIONS = 117  %Gmm = 97.1 VSPECIFICATION = 98% MAX.
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M-53 Macomb Co.

Contractors Quality Control Test Data 3E2 Mixture
Gp =1.025 Gge =2.707 Gg =2.647 ___ Absorb, =0.858
SUBLOT TMD BULK AIR VOID VFA VMA %AC Eff AC FINE/AC
1 2494 .5 2484 1 1.2 89.74 11.7 52 4.39 0.95
2 25148 2403.9 6 59.46 14.8 468 3.88 0.96
3 2513.7 23976 6.2 5884 = 151 4.7 3.88 0.92
4 2496.6 2478.7 22 82.40 125 513 4.32 1.02
5 .
6
7
8
9
10
Average 2504.90 2441.08 3.80 72.64 13.53 4.93 4.1 0.97

STD 10.8397 46.6864 2.5742 158029 1.6820 0.2758 0.2782 0.0421

M-53 Macomb Co.
Contractors Quality Control Test Data 3E1 Mixture

Sublot _75um 150um_300um- 800um 1.18mm_2.38mm_4.75mm_9.5mm 12.5mm 19mm

4.34 662 133 188 2241 26,7 2048 4243 8026 100
3.69 539 1011 1507 1785  20.28 231 1512 83985 100
3.58 5.2 9.54 13.29 16.07 ° 20.01 24.94 53.1 856 100

44 63 1148 1684 2045 2535 3081 56.74 90.61 100

SO NOOAWON

Average 4.00 588 1110 1585 19,15  23.09 27.08 4185 85.11 100.00
STD 0.4274 0.6885 1.6716 23415 28316 3.4410 3.6513 18.824 4.2056 0
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M-53 Monroe Co.

Contractors Quality Control Test Data 3E1 Mixture
Marshalt % Gmm % Gmm 1 face 2 face
Sublot ANV. atNy _ at N Crushed Crushed FAA
1 884 80.9 B80.47
2 833 94.7 81.12
3 825 o4 - 89.14
4 88.77
5
6
7
8
9
10
Average 84.73 96.20 B4.88
sSTD 3.2005 3.2233 4.7210
M-53 Macomb Co.
Contractors In Place Density Results 3E1 Mixture
Subiot core #1 core #2 core #3 Sublotavg. Lot avg. +2% +4% +6% -10%  -25%
1 0394 91.76 9542 93.707
2 9579 B5.28 96,37  92.480
3 0239 9224 92.31 02.313
4 92.48 92.48 86.82 03.927
5 9311 - 33.33 3333 3333 2.00 1.00-
6 92,91 '
7 83.12
8 03.03
9
10
Average 93.106
sSTD 3.0865
Bonus Lots : 0 0 0
Deduct Lots 0 0

D&-13



, M-53 Macomb Co.
Contractors Mixture Price Adjustment Table

3E1 Mixture

TMD VMA
JMF Lot Abs. ‘ -JMF Lot JMF
Sublot | 156.6 _Avg.  Dev. Dev. | 13.4 Avg. 4
1] 0.943 17 28
2| 0.323 14 2
3| 0.254 1.7 2.2
4| 0.812 156.30 0583 0.294 0.9 13.525 1425 0.125) 1.8

Specification 0.6 0.6 0.6
Bonus Lots 1
Deduct Lots 0
M-53 Macomb Co.
Contractors Mixture Price Adjustment Table 3E1 Mixture
% A.C. 75um Crushed
JMF Abs . JMF JMF '

Sublot; 4.8 Ave. Dev., Dev. 386 Ave. Dev. Dev.] 88.2 Dev. Dev.

1] 0.4 0.74 7.73

2 012 0.09 7.08

3 0.1 0.02 0.84

4| 033 4.9275 0.2375 0.1275 0.8 4.0025 0.4125 0.57 84875 4.08 3.325

Specification 0.3 0.3
Bonus Lots 1
Deduct Lots 1]
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M-53 Macomb Co.

MDOT Verification Test Data 3E1 Mixture
Sublot TMD BULK AIR VOID VMA %AC Eff. AC VFA Fines/AC
2489 2486 1.3 12.2 54 4.59 89.34
2 2518 2385 6.9 15.5 46 378 5548 1.03
2508 2356 177 18.6 4.9 4.08 53.61
average 2504.333 2409.00 53 14.77 4.97 4,15 66.15 1.03
ST1T 682422 34871 22808 04041 04076 201107

14.

MDOT Central Lab Test Data
Specification AC_ PG58-28 AC Used PG58-28
Date %AC Eff. AC__ Orig. Pen Rec. Pen Fines/AC
10/13/97 4.9 4,08 110 0.955000
10/18/97 a8 2.97 115 63 1.210
11/9/97 4.4 3.58 98 62 1.481
average 437 ass  107.00 62.50 1.22
STD ' 0.5508 0.5555 9.8489 0.7071 0.2629
M-53 Monroe Co.
MDOT Verification Test Data i 3E1 Mixture

Sublot 75um 150um 300um 600um 1.18mm 2.35mm 4.75mm 9.5mm_ 12.5mm__19mm
2 a9 5.6 10.7 14.7 175 204 23.4 428 81.7 100

MDOT Central Lab Test Data

Date 75um 150um 300um 600um 1.18mm 2.35mm 4.75mm 9.5mm 12.5mm _ 189mm
10/13/97 s 6.1 12.2 174 20.9 243 274 409 752 100
10/18/97 3.6 5 9.7 135 16.1 18.3 215 399 81.4 100

118097 53 6.5 9.8 13.2 15.9 18.7 24 51 79.9 100

average 4.27 587 10.57 14.70. 17.63 2043 2430 43,93 78.83 100.00
STD 0907 0776 1.415 2343 2830 3.354 2961 6.140 3.234 0
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M-53 Monroe Co.

Film Thickness Table 3E1 Mixture
DESIGN PLANT MDOT LAB
Gradation % Pass % Pass % Pass
375 100 100 100
25 100 100 100
19 100 100 100
12.5 88.3 85.1 78.8
9.5 50.2 41.8 439
4.75 28.7 271 243
2.36 23 23.1 204
1.18 16.9 19.2 17.6
0.6 12.1 16 14.7
0.3 8.3 1.1 10.6
0.15 4.9 59 59
0.075 36 4 4.3
% AC 4.8 4.93 4.37
Fitm Thick. 0.00121 0.00108 0.00092
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FILE 300 ___
Controt Section: DSTT50012
Job Number: 35997A
REPORT OF TEST Mix Design No.: 97MD-218

Date: SEPTEMBER 10, 1987

1931 (N9©1)  BFTUMINOUS MIX DESIGN
Sample Of:  BITUMINOUS MIXTURE NO. 4E1 '
Date Tested: SEPTEMBER I1, 1997 Specification: 4.00 MOD, 1990 STD. SPECS.

MATERIALS USED ‘ :
Agg.# Material i Type Source Percent SP.GR.
: ASPHALT CEMENT PG 58-28 _ MARATHON - 1.025

1 COARSE 1/2 STONE PIT # 44-71 14.9%

2 DENSE 97 3/8 CRUSH PIT # 44-71 49.2%

3 FINE 3CS ' PIT # 63-47 34.9%

4 ..BKDOWN PLANT 1.0%

MIX DESIGN
Asphalt @ Optimums= 5.5 Air Voids = 4.0

Density 1b/cu.ft = - 148.6*

(kg/cu.m) =( 2379.6) V.M.A. = 143
Theo.Max. Density= 154.8 __-_,_'@_
= 71.

(kg/cu.m) =( 2479.4) V.F.A.

: COMBINED  MASTER GRAD.
SIEVE SIZE AGG.#1 AGG.#2 AGG.A#3 AGG.#4 GRADATION RANGE 7.10-2

374 IN (19.0mm)  100.0 500.0 100.0 100.0 100.0 100
172 IH €12.50m) 9,6 100.0 100.0 100.0 9.2 90-100
3/8 IN ( 9.5mm) 37.2 974 1000 100.0 89.4 90 MAX
Ho. 4 (4.75mm), 5.4 64.8 99,5 100.0 68.4
do. 8 (2.36mm) 4.3 45.9 B1.S  95.0 52.6 %3 28-58
No. 16 ¢1.18mm) 4.0 333 545 90.0 36.9 b
Mo, 30 (600xm) 3.8 26.7 3.6 B5.0 5.6
Ho. 50 (300um) 3.5 20.0 15.1 B0.O 16.4 155
Ho. 100 (150xm) 2.7 13.0 3.7 75.0 - B.B
Ho. 200 (75xm) 2.2 7.6 1.2 70.0 5.2 2-10
. CRUSH RET.#% 83.0 98.0 10.0 93.1 65 Hin.
AN, 313.4 320.8 222.7 317.0 . 260 MWin,
Materials submitted by: JOHN CARLO, INC. Plant # 115-02 —(Contractor Furnished)

NOTE TO TMI: ELIMINATE THE BKDOWN & INCREASE THE 12 STONE TO 15%, 38 CR

TO 50%, 3CS SAND TO 35%.

* RECOMMENDED FIELD CONTROL DENSITY

ANGULARITY INDEXNUMBER = 41.7"

EFFECTIVE SPECIFIC GRAVITY = 2704 .

The bitumen content and aggregate characteristics are based on the submitted material with the gradation and blend ratios
indicated. Variation in materials or field conditions may require adjustments of this mix design (see T.M.1. for form 1911
for field application). This laboratory design is valid for two years from date reported and should not be applied or
adjusted without written approval of the Bituminous Services Unit. TESTED FOR INFORMATION.

" CE: JIM HANSOM (PE) (2) CONTRACTOR
FIELD ENGINEER BIT. FILE
TEO HANLOH €2) TROY SCHREUR - APT :
D. ANDREWS %) ’ : Bituminous Unit - Supervising Engineer
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tontrol Section: DSTT50012
Job Number: 35997A

REPORT OF TEST Mix Design Ro.: 97MD-218

Hix Type: 4F]
1931A (N9m1) BITUMINOUS MIX DESIGN

A.C. BULK BULK MAX T.M.D. AIR VMA VFA  FINESI/EFF.

BYWT S5.G. DENSITY THEO. VvVOIDS ~ ASPHALT -
S.G. RATIO

@ OPTIMUM

5.5 2.381

!EGRESSION“EVERY 0.1%

4.8 2.354 146.9 2.507 156.4 6.1 14.7 58.5 1.39

4.9 2.358 147.1 2.503 156.2 5.8 14.6 60.4 1.35

5.0 2.362 147.4 2.499 155.9 5.5 14.6 62.4 1.32

5.1 2.366 147.6 2496 - 155.8 5.2 14.5 . 64.2 1.29

5.2 2.370 147.9 2.492 155.5 4.9 14.5 66.2 1.25

5.3 2.373 148.1 2.488 155.3 4.6 14.5 68.0 1.22

5.4 2.377 148.3 2.484 155.0 4.3 14.4 70.1 1.20

55 2.381 148.6 2.481 154.8 4.0 14.3 71.9 1.17

5.6 2.384 148.8 2.477 154.6 3.8 14.3 73.8 1.14

5.7 2.388 149.0 2.473 154.3 3.4 14.3 75.9 1.12

5.8 2.391 149.2 2469  154.1 3.2 143 77.8 1.09

59 2.394 149.4 2.466 153.9 2.9 14.2 79.5 1.07

6.0 2.397 149.6 2.462 153.6 2.6 14.2 81.4 1.05

6.1 2.400 149.8 2.458 153.4 2.4 - 14.2 83.4 1.03

6.2 2.403 149.9 2.455 153.2 2.1 14.2 85.1 1.01

6.3 2.406 150.1 2.451 152.9 1.8 14.2 87.1 0.99
SPECIFICATIONS = 4% 14.0 65-78 0.6-1.2

-{PG 58-28 — MARATHON OIL) SP. GR. = 1.025
- EFFECTIVE SPECIFIC GRAVITY = 2.704

3ULK AGGREGATE SPECIFIC GRAVITY = 2,627
JESIGN ESAL'S = <1.0

JESIGN TEMPERATURE = 35 degrees C

VIXING TEMPERATURE = 155 degrees C

SOMPACTION TEMPERATURE = 135 degrees C

NITIAL GYRATIONS =7 %Gmm=88.7  SPECIFICATION = 89% MAX.
DESIGi\I GYRATIONS =76

AAXIMUM GYRATIONS =117  %Gmm =97.0 - SPECIFICATION = 98% MAX.
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FILE 300 3

\ tontrol Section: NH 82061
Job Number: 38075A

j REPORT OF TEST Mix Design No.: 97MD-168

= Date: AUGUST 6, 1997
1931 (N9p1)  BITUMINOUS MIX DESIGN ‘
Sample Of: BITUMINOUS MIXTURE NO. 3E10 --Recycled
Date Tested: AUGUST 6, 1997 Specification: 4.00 MOD, 1990 STD. SPECS.
MATERIALS USED -
Agg.# Material Type Source Percent SP.GR.
ASPHALT CEMENT PG 58-28 MARATHON _ - 1,025
1 COARSE 1/2 PIT # 82-02 20.0% :
2 COARSE © #4'S PIT .# 82-02 20.0%
3 COARSE 26A - . PIT # 58-08 15.0%
4 - FINE MFG SAND PIT # 58-08 29.0%
5  RAP YARD 5.0
6 DEG. PLANT 1.0%
, MIX DESIGN
Asphalt @ Optimum= 5.8  Air Voids = 4.0
Density 1b/cu.ft =- 147.0%
(kg/cu.m) =( 2355.0) V.M.A. = 143

Theo.Max. Density= 153.1

(kg/cu.m) =( 2451.8) V.F.A. 724"

COMBIHED HASTER GRAD.

