(2360) PLANT MIXED ASPHALT PAVEMENT
Combined 2360/2350 (Gyratory/M ar shall Design) Specification
For 2004 Construction Season

This Specification requires the Contractor to provide a mix that complieswith all of the design,
production, and placement requirements of the specification. The Department does not make any guaranty or
warranty, either express or implied, that compliance with one part of this specification guarantees that the Contractor
will meet the other aspects of the specification.

Al Sectionstitled 2360 also apply to 2350.
2360.1 DESCRIPTION

Thiswaork consists of the construction of one or more pavement courses of hot plant mixed
asphalt-aggregate mixture on the approved prepared foundation, base course or existing surface in accordance with
the specifications and in conformity with the lines, grades, thicknesses and typical cross sections shown on the plans
or established by the Engineer. Mixture design will be either 2360 or 2350 (gyratory or Marshall) as described in
the Special Provisions through the mixture designation.

A Mixture Designations
Mixture designations for asphalt mixtures contain the following information:

() Thefirst two letters indicate the mixture design type:
SP = Gyratory Mixture Design
LV = Marshall Mixture Design— Low Volume, 50 blow
MV = Marshall Mixture Design— Medium Volume, 50 blow
SM = Gyratory Mixture Design for Stone Matrix Asphalt (SMA)

(2 Thethird and fourth lettersindicate the course:
WE = Wearing and Shoulder Wearing Course
NW = Non-Wearing Course

3) Thefifth letter or number indicates the maximum aggregate size*:

A or4=125mm[1/2inch], SP 9.5 mm [3/8 inch]**
B or 3=19.0mm [3/4inch], SP 12.5 mm [1/2 inch]**
Cor2=25.0mm|[1linch], SP19.0 mm[3/4inch]**

5= 9.5mm [3/8inch], 4.75 mm [#4] nominal size (Marshall design only)
E = See provision for SMA design
* etter is used in gyratory designation; number is used in Marshall designation
** Nominal maximum aggregate size

4 For Gyratory Design:
The sixth digit indicates the Traffic Level (ESAL’s x 10°)
The requirements for gyratory mixturesin this specification are based on the 20-year design traffic
level of the Project expressed in Equivalent Single Axle Loads (ESAL’s). Thefivetraffic levels
are shown below in Table 2360.1-A.
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Table 2360.1-A

Traffic Levels
Traffic Level 20 Year Design ESAL’s (1 x 10° ESAL’s)
2! <1
3 1to<3
4 3to<10
5 10to< 30
6 SMA

1-- (AADT # 2300)
2-- (2300< AADT <6000)

For Marshall Design:
The sixth and seventh digit indicate the Marshall design blows:
50 blow design for both LV and MV mixtures

Thelast two digitsindicate the air void regquirement:
40 = 4.0% for SP and SM Wear mixtures
35=3.5% for MV Wear and Non-Wear
30 =3.0% for LV Wear and Non-Wear and SP Non-Wear and Shoulder

The letter at the end of the mixture designation identifies the asphalt binder grade:
A =PG52-34
B = PG 5828
C=PG5834
D = PG 5840
E = PG 64-28
F=PG 64-34
G =PG 6440
H=PG 70-28
| =PG 70-34
L = PG 64-22

Ex: Gyratory Mixture Designation -- SPWEB540E (Design Type, Lift, Agg Size, Traffic Level, Voids, Binder)
Ex: Marshall Mixture Designation— LVWE35030B (Mix Type, Lift, Agg Size, Marshall blows, Voids, Binder)
Ex: SMA Mixture Designation -- SMWEE640H (Design Type, Lift, Agg Size, Traffic Level, Voids, Binder)

B

2360.2

Al

Minimum Lift thickness
Minimum paving lift thickness will be based on maximum aggregate size:

Aggregate Size A, 4*; B, 3*: Minimum Lift thickness = 40 mm [1 % inch]
Aggregate Size 5*: Minimum Lift thickness = 20 mm [3/4 inch]
Aggregate Size C, 2* (for non-wear only):  Minimum Lift thickness = 65 mm [2 %2inch]
* Marshall designation

MATERIALS

Aqggregate

General

The aggregate shall consist of sound, durable particles of gravel and sand, crushed stone and sand,

or combinations thereof. It shall be free of objectionable matter such as metal, glass, wood, plastic, brick, rubber,
and any other material having similar characteristics. Coarse aggregate shall be free from coatings of clay and silt to
the satisfaction of the Engineer.
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The Contractor shall not compensate for the lack of fines by adding soil materials such as clay,
loam, or silt. Overburden shall not be blended into the asphalt aggregate.

Each different material (source, class, kind, or size) shall be fed at auniform rate from its storage
unit. Anindividual source, class, type, or size of material shall not be stockpile blended with another source, class,
type or size of material.

A2 Classification

The aggregate shall conform to one of the following classifications. The class of aggregate to be
used shall be the Contractor’ s option unless otherwise specified in the Contract.

A2a ClassA

Class A aggregate shall consist of crushed igneous bedrock (specifically; basalt, gabbro, granite,
rhyolite, diorite and andosite) and rock from the Sioux Quartzite Formation. Other igneous or metamorphic rock
may be used with specific approval of the Engineer. Class A materials may contain no more than 4.0% non-Class A
aggregate. Thisrecognizesthe fact that some quarries may contain small pockets of non-Class A material within
that source. Intentional blending or addition of non-Class A material is strictly prohibited!

A2b ClassB

Class B aggregate shall consist of crushed rock from all other bedrock sources such ascarbonate
and metamorphic rocks. (gneiss or schist)

A2c ClassC

Class C aggregate shall consist of natural or partly crushed natural gravel obtained from a natural
gravel deposit.

A2d ClassD

Class D aggregate shall consist of 100 percent crushed natural gravel. The crushed gravel shall be
produced from material retained on a square mesh sieve having an opening at least twice aslarge as the
Specification permits for the maximum size of the aggregate in the composite asphalt mixture. The amount of
carryover (material finer than) the selected screen shall not exceed ten percent.