SIEVE SIZE AGG.#1 AGG.#2 AGG.#3 AGG.#4 AGG.#5 AGG.#6  GRADATION RANGE 7.10-2
110 (25.0m).,9\°1oo.o 100.0 100.0 100.0 100.0  100.0 100.0 100

374 1N (19.0mm)as*® 99.0 100.0 900.0 100.0 100.0 100.0 99.8 90-100

1/2 IN (12.5mm) 0" 39.0 100.0 1.0 100.0 95.0 100.0 85.7 90 MAX

3/8 14 ¢ 9.5ma%*° 3.5 95.0 63.0 . 100.0 89,0 100.0 72.7

No. 4 (4.T5mmi% 2.0 4.0 11,0 80.0 71.0 100.0 TAT.T

No. 8 (2.36mm)V* 2.0 6.0 3.0 44.0 56.0 100.0 26.2 23-49

No. 16 (1.18mmyM® 1.5 5.0 2.0 25.0 4.0 100.0 - 16.5

Ho. 30 (600zm) 15 5.0 2.0 15.0 34.0 100.0 12.4

No. 50 (300am) 1.5 4.0 2.0 10.0 21.0 95.0 8.4

No. 100 (150am) 1.3° 3.0 2.0 7.0 1.0 8.0 5.7

Ko. 200 (75am) 1.0 25 2.0 58 6.2 T75.0 4.4 2-8

CRUSH RET. W4 100,0 100.0 100.0 100,0 95.3 0.0 99.7 85 Min.

Materials submitted by: ANGELO IAFRATE CONSTR. CO. Plant # 035-01 —(Contractor Furnished)

RAP CONTAINS 3.9% ASPHALT - 5.1% NEW ASPHALT ADDED TO THE MIXTURE

PG $8-28 GRADE ASPHALT REQUIRED FOR THE PROJECT

. * RECOMMENDED FIELD CONTROL DENSITY
ANGULARITY INDEX NUMBER =" 45,6 -

. BFFECTIVE SPECIFIC GRAVITY = 2.683 - : . . '
The bitumen content and aggregate characteristics are based on the submitted material with the gradation and blend ratios |
indicated. Variation in materials or field conditions may require adjustments of this mix design (see T.M.L for form 1911 '
for field application). This laboratory design is valid for two years from date reported and should not be applied or
adjusted without written approval of the Bituminous Services Unit. TESTED FOR INFORMATION.

" CC: SANFORD, J. (PE) " (2) CONTRACTOR

FIELD ENGINEER BIT. FILE
TED RANLOW +}) .
D. ARDREWS Yy - ' ) Bituminous Unit - Supervising Enginzer
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Control Section: NH 82061
Job Number: 3B075A
Kix Design Ho.: 97MD-168

- o . Hix Type: 3E10  RP
1931A(N9s1)  BITUMINOUS MIX DESIGN
AC. BULK  BULK  MAX  TMD. AR VMA VFA  FINES/EFF.
BYWT  S.G. DENSITY THEO. VOIDS . ASPHALT

S.G. RATIO

REGRESSION E\;ERY 0.1% .
5.0 2,339 146.0 2482 154.9 5.8 14.2 59.4 1.19

- 5.1 2.341 146.1 2.479 154.7 5.6 14.2 60.9 1.16
5.2 2.343 146.2 2.475 154.4 5.3 14.2 62.5 1.13
5.3 2,346 146.4 2471 154.2 5.1 14.2 64.4 1.10
54 2.348 146.5 2.467 153.9 4.8 14.2 66.1 1.07
5.5 - 2.350 146.6 2.464 153.8 4.6 14.3 67.5 1.05
5.6 2.352 146.8 2.460 153.5 4.4 14.3 69.2 1.02
5.7 2.354 146.9 = 2.457 153.3 4.2 14.3 70.7 - 1.00
5.8 2.356 147.0 2.453 153.1 4.0 14.3 72.4 0.98
5.9 2.358 1471 2.449 152.8 3.7 14.3 74.1 0.95
6.0 2.360 147.3 2.446 152.6 3.5 14.3 75.5 0.93

L{ 6.1 2.362 1474 2.442 1524 3.3 144 77.2 0.91
6.2 | 2364 147.5 2.438 1521 3.0 - 14.4 78.9 0.90
6.3 2.366 147.6 2435 151.9 2.8 144 80.3 0.88
6.4 2.367 141.7 2.431 151.7 2,6 14.5 81.8 0.86
6.5 2.369 147.8 2428 151.5 24 - 14,8 83.2 0.84
SPECIFICATIONS = . 4.0 % 13.0 65-78 0.6-1.2

- (PG 58-28 — MARATHON OIL) SP. GR. = 1.025

- EFFECTIVE SPECIFIC GRAVITY = 2,683

BULK AGGREGATE SPECIFIC GRAVITY = 2.590

DESIGN ESAL'S = <10.0

DESIGN TEMPERATURE = 35 degrees C

MIXING TEMPERATURE = 148 degrees C
_ COMPACTION TEMPERATURE = 135 degrees C

INITIAL GYRATIONS =8 %Gmm =841  SPECIFICATION = 89% MAX.
 DESIGN GYRATIONS = 96 '

N

MAXIMUM GYRATIONS = 152 %Gmm=97.9 SPECIFICATION = 98% MAX.
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of Transportation

1911(3/97) BITUMINOUS FIELD COMMUNICATION

DISTRIBUTION;: WHITE - Testing Lab. GREEN - District YELLOW - Project Engineer  PINK - Inspector  GOLD - TMI
This form applies only to the project listed below and is not transferable to other projects.

foigan Deariment JOB MIX FORMULA (JMF) w

MDOoT
MEYRIC

E ONTROL SECTION JOB NO. PROJECT ENGINEER DATE EFFECTIVE
)STT 550/2. 35974 | Hapson, R K // Lhsko | [0-/3-97
ONTRACTOR FLANT LOCATTON FLANT NO.

wto Toe. LA /15-02
YPE OF MIXT URE |MIX DESIGN NO. VMIA % ARVGIDS % [WARSHALL DENSTTY ,_ [THEORETICAL MAX_ DERSITY
55’; _@’2&@4 /3.4 40 R0, 8 % haim* | 2508 2 CGims
SSTING GPTION | MIX DESIGN EFFECTIVE SPECIFIC GRAVITY - |PLANT CERTIFICATION DATE[CONTRACTOR'S QC PLAN K] VES
/7 A.707 Ty -7 TO PROJECT ENGINEER ] NO .
MIX/AGG. GRADATION, % : MIX/AGG. BLEND PROPORTION, % '
ITEM PERCENT MATERIAL/PRODUCER PIT NO, PERCENT
ASPHALT, 9 X
% %5 co-urse’ a?? 3/4— .Slah.p 44— 7/ 2 6;0
P 37.5
B RS j’/(.a;. 5 98" Crushed LT/ /0.9
. . i 0t
P 25.0 mm lowze s V2" Stone 44-7/ | 450
P 19.0
™ /000 L 205 63-47 | 170
P 12.5 mm 54 3
P 9.5 mm ' _5—'0 7
P 4.75 mm 28 7
P 2.36 mm 130
P 1.18 mm /b ? RECLAIMED
P 600 pm | '
u 2/ | PR AL ther
P 300 zim &7 ASPHALT | ) )/ (-2 4.2
P 150 pm 49 AW (Spec.)/ AWT (Actual) ANGULA‘F;%? gB_EX
TYPE OF TESTING )
P75 pm 34 ) QUALITY ASSURANCE TESTING  [] REGULAR TESTING
: ‘ DUST. CORRECTION
CRUSHED B2 [J BATCH PLANT X! DRUM PLANT —_—

MARKS:
/é":éﬁ%é@[éﬁm.-_%_ég/ﬁzs; Gsb= 2:0.47

AVELLING-MIX INGPECTQR (TMI) - Signature DATE

- 3
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US-12 Wayne Co.

Contractors Quality Control Test Data 3E10 Mixture
Gp =1.025 G =2.683 G =2.59 Absorb. =1.372
SUBLOT TMD BULK AR VOID VFA VMA %AC Eff AC FINE/AC
24712 23875 2.8 76.61 12.4 53 4.00 1.69
2464.5 2395 28 7178 126 4.68 3.37 2.04
2456 2350 4.3 7014 144 5.72 4.43 1.16
2464 23236 5.7 62.50 15.2 548 4.18 1.16

24566 23724 3.46 74.61 13.63 5.69 4.40 1.08
24595 2365.6 3.81 72.37 13.79 5.66 4.37 113
246802 2352.2 4.39 68.21 14.26 5.6 4.3 1.08
24491 2348.7 4.1 72.05 1467 5.9 4.61 1.01
24542  2350.9 418 .05 14.44 5.76 4.47 1.01
10 24449 23374 4.37 naz7 15.16 6.02 4.73 0.98
1 24463 2348.2 3.8 73.00 14.74 5.8 4.69 0.98
12 2444  2358.5 35 75.69 14.4 6.05 4.76 1.13
13 24549 2336.7 4.82 67.78 14.96 5.74 4.45 1.04

OO DL WN A

35 .

Average 245580 2356.67 402 7184  14.20 566 4.37 119
STD 82177 215321 07748 40499 0.8872 03838 03688 0.3149
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US-12 Wayne Co.

Contractors Quality Control Test Data 3E10 Mixture

Sublot 75um  150mm 300um 600um 1.18mm 2.36mm 4.75mm 9.5mm 12.5mm 19mm
1 6.76 .22 1287 1744 2225 29.97 47.46 75.68 88.46 100
2 6.88 8.38 12.81 17.32 22.48 30.97 4875 76.91 87.82 100
3 5.12 666 10.51 13.84 17.51 24.06 4112 7397 84.29 100
4 4.86 5.99 9.51 126 15.86 20.85 3252 56.88 71.78 100
5 474 6.07 9.33 12.8 16.45 22.48 37.17 65.42 81 100
6 494 6.26 9.62 13.27 17.08 23.34 3925 70.88 86.33 100
7 4863 5.56 9.12 1244 15.85 21.28 38.19 65.83 81.07 100
8 465 5.94 9.14 1246 16.21 22.64 36.93 67.89 80.93 100 -
9 4.53 5.93 9.79 13.55 17.44 24 38.83 68.69 85.79 100
10 452 582 9.53 1297 16.64 22.98 3895 7249 88.05 100
11 46 6.13 9.76 13.39 1747 233 3763 65.61 78.79 100
12 5.4 67 107 144 183 247 393 688 834 100
13 464 583 9.04 1233 1573 2113 3394 6288 7697 100
14

15

16

17

18

19

20

21

22

23

24

25

26

27

28 -

29

30

31

32

33

34

35
Average 5.10 642 1015 13.75 17.61 23.98 39.08 6861 82.67 100.00
STD 0.8048 0.8922 1.2934 17480 22383 3.1143 4.6208 55204 4.9141 0
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US-12 Wayne Co.

Contractors Quality Control Test Data 3E10 Mixture
Marshall % Gym % Gmm 1 face 2 face

Sublot A.V. at Nyox at Npay Crushed  Crushed FAA

100

100

100

- 100

846 98.4 100

84.1 98.1 100

83.5 97 . 100

83.8 97.9 100

84.1 976 100

84 97.6 100

84.5 97.8 100
83.9 87.1 100

BRI rdnlgoe~NonswNn

0 L )
GRELBIRNRIN

84.06 8769 - 100.00
0.3583 0.4733 0

>
dé
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US-12 Wayne Co.

Contractors In Place Density Results 3E10 Mixture
Sublot Core#1 core #2 core #3 SublotAvg. LotAvg. +2%  +4% +6% -10% -25%
1 ?1.52 87.03 6807 88873
2 91.99 89.55 94.69 92.077
3 90.92 93.07 88.87 90.953
4 92.69 93.28 91.22 92.397
5 85.32 84.21 95.6 95.043 91.87 4687 4000 26.67 8.00 5.00
6 95.62 84.13 94.19 94,647 93.02
T 95.22 94.55 96.89 95.553 93.72
8 96.38 ©8.69 95.48 98.177 84.76
] 95.79 98.47 95.78 96.347 95.55
10 85.12 95.51 84.57 95.067 95.56 100.00 100.00 100.00 0.00 0.00
1 6.6 97.37 85.86 96.610 85.95
12
13
14
15
18
17
18
19
20
21
22
23
24
25
26
27
28
29
30
1|
32
33
34
35
Average §3.9766
sSTD 2.7129
Bonus Lots 0 0 1
Deduct Lots 0 1
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US-12 Wayne Co.

Contractors Mixture Price Adjustment Table 3E10 Mixture
T™D VMA VOIDS
JMF Lot Abs. JMF Lot Abs. JMF Lot Abs.

Sublot]! 1531 Avg. Dev. Dev.| 143 Avg. Dev. Dev.| 4  Avg. Dev. Dev.

1 1.102 1.9 1.1

2 0.684 1.7 1.2

3 0.154 0.1 03

4 0.653 0.9 17

5 0.191 153.65 0.557 0.557| 0.87 13646 1.054 0654 | 0.54 3.832 0.968 0.168

6 0.372 0.51 0.19

7 0.418 0.04 0.39

8 0.276 0.37 0.1

9 | 0.042 0.14 - _ 0.18

10 0.538 153.10 0.329 0.003] 0.86 14464 0384 0.164 | 0.37 417 0246 017

11 0.450 0.44 0.02

12 0.594 0.1 0.5

13 0.085 152.80 0.342 0.201] 0.66 1474 044 044 | 0.82 417 0378 017

14

16

16

17

18

19

20
Specification 06 08 06 08 0.5 0.5
Bonus Lots 3 2 2
Deduct Lots 0 1 0
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US-12 Wayne Co.

Contractors Mixture Price Adjustment Table 3E10 Mixture
% A.C. 75um Crushed
JMF Lot Abs JMF Lot Abs JMF Lot Abs

Sublot| 5.8 Avg. Dev. Dev.|{ 44 Avg. Dev. Dev. | 99.7 Avg. Dev. Dev.

1 0.5 2.38 0.3

2| 1.142 2.48 0.3

3| 0.08 0.72 0.3

4] 032 0.46 0.3

5] 041 5.374 0426 0.426| 0.34 5672 1.272 1.272 0.3 100 0.3 0.3

6{ 0.14 0.54 0.3

7 0.2 0.23 . 03

8 0.1 0.25 0.3

8| 0.04 0.13 . 0.3

10] 022 5788 0.14 0.0i2{ 012 4654 0254 0.254 0.3 100 0.3 0.3

111 0.18 0.2 0.3

12{ 0.25 1 0.3

13 0.06 591 015 011 024 4738 0.338 0.238 100 0.3

14
Specification 03 0.3 07 0.7 10 10
Bonus Lots 2 2 2
Deduct Lots 1 1 0
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US-12 Wayne Co.

MDOT Verification Test Data 3E10 Mixture
Sublot TMD BULK AIRVOID VMA %AC Eff. AC VFA Fines/AC
5 2452.08 2412.98 3.44 13.9 5.82 4,53 75.252 1.080
9 2450.3 2385.89 4.5 149 587 4.58 69.799 1.083
average 2451.19 2390.44 3.97 14.40 5.85 4,55 72.53 1.07
_STD_ 12567 191555 07071 00354 00356 38560 00164

2587 0.7495

MDOT Central Lab Test Data
Specification AC PG58-28 AC Used PG58-28 +15% RAP

Date %AC %AC  Orig. Pen Rec. Pen Fines/AC
8/27/197 5 3.70 M1 65 1.569
8/28/97 5.3 4.00 108 68 1.400
10/5/97 ‘ 120
1010/97 53 4.00 102 63 1.250
11/8/97 80
1170097 5.4 4.10 7] 60 1.292
11/11/97 . 101
Average 595 3.95 10517  67.20 1.38

STD 0.1732 01756 9.8268 7.7265 0.1423
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US-12 Wayne Co.
MDOT Verification Test Data 3E10 Mixture

Sublot 75um 150um 300um 600um 1.18mm 2.35mm 4.75mm 9.5mm 12.5mm 19mm

5 48 629 989 1354 17.35 2359 377 6421 8108 100
9 496 645 1077 1455 1862 2543 4086 7317 87.77 100

Average 488 6.37 1038 1405 1799 24.51 39.33 6869 8443 100.00
01131 01131 05515 07142 1301123052 63367 47305 _0.0000

MDOT Central Lab Test Data

Date 75umm 150um 300um 600um 1.18mm 2.35mm 4.75mm 8.5mm 12.5mm 19mm
8/27/97 .58 7.1 10.5 14.3 19.2 241 36.8 64.2 80.9 100
8/28/07 56 ° 6.9 9.9 12.9 17.6 22.2 35.2 65.9 83 100
10/10/97 5 6.5 2.9 13.2 17.1 23.6 38 68.7 83.1 100
119197 5.3 6.7 8.9 13.1 16.7 225 38.5 68.2 84.8 100

Average 543 680 1005 1338 1765 2310 3688 8675 8295 100.00
STD 035 02581 03 06291 1.0089 0.8081- 0.7889 2.0020 1.5968 0
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US-12 Wayne Co.

Film Thickness Table 3E10 Mixture
DESIGN PLANT MDOT LAB
Gradation % Pass % Pass % Pass
arzs 100 100 100
25 100 100 100
19 99.8 100 100
12.5 85.7 82.7 829
9.5 72.7 68.6 66.8
4,75 41.7 381 36.9
2.35 242 24 231
1.18 16.5 17.6 17.7
- 0.6 121 13.75 134
0.3 6.4 10.2 10.1
0.15 5.7 6.4 6.8
0.075 44 51 5.4
% AC 5.8 5.86 5.25
Film Thick. 0.00119 0.00100 0.00088
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NOTE TO TMI: Eliminate the Degradation & increase the 31A to 30%.

FILE 300 ___
control Section: NH 82061
Job Number: 38075A
REPORT OF TEST Mix Design No.: 97MD-225
Date: SEPTEMBER 17, 1997
1931 (N991)  BITUMINOUS MIX DESIGN ‘
Sample Of: BITUMINOUS MIXTURE NO. 4E10 --Recycled
Date Tested: SEPTEMBER 18, 1997 Specification: 4.00 MOD, 1996 STD. SPECS.
MATERIALS USED
Agg.# Material Type : Source Percent SP.GR. '
' ASPHALT CEMENT PG 58-28 MARATHON . 1.025
1  COARSE GRADED 3/8" , PIT # 82-02 12.0%
2 COARSE GRADED 26A PIT # 58-08 17.0%
3 COARSE GRADED 31 A PIT # 81-93 27.3%
4 FINE GRADED MFG SAND PIT # 58-08 33.0%
5 RAP YARD 10.0%
6 DEGRADATION " PLANT 0.7%
NOTE: The Nmax is at maximum specification.
MIX DESIGN
Asphalt @ Optimum= 6.0 Air Voids = 4.0
Density 1b/cu.ft = 147.6%
(kg/cu.m) =( 2364.1) V.M.A. = 15.0
Theo.Max. Density= 153.8
(kg/cu.m) =( 2463.2) V.F.A. = 73.2
COMBINED  MASTER GRAD.
SIEVE SIZE AGG.#1 AGG.#2 AGG.#3 AGG.¥4 AGG.#5 AGG.#6 GRADATION RANGE 7.10-2
374 IN (19.0mm>  100.0 100.0 100.0 100.0  100.0  100.0 100.0 100
1/2 IN (12.5mm) 98.0 91.0 100.0 100.0  95.0 100.0 97.7 90-100
3/8 IN ¢ 9.5mm) 50.0 68.0 98.5 100.0 89.0 100.0 27.1 90 MAX
Ro. & (4.75mm) 4.0 18.0 41.5 84.0 71.0 100.0 0.4
, Ro. B (2.36mm) 3.0 3.0 13,6 52.0 56.0 100.0 28.0 28-58
No. 16 (1.18mm) 3.0 2.0 7.0 38.0 4.0 100.0 20.3
No. 30  (500um) 3.0 2.0 4.7 2.0 340 100.0 13.3
No. 50 (300zm) 3.0 2.0 3.8 15.0 23.0 95.0 9.7
Ho. 100 (150:m) 2.0 2.0 3.2 8.0 12.0 85.0 5.9
No. 200 (75um) 1.4 2.0 2.6 6.2 8.0 75.0 4.b 2-10
AM.I. 340.0 244.0 296.0 244.0 220.0 ' 281.6 260 Min.
% sided crush ret 4.75mun 100/100 100/100 100/99.8 100/100 96.3/82.7 99/99 85/80 min.

Materials submitted by: ANGELO IAFRATE CONSTR. CO. Plant # 035-01 --(Contractor Furnished) - I
RAP CONTAINS 3.9% ASPHALT - 5.6% NEW ASPHALT ADDED TO THE MIXTURE ' :
PG 58-28 GRADE ASPHALT REQUIRED FOR THE PROJECT

* RECOMMENDED FIELD CONTROL DENSITY

ANGULARITY INDEX NUMBER = 45.4

EFFECTIVE SPECIFIC GRAVITY = 2.707

The bitumen content and aggregate characteristics are based on the submitted material with the gradation and blend ratios
indicated. Variation in materials or field conditions may require adjustments of this mix design (see T.M.L for form 1911

for field application). This laboratory design is valid for two years from date reported and should not be applied or

adjusted without written approval of the Bituminous Services Unit. TESTED FOR INFORMATION.

) CC: SANFORD, J. (PE) {2) CONTRACTOR

FIELD ENGINEER BIT. FILE
TED HANLON (2)
D. ANDREWS (4) ' ' : : Bituminous Unit - Supervising Engineer

D14

NOTE: The 2.§6mm sieve is at minimum specification.



Control Section: NH 82061

Job Number: 38075A
REPORT OF TEST Mix Design No.: 97MD-225
Hix Type: 4E10 RP
1931A (N991)  BITUMINOUS MIX DESIGN
A.C. BULK BULK MAX T.M.D. AR VMA VFA FINES/EFF.
BY WT S.G. DENSITY THEO. VOIDS ASPHALT
8.G. RATIO
@ OPTIMUM
6 - = 2365
REGRESSION EVERY 0.1%
5.5 2.343 146.2 2.483 154.9 56 15.4 63.3 1.08
5.6 2.348 146.5 2479 154.7 53 15.3 65.4 1.06
5.7 2.353 146.8 2.475 154.4 4.9 15.2 67.5 1.03
5.8 2.358 147.1 2472 154.3 4.6 15.1 69.4 1.01
5.9 2.362 147.4 2.468 154.0 4.3 15.0 71.4 0.99
6.0 2.365 147.6 2.464 153.8 4.0 15.0 73.2 0.97
6.1 2.368 147.8 2.461 153.6 3.8 15.0 74.8 0.95
6.2 2.371 148.0 2.457 153.3 3.5 15.0 76.6 0.93
6.3 2.374 148.1 2.453 153.1 3.2 15.0 78.5 0.91
6.4 2.376 148.3 2.450 152.9 - 3.0 15.0 79.8 0.89
6.5 2.377 148.3 2.448 152.6 2.8 15.0 81.2 0.87
6.6 2.378 148.4 2.442 152.4 2.6 15.1 82.6 0.86
6.7 2.379 148.4 2.439 152.2 2.5 15.2 83.8 0.84
6.8 ©2.379 148.4 2.435 151.9 2.3 15.2 84.9 -0.83
6.9 2.379 148.4 2.432 151.8 2,2 15.3 85.8 0.81
7.0 2,379 148.4 . 2.428 151.5 2.0 15.4 86.9 0.80
SPECIFICATIONS = ‘ 4% 14.0 65-78 0.6-1.2

- (PG 52-28 — MARATHON OIL} SP. GR. = 1.025

- EFFECTIVE SPECIFIC GRAVITY = 2.707

BULK AGGREGATE SPECIFIC GRAVITY = 2.616

DESIGN ESAL'S = <10.0

DESIGN TEMPERATURE = 38 degrees C

MIXING TEMPERATURE = 148 degrees C

COMPACTION TEMPERATURE = 135 degrees C

INITIAL GYRATIONS =8 %Gmm = 84.4 SPECIFICATION = 89% MAX.
DESIGN GYRATIONS = 96

MAXIMUM GYRATIONS = 152 %Gmm = 98.0 SPECIFICATION = 98% MAX.
D115 |



Michigan Department

of Transportation
198t (3971

DISTRIBUTION: WHITE - Testing Lab.
This form applies only to the project listed below and is not transferable to other projects.

JOB MIX FORMULA (JMF)
BITUMINOUS FIELD COMMUNICATION

GREEN - District

YELLOW - Project Engineer

PINK - inspector

GOLD - TMI

DATE EFFECTIVE

CONTROL SECTION JOB NO. PROJECT ENGINEER ,ef
WY BLOG/ 38p 754 J. Hanson &Asam&zﬁziwﬂ -2Z
CONTRACT% PLANT LOCATIONY PLANT NO,
wﬁé}&zmﬁvmfﬁwﬂ ﬁa. 7/ AVA)»’ 9y 235~/
TYPFZ OF MIXTUREJMIX DESIGN NO. " VMA % AR VOIDS % {vbieR SHATE DENSIW{( THEORETICAL MAX. DENSITY
4EI1O 197M)225 | /5.0 f 2344, [ | A 46 3,2 kgim?)
SPECIFIC GRAVITY |PLANT CERTIFICATION DATE[coNTRACTOR'S QC PLAN

TESTING OPTION

=/

MIX DESIGN EFFECTIVE

2.707

8-21-37

TO PROJECT ENGINEER

YES
17] NO

MIX/AGG. GRADATION, %

MIX/AGG. BLEND PROPORTION, %

ITEM PERCENT MATERIAL/PRODUCER PIT NQ. PERCENT
ASPHALT, % .0 | ,C,:oarﬁ-' ~og % ¥ L2—-02 | [ X.0
P375mm L - 1/, 58-08 | (7.0..

P 25. '
25.0 mm “ “ 3 # g/—23 | 300
P 19.0 :
mm J00.0 | Line /7/; send s8-08 | 33.0
P 12.5 mm 77 7
P 9.5 mm ;5:,7 /
P 4.75 mm 6"0/4
P 2.36 mm ;:8 D )
P1.1 —
8 mm 20,3 RECLAIMED Cﬂﬂ?‘//t/.art:/ 2350/ [¢. 0
P 600 pm /4. 4 FILLER
’ V=3 ,
P .
300 pm g 7 ASPHALT ﬁr .y ’/_5 A men s 54
B 150.m AWI (Spec.) AWI (Actual) ANGULARITY INDEX
' 5.9 200 28/, 45 L
TYPE OF TESTING -
P75 pm 4‘ é ﬁ QUALITY ASSURANCE TESTING [} REGULAR TESTING
DUST.CORRECTION
CRUSHED o 7‘?7 [J BATCH PLANT 1 DRUM PLANT
REMARKS:

VAl = 732

Eéégg M@, a8,

j&/.ﬂzé:, (zs4 = 2'[./£.J dapn./pﬂpsl'mn‘léemla:: /35"

-24

2/a2/27

TRAVELLIPG MIX INSPECTOR (1) - ?ﬂ ature 7
o / ) } P A
- D7-16



‘METRIC

1911 (3197} BITUMINOUS FIELD COMMUNICATION

DISTRIBUTION: WHITE - Testing Lab. GREEN - District  YELLOW - Project Engineer  PINK - Inspector GOLD - TMI
This form applies only to the project listed below and is not transferab!e to other projects.