A2e Class E

Class E aggregate shall consist of amixture of any two or more of the above classes of approved
agoregate (A, B, and D). The use of Class E aggregate, as well asthe relative proportions of the different
constituent aggregates, shall be subject to the approval of the Engineer. The relative proportions of the constituent
aggregates shall be accurately controlled either by the use of ablending belt approved by the Engineer prior to
production or by separately weighing each aggregate during batching operations.

A2f Steel Slag

Steel slag may not exceed 25 percent of the mass of the total aggregate. Stockpileswill be
accepted for useif the total expansion, determined by ASTM D4792, is less than 0.50%.

A2g Taconite Tailings (TT)
Taconite tailings shall be obtained from ore that is mined westerly of a north-south line located

east of Biwabik, Mn (R15W-R16W); except that taconite tailings from ore mined in southwestern Wisconsin will
also be permitted for use.
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Approved taconite tailing sources are on file with the Department Bituminous Engineer.
A2h Scrap Asphalt Shingles

Scrap asphalt shingles may be included in both wear and non-wear courses to a maximum of 5
percent of the total weight of mixture. Only scrap asphalt shingles from manufacturing waste are suitable. The
percentage of scrap shingles used will be considered part of the maximum allowable RAP percentage. Refer to
Section 2360.2 G1 to select avirgin asphalt binder grade (use requirements for > 20% RAP, regardless of total
RAP/shingle percentage). Scrap Shingle Specifications are on file in the Bituminous Office.

A2i Crushed Concrete and Salvaged Aggregate

Crushed concrete is allowed as an aggregate source for up to 50 percent of the aggregatein
non-wear mixtures. Crushed concrete is not allowed in wearing courses.

Salvaged aggregate is allowed as an aggregate source for up to 100 percent of the aggregate in
wear and non-wear mixtures. All salvaged aggregate shall be stockpiled uniformly to limit variation in mixture
properties. Salvaged aggregates shall meet quality and crushing requirements as specified herein.

A2j Waste Incinerator Ash (WIA)

Waste incinerator ash is allowed as an aggregate source in both wear and non-wear coursesto a
maximum of 5 percent of the total weight of mixture. Only WIA that meetsthe Tier || hazard evaluation criteria as
approved by Mn/DOT's Office of Environmental Services, Environmental Analysis Section, will be allowed for use
in the mixture.

Approved waste incinerator ash sources are on file with the Department Bituminous Engineer.
A3 Recycled Asphaltic Pavement Materials (RAP)

The combined RAP and virgin aggregate shall meet the composite fine aggregate angularity or
calculated crushed requirements (both coarse and fine aggregate) for the mixture being produced (cal culated crushed
allowed for Marshall design only). RAP containing any objectionable material, i.e., road tar, metal, glass, wood,
plastic, brick, fabric, or any other objectionable material having similar characteristics will not be permitted for use
in the asphalt pavement mixture.

Asphalt binder content in the RAP shall be determined according to Mn/DOT Lab Manual Method
1851 or 1852.

B Manufactured Crushed Fines (-4 material)

All Class A, B, D, and E material that passes the 4.75 mm [#4] screen will be considered as
crushed fines.

Manufactured Crushed Fines (-4 material) from Class C Aggregate. Produce manufactured
crushed fines (-4 material) from a gravel source by passing the gravel over a selected screen, 9.5 mm [3/8 inch] or
larger, prior to mechanical crushing. The material which passes the 9.5 mm [3/8 inch] screen shall not be
incorporated into the manufactured crushed fines but may be used asit qualifies for natural sand. The amount of
carryover (material finer than) the selected screen shall not exceed ten percent.

The material retained on the 9.5 mm [3/8 inch] screen shall be crushed. The material that passes

the 4.75 mm [#4] screen, after crushing, will be considered as 100% crushed fines. Material retained on the 4.75
mm [#4] screen after crushing will not be counted as +4 crushing until tested.
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C Quality Requirements

C1 LOS ANQEIES RALLIEr TESL.....ceeiereeceeecireieeieier e AASHTO T96
The Los Angeles Rattler 1oss on the coarse aggregate fraction (material retained on the 4.75 mm

[#4] sieve shall not exceed 40 percent for any individual source used within the mix. An aggregate proportion

which passes the 4.75 mm [#4] sieve and exceeds 40 percent LA R loss on the coarse aggregate fraction is prohibited

from usein the mixture.

c2 Soundness (M agneSium SUITALE) ..o sssssesens AASHTO T104

The magnesium sulfate soundness loss at 5 cycles on the coarse aggregate fraction (material
retained on the 4.75 mm [#4]) shall not exceed the following for any individual source used within the mix: *

a) No more than 14 % loss on the 19 mm [3/4 inch] to 12.5 mm [1/2 inch] and larger fractions.

b) No more than 18% loss on the 12.5 mm [1/2 inch] to 9.5 mm [3/8 inch] fraction.

C) No more than 23% loss on the 9.5 mm [3/8 inch] to 4.75 mm [#4] fraction.

d) No more than 18% for the composite loss. (Appliesonly if all three size fractions are tested).

* 1) If the composite requirement is met but one or more individual components do not, the source may

be accepted if no individual component is more than 110% of the requirement for that component.

2) If each individual component requirement is met but the composite does not, the source may be
accepted if the composite is no greater than 110% of the requirement.

An aggregate proportion which passes the 4.75 mm [#4] sieve and exceeds the reguirements listed
above on the coarse aggregate fraction is prohibited from use in the mixture.

C3 Spall Materials and LUMPS ..o Mn/DOT Laboratory Manual

Spall isdefined as shale, iron oxide, unsound cherts, pyrite, highly weathered and/or soft phyllite
and argillite (may be scratched with a brass pencil), and other materials having similar characteristics.

Lumps are defined as |oosely bonded aggregations and clayey masses. |If the percent of lumps
measured in the stockpile or cold feed exceed the values listed below, asphalt production shall cease and compliance
shall be determined by dry batching. This procedure may be repeated at any time at the discretion of the Engineer.

Maximum limits for Spall and lumps, expressed as percentages by mass, are listed in
Table 2360.3-B2a.

C4 INSOlUDIE RESIAUE TESL......cvicrrreercerireesree e Mn/DOT Laboratory Manual

If Class B carbonate material is used in the mix, the minus 0.075 mm [#200] sieve size portion of
the insoluble residue shall not exceed 10 percent.

D Aggregate Restrictions

Class B carbonate aggregate restrictions are specified in Table 2360.3-B2a.
E Gradation Requirement

The coarse and fine aggregate shall be combinedin such proportions to produce an asphalt
mixture meeting all of the requirements defined in this specification and shall conform to the gradation as defined in

Table 2360.2-E. Gradation testing shall be conducted in accordance with AASHTO T-11 (-0.075 mm [-#200] wash)
and T-27.
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Table 2360.2-E
Aggregate Gradation Broad Bands
(% passing of total washed gradation)

Sieve Size E
(mm [inch]) A or 4* B or 3* Cor2* 5* (SMA)
25.0[1inch] 100 See SMA Provisions
19.0[3/4inch] 100 85-100
12.5 [1/2iinch] 100 85-100 45-90
9.5[3/8inch] 85-100 35-90 - 100
4.75 [#4] 25-90 20-80 20-75 65-95
2.36 [#8] 20-70 15-65 15-60 45-80
0.075 [#200] 2.07.0 2.0-7.0 2.0-7.0 2.0-7.0

*Marshall Designation
F Additives

An additiveis any material added to an asphalt mixture or material, such as mineral filler,
hydrated lime, asphalt additives, anti-strip, and similar products that do not have a specific pay item. When a
Contract requires additives, compensation is included with the pay items for the appropriate mixture. If the
Engineer directs the Contractor to incorporate additives, the compensation will be as Extra Work, at the unit price

specified in the proposal. The Department will not compensate the Contractor for additives incorporated at the
Contractor's option.

Additives will not be incorporated into the mixture without approval of the Department
Bituminous Engineer. Anti-foaming agents shall be added to asphalt cement at the manufacturer's recommended
dosage rate. Mineral filler and hydrated lime may be added in a quantity not to exceed 5 percent and 2 percent,
respectively, of the total mass of the aggregate. The combination of mineral filler and hydrated lime shall not

exceed 5 percent of the total mass of aggregate. The Engineer will approve or disapprove methods for addition of
additives.

F1 Y T = = T 3145
F2 [ Y0 L= 1= o I I T 3145

Hydrated lime used in asphalt mixtures shall meet the requirements of ASTM C977 and have a
maximum of eight percent unhydrated oxides (as received basis). The method of introducing and mixing the
hydrated lime and aggregate shall be subject to approval by the Engineer prior to beginning mixture production.

F3 Liquid Anti -Stripping Additive

When aliquid anti-strip additive is added to the asphalt binder, blending shall be completed before
the asphalt binder is mixed with the aggregate. Liquid anti-strip additives that alter the asphalt binder, such that it
failsto meet the Performance Grade (PG) requirements, shall not be used. Liquid anti-strip may be added by the
supplier at the refinery or by the Contractor at the plant site. The company/supplier adding the additive shall be
responsible for testing the binder/additive blend to ensure compliance with the AASHTO M 320, Standard
Specification for Performance Graded Asphalt Binder. No paving will be allowed until the asphalt binder/additive
blend has been tested and results show that binder/additive blend properties meet the criteria in Section 2360.2G.
Thetesting shall be donein accordance withaMn/DOT approved Asphalt Binder QC Plan. Requirements for the
Asphalt Binder QC Plan are on file in the Bituminous Office.
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The following requirements for HMA mixture and asphalt binder must also be met when liquid

anti-strip isadded at the HMA plant site.

Mixtur e Requirements at Design:

1

2

The Contractor must design the mixture with the same asphalt binder that will be supplied to the
plant site. (Both Laboratory Mixture Design (Option 1) and Modified Mixture Design (Option 2).
The Contractor must provide documentation with either design option that includes Tensile
Strength Ratio results with the liquid anti-strip dosed at the optimal rate. Documentation must
include verification the binder/additive blend meets AASHTO M 320 at the optimal dose rate.

Contractor Production Testing Requirements for Asphalt Binder/L iquid Anti-Strip Blend:

1

2)

3

4)

The Contractor shall, on adaily basis, sample and test the asphalt binder/anti-strip blend. Testing
of the blend can be by viscosity, penetration, or dynamic shear rheometer (DSR). When a
polymer modified asphalt binder is specified, the Contractor shall use the DSR asthe daily QC
test.

The Contractor shall, on aweekly basis, send the Engineer and Mn/DOT Chemical Laboratory
Director aweekly QC report summarizing the results of the daily testing as required in number 1.
The Contractor shall, on a bi-weekly basis, test the binder/anti-strip blend to ensure compliance
with the AASHTO M 320, Standard Specification for Performance Graded Asphalt Binder
(minimum 1/project). Test results shall be sent tothe Engineer and Mn/DOT Chemical
Laboratory Director.

In addition to the sampling requirements listed above, the Contractor shall obtain asphalt
binder/anti-strip blend field verification samples according to 2360.4 E12.

Liguid Anti-Strip Additive M etering System:

1
2)
3
4)
5

6)
7)

8)
9

F4

The metering system shall include aliquid anti-strip flow meter in addition to an anti-strip pump.
The flow meter shall be connected to the liquid anti-strip supply to measure and display only the
anti-strip being fed to the asphalt binder.

The meter readout shall be positioned for convenient observation.

There shall be a means provided for comparing the flow meter readout with the cal cul ated output
of the anti-strip pump. See number 7.

The system shall display in units of liters[gallons] to the nearest liter [gallon] or in units of metric
tons [tons] to the nearest 0.001 metric tons [0.001 tons], the accumulated anti-strip quantity being
delivered to the mixer unit.

The system shall be calibrated and adjusted to maintain an accuracy of + one percent error.
Calibration shall be required for each plant set-up prior to production of mixture.