CONTROL SECTION JOB NO. PROJECT ENGINEEH DATE EFF_ECT_L\LE
/(//f 8206 / SBO754 / Basso~f é/)zf—)é' .Sa")f-ol..‘.a (~22 ’9 7

CONTRACTOR PLANT LOCATION PLANT NO,

JOB MIX FORMULA (JMF) C/
of Transportation . : M-DOTY

Aneeio Aarears TN OR. O35 -0
TYPE OF MIXTURE | MIX DESIGN NO. VMA % AlIR VOIDS % MARSHI_-\LL DENSITY THEQRET!CAL MAX. DENSIT%&
AEIO GTMD 225 Mon., /5.0 4,0 2364, 1 Ykgm | 2463.2. gm
TESTING OFTION | MIX DESIGN EFFECTIVE SPECIFIC GRAVITY [PLANT CERTIFICATION DATE|CONTRACTOR'S QC PLAN X VES
2. 707 E-2/-97 TO PROJECT ENGINEER i nO -
MIX/AGG. GRADATION, % . MIX/AGG. BLEND PROPORTION, %
ITEM PERCENT MATERIAL/PRODUCER PIT NO. PERCENT
ASPHALT, % C.0 CCZ‘-QS@ ,Agg 3" Szo2| /2.0
P 37.5 mm It 1 20 A 58-08| 170
P 25.0 mm y ¢ 3/A 8«93 30.0
P 19.0 mm Viow) 7@,\,@; ‘1 5808 | 33.0
P12.5 mm C}7' 7
P 9.5 mm 87' /
P 4.75 mm 80 . 4 _
P 2.36 mm 28.0
P 1.18 mm 76.> | RECLAIMED YARD ®35-0/ Jo. o
P 600 m /7.3 FILLER ‘
P 300 ym 9, 76+F | ASPHALT Macariend (. 58-28 5.0
AWI (Spec.) AWI (Actual) ANGULARITY INDEX
P 150 um 5.9 Z 0O . 28/.6 45. 4
% TYPE OF TESTING ' .
P75 um 7]‘{ A2 B[ QUALITY ASSURANCE TESTING [ REGULAR TESTING
7 Z : DUST. CORRECTION
CRUSHED 79/ @7 | [IBATCHPLANT 5 DRUM PLANT —_
REMARKS: \/;A - 77 - ' _
= 72 2. ¥ Change Feom 4.4 T
. — 7
GSb = Z.6/6 ¥ C’)wv-:g;, e%ofrl/@- loT 4 2

Compactiond Temp = 135°C Sublot 2 7
~/ err 45,,0/0@ [+ =, 97

:. 7 .
TRAVELLING MIX INSPECTOR (T - 5] W : DATE
T | [/ -5-97

D717




US-12 Wayne Co.

Contractors Quality Control Test Data 4E10 Mixture
Gy, =1.025 Gee =2.707 G, =2.616 Absorb. =1.317

SUBLOT TMD BULK AIRVOID VFA VMA %AC Eff. AC FINE/AC
1 2487.3 23356 6.1 60.90 15.6 54 415 1.20
2 2466 23427 5 68.35 ' 15.8 5.6 4,72 1.03
3 2473.7 2415 4.22 71.16 14.63 575 4.51 1.28
4 24531 2421 28 80.27 14.7 6.31 5.08 1.18
5 24551 24231 3 79.59 14.7 6.26 5.03 1.21
<] 24852 24211 3.7 74.83 14.7 5.98 4.74 1.24
7 2466.1 2349.36 4.73 69.56 15.54 5.95 4.71 1.14
8 24845 2350.16 462 70.29 15.55 6 476 1.08
9 24611 23221 3.41 76.76 14.67 6.09 4.85 1.24
10 ~
11 24856 2376.7 3.6 14.56 5.97
12
13
14
15
16
17
18
19
20
21
22
23
24
25
28
27
28
29
30
3
32
33
34
a5

Average 2465.77 2375.68 413 72.41 15.05 5.97 4.73 1.18

§TD 9.5727 40.5812 1.0011 6.1369 0.5036 0.2557 0.2748 0.0798

D7-18



Contractors Quality Control Test Data

US-12 Wayne Co.

4E10 Mixture

Subjot

75um

150um 300um 600um 1.18mm 2.36mm 4.75mm 9.5mm 12.5mm 19mm

1

OO~ WON

10
1"
12
13
14
15
16
17
18
19
20
21
22
23

24
25
26
27

28
29
30
31
32
33
34
35

4.97
4.87
5.78
5.98
6.06
5.87
5.39
5.18
6.02

5.46

6.2
6.03
7.2
7.99
7.29
71
6.6
6.38
7.32

7.18

88
8.47
10.17
111
10.01
9.72
9.06
8.95
1.2

9.99

12.16
11.61
14.06
15.3
13.89
13.31
1217
12.21
15.78

13.63

16.63
16.07
19.69
21.31
19.78
18.5
16.77
17.07
21.86

18.76

24.61
24.59
30.35
31.87

30.9
27.88
25.59
26.5
33.18

28.19

45.15
46.17
53.16
53.87
54.42
50.03
46.33
47.81
57.08

49.38

83.27
85.85
89.87
87.51
87.84
87.01
84.04
84.54
80.64

86.06

95.02
97.8
97.41
97.39
98.46
98.43
96.13
96.18
98.08

96.32

100
100
100
100
100
100
100
100
100

100

average
STD

5.56

0.4478 0.6068 0.9359 1.3978 2.0149

“6.03

9.75

13.41

18.64

D7-19.

28.36
- 3.0811

50.32

41014 2.3959

86.85

97.12
1.1530

100.c0
0



US-12 Wayne Co.

Contractors Quality Control Test Data 4E10 Mixture
Marshall % Gmm % Gmm 1 face 2 face
Sublot AV. at Ny at Npo,  Crushed Crushed FAA

1 823 95.8 100 o
2 82.9 907 100
3 83.8 976 © 100
4 85.2 98.7 100
5 84.8 98.7 100
6 842 98.2 100
7 83.9 97.2 100
8 83.9 a7.2 | 100
9 854 98.3 100

10 846 97.9 100

11 84.3 98.3 100

12

13

14

15
16

17
18
19

20

21

22

23

24

25

26

27 N

28

29

30
3 |
a2
33
M
a5

Avg. 84.12 97.72 100.00

STD 0.9239 0.8727

D720



US-12 Wayne Co.

Contractors In Place Density Table

4E10 Mixture

Sublot core#1 Core#2 core#3 Sublot Avg. Lot Avg.

+2% +4% +8% -10%

-25%

salisvidnlscevonsuna

RENRE

3 B

27
28
29
30
N
2
a3
34
35

91.41
§3.91
96.1
94,58
85.1
93.2
93.59
92
95.71

89.17
93.69
94.27
91.684
94.96
94.91
93.41
85.87
93.92

92.52
96.12
92.56
83.28
93.71
81.21
89.76
895.63

93.1

91.033
94.573
94.310
93.233
94.507
93.107
92.253
84.500
94.243

83.55
93.98
93.50
93.54
93.74

93.53

60.00 66.67 60.00 3.00

60.00 60.00 40.00 2.00

1.00

1.00

Specification

STD

Bonus Lots

93.538
1.8298

Bonus Lots

D721



US-12 Wayne Co.

Contractors Mixture Price Adjustment Table 4E10 Mixture
T™D VMA VOIDS
JMF Lot  Abs. JMF~ Lot Abs. JMF Lot Abs.

Sublot| 1538 Avg. Dev. Dev. | 150 Avg. Dev. Dev. | 40 Avg. Dev. Dev.

1 | 1.407 0.6 2.1

2 |o.078 0.8 1

3 €.558 0.37 0.22

4 0.726 0.3 1.1

5 0.601 153,94 0674 0.143| 0.3 15.086 0474 0.086 1 4.244 1,084 0.244

6 0.028 c3 €3

7 | 0.084 0.54 0.73

8 0.015 0.55 0.62

9 0.227 0.33 . 0.59

10 153.76 0.088 0.032 15115 043 0.115 4115 0568 0.115

11 | 0.053 0.44 0.4

12

Specification 0.6 0.6 0.6 06 05 05
Bonus Lots 1 2
Deduct Lots 0 0 0

D722




US-12 Wayne Co.

Contractors Mixture Price Adjustment Table 4E10 Mixture
% A.C. 75um Crushed
JMF Lot  Abs. JMF Lot  Abs. JMF Lot  Abs.

Sublot| 6 Avg. Dev., Dev.| 52 Avg. Dev. Dev. | 99.0 Avg. Dev. Dev.

1 0.6 0.23 1

2 0.04 0.33 1

3 0.25 0.58 1

4 0.31 0.78 1

5 026 5936 0.292 0.064) 0.86 5.532 0.556 0.332 1 100 1 1

6 0.02 0.67 1

7 0.05 0.19 1

8 0 0.04 1

9 0.09 0.82 ) 1

10 6.005 0.04 0.005 5.61 043 0.41 1 100 1 1

1" 0.03 0.26 1

12
Specification 0.3 0.3 0.7 0.7 10 10
Bonus Lots 2 2 2
Deduct Lots 0 0 0.

D723




US-12 Wayne Co.

MDOT Verification Test

Data

4E10 Mixture

Sublot TMD _ BULK AIRVOID VMA _ %AC EM.AC __ VFA Fines/AC
2 246418 23014 5§ 159 6 4.76 0.979

10 2486.35 2371.79 5.9 4.68 1.287
Average 2465.265 2361.60 § 1580 505 47 1.13
STD 5344 13.8664 L e

MDOT Central Lab Test Data

Specification AC PG58-28 AC Used PG58-28 + 10% RAP
Date %AC %AC Orig. Pen Rec. Pen Fines/AC
9/24/1997 5 3.75 120 80 1.387
9/25/1997 110
10/16/97 58 456 100 65 1.294
10/21/97 56 4.36 95 81 1.469
11113/87 101
111797 99
Average 5.47 422 104.17 6B8.67 1.38
STD

0.41633 042181 9.196801 10.01685 0.08753

D724
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Appendi)i D8

QC/QA Test Data
1-275 Monroe Co.
<10 Million ESAL

2E10 and 3E10 Mixtures



FILE 300

. Control Section: IM 58171
5 Job Humber: 34113A

..w" REPORT OF TEST Wix Design No.: 97MD-196
AL - Date: AUGUST 27, 1997
1931 (N9®1) BITUMINOUS MIX DESIGN

Sample Of: BITUMINOUS MIXTURE NO. 2E10 --Recycled
Date Tested:  AUGUST 25, 1997 Specification: 4.00 MOD, 1996 STD. SPECS.
' -MATERIALS USED
- Agg.# ' Material Type Source Percent SP.GR.
. ASPHALT CEMENT PG 58-28 AMOCO ' 1.021
1 COARSE 3/4 CLEAR PIT # 95-05 26.0% :
2 COARSE 3/4X1/2 ' PIT # 95-05 10.0%
3  COARSE _ #8'S PIT # 93-03 27.5%
-4 FINE MFG SAND PIT # 95-10 16.0%
5 RAP YARD 20.0%
6  BREAKDOWN PLANT 0.5%
A MIX DESIGN .
Asphalt @ Optimum= 4.5 Air Voids = 4,0
Density 1b/cu.ft = 155.4% . R
(kg/cu.m) =( 2488.5) V.M.A. = .136;
- Theo.Max. Density= -161.9 o T
{kg/cu.m) =( 2592.8)} V.F.A. = 705

" COMBINED HASTER GRAD.

SIEVE SI2E AGE.#1 AGG.#2 AGG.83 AGG.B4 AGG.#5 AGG.BS  GRADATION RANGE 7.10-2 RESTRICTED ZONE
118  (25.0mm)  100.0 100.0 100.0 100.0 100.0 100.0 100.0 90-100
3/6 14 (19.0mm) ° 61.0 100,00 100.0 100.0 100.0 100.0 . 90 HAX
1/2 1§ (12.5mm) 5.0 -49.0 100.0 100.0. 96.8 100.0 69.6
3/8 1IN ( 9.5mm) 5.0 10.0 $0.0 100.0 - 92.1 100.0 62.0 A
Mo. & (4.75mm) 50 4.6, ITO, 99.0 7.2 100.0 38.0 —39.5_
No. 8 (2.36am) 50 3.2 3.0 &5.0 61.5 100.0 25.8 19-45  268- 30.8
Ho. 16 (1.18mm) 4.0 2.8 2.0 360 49.0 100.0: 17.9 , 18.1-241
No. 30 (600um) 4.0 2.4 2.0 26.0 373 _100.0 3.6 136176
Ho. 50 (300um) - 4.0 2.2 1.5 1.0 260 98.0 9.2 114 ¢
Wo. 100 (150am) = 2.0 2.2 1.0 8.0 13,0 85.0 5.3 o
¥o. 200" (75pm) 2.0 2.0 1.0 4.0 9.6 75.0 3.9 1-7
% SIDE CRUSHRET. 4,75mm . 100/100 100100 100/100 100/100 sa’/és ' ) .99;99' * 60/0 Min.
Materials submitted by: s ST Plant # 02007 —(Contractor Furnished)

RAP CONTAINS 4.6% ASPHALT - 3.6% NEW ASPHALT ADDED TO THE MIXTURE

PG 58-28 GRADE ASPHALT REQUIRED FOR THE PROJECT

* RECOMMENDED FIELD CONTROL DENSITY ' _
_ ANGULARITY INDEXNUMBER =" 46,7~ : ' S , ;

EFFECTIVE SPECIFIC GRAVITY = 2797 R ' '

The bitumen content and aggregate characteristics are based on the submitted material with the gradation and blend ratios !

indicated, Variation in materials or field conditions may require adjustments of this mix design (see T.M.L for form 1911

for field application). This laboratory design is valid for two years from date reported and should not be applied or

adjusted without written approval of the thummous Services Unit. TESTED FOR INFORMATION.

CC: SWLTZ, T. (PE) (2) CONTRACTOR
F1ELD ENGINEER BIT. FILE
TED HANLON 2
D. ANDREVS %) _ . Bituminous Unit - Supervising Engineer



. tontro) Section: IM 58171
- " Job Number: 34113A
REPORT OF TEST Mix Design No.: 97MD-196

Hix Type: 2E10 RP
1931A (N991) BITUMINOUS MIX DESIGN
A.C. BULK BULK MAX T.M.D. AR VMA VFA' FINES/EFF.
BY WT S.G. DENSITY THEO. VoIDS ASPHALT

S.G. RATIO

@ OPTIMUM

4.5 - 2.49

REGRESSION EVERY 0.1% '
35 2.464 153.8 2.636 164.5 6.5 13.6 52.0 1.33

3.6 2.467 153.9 2.632 164.2 6.3 13.6 53.8 1.28
7 2.469 - 154.1 2.628 164.0 6.1 13.6 55.5 1.25
3.8 2472 154.3 2.624 163.7 5.8 136 574 1.21

- 3.9 2474 154.4 2.619 163.4 55 136 59.3 1.17 -
4.0 2476 154.5 2.615 163.2 5.3 13.6 61.0 1.14
4.1 2.479 154.7 2.611 162.9 5.1 13.6 62.9 1.1
4.2 2.482 1549 - 2.607 162.7 4.8 13.6 64.7 1.07
4.3 2.484 155.0 2.602 1624 - 4.5 13.6 66.7 1.05
4.4 2.487 155.2 2.598 1621 4.3 13.6 68.6 1.02
4.5 2.490 155.4 2.594 161.9 4.0 13.6 70.5 0.99
4.6 2.492 155.5 2.590 161.6 3.8 13.6 72.2 0.97
4.7 2.495 155.7 2.586 1614 3.5 13.6 741 0.84
4.8 2.498 155.9 2,581 161.1 3.2 13.6 76.3 0.92
4.9 2.501 156.1 2.577 160.8 29 - 13.6. 7.3 - 0.80 .
5.0 2504  156.2 2.573 .160.6 2.7 13.6 80.2 0.88

SPECIFICATIONS = : . 4% . 13.0 6578 0.6-1.2

- (PG 58-28 —- AMOCO OIL) SP. GR. = 1.021
- EFFECTIVE SPECIFIC GRAVITY = 2.797
BULK AGGREGATE SPECIFIC GRAVITY = 2.752

DESIGN ESAL'S = <10.0

DESIGN TEMPERATURE = 35 degrees C
MIXING TEMPERATURE = 143 degrees C

COMPACTION TEMPERATURE = 135 degrees C

INITIAL GYRATIONS =8 %Gmm =855  SPECIFICATION = 89% MAX.
DESIGN GYRATIONS = 96

MAXIMUM GYRATIONS = 152 %Gmm=97.3  SPECIFICATION = 98% MAX.