The Engineer may require, on adaily basis, the Contractor “stick” the anti-strip tank at the end of
the days production to verify anti-strip usage quantities.

The system shall provide for aconvenient method for sampling the binder/anti-strip after blending
has occurred.

Alternative blending and metering systems must be pre-approved by the Engineer

Coating and Anti-Stripping AtV ... 3161
Asphalt BiNder Material .......ccoovovcviencenreesssesss st sssssssssssssssssesnens AASHTO M 320

Asphalt binder material shall meet the requirements of PG asphalt binder testing tol erances,

sampling rates, testing procedures, and acceptance criteria based on the most current Mn/DOT Technical
Memorandum, titled "Inspection, Sampling, and Acceptance of Bituminous Materials." The PG asphalt binder
cannot be modified with air blowing procedures unless the Department Bituminous Engineer approvesit. The
Contractor shall not use petroleum distillates such as fuel oil, diesel fuel or other fuelsin the asphalt tanks. A
statement shall be provided by the supplier for recommended laboratory mixing and compaction temperatures and
field maximum mixing and compaction temperatures.
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Gl Asphalt Binder Selection Criteria for All Mixtureswith RAP
Overla Specified PG Asphalt [ Virgin Asphalt Binder Gradeto be used with RAP
Y Binder Grade £ 20% RAP > 20% RAP
64-22 64-22 64-28
Other PG Grades No grade adjustment No grade adjustment

New Construction

Specified PG Asphalt

Virgin Asphalt Binder Gradeto be used with RAP

Binder Grade £ 20% RAP >20% RAP
52-34 52-34 Not allowed *
58-28 58-28 58-28
58-34 58-34 Not allowed *
64-28 64-28 64-28
64-34 64-34 Not allowed *
Other PG Grades No grade adjustment Not allowed *
* When approved by the Engineer, the virgin asphalt binder grade can be selected by using the blending chart

procedure on file in the Bituminous Office. Mn/DOT may take production samples for
information/verification of compliance with a specified asphalt binder grade.
() Includes cold inplace recycle, reclaiming, and reconstruction.

2360.3 MIXTURE DESIGN

A Mixture Design General

The asphalt mix may be designed using one of the following two Contractor trial mix design
options. Review of mixture designs will be performed in the District Materials Laboratory lab where the Project is
located. The addition of aggregates and materials not included in the original mixture submittal is prohibited.

It is the Contractor's responsibility to design a Marshall mixture in accordance with the most
current AASHTO T-245, the Asphalt Institute's Mix Design Methods for Asphalt Concrete MS-2, and the Mn/DOT
Laboratory Manual such that it meets the requirements of this specification.

For Marshall design, the design air void content of the mixture is dependent on the mixture type,
regardless of thelocation in the pavement structure. Design air void content for LV and MV mixturesis 3.0% and
3.5%, respectively.

It isthe Contractor's responsibility to design a gyratory mixture in accordance with the most
current AASHTO T-312, the Asphalt Institute's Superpave Mix Design Manual SP-2 (2-hour short term aging
period is used for volumetric), and the Mn/DOT Laboratory Manual such that it meets the requirements of this
specification.

For gyratory design, the design air void content of the mixture at design shall be 4.0% at the
design number of gyrations (Ngesgn) for mixtures placed in the upper 100 mm [4 inches] of the finished surface. The
design air void content of the mixture at design shall be 3.0% at the design number of gyrations (Ngesign) for mixtures
placed at depths more than 100 mm [4 inches] from the surface and on all (wear and nonwear) shoulders that do not
carry traffic. If lessthan 25% of alayer iswithin 100 mm [4 inches] of the surface, the layer may be considered to
be below 100 mm [4 inches] for mix design purposes (non-wear).
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Design Air Void Requirement for Gyratory Mixtures

SP Wear SP Non-wear SP Shoulder**
Locationfrom . . All Wear and
surface £ 100 mm [4 inch]* > 100 mm [4inch]* Non-Wear
Air Voids 4.0% 3.0% 3.0%

* |f less than 25% of alayer is within 200 mm [4 inches] of the surface, the layer may be
considered to be below 100 mm [4 inches] for mix design purposes.
** Shoulders that do not carry traffic.

B Laboratory Mixture Design (Option 1)

Test results and documentation as described in Section 2360.3C shall be submitted with the
materials described below for consideration by the Department Bituminous Engineer or District Materials Engineer
to verify compliance with these specifications and to issue a Mixture Design Report.

B1 Aggregate sample

At least 15 working days prior to the start of asphalt production, the Contractor shall submit to the
Department Bituminous Engineer or the District Materials Engineer a 35 kg [80 pound] sample of representative
aggregate retained on the 4.75 mm sieve [#4] and a 15 kg [35 pound] sample of material passing the 4.75 mm sieve
[#4] for quality testing. The Contractor shall provide 24 hour notice of intent to sample aggregates. These samples
will be tested for quality of each source, class, type, and size of virgin and non-asphaltic sal vage aggregate source
used in the mix design. The Contractor shall retain a companion sample of equal size until a Mixture Design Report
isissued. Quality requirements are defined in Section 2360.2C.

Aggregates that require the magnesium sulfate soundness test shall be submitted to the
Department Bituminous Engineer or District Materials Engineer at least 30 calendar days prior to the start of asphalt
production. Dispute resolution procedures for aggregate qualities are on file in the Bituminous Office.