Smman e e e e lememn L - ot ek di e o S ——— s



Jichigan Department
of Jransportation
1911 (3/97)

JOB MIX FORMULA (JMF)

BITUMINOUS FIELD COMMUNICATION

GREEN - District

DISTRIBUTION: WHITE - Testing Lab.
This form applies only 10 the project listed below and is not transferable 1o other projects.

YELLOW - Project Engineer

PINK - Inspector

GTt+

' GNTROU SECTION JOB NG, PROJECT ENGINEER BATE EEFECTIVE
/7 58/7/ 324134 7 SHuLTZ. I—5-97
‘onTRACTOR PLANT LOCATION PLANT NO.

Rortu tweS DRO~0 =7
YPE OF MIXTURE |MIX DESIGN NO. VMA % AlR VOIDS % WNSITY \ THEORETICAL MAX, DENSHY
LELO@)F7/WN-1%% | /3.6 vy, 7488, Skm | 2592 8 Yin®
ESTING OPTIOR |MIX DESIGN EFFECTIVE SPECIFIC GRAVITY JPLANT CERTIFICATION DATE] cONTRACTOR'S 0G PLan YES
Ye/4 # 2,797 B~/7-9 7 TO PROJECT ENGINEER % NOD
MIX/AGG. GRADATION, % MIX/AGG. BLEND PROPORTION, %
ITEM PERCENT MATERIAL/PRODUCER " PIT NO. PERCENT
ASPHALT, ¢ P R
S % L5 lgese 2gg %4 Clear 7508 . z2¢. 4
/ :
P 37.5 mm P 3/4_ ¥ /z Fsipne | [0, O
P 25.0 mm /M:O " ™ #5 /5 95_.03 25' O
P 19.0 - f
mm 89.9 |Froe 295 /Vyg Tarne/ IE5=/fo /6. O
P 12.5 mm é ? é
P 9.5 mm éz 0
P 4.75 mm 3 5 O
P 2.36 mm 25’ é
P1.18
mm (7.9 | RECLAMED |7 4 Yorel _20-07 20,0
P 600 gm /5 é FILLER
P 300 ASPHALT
pm 2.4 NI e )57/ 55—,25 3.4
P 150 ot . AWI {Spec.} AW (Actal) 7 ANGULARITY INDZX
m |53 /A - 4.7
TYPE OF TESTING
P 75 pm 79 E’QUALTTY ASSURANCE TESTING [J REGULAR TESTING
DUST. CORRECTION
CRUSHED 7?/?51 [ BATCH PLANT {E’ DRUM PLANT A//‘;?

MARKS: - .
_ZMMM_MMM Y7 7/027 WP BEE -,Q, -

Zﬁmﬁ/ﬁequ‘c'frao/! -7/'&:/.37[/0”

‘b =

4,754,

a/ﬂﬁac'/zﬁzy /fﬂp—— /35 gfgyra_ #/0/75 nt = 8, d’gs/en 95

’Deslﬁn 'llm'mo = 35 ° C'i m.,mm ‘f{smp /43" d

ey =/S57 >

2.3t 8 —30.8 ,

/z ;z f /
-.-.r_[ﬂz ﬁm

47;5-”1”? = 3%.5/

;Jémﬂwg,/—z-ﬂ/j daa?m:-/zc-/zc { dotuym= /.4
AVELLI MIX | jECTO DATE

ignat

?é‘é(?




Michigan Department JOB Mlx FORMULA (JMF)

of Transportation

1911 3/97) BITUMINOUS FIELD COMMUNICATION

DISTRIBUTION: WHITE - Testing Lab. GREEN - District  YELLOW - Project Engineer PINK - Inspector
This form applies only 1o the project listed below and is not transferable to other projects. °

CONTROL SECTION JOB NO. - PROJECT ENGINEER DATE EFFECTIVE
M. 5817/ 34//3 4 7 Seunu Tz 9/ 5/97
CONTRACTOR PLANT LOCATION PLANT NO.
—

7r ?7}// e L AAL. L ES ?aﬁﬂ/LaJ 20-07
TYPE OF MiXTU_RE MIX DESIGN NO. VMA % AIR VOIDS % MARSHALL DENSITY THEORETICAL MAX, DENSITY

££- 7 ?7/’7&—/?4&’7 h) kgim?® kgim?
TESTING OPTION [MIX DESIGN EFFECTIVE SPECIFIC GRAVITY |PLANT CERTIFICATION DATE|CONTRACTOR'S OC PLAN L] YES

TO PROJECT ENGINEER [] Nno

MIX/AGG. GRADATION, % MIX/AGG. BLEND PROPORTION, %
ITEM PERCENT MATERIAL/PRODUCER PITNO. | PERCENT
— = _
w L
ASPHALT, % g, 4] (-

P37.5mm/ Rr&v""w \___4_{
moen AT S 1))
P 19.0 mm \W/ ‘ /

P 12.5 mm /
P 9.5 mm /
P 4.75 mm { ,
i
P 2.36 mm \ |
P 1.18 mm RECLAIMED |
P 600 pm FILLER i
> ‘ !
P 300 ym ASPHALT :
o Do, Der- r52-28 3.4
- AW! {Spec.) AWI (Actual) ANGULARITY INDEX
P 150 ym ‘ .
TYPE OF TESTING
P75 pm ‘ ] QUALITY ASSURANCE TESTING [C] REGULAR TESTING

DUST. CORRECTION

CRUSHED L [0 BATCH PLANT - [J prRuUM pPLANT

REMARKS: o 2 Z . Y s . __7\55#’? é »
M&MM opble 75

2 Lode . e 52~
a///aé: S8-22

TaWe - DATE
f _ _ ?//é’/ﬁ? ~



Michigan Department JOB MIX FORMULA (JMF) \

of Transpontation “w )
1911 (3/37) BITUMINOUS FIELD COMMUNICATION METRIC
DISTRIBUTION: WHITE - Testing Lab. GREEN - District  YELLOW - Project Engineer PINK - Inspector - TMi
This form applies only to the project listed below and is not transferable to other projects.
CONTROL SECTION JOB NO. PROJECT ENGINEER DATE EFFECTIVE
LM 587/ 3434 7. Swuerz 9/24/97
CONTRAC T PLANT LOCATION PLANT NO.
zﬂ(__ﬂ’dh’é‘ L NDuUSTRIES N LS RO—OT
YPE OF MIXTlﬁE MIX DESIGN NO. VMA % AIR VOIDS % | MARSHALL DENSITY,_ 4 |THEORETICAL MAX. DENSITY L)
) . £0 | 2488 Y| 2592 8 wem IV
TESTING OPTION [MIX DESIGN EFFECTIVE SPECIFIC GRAVITY |PLANT CERTIFICATION DATE| cONTRACTOR'S OC PLAN X ves
/L 2,727 B—/F—F7 TO PROJECT ENGINEER [} NO
MIX/AGG. GRADATION, % MIX/AGG. BLEND PROPORTION, %
ITEM PERCENT MATERIAL/PRODUCER PIT NO. ; PERCENT
ASPHALT, % / "y _
45_ @4&4&7 34- ﬂ/aar I15-0 85 [0.0
v “
P 375 mm VRN 7 W) 2505 | 26.0
P 25.0 mm /60,0 5 4 -#—8 le 93— 3 ! Q&ﬁ
P 19.0 m _ﬂ .
m 24, O FLos age Mé—JAM Z5-/0 | [&. D
Pi2.5 mm 74 0
P 9.5 mm é‘s-\ O
P 4.75 mm 4& 0
P 2.36 mm <, é ,
28 : , }
P 1.18 mm ' RECLAIMED i
/7.9 . o> yard _20-07 | 20.0
P 600 pm /3.4 FILLER
P 300 pm ASPHALT 47 A
. 9.2 V0ONL ‘52-28 | B¢
P 150 um AWI (Spec.) / AWI {Actual) ANGULARITY INDEX
TYPE OF TESTING
P75 pm 5 9 B{ QUALITY ASSURANCE TESTING [ REGULAR TESTING
: v DUST. CORRECTION
CRUSHED 49 /qﬁ [J BATCH PLANT 157 bRUM PLANT -

/ - ' | &,
2 ) : 7 . 7
bl 4// {At Z s /I',I_‘, A it - '

4

a7 9 A’J’" /97,
) ’ - a ] 3
sl e P2 52-28 75 m W&g&zg
d A ) i .

e = ' ?,/%, 2L e

TRA




| I-275 Monroe Co.
Contractors Quality Control Testing 2E10 Mixture

Gp =1.021 Gge =2.797 Ggp =2.752 Absorb =0.597

SUBLOT  TMD BULK AIRVOID VFA VMA %AC Eff. AC__ FINE/AC

1 2602.8 247549 4.89 64.82 13.9 4.3 3.73 1.28
2 2575.8 24846 3.54 74.98 14.15 4.95 4.38 1.02
3 2598.28 2492.28 4.08 69.55 .134 4.4 3.84 1.13
4 25854 25248 2.72 77.96 12.34 4.48 3.01 1.12
5 26046 2515.51 3.42 72.53 12.45 4.25 3.68 1.30
6 25075  2489.17 4.01 70.38 13.54 4.44 3.87 1.09
7 26054 24931 4.32 67.40 13.25 4.24 3.67 1.21
8 26064  2493.1 4.32 67.40 13.25 4.24 3.67 1.1
9 26027  2526.7 2.95 7568 1213 4.3 373 1.20
10 26289 2524.8 4 65.64 11.64 3.68 an 1.57
11 26109 24707 5.36 61.30 13.85 4.11 3.54 1.07
12 2602.7 2500.18 3.93 69.82 13.02 4.3 .73 1.21
13 2585.8 2502.57 .21 75.88 13.31 4.7 4.14 0.9

47 :

Average 260124 249045 390  70.26  13.00  4.34 3.77 1.18
STD 124279 185849 07444 4.9672 0.7503° 0.2978 02996  0.1503

D8- 6



Contractors Quality Control Test Data

1-275 Monree Co.

2E10 Mixture

Sublot  75um 150mm 300um 600um 1.18mm 2.38mm 4.75mm 9.5mm 12.5mm_19mm_25mm

47
"48

477
4.46
433
4.39
4.78
423
4.44
4.08
4.47
4.87
3.79
4.52
4,09

6.38
6.17
6.02
6.12
6.49
5.72
6.1
5.6
6.14
6.91
533
6.25
5.81

9.07
8.87
8.78
8.01
9.38
8.1
8.83
8.18
8.96
10.29
7.84
9.08
8.64

12.79.
12.59
12.61
12.86
13.45
11.68
12.64
11.78
12.75
14.86
11.20
12.93
12.58

17.27
17.08
17.03
17.72
18.24
15.91
17.2
16.07
17.04
20.08
15.28
17.63
17.4

25.00
24.89
23.92
25.57,
26.07
22.98
24.68
22.91
2432
28.56
21.86
25.59
25.2

37.50
38.42
35.78
39.32
38.78
34.52
37.36
33.83

36.6
42.77

338

38.7
40.03

68.66
69.42
63.67
66.41
69.13
64.47
66.62
61.99
65.41
60.81
82.45
68.39
88.97

82.28
79.87
77.86
74.39
83.4
79.55
79.02
73.84
75.12
76.72
74.11
78.64
76.53

99.31
96.06
98.56
85.78
80.18
99.2
97.76
98.04
97.33
06.73
88.4
99.33
97.66

100
100
100
100
100
100
100
100
100
100
100
100
100

Average

4.40

6.08

8.85

12.68

17.23

2473

3748 66.57

78.03 67.95

100

" STD 0.3088 0.4071 0.6068 0.8767 1.1708 1.6750 2.6260 2.7501 3.0517 1.2140 0.000

D8 7



I-275 Monroe Co.
Contractors Quality Control test Data 2E10 Mixture

Sublot  Marshall % Gmm % Gm 1 face 2 face
AV. @ Ny at Ny Crushed Crushed

84.7 86.7 89.0
86.0 98.0 98.6
85.5 975 . 99.3
85.7 98.9 87.5
86.2 98.1 97.3
85.3 97.5 89.1
96.6 98.5 100
85.2 97.3 98.7
88.7 98.6 98.9
86.4 97.4 87.8
100

. 100

13 100

NS CONO N A LN

. 47

verage 86.63  97.85 98.94
STD : 34852  0.6867 0.9526

D3- 8



I-275 Monroe Co,

Contractors In Place Density Results 2E10 Mixture
Sublot __Core#1 Core#2 Core#3 SublotAvg. LotAvg. +2% +4% +8% -10% -25%
1 . 9289 8012 9186 91623
2 9297 9346 9273 93.053
3 84.11 92.71 83.37 93.397
4 96.59 93.52 9487 94993 : '
5 84.31 9217 9565 94.043 9342 80.00 53.33 4000 200 1.00
6 93.1 96.61 g2.5 94.070 93.91
7 9234 9435 9213 92.840 93.89
8 9483 98435 9213 93.770 93.96
9 90.7 92,8 9313 92243 93.41
10 9584 91,72 91.77 93.110 8323 53.33 4667 3333 3.00 1.00
1" 9326 8992 9358 92253 92.86
12 93.47 93.2 949 93.857 93.05
13 91.13 9284 9371 92,560 92.80
14 #DIV/Ol 92.95
15 #Div/ot 92.89 4667 4000 2000 200 1.00
16 #DIV/O! 93.21
17 #DIV/O! 92.56
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32 -
33
34
35
36
37
38
39
40
41
42
43
44
45
46
Average 83.2241
STD 1.5561
. Bonus Lots 1 0 0
0 0

Deduct Lots

D8- 9



1-275 Monroe Co.