B2 Mixture sample

At least 7 working days prior to the start of asphalt production, the Contractor shall submitin
writing a proposed Job Mix Formula (JMF) for each combination of aggregates to the Department Bituminous
Engineer or District Materials Engineer for review. A Level Il Quality Management mix designer must sign the
proposed IMF. For each IMF submitted, the Contractor shall include test data to demonstrate conformance to
mixture properties as specified in Table’ s 2360.3-B2b and 2360.3-B2c. The proposed JMF shall be submitted on
forms approved by the Department. In addition, the Contractor shall submit an uncompacted mixture sample plus
briquettes compacted at the optimum asphalt content and required compactive effort conforming to the IMF for
laboratory examination and evaluation. Mixture sample size and number of compacted briquettes are asfollows:

Table 2360.3-B2
Mixture Sample Requirements

Item

B2a

Gyratory Design

Marshall Design

Un-compacted Mixture Sample Size

30 Kg [75 pounds]

18 Kg [40 pounds]

Number of compacted briquettes

2

3

Mixture Aggregate Requirements

The aggregate fractions shall be sized, graded, and combined in such proportions that the resulting

mixture will meet the requirements listed in Section 2360.2-E and Table 2360.3-B2a shown below.
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Table 2360.3-B2a
Mixture Aggregate Requirements

Traffic Traffic Traffic Traffic SMA
Aggregate Blend Property Level 2& LV | Level 3& MV Level 4 Level5 | T.Level 6
20 year Design ESAL’s <t million | 1-3milion | 3510 10-30 | SeeSMA
million million Provisions
Coarse Aggregate Angularity
(ASTM DS821) 0- 55/ - 85/80 | 95/90 :
(oneface/ two face), %- Wear 30- 55/ - 60/ - 80/ 75
(oneface/ two face), %- NonWear
Fine Aggregate Angularity (FAA)
(AASHTO T304, Method A) %- Wear 402 429 a4 45 -
%-Non-Wear 40 40 40 40
Flat and Elongated Particles, max® % 10 10 10
by weight, (ASTM D 4791) i (3:1 ratio) (3:1ratio) | (3:1ratio) i
Clay Content' (AASHTO T 176) - - 45 45 -
Total Spall in fraction retained on the
4.75mm [#4] sieve 5.0 25 1.0 1.0 -
Maximum Spall Content in Total 50 50 10 10 i
Sample
Maximum Percent Lumps in fraction
retained on the 4.75mm [#4] sieve 0.5 0.5 0.5 0.5 )
Class B Carbonate Restrictions
Maximum% -4.75mm [ -#4]
Fina Lift/All other Lifts 100/100 100/100 80/80 50/80 -
Maximum% +4.75mm [ +#4]
Fina Lift/All other Lifts 100/100 100/100 50/100 0/100 -
Gyratory
Max. allowable RAP percentage 30/40 30/30 30/30 30/30
Wear / Non Wear
Marshall
Max. allowable RAP percentage 30/40 30/30
Wear / Non Wear

D For Marshall design, the Contractor may determine —4 crushing by either FAA of uncompacted voids or
calculation of crush from the composite blend. The choice must be made prior to start of production.
Manufactured crushed fines requirement is 25%. RAP sand will be considered 50% crushed if the
angularity index equals or exceeds 40, and 100% crushed if the angularity index equals or exceeds 45.

(2 Not applicable under Marshall design.

B2b Mixture Requirements

Mixture evaluation will be based on the trial mix tests and the corresponding requirements listed
in Table 2360.3-B2b and Table 2360.3-B2c.
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Table 2360.3-B2b
Mixture Requirements

Traffic Level | Traffic Level | Traffic Level | Traffic Level SMA
2 3 4 5 T.Level 6
20 year Design ESAL's <imillion | 1-3million |3-10million | 1030 | SeeSMA
million Provisions
Gyratory Mixture Reguirements
Gyrationsfor Nipitia 6 7 8 8 -
Gyrations for Ngesign 40 60 0 100 -
Gyrationsfor N maximum 60 20 140 160 -
Air Voids, % -- Wear 4.0 4.0 4.0 4.0 )
Air Voids, % -- Non-Wear & All 3.0 3.0 3.0 3.0
Shoulder
% Gim at Ninitia —Wear - £915 £90.5 £90.0
% Gmmat Ninitia — Non-Wear & - £925 £915 £91.0
All Shoulder
% Gim at Niaximum— Wear £98.0 £98.0 £98.0 £98.0 -
% Gmm at Nmaximun— NOnWear & £99.0 £99.0 £99.0 £99.0 -
All Shoulder
Tensile Strength Ratio ™, min% 75 759 80~ 80 -
Fines/Effective Asphalt 06-1.2 06-1.2 06-1.2 06-1.2 -
VFA,%-- Wear 65- 78 65- 78 65- 76 65- 76
NonWear 70-83 70- 83 70- 82 70- 82
Marshall Mixture Requirements LV MV
Marshall Blows 50 50 - - -
Air Voids, % 3.0 35 - - -
Tensile Strength Ratio ™, min% 709 70
Stability, minimum N [Ib f] 5000[1125] | 6000[1350]
Fines/Effective Asphalt Wear 0.6-1.30 0.6-1.30
Non-Wear 0.6-1.40 0.6-1.40 i i i

D) See Section 2360.4 E9. Use 150mm [6 inch] specimens for gyratory and 100mm [4 inch] specimens for

Marshall design.
2 Mn/DOT Min = 65, ® Mn/DOT Min = 70, Mn/DOT Min = 60

B2c VMA Criteria

Thevoidsin mineral aggregate (VMA) of the mixture at design and during production shall meet
the minimum criteria as shown in Table 2360.3-B2c at the specified compaction level. VMA shall be calculated
according to the procedures outlined in Asphalt Institutes SP-2 or MS-2 manual. VMA isadesign and
acceptance/process control requirement.

Table 2360.3-B2c
Voidsin Mineral Aggregate (VMA) Mixture Requirements

Gradation Fine Mixture VMA CoarseMixture VMA
% Pass 2.36 mm [#8] Minimum % Pass 2.36 mm [#8] Minimum
A or 4* > 47 15.0** £ 47 14.5¢
B or 3* > 39 14.0 £39 135
Cor2z* > 35 13.0 £ 35 125
L [ 150 | e e
E See SMA Provisions

*Marshall designation.
**For LV 4 and LV 5 mixes lower VMA requirements by 0.5%
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B3 Tensile Strength Ratio sample

Mixture or briquettes that represent the mixture at optimum asphalt content, shall be submitted at
least 7 days prior to actual production for verification of moisture sensitivity retained tensile strength ratio (TSR).
Material submitted for TSR verification may be tested for maximum specific gravity Gmy, compliance in addition to
TSR results. Failure to meet the Gy, tolerance will result in rejection of the submitted mix design. A new mix
design submittal will be required and will be subject to provisions described in Section 2360.3C. One of
the following options may be used to verify that the tensile strength ratio (TSR) meets the requirementsin
Table 2360.3-B2b.