Contractors Price Incentive and Deduction Table 2E10 Mixture
T™D VMA VOIDS
JMF Lot Abs. JMF Lot  Abs, JMF Lot Abs.
Sublot | 1619 Avg. Dev. Dev. {1368 Avg. Dev. Dev.| 4 Avg. Dev. Dev.
1| 0.51 63 0.89
2] 1147 0.55 0.46
3] 023 0.2 0.08
4 0.05 1.26 1.28
5t 0.63 161.95 0.519 0.051| 1.15 13.248 0.602 0.352| 0.58 3.73 0.658 0.27
6! 0.18 0.08 0.01
7 0.68 0.35 0.32
8. 0.88 0.35 0.32
g 0.51 1.47 1.05
10 2.14 162.73 0.837 0.837] 1.98 12.762 0.838 0.838 1] 3682 0.34 008
1 1.02 0.25 . 1.38
12| 0.51 0.58 0.07
13| 0.55 16262 0.845 0.726{ 020 1270 0.91 0.81] 0.79 3.890 0.654 0.11
14
18
16
17
"18
19
20
21
22
23
24
25
26
27
28
29
30 B
Spec 0.6 0.8 06 06 05 0.5
Bonus L.ots 1 0 1
Deduct Lots - 2 2 0

Dg- 10




1-275 Monroe Co.

Contractors Price Incentive and Deduction Table 2E 10 Mixture
% A.C. 75um Crushed
JMF Lot Abs. JMF Lot Abs. JMF Lot Abs.
Sublot| 45 Avg. Dev. Dev.| 39 Avg. Dev. Dev. | 99 Avg. Dev. Dev.
1 0.2 0.87 0
2] 045 0.56 04
3| 0.09 043 0.3
4 0.02 0.49 1.5
5] 025 4478 020 0022 0.88 4546 0646 0646 1.7 9834 0.78 0.66
6| 0.08 0.33 0.1
71 0.26 0.54 1
8| 0.26 0.16 0.3
9 0.2 0.57 0.1
10f 0.82 418 032 032! 097 4414 0514 0.514 1.2 988 054 04
11| 0.39 0.1 . 1
12 0.2 0.62 1
13| 0.21 422 0368 028 019 4348 0.492 0448 1 9934 086 034
14
15
16
17
18
19
20
21
22
23
24
25
26
27
Spec 0.3 0.3 0.7 0.7 10 10
" Bonus Lots 1 3 3
Deduct Lots - 1 0 0

D8- 11




1-275 Monroe Co.

MDOT Verification Test Data 2E10 Mixture
MDOT 1-275 25mm Volumetics

Sublot TMD BULK AIRVOID VMA %AC EFF. AC FINES/AC VFA

3 25625 2527 4.1 13.8 4.57 3.873 1115 70.280

10 2630.3 2567.1 3.84 11.47 3.67 3.073 1.497 68.521

11 2610 2502 b8 14.3 . 41 3.503 1.279 59441

16 2589.8 2569.8 2.33 12.32 4.6 4.003 1.154 81.088

Average  2605.85 254148 4.0175 12.97 4.24 3.64 1.26 £9.33
LSTD 187144 327961 14217 1.3077 04408 _0.4408 _0.1719  9.0343

MDOT Central Lab Test Data ] 2E10 Mixture

Specification AC PG58-28 AC Used PG52-28 20%RAP

LAB . Fines/AC Eff. AC %AC Oiig. Pen Rec. Pen

0/14/1987 1.688 2.903 3.5 234 66

9/15/1997 1.324 4.003 4.6 228 85
9/16/1997 240

9/18/1997 1.236 3.803 4.4 237 8%

9/19/1907 245 C

012211987 1.485 3.703 4.3 245 78

10/8/1997 38 203 77
10/9/1897 233

Average 1.43 3.60 4.12 233.25 79.00

sTD 0.1987 0.4830 0.4550 13.46689 8.8034

D8- 12



1-275 Monroe Co.
MDOT Verification Test Data 2E10 Mixture

MDOT i-275 25mm Gradation

Sublot 75um 150um 300um 600um 1.18mm 2.35mm 4.75mm 9.5mm 12.5mm 18mm 25mm
3 443 6.12 897 1242 16.76 23.79 38.42 66.34 7781 96,5 100
10 46 674 1033 1473 19.9 27.56 42.07 6642 722 9525 100
11 448 622 904 1235 18.35 22.21 3362 59.18 74.84 98.17 100

16 462 6.7 104 14.89 203 2847 43.03 70.13 83.02 9833 100

Average 4.53 645 060 1360 1833 2543 39.20 ©5.52 76.97 97.06 100.00
_STD 0.0622 0.3206 0.7862_1.4019 _ 20600 2.8927 _4.2670 4.5800 __4.6403 1.4645 0.0000

I
MDOT Central Lab Test Data | 2E 10 Mixture

LAB 75um 150um 300um 600um 1.18mm 2.35mm ‘4?75mm 8.5mm 12.5mm 19mm 25mm

8/14/97 4.9 57 83 1.5 14.8 201 30.7 61.2 778 9875 100
9/15/97 53 6.9 9.8 13.9 184 = 262 426 728 875 978 100

9/18/97 4.7 6.1 8.1 125 16.9 233 3.7 671 827 974 100
9/22/97 55 71 104 13.9 18.5 258 391 659 748 937 100

10/8/97 42 57 83 115 16.3 20.9 332 607 756 971 100
10/9/97 ‘

Average 4.92 6.30 0.12 1266 16.98  23.26 36.46 6554 7068 ©6.64 100.00
STD 0.5119 0.6633 0.8319 1.2033 1.5450 2.7682 4.7046 4.9379 5.3448 1.6887 0.0000

D8- 13



I-275 Monroe Co.

Film Thickness Table 2E10 Mixture
DESIGN PLANT MDOT LAB
Gradation % Pass % Pass % Pass
37.5 100 100 100
25 100 100 100
19 89.9 08 96.6
125 69.6 78 79.7
9.5 62 666 65.5
475 38 37.5 36.5
236 256 247 23.3
1.18 17.9 17.2 17
0.6 136 12.7 12.7
0.3 9.2 8.9 9.1
0.15 53 6.1 6.3
0.075 39 44 . 49
% AC 4.5 4,34 4.1
Film Thick. - 0.00114 0.00102 0.00080

Ds- 14



f
,,ﬂ

..
g
e

lamod S¥'0 03 pasiey (tuw) a2|g aAsg

IS N = m v
- b21]
5'1¢ 0z 06l 05T 058 & & @ & 83
% o0
F o0
 podlgile—
¥ Ui
9 JOQW —— L ooz
oluiany —p—
dr——
. F 008

2
s

e

§ 8
Buissed juaasad

- 002

-+ Dvs
1 ¢oe

w oot .
9Z|5 IS [EUJWON W §Z
W 5Z 182§ SAI|G (FUUION 00/0/1 ‘R
poidiai iuopdusaq : Bhog sumdINY3RY
SDCIL-GLE-) wmUi) QLZ- ey oafoid
sjep | uopepess) ajeBsiBBy




. FILE 300 _
Contro!{ ction: IM 58171
Job Hun 34113A
REPORT OF TEST Mix Des : No.: 97MD-226
Date: OCTOBER 9, 1997
1931 (N9/91) BITUMINOUS MIX DE! 3N
Sample Of: BITUMINOUS MIXTURE NO. JE10 --Recycled
Date Tested: SEPTEMBER 17, 1997 Specificatic : 4.00 MOD, 1996 STD. SPECS.
MATERIALS USED :
Agg.¥ Material Type Source Percent SP.GR.
ASPHALT CEMENT PG 58-28 AMOCO S 1.021
1  COARSE 3/4x1/2 PIT # 95-( T 21,0% '
2  COARSE #8's PIT # 93-C 7 .30.0%
'3 FINE MFG SNAD PIT # 95-1 .2B.5% -
4 RAF YARD 20 0%. .
5  BKDOWN PLANT 0.5%"
MIX DESIGN ’
Asphalt € Optimum= 5.1 Air Voids
Density lb/cu.ft = 154.3~ .
(kg/cu.m} =( 2470.9) V.M.A.'
Theo.Max. Denaity= 160.7 NG
(kg/cu.m) =( 2574.3), L1297
7 , COMBINED  MASTER GRAD.
SIEVE SIZE AGG.#1 ' AGG.W4 AGG.#5  GRADATION RANGE 7.10-2
1IN (25.0mm)  100.0 104 . 100.0  100.0 100.0 100
3/6 IN (19.0mm) 80,0 1oo.o ' 100.0 95.8 90-100
1/2 1N {12.5mm) 6.7 ..~ 100.0 79.8 90 MAX
3/8 IN:( 9.5mm) ke 12:100.0 75.4
SEgl 100.0 49.7
100.0 32.8 23-49
100.0 21.7
100.0 15.9
98.0 10.2
13.0 85.0 6.1
9.6 T75.0 4.2 2-8
83.0 100.0 98.9 Min.
y 25
Natenah:ithmtted by:  AJAX PAVIKG INDUSTRIES, INC. Plent # 120-07

RAP cou;gmls 4.6% ASPHALT -~ 4.2X NEW ASPHALT ADDED TO THE MIXTURE
égb GRADE ASPHALT REQUIRED:FOR THE PROJECT

lrldil:uted. 'Uariltion in materials or field conditions may require adjus

for field appl

- CC: SHULTZ, T.
FI1ELD ENGI
TED HANLOK

ication). This laboratory design is valid for tue yeers f

ted material with the gradation and biend rati
nts of this mix design (see T.H.1. for form 1
® date reported and should not be applied or

1 FOR INFORMATION.

- adjusted without written approval of the Bituminous Services unit. TES
{PE) (2) CONTRACTOR
HEER BIT. FILE
2)
(4>

b. ANDREWS

iDS-lG:

tuminous Unit ~ Supervising Engineer



control s.ction: IM 58171
- . Job Nunber: 34113A
l{bPOAR F OF TEST Hix Design ¥o.: 97MD-226

Mix Type: 3E10 RP
1931A (N9p1)  BITUMINOUS MIX DESIGN
A.C. BULK BULK MAX T.M.D. Al VMA VFA  FINESI/EFF.
BY WT S.G. DENSITY THEO. Vol s o ASPHALT
S.G. AT RATIO
@ OPTIMUM
5.1 2.472 154.3 2.575 160.7
REORESSION EVERY 0.1% SR
4.5 2,447 152.7 2.601 162.3 5.¢ 15.1 60T 1.10
4.6 2.451 152.9 2.596 162.0 5.¢ 15.0 62.8 1.07
4.7 2.455 153.2 2.592 161.7 5.2 15.0 64.7 1.04
4.8 2.459 153.4 2.588 161.5 5. 14.9 66.6 1.02
4.9 2.464 153.8 2.584 161.2 4.€ 14,9 68.7 0.99
5.0 2.468 154.0 2.580 161.0 = 4.3 14,85 70.7 0.97
5.1 2.472 154.3 2.575 160.7 - . -4.0 .14.8 72.9 0.95-
5.2 2.476 154.5 2,571 4804 - 3.7 14.7 74.9 0.93
5.3 2.481 154.8 2,567 - 160.2 3.4 14.6 77.1 0.91
54 - 2485 155.1 2,563 - 159.9 3.0 14.6 79.1 0.89
5.5 2.489 155.3 2.559 . 1597 2.7 14.5 81.2 0.87
5.6 2.493 155.6 2.555 159.4 2.4 14.5 83.2 0.85
5.7 2.498 155.9 2,551 -159.2 2.1 14.4 85.6 0.83
5.8 2.502 156.1 2,547 71589 = 1.8 14.4 87.7 0.82
5.9 B ; : 1.5 14.3 89.8 ~ 0.80
6.0 1.1 14.2 92.3 0.79
SPECIFICATION = 4% 13.0 65-78 0.6-1.2

BULK AGG GATE SPECIFICGRAVSTY 2672 757

COMPACT(ON TEMPERATURE = 135 degrees C
INITIAL GYRATIONS =8  %Gmm = 86.3 SPECIFICATION =8 % MAX.

DESIGN GYRATIONS = 96

'; MAXIMUM GYRATIONS = 152  %Gmm=97.3 SPECIFICATIOl = 98% MAX.

' D8-17




ot BITUMINOUS FIELD COMMUNICATION

DISTRIBUTION: WHITE - Testing Lab.  GREEN - District YELLOW - Project Engineer  PINK - Inspector GOLD - TMi
This form applies only to the project listed below and is not transferable to other projects.