Option A) The Contractor will batch material at the design proportionsincluding optimum asphalt.
Immediately (before curing) split the sample and allow samples to cool to room temperature. Submit 35 kg
[77 pounds] of mixture to the District Materials Laboratory for curing and test verification. Both groupswill use a
two (2) hour cure time (+ 15 minutes) at 144°C [290°F] and follow proceduresin ASTM D 4867-92, Mn/DOT
modified as defined in the Mn/DOT Laboratory Manual.

Option B) The Contractor batches, cures (as indicated in option A), compacts, and submits
briquettes and uncompacted mixture as specified below.

Table 2360.3-B3
Option B Mixture Requirements

Item Gyratory Design Mar shall Design
Un-compacted Mixture Sample Size 8,200 9 8,200 g
Number of compacted briquettes™ 6 9
Conpacted briquette air void content 6.5— 7.5% 6.0— 8.0%

Y 150mm [6 inch] specimens for gyratory design
100mm [4 inch] specimens for Marshall design

B4 Aggregate SPeCific Gravity .......cocccoevveeeesesecsseneenns AASHTO T84 and T85, Mn/DOT Modified
The Contractor shall determine the specific gravity of all aggregate used in the mixture.
C Documentation

Each proposed JIMF submitted for review under Section 2360.3B and 2360.3D shall include the
following documentation and test results.

() The name(s) of the individual (s) responsible for the Quality Control of the mixture during
production.

2 The low projects number on which the mixture will be used.

3) The percentage in units of 1 percent (except the 0.075 mm sieve [#200] in units of 0.1 percent) of
aggregate passing each of the specified sieves for each aggregate to be incorporated into the
mixture. The gradation of aggregate from salvaged asphaltic material shall be derived from the
material after the residual asphalt has been extracted.

4 The source and description of the materialsto be used. The aggregate pit or quarry source
number. The proportion of each material (in percent of total aggregate).

(5) The composite gradation based on (3) and (4) above. Note: Include virgin composite gradation
based on (4) and (5) above for mixtures containing RAP.

(6) The bulk (dry) and apparent specific gravities and water absorption (by % weight of dry
aggregate) of both coarse and fine aggregate, for each product used in the mixture (including
RAP). Use AASHTO T-84 and T-85 Mn/DOT modified as defined in the Mn/DOT Laboratory
Manual. The tolerance allowed between the Contractor’ s and the Department’ s specific gravities
are Gy, (individual) = 0.040 [+4 AND -4] and Gy, (combined) = 0.020.

@) The composite gradation plotted on a FHWA 0.45 power chart. (Federal form PR-1115)
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For mixtures containing RAP include extracted asphalt binder content of the RAP with no
retention factor included.

The percentage (in units of 0.1 percent) and PG grade of asphalt binder material to be added,
based upon the total mass of the mixture.

When using laboratory mixture design Option 1 (2360.3B) or Option 2 (2360.3D), include the
following:

@ A minimum of three different asphalt binder contents (minimum 0.4 percent between
each point), with at |east one point at, one above and one below the optimum asphalt
binder percentage.

(b) The maximum specific gravity at each asphalt binder content. The theoretical maximum
specific gravity used for percent air voids determination shall be calculated based on the
average of the effective specific gravities measured by a minimum of two maximum
specific gravity tests at the asphalt contents above and below the expected optimum
asphalt binder content.

(c) Thetest results for the individual and average bulk specific gravity, density, and heights,
of at least two specimens at each asphalt binder content. For Marshall design include the
test results for theindividual and average bulk specific gravity, density, height, stability,
and flow of at |east three specimens at each asphalt binder content.

(d) The percent air voidsin the mixture at each asphalt binder content.
(e) The percent Voidsin Mineral Aggregate (VMA) at each asphalt binder content.
® The finesto Effective Asphalt (F/A) ratio calculated to the nearest 0.1 percent.

(9) TSR results at the optimum asphalt binder content.

(h) Graphs showing air voids, voids in the mineral aggregate, Gmb, Gmm and unit weight vs.
percent asphalt binder content for each of the three asphalt binder contents submitted
with trial mix.

Optional Add-Rock/Add-Sand Provisions

If the Contractor chooses to use the add-material option to augment the submitted IMF, the

Contractor shall provide samples of the aggregate for quality analysisin accordance with Section

2360.3B1. The Contractor shall provide mix design data for two additional design points per

add-material. One point shall show a proportional adjustment to the submitted IMF that includes

5 percent, by mass, add-material at the IMF optimum asphalt percent. The second point shall

show a proportional adjustment to the submitted IMF that includes 10 percent, by mass,

add-material at the IMF optimum asphalt percent. The following information will be reported for
each of these two points:

€) The maximum specific gravity (average of two tests).

(b) Thetest results for the individual and average bulk specific gravity, density, and height of
at least two specimens at the optimum asphalt binder content. For Marshall design
include the test results for the individual and average bulk specific gravity, density,
height, stability, and flow of at least three specimens at the optimum asphalt binder

content.
(c) The percent air voids in the mixture for each point.
(d) The Fines to Effective Asphalt ratio calculated to the nearest 0.1 of a percent.
(e) Coarse and Fine Aggregate crushing counts

Up to two add-materials will be allowed per mix design submittal. Aggregate quality and mix
characteristics are required for each proposed add-material and shall be submitted at the time of
the original trial mix submittal. No mixture sample or briquettes are required for these two
additional points.
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Additional Documentation For:
Gyratory Design

(G Thetest results from the composite aggregate blend at the proposed JMF proportions
indicating compliance with Coarse Aggregate Angularity and Fine Aggregate Angularity
as shown in Table 2360.3-B2a.

(G2 The design traffic level and theinitial, design, and maximum number of gyrations Ninitia ,
Ndeﬂ'gm and Nmaximum-

(G3) The temperature ranges the mixture is intended to be dis charged from the plant and
compacted at the roadway shall be provided by the asphalt binder supplier. Temperatures
to be included are, laboratory mixing and compaction temperature ranges and maximum
field mixing and compaction temperatures.

(G4 Evidence that the completed mixture will conform to all specified physical requirements
asfollows:

Design air Voids (Va ), VMA, VFA, TSR, F/A. (Finesto effective asphalt ratio),
Densification %G, at Ninitial, Ndesign, and Ny aximum

(G5) Labeled gyratory densification tables and curves, generated from the gyratory compactor,

for all points used in the mixture submittal.

Mar shall Design

(M1) Thetest results from the composite aggregate blend at the proposed JMF proportions
indicating compliance with fine aggregate angularity uncompacted voids as shown in
Table 2360.3-B2a. Or calculated -4.75 mm [-#4] crushing from the composite blend of
the proposed JIMF. Selection of either FAA or -4.75 mm [-#4] crushing shall be made at
the time of mix design submittal. This selection will dictate the choice of method used
for determination of compliance and acceptance for the duration of time the Mixture
Design Report isin force. RAP sand will be considered 50% crushed if the angularity
index equals or exceeds 40, and 100% crushed if the angularity index equals or exceeds
45,

Modified Mixture Design (Option 2)

Test results and documentation as described in Section 2360.3C shall be submitted to the

Department Bituminous Engineer or the District Materials Engineer to verify compliance with mix design
requirements and issue a Mix Design Report. Mixture submittal is not required. The Contractor may use this option
if all of the following conditions are met:

a)

b)

<)

D1

The aggregates in the proposed Mix Design Report have been used, in part, in other Mix Design
Reports. Additionally, the aggregates must have been previously tested for and meet all applicable
quality requirementsin the current construction season.

The Level I mix designer submitting the mixture design must have a minimum of 2 years
experience in mixture design.

The Contractor and his representatives cannot have violated the requirements of 1512
Unacceptable and Unauthorized Work relating to mixture design or mixture production within the
last 12 month period.

JMF Submittal

At least 2 working days prior to the start of asphalt production, the Contractor shall submit in

writing a proposed Job Mix Formula (JMF) for each combination of aggregates to the Department Bituminous
Engineer or District Materials Engineer for review. A Level Il Quality Management mix designer must sign this
proposed IMF. For each IMF submitted, the Contractor shall include documentation as outlined in Section 2360.3C
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to demonstrate conformance to mixture properties as specified in Table 2360.3-B2b and 2360.3-B2c. The proposed
JMF shall be submitted on forms approved by the Department.

D2 Initial Production Test Verification

At the start of production, the testing frequency for the first 1,800 metric tons [2,000 tons] of each
mix type shall be as specified in Table 2360.4-D.

All mixture placed on Mn/DOT projects shall meet the specified quality indicators and required
field density. Failureto do so will result in reduced payment or removal and replacement with acceptable material.

The Department shall take a mix verification sample within the first four samples at the start of
production of each mix type.

D3 Tensile Strength Ratio sample
See Section 2360.4E9
D4 Marshall Stability (Marshall Design Only)

On thefirst day of production, for each different mix design, at the same time the verification
sample is obtained, an additional sample shall be obtained for Department evaluation of Marshall stability. This
sample may be tested at the discretion of the District Materials Engineer. The Contractor is not required to test
stability on production mixture.

If the Marshall stability failsto meet the minimum requirements as listed in Table 2360.3-B2c the
Contractor shall stop production immediately. The Contractor will be required to submit arevised mix design, with
bituminous mixture at optimum asphalt content, to the District Materials Laboratory. If the mixture meetsthe
minimum stability requirement production may be resumed.

If the stability fails the second time, the Mix Design Report will be revoked. The Contractor will
then be required to submit a new mix design according to Laboratory Mixture Design 2360.3B, Option 1. A new
Mix Design Report will be issued upon successful verification of the new mixture design submittal.

E Mixture Design Report

A Mixture Design Report consists of the IMF (Job Mix Formula). The JMF includes composite
gradation, aggregate component proportions, asphalt binder content of the mixture, design air voids, Voidsin
Mineral Aggregate, and aggregate bulk specific gravity values. JMF limits will be shown for gradation control
sieves, percent asphalt binder content, air voids, and VMA. Issuance of a Mixture Design Report confirmsthe
mixture has been reviewed for and meets volumetric properties only. No guaranty or warranty, either express or
implied, is made regarding placement and compaction of the mixture

A Department reviewed Mixture Design Report isrequired for all paving except for small
guantities of material provided under Section 2360.5H. All submitted materials must meet aggregate and mixture
design requirements before a Mixture Design Report isissued. The Department will review two trial mix designs
per mix type designated in the plan, per Contract at no cost to the Contractor. Additional mix designswill be
verified at acost of $2000 per design, payable to the Commissioner of Transportation.

For city, county, and other agency projects, the Contractor shall provide to the District Materials
Laboratory a complete Project proposal including addenda, supplemental agreements, change orders, and any Plan
sheets (including typical sections) that affect the mix design. The Department will not start the verification process
without thisinformation.
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2360.4 MIXTURE QUALITY MANAGEMENT (Quality Control/Quality Assurance)
A Quality Control (QC)

The Contractor shall provide and maintain aquality control program for HMA production. A
quality control programis defined as all activities, including mix design, process control inspection, sampling and
testing, and necessary adjustmentsin the process that are related to the production of ahot mix asphalt (HMA)
pavement which meets the requirements of the specifications.

Al Contractor Certified Plant HMA
Ala Certification Procedure
The Contractor shall:

(1) Complete application form and request for plant inspection.
(2) Provide a site map of stockpile locations.