Michigan Department JOB Mlx FORMULA (JMF) O

CONTROL SECTION JOB NG, PROJECT ENGINEER DATE EFEECTIVE
.- - vl . o (L
7075817/ FL//3y o Suiwi oz [O—/[F-57
"CONTRACTOR PLANT LOCATION PLANT NO,
s /,”f)/’/ycr_.(/m/ s TICLES L A Koo V007 15 2o -7
_ YPE OF MIXTURE[MIX DESIGN NO. MA % AIRVOIDS %  |MARSHALL DENsr[EYL 7| THEORETICAL MAX. ﬁwsm
“IEp M) Fopor-dge | JAB 4 2 240.9 Fam | o749 2 ims
TESTING OPTION [MIX DESIGN EFFECTIVE SPECIFIC GRAVITY |PLANT CERTIF cmnom DATE| CONTRACTOR'S OC PLAN YES
/2 &, 8BS E-/G F 7 TO PROJECT ENGINEER {7 no
© MIX/AGG. GRADATION, % MIX/AGG. BLEND PROPORTION, %
ITEM PERCENT MATERIAL/PRODUCER PITNO. | PERCENT
SPHALT, 9 o . -~
P 37:5 mm 7 Fg 72-0% | Jo.o
P 25.0 mm (000 | Loe o ch{ sane/ IS0 | 29, O
P19.0 -
mm 254
P12.5 . —_
o /2.8 £+8= 9 757
P 9.5 mm ; .
75 ool iite Mutns: fa5%c
P 4.75 mm ; /
4‘9,7 ﬂm,\':/w /??ﬁ [ BR° o /,//A":Z(.'?
P 2.36 mm ;
. 51/{/) ;drja/véi s 7 /

P1.18 mm 9/ 7 RECLAIMED 4/ /:'U“C/ g - 7 202. 0
P 600 zm /S, FILLER

oo | gy | st |7 A7 T e | an

- AWI (Spec.) AWI (Actual) ANGULARITY INDE
P 150 pm L./ P // i 2
TYPE OF TESTING
P75 um 4_ 7 Bf QUALITY ASSURANCE TESTING [ ] REGULAR TESTING
DUST. CORRECTION
CRUSHED 9L 7 [] BATCH PLANT K| DRUM PLANT —_—
REMARK & '

‘M‘M/M /%15;2-,26 ,é nat %Mw‘@;z@z

i
. ) , / . - .

2 2 olertd AL A A LW o WA Ve ettt O s A i 2 Al o W W V' 2, (A I ek
v - y V4
__/_J /i-d';,—..rz B ey ,/,/,_1,41,./ el =
J0 4

TRAVELLNG.MIX INSP TOR (TMH - Signature DATE
;M -- DL5/57

D38- 18




I-275 Monroe Co.
Contractors Quality Contro! Test Data 3E10 Mixture

Gy =1.021 Gy =2.805 Gep =2.752 Absorp. =0.701

SUBLOT TMD BULK AIRVOID  VFA VMA %AC Eff AC_ FINE/AC

1 25894  2530.39 2.27 81.48 12.26 4,62 3.85 1.10
2 25881  2521.77 297 75.97 12.36 439 3.72 1.25
3 2602 2523.7 3 7545 1222 4.32 3.65 1.22
4 26143 2511.15 3.94 68.20 12.39 4.03 3.36 117
5 2609.7  2508.09 385 68.37 12.57 4.14 3.47 1.22
6 2608.2 2516.68 3.5 7161 1233 417 3.50 1.27
7 25913 24913 3.85 71.65 13.58 4.58 3.91 - 1.10
8 26074 24854 487 65.25 13.44 4.19 3.52 1.21
9 2586.8 254281 207 82.22 11.64 4.41 3.74 1.22
10 26104  2501.3 4.18 67.45 12.84 4.1 3.44 1.28
1" 260096 24988.30 3.66 71.47 12.83 4.3 3.63 1.10
12 268154 24856 3.68 71.47 12.83 4 3.33 1.23
13 26152 24986 4.46 685.26 12.64 4 3.33 1.20
14 2608.03 2501.85 4.07 68.40 12.88 4.17 3.50 1.21
15 2806.1 2508.6 3.74 70.50 12.68 4.21 3.54 1.32
16 25089  2505.1 3.61 72.12 12.85 4.38 N 1.20
17 2598.7 25048 3.54 72.81 13.02 4,44 3.77 1.13
18 25914  2502.5 3.43 74.03 13.21 4.56 3.89 1.11
19 2600.83 24868 4 60.72 13.21 4.34 3.67 1.1
20 2595.88 2402.56 3.08 70.43 13.46 4.45 3.78 1.17
21 2593.2 250541 34 74.05 13.1 4.52 3.85 1.13
22 2608.03 2501.85 4,07 68.40 12.88 417 3.50 1.21
23 2588.35 2502.93 33 75.19 133 483 3.86 1.05
24 2587.8  2507.58 341 78.62 14.5 4.85 3.98 1.16
25 280542 2507.98 3.74 70.64 12.74 4.23 3.56 1.30
26 282049 246745 5.84 57.711 13.81 3.87 3.20 1.21
%g 2588.63 2512.53 2.84 77.26 12.93 4.63 3.86 1.12
29

30

K) |

a2

33

H

35

36

KT

38

39
40
41
42
43

44

45

46

47 :

Average 2601.85 2504.96 366 7173 12.92 4.32 364 1.19
STD 9.3805 147038 0.7311  5.1379 0.5682 02216 0.2232 0.0888
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1-275 Monroe Co.

Contractors Quality Control Test Data

3E10 Mixture

Sublot  75um 150um 300um 600um 1.18mm 2.36mm 4.75mm 9.5mm 12.5mm 19mm 25mm

1 436 655 1027 1570 2274 33.07 4776 7532 79.88 96.17 100.00
.2 464 687 1063 1597 22Pp4 3428 5369 7823 8121 9622 100
3 445 684 1031 1555 223 33.29 49.73 73985 7832 0328 100
4 394 597 924 1391 2005 2981 4389 7184 769 94690 100
5 422 6.24 9.6 1439 2078 3141 4645 745 7911 9451 100
6 444 6.51 0.9 1476 2141 3265 4063 7627 8041 9481 100
7 431 6.1 897 1285 1757 2574 40 68.24 804 100 100
8 426 587 847 1199 1612 2327 3635 6474 7443 9708 100
9 456 657 984 144 1964 28068 4181 6651 7837 9656 100
10 441 617 906 13.01 1784 2608 4185 6095 8248 97.88 100
" 4 87 86 12.4 17 246 38.1 64.1 75.4 976 100
12 41 5.8 8.6 12.3 16.7 244 382 628 75.2 974 100
13 398 578 8.7 1261 17.04 2416 3852 627 75.03 95987 100
14 425 6.08 8.09 13 17.76 2598 4044 6661 7807 9841 100
15 466 647 939 1328 18.01 25.8 4105 7042 8084 9821 100
16 446 622 902 1278 1744 2539 3017 6828 77.12 9558 100
17 427 6.03 889 1288 1717 2452 3721 6795 79.19 9767 100
18 432 604 875 1232 1652 2328 3551 6365 7291 9903 100
19 406 589 835 1184 1613 2326 3512 6339 7508 9537 100
20 441 &1 8.87 126 1699 2446 3718 669 7755 9511 100
21 435 607 897 1286 1749 2527 37.77 67.87 7496 9585 100
2 425 608 9.00 13 1776 2598 4044 6661 78.07 9841 100
23 414 583 862 1236 1683 2414 3753 66.12 7336 97.03 100
24 46 636 924 1316 1815 2674 4051 69.22 7891 9784 100
25 463 646 942 1337 1837 2727 4417 7422 8229 9658 100
26 3.86 5.39 1.9 11.22 1511 21.97 343 6152 7008 9408 100
.2'27 445 623 913 1314 1818 2655 4122 70.07 7796 9815 100
B .
29
30
k]|
32 -
33
34
35
K]
7
38
39
40
4
42
43
44
45
46
47
Average 431 - 614 915 1324 1830 2672 4095 6860 77.54 96.66 100.00

STD 0.222 0.3394 0.6304 1.1865 2.0992 34416 4.9266 4.5508 3.0137 1.6577
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1-275 Monroe Co.
Contractors Quality Control Test Data 3E10 Mixture

Subiot Marshall % Gmm % Gmm 1 face 2 face
AV. at N at Ny Crushed Crushed FAA

1 08.6
2 08.7
3 A

4 97.9
5 97.4
6 99,8
7 98.3
8 98.6
9 87.6
10 98.4
11 98.9
12 09.4
13 08.9
14 09.1
15 98.8
18 = 87.5
17 98.3
18 | 891
19 08.8
20 98.8
21 8.9
22 89.1
23 . 993
24 98.6
25 99.1
26 99.4
27 09.3
28
29
30
31 ]
32
33
34
35
36
37
38
39
40
41
42
43
a4
45
45
47 .

Average 98.67

STD 0.6106
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1-275 Monroe Co.
Contractors In Place Density Results 3E10 Mixture

Sublot Core#1 Core#2 Core#3 Sublot Avg. LotAvg. +2% +4% +6% -10% -25%

1 93.56 9317 94.13 93.620

2 93.9 96.59 96.4 95.630

3 83.18 9238 98212 92.563

4 91.28 91.06 93.39 91.910 _ :

5 8328 9476 9194 93.327 93.41 68.67 ©66.67 40.00 3.00 0.00
6 9543 9316  93.58 84.057 93.50

7 81.13 9284 9371 93.280 92.88

8 93.74 9169 93.05 - 92827 92.94

9 9146 9343 9249 92.460 83.05

10 9163 98516 93.76 93.517 93.08 66,67 60.00 40.00 4.00 0.00
11 9227 9422 93.88 93.457 92.86

12 8149 9427 93.34 93.033 93.06

13 84.01 9248 = 9261 93.027 93.10 :

14 9345 9188 9265 92.653 83.14 86.67 53.33 4000 3.00 0.00
15 #DIV/O! 83.04

16 #DIV/O 92.90

17 #DIV/0! 92.84

18 #DIV/O! 92,65

19 #DIVIO!  #DIV/O!

20 #DIV/0O!  #DIV/O! 0.00 000 0.00

21 #DIV/O!  #DIV/O!

22 #OIV/OF  #DIV/O!

23 #DIV/O!  #DIV/O!

24 #DIV/O!  #DIV/O!

25 #DIViol  #DIiv/o!  0.00 0.00 0.00

47

Average - 93.1885
STD 1.30796
Bonus Lots ' 0 0 0

Deduct Lots - ' 1 0
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1-275 Monroe Co.

Contractors Mixture Price Adjustments Table 3E10
TMD VMA VOIDS
JMF Lot Abs. JMF Lot Abs, JMF Lot  Abs,
Sublot | 160.7 Avg. Dev. Dev.| 148 Avg. Dev. Dev. 4 Avg. Dev. Dev.
1 0.8785 2.54 ' 1.73
2 1.4838 244 1.03
3 1.6648 2.58 1
4 24323 2.41 0.08
5 24452 16242 1.72 172 ] 223 12368 244 244 0.15 | 3.206 0.794 0.794
8 2.0516 2.47 0.5
7 0.9971 1.22 0.18
8 2.0017 1.36 0.67
9 1.3403 3.16 1.83
10 (21889 16241 1.1 1.71 | 1.96 12766 2.034 2034 0.18 | 3.654 0.686 0.346
1 1.5998 1.97 . 0.34
12 | 2.5009 197 0.34
13 | 2.4084 1.98 0.46
14 [ 2.0410 1.92 0.07
15 |1.8206 162.81 211 211 | 212 12812 1.988 1988 0.26 | 3.818 0.204 0.082
16 14713 1.85 0.39
17 1.3340 1.78 0.48
18 11.0033 1.59 0.57
19 1.5917 1.59 0
20 1.2829 162.03 1.33 133} 134 1317 163 163 0.02 | 3.712 0.288 0.288
21 1.1156 1.7 0.8
22 | 2.0410 1.92 0.07
23 0.8130 1.5 0.7
24 0.7787 0.3 0.9
25 1.8782 162.02 206 13304 0.26 | 3.522
26 28185 0.99 1.84
;zg; 0.8305 16212 1.42 1.42| 187 13456 1.344 1344 106 | 3.784 0.952 0.218
SPEC 06 06 068 06 05 05
Bonus 0 0 2
_ Deduct 5 5 1
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I-275 Monroe Co.

Contractors Price Adjustment Table 3E10
% A.C. T5um Crushed
JMF Lot  Abs. JMF Lot Abs. JMF Lot Abs.
Sublot | 51 Avg. Dev. Dev.| 42 Avg Dev. Dev. | 989 Avg. Dev. Dev.
1 0.48 0.18 03
2 0.71 0.44 . 0.2
3 |o078 0.25 | 12
4 1.07 0.26 1
5 0.96 43 08 08 (002 4322 0226 0.122 1.5 98.06 = 0.84 0.84
6 0.93 0.24 0.7
7 0.52 0.11 06
8 0.1 0.06 0.3
9 0.69 0.36 1.3
10 099 4.292 0808 0.808| 0.21 4396 0186 0198 | 05 98.5 0.68 0.4
11 0.8 0.2 . 0
12 11 0.1 0.5
13 1.1 0.22 . 0
14 0.93 0.05 : 0.2
15 089 4136 0954 0.964) 046 4198 0206 0.002 | 0.1 9902 018 0.2
16 0.72 0.26 14
17 0.66 0.07 0.6
18 0.54 0.12 02
19 0.76 0.14 0.1
20 065 4434 0666 06668| 0.21 4304 016 0.104 | 0.1 8.5 0.48 0.4
21 0.58 0.15 0
22 0.93 0.05 0.2
23 0.47 0.08 0.4
24 0.45 04 0.3
25 087 444 0.43 4.394 0.2 99
26 1.23 0.34 0.5

27 0:47 4402 0698 0.698| 0.25 4.338 0.206 0.136 0:4 9914 036 024

SPEC 03 03 ' 07 07 ‘ 10 10

Bonus 0 5 ’ 5
Deduct - 5 0 0
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I-275 Monroe Co.

MDOT Verification Test Data 3E10 Mixture
Sublot TMD BULK %AC - Eff. AC Fines/AC
2 2602.6 2560.6 4.45 3.749 1.216
1 2608.02 2530 419 3.480 1.253
8 2604.3 2521 432 3.619 1.119
Average 2604.973 2537.20 432 3.62 1.20
____ 27720 207586 0.1300 - 0.1300 _ _ 0.0680

MDOT Central Lab Test Data 3E10 Muxture
Specification AC PG58-28 AC Used PG52-28 20% RAP
LAB %AC Orig. Pen Rec. Pen
10/13/1997 4.7 78
10/14/1997 _ 201
10/15/1997 48 210 78
10/17/1997 245
10/18/1997 4.1 244 79
10/24/1997 4 249 80
10/16/1997 N 49 244 69
Average 450 23217 76.80
STD 0.4183 20.9324 44385
‘MIN _ 69
MAX 80
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1-275 Monroe Co.
MDOT Verification Test Data 3E10 Mixture

Sublot  75um 150um 300um 600um 1.18mm 2.35mm 4.75mm 9.5mm 12.5mm 18mm 25mm
2 4568 672 1087 1558 2217 324 5028 7384 7799 9377 100
11 437 624 942 1311 1789 25.9 4187 692 77.85 9797 100
8 405 575 868 1203 1617 2246 3468 63.77 7572 9842 100

Average 4.33 6.24 950 1357 18.74 2602 4228 6884 7749 96.72 100.00
_STD __0.2577 04850 1.0058 1.8198 3.0807 5.0479 7.8079 5.0402 1.2721 2.5647 0.0000

MDOT Central Lab Test Data

LAB  75um_ 150um 300um 600um 1.18mm 2.35mm 4.74mm 9.5mm 12.5mm 19mm 25mm

10/13/97 4.8 6.5 10.8 16 2.5 324 43.4 70.2 82.3 883 100

10/14/87

1015087 5 7 10.3 14.6 19.9 20 47.4 78.3 887 98.1 100

10/17/97

10/18/97 4.3 5.9 8.9 12.7 171 23.6 38.3 651 80.4 97 100

10/24/97 4.7 6.5 8.5 13.3 19 24.9 406 667 755 87.2 100
‘1016/97 4.7 6.5 10 14.7 20 21.7 434 70.2 849 9.3 100

Average 4.70 6.48 l9.90 1426 18.70 27.52 4262 70.10 8236 97.58 100.00
STD 02549 €48 07314 1.2034 19508 3.4737 3.4208 5.0946 4.9384 1.1562 O

D8-26



I-275 Monroe Co.

Film Thickness Table 3E10 Mixture
DESIGN PLANT MDOT LAB
Gradation % Pass % Pass % Pass
37.5 100 100 100
25 100 100 100
19 95.8 96.7 97.6
12.5 79.8 77.5 824
9.5 75.4 68.6 70.1
4.75 49.7 41 426
2.36 32.8 26.7 27.5
1.18 21.7 18.3 19.7
0.6 15.9 13.2 14.3
0.3 10.2 9.2 9.9
0.15 8.1 6.1 6.5
0.075 42 4.3 4.7
% AC 5.1 4.32 4.5
Fiim Thick. 0.00115 0.00098 0.00095
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Appendix D9

MDOT Central Lab
PG Binder Test Data



PG 46-34

D91

PG46-34 PG46-34 Recovered .
| Orig. RTFQO PAV PAV Rec.
Lab.No. | DSR DSR DSR  Stifmess M DSR DSR  stHiness m Pen
29 1.34 3 3725 154 0.336
1147 1.47 345 3607 198 0.339
-1807 1.62 3.84 4846 228 . 0.317
59 1.32 3.02 3566 204 0.358
338 275 5602 261 0.302
359 2.9 6986 336 0.20
400 2.54 6.07 5518 278 0.3
658 2.51 6.13 5163 275 0.3
763 1.78 3.61 4570 232 0.321
Average 2.026 4160 4843 245111 0.318
Spec. 1.0 Min. 2.2 Min. 5000 Max 300 M=x¢. .300 Min
sSTD 0.641 1.359 1129.7 46.737 0.023
MAX 29 6.13 6986 336 0.358
MIN 1.32 3 3566 194 0.29
P(G46-34 with RAP to meet aP(G46-34
1147 464 6665 253 0.3
659 9.98 7043 320 0.285
763 8.24 89126 343 0.259
Average 761 7611.33 305.33 0.28
STD 274 132528 46.76 0.02
MAX .98 9126 343 0.3
MIN 4.61 6665 253 0.25%




PG 52-34

Dg-2

PG52-34 -} PG52-34 Recovered
Onig. RTFO PAV PAV Rec.
L= No. | PSR DSR DSR  Stffness m DSR DSR  stiffiness m Pen
126 0.95 2.3 3274 213 0.324
127 1.57 3.34 2053 195 0.324
86 0.92 1.92 4862 248 0.31
218 1.01 2.31 5227 310 0.29
80 1.16 2.87 3097 291 0.304
215 1.38 3.32 3818 286 0.3
27 1.36 3.25 3577 365 0.265
116 1 2.44 3339 258 0.332
471 1.22 2.01 3438 314 0.302
Average  1.174  2.740 3832 275556 0.306
Spec.  1.0Min. 2.2Min. 5000 Max 300 Max. .300 Min
STD 0226 0518 7568 53.012  0.020
MAX 1,57 3.34 5227 365 0.332
MIN 0.92 1.92 2953 195 0.265




PG 52-28

‘PG52-28
Ong.  RIFO PAV PAV Rec.
Lab. No. | DSR DSR DSR Stiffness M DSR DSR stiffness m Pen
30 1.16 2.03 2932 152 0.367
714 1.24 2.83 3260 146 0.378
825 1.36 315 2725 162 0386 | 255 3358 143 0.353 123
‘707 1.29 3.36 3226 136 0354 | 228 3938 136 034 105
878 1.32 3.73 2675 148 0356 | 230 3234 141 0.362 116
1320 1.28 2.04 2928 144 0.35 2.37 2555 132 0.363 125
1231 1.67 3.86 3528 168 0.334 | 4.92 4845 170 0324 77
115 1.62 4 2563 126 0.383
478 1.54 3.59 2567 157 0.36
501 1.55 371 2696 152 0.358 3.1 3383 134 0.362
634 1.65 3.07 3218 141 0368 | 281 2955 130 0.385 109
864 1.66 3.84 3122 144 0.376 '
53 1.50 393 4858 195 0.312
214 1.49 3.57 123 . 0.385
3g1 1.89 469 4945 228 0.313
407 1.99 4.86 5851 197 0.325
482 1.91 4.46 4665 198 0.323
485 1.97 472 4883 190 0.324
903 2.45 6.13 4949 202 - 0316 | 5.81 5895 207 0308 78
1198 1.44 3.27 3842 208 0.322
Average 1.609  3.877 3554  165.850 0.350 | 3.331 3326 14812 0.350 104.71
Spec. 1.0Min, 2.2 Min. 5000 Max 300 Max. .300 Min 65-135
STD 0322 0796 900545 30.318 0024 | 123 17068 26589 0025 19.88
MAX 2.45 6.13 5651 228 0385 | 561 5895 207 0.385 125
MiN 1.16 2.83 2563 123 0313 | 237 3383 130 0308 77
PG 52-28 with RAP to meet a PG52-28
714 3.51 4478 168 0.334
475 488 4577 181 0.338 77
477 3.88 4118 170 0.35 89
407 5.27 5422 239 0.288 70
PG46-34 with RAP to meet & PG52-28
1807 263 3449 133 0.358
338 3.72 4396 194 0.306 &2
Average 4036 4302 183.4 033 795
STD 1.005 717.734  38.501 0.027 8.021
MAX 5.27 5422 239 0.358 89
MIN 2.63 3449 133 0298 70
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PG 58-28

PG58-28 ) PG58-28 Recovered
Orig. | RTFO PAV PAV Rec. |

Lab. No. | DSR DSR DSR  Stiffness M DSR DSR stiffnress m Pen ‘
31 1.02 258 3704 248 0.31
791 1.41 3.39 4057 272 0.311 2.65 4550 218 0326 96
793 1.14 267 4559 243 0.314 1.05 4082 213 0.308 81
433 1.19 2.85 2881 227 0.316 24 2474 223 02317 75
1464 1.38 325 4589 246 0.298 '

28 1.2 3.56 3431 188 0.320

297 1.41 3.81 4447 216 0.312

117 1.54 3.83 3789 224 0.315

737 1.41 3.55 4615 222 0.323 2.69 2463 252 0321 73
857 1.12 2.64 3379 203 0.318 2.91 2812 206 032 85
67 0.91 2.38 3835 231 0.304

219 0.96 2.32 3363 214 0.304

05 1.42 3.94 5085 286 0.302

55 1.29 3.21 3818 261 0.307

216 1.35 346 3627 212 0.312

436 1.24 2.97 4314 280 0.206 233 3853 280 0305 86
769 1.36 3.1 5627 196 0.301 269 6042 284  0.271

1200 2,57 6517 296 0272 60
1209 2.31 3912 256 0209 73
Average 1256  3.148 4067 233471 0310 2.500 4078 247.556 0.304 78.625
Spec. 1.0Min. 22Min. 5000 Max 300 Max. .300 Min 55-115
STD 0180 0515 686467 26983  0.009 0.284 1453048 33942 0.020 10.862
MAX 1.54 3.94 5627 286 0.329 2.91 6517 206 0.326 96
MiIN 0.91 2.32 2881 188 0296 }_ 195 2463 206 0271 60

PG52-28 with RAP to meet a PG58-28

478 2.46 3585 228 0.317 74
864 1.72 3064 170 0.331

482 ' s.02 4222 268 0.276 60
Average 24 3624 222 0.308 67
STD . ‘ 0652 579968 49275 0.029 ©.899
MAX 3.02 4222 268 0.331 74
MIN _ 1.72 3064 170 0.276 60
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PG 58-22

D9-5

PG5822 o PG58-22 Recovered ‘
Orig. RTFO PAV PAV PAV PAV | Rec.
Lab. No. { DSR DSR DSR  Stfiness m DSR | DSR  stiffness m Pen
750 1.51 3.66 4121 120 0.358 | 3.02 3150 128 0.354 70
751 1.42 37 3406 136 0362 | 287 4216 138 0.346 67
523 1.55 3.57 2023 142 0338 | 348 3067 122 036 57
323 1.2 2.95 4457 140 0328 | 259 4356 138 0.321 82
424 1.16 2.77
895 1.38 3.36 3655 144 0.344 247 3497 140 0.352
976 3.2 3330 131 0.364 61
Average  1.370  3.335 3730 . 13640 0346 | 2.038 3604  132.833 0.350 63,40
Spec. 1.0 Min. 22Min. 5000 Max 300 Max. .300 Min 65-135
STD 0160 0380 580135 9633 0014 | 0378 550674 7.055 0.015 5128
MAX 1.55 37 4457 144 0362 | 348 4356 140 0384 70
MIN 1.16 2.77 2023 120 0328 | 247 3067 122 0321 57
PG58-22 with RAP fo meet a PG56-22
381 3.34 126 0.346 62
400 3.89 4067 171 0.324 87
1198 1.89 3881 151 0.327 89
Average 3.07 397400 149.33 033 79.93
STD 098 13152 2255 0.01 1504
MAX 3.89 4067 171 0.346 89
MIN 1.89 3881 126 0324 62




PG 64-28

D9-6

1.83

PG64-28 PG64-28 Recovered
Orig. | RTFO PAV : . PAV Rec.
Lab.No. | DSR | DSR | DSR - Sifiness M | DSR | DSR stifiness m | Pen
32 102 23 2835 220 03
1626 112 334 2764 168 0.267 | 425 2177 164 0287 42
1620 0.9 277 2331 108 027 | 396 3395 173 0263 44
2320 144 363 2017 241 021 | 226 3075 175 0.287 54
524 105 258 3695 244 0283 | 21 2283 189 0315 64
1233 112 275 2094 266 0279 | 211 3048 240 0.294 60
1235  1.00 234 3694 258 0292 | 223 2840 248. 0.292 61
1384 117 279 3474 288 0.283 | 248 3311 253 0.282 GO
1385 115 284 2704 307 0275 2 2676 248 0.284 60
1386 116 267 3406 263  0.278
1485 122 28 2038 234 0286 ] 239 2509 . 229 0303 66
2430 115 281 3080 - 158 0.274 | -
119 086 248 3620 236  0.304
2318 112 283 2791 248 0295 | 183 2270 310 0273 68
2319 1.1 201 3055 289  0.29 2 3311 210 031 65
57 2 405 2357 210 0307 | 328 3044 260 0279 49
911 092 205 2528 211  0302| 23 3330 . 206 0312 53
920 114 25 2005 212 0314 | 222 2231 210 031 &7
954 119 268 1753 233 0.304
955 119 260 2250 224 03
1080 149 273 2583 200 0.313
1042 122 28 2856 215  0.294
1043 121 284 2550 204  0.306
1068 124 273 3011 219  0.305
1079 125 275 3350 203 0.317
1365 139 309 2842 219 0296 |
1366 137 303 3685 227  0.295
1367 14 3 3543 231 0.307
1494 139 301 3111 246  0.29
1496 118 26 2401 206  0.308
1497 12 264 2423 206  0.302
1488 115 257 2235 184  0.306
1489 119 261 1814 204  0.307
1500 119 25 2448 205  0.309
1501 119 256 27861 208  0.307 _
1246 285 2739 190 0.269 40
1247 336 3022 200 0.264 42
1838 364 2047 178 0278 45
. Average 1.181 2769 2848 222371 0.296 | 26851 2838 21700 0287 5412
Spec.  1.0Min. 2.2Min. 5000 Max 300 Max .300 Min 65-135
STD 0182 0359 508206 36600 0.014 | 0753 41581 38519 0019 8.936
MAX 2 405 3605 307 0317 | 425 3395 310 0315 68
MIN 09 205 1753 106  0.267 2177 164 0257 40




PG 64-28 From RAP

PAV
DSR DSR Stifiness m

L PG58-28 with RAP to meet a PG64-28
1705 349 3004 258 . 03
- 2136 3.93 30099 275 0.287
2153 228 3409 273 0.289

: PG64-28 with RAP to meet a PG64-28
912 235 2649 207 0.29
' 920 - 255 2936 241 0.288
954 . 2.51 3739 211 0.3
955 2.55 3760 255 0.287
1080 249 2259 223 0.297
1043 _ 286 2937 244 0.293
1365 315 2053 240 0.302
1367 299 2795 253 0.279
1494 29 4728 246 0.284
1495 278 2737 271  0.293
1497 232 2609 248 0.289
1498 249 3733 226 0.301
1500 256 3733 231 0.297
Average . 2714 3145 242933 0.292
STD 0.423 701.373 20.964 0.007
MAX 3.93 4728 275 0.302
MIN ' 228 2053 207 0.279
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