3) Pass plant and testing facility inspection by having the Plant Inspector and Bituminous Plant
Authorized Agent complete and sign the Asphalt Plant Inspection Report (TP 02142-02, TP
02143-02). By signing the Asphalt Plant Inspection Report, the HM A plant authorized agent
agrees to calibrate and maintain all plant and laboratory equipment within allowable tolerances set
forth in these specifications, Standard Specifications for Construction, and the Mn/DOT
Bituminous Manual.

4 Obtain a Mixture Design Report prior to production.

Alb Maintaining Certification

To maintain certification, the plant must produce, test, and document all certified plant asphalt
mixtures in accordance with the above requirements on a continuous basis. Continuous basis means all asphalt
mixtures supplied from a certified plant to any Department project with 2360 asphalt mixtures must be sampled and
tested in accordance with 2360 requirements and the Schedule of Materials Control.

The Contractor shall assure the plant certification procedure is performed annually after winter
suspension and before producing material for a Project. In addition, a first-day sampling and testing frequency rate
as stated in Table 2360.4-D shall be followed.

The Contractor shall recertify a plant when it is moved to a new location or a previously occupied
location.

Alc Revocation of Plant Certification
The Department Construction Engineer may revoke certification of an asphalt plant when
requirements are not being met or records are falsified. The Department may revoke the Technician Certification

for the individual involved.

The Department Bituminous Engineer and Department Contract Administrator will maintain alist
of companies who have had their asphalt plant certification revoked.

B Quality Assurance (QA)

The Department will perform QA testing as part of the acceptance process. The Engineer is
responsible for QA testing, records, and acceptance. The Engineer will accomplish the QA process by:
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D Conducting Quality assurance and verification sampling and testing.

(2 Observing sampling and tests performed by the QC personnel.

3) Taking additional samples at any time and any location during production.
4) Monitoring the required QC summary sheets and control charts.

(5) Verifying calibration of laboratory testing equipment.

(6) Communicating Mn/DOT test results to the Contractor’s QC personnel in atimely manner.
W) Ensuring Independent Assurance Sampling and testing requirements are met.

C Contractor's Quality Control

C1 Personnel Requirements

Along with the proposed mix design data, the Contractor shall submit to the Engineer an
organizational chart listing the names and phone numbers of individuals and alternates responsible for mix design,
process control administration, and inspection. The Contractor shall also post a current organizational chart and if
required by the Engineer, post adaily roster of individuals performing QC testing in the Contractor’ s test facility.

The Contractor’s quality control organization or private testing firm shall have Certified
Technicians who have met the requirements on file with the Department’s Technical Certification program.
Individuals performing process control testing must be certified asaLevel | Bituminous Quality Management (QM)
Tester. Individuals performing mix design calculations or mix design adjustments must be certified as Level Il
Bituminous QM Mix Designer. The Contractor shall have a Certified Level 11 Bituminous QM Mix Designer
available to make any necessary process adjustments. The Contractor shall have a minimum of one person per
paving operation certified asaLevel |1 Bituminous Street I nspector.

Cc2 Laboratory Requirements:

The Contractor shall furnish and maintain alaboratory at the plant site or other site as approved by
the Engineer. The laboratory shall be furnished with the necessary equipment and supplies for performing
Contractor quality control testing. The laboratory equipment shall meet the requirements listed in Section 400 of the
Mn/DOT Bituminous Manual and these specifications, including having extraction capabilities. The laboratory shall
be calibrated, and operational prior to the beginning of production. In addition to the requirements listed above, the
laboratory shall be equipped with atelephone for use by the Contractor or the Engineer. A fax machine and copy
machine shall be available for use by the Contractor or the Engineer at the laboratory site. The laboratory shall also
include a computer and printer. The computer shall have the following minimum requirements: 1) Intel based with
either Celeron or Pentium IV processor with a minimum processor speed of 1.8 MHZ. 2) CD writer with CD/RW
capability and a minimum write speed of 16x. 3) Windows 2000 or Windows X P with Microsoft Excel version 97
or newer. The printer must be ableto print control charts.

The Engineer shall be allowed to inspect measuring and testing devices to confirm both calibration
and condition. The Contractor shall calibrate and correlate all testing equipment in accordance with the latest
version of the Mn/DOT Bituminous Manual.

D Sampling and Testing

The Contractor shall ensure that all QC samples are taken at random locations. Random number
generation and determination of random sample location shall be consistent with the Mn/DOT Bituminous Manual
Section 5-693.7 Table A or Section 5 of ASTM D3665. The Engineer may approve alternate methods of random
number generation.

Thetests for mixture properties shall be conducted on representative portions of the mix, quartered
from alarger sample of mixture taken from behind the paver, or when approved by the Engineer, an alternate
sampling location. The procedure for truck box sampling, an alternate sampling location, ison filein the
Bituminous Office. When an alternate sampling location is approved and used by the Contractor, the daily
verification sample must still be taken from behind the paver.
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The Contractor shall obtain a sample of at least 25 kg [55 pounds]. This sample may be either
splitin the field or transported to the test facility by a method to retain heat to facilitate sasmple quartering
procedures. The Contractor shall store and retain mixture bulk samples and companion samples for the Department
for aperiod of 7 working days. The Contractor shall maintain these split samplesin containers |abeled with
companion numbers. The Contractor shall perform QC sampling and testing according to the following schedule.

Determine the planned tonnage for each mixture to be produced during the production day.

Divide the planned production by 1000. Round the number to the next higher whole number. This number will be
the number of production tests required for that mixture. Required production testsare listed in Table 2360.4-E
Split the planned production into even increments and sel ect sample locations as described above. If actual tonnage
exceeds planned tonnage additional tests may be required. During production, mixture volumetric property tests
will not be required when mix production is less than 270 metric tons [300 tons]. However, production testswill be
required when the accumul ative tonnage on successive days exceeds 270 metric tons [300 tons].

At the start of production, the testing frequency for the first 1800 metric tons [2,000 tons] of each

mix type shall be asfollows:

Table 2360.4-D

Production Start-Up Testing Rates

Production Test Tedting Rates Test Reference Section
Bulk Specific Gravity 1 test per 450 metric tons [500 tons] gﬁd?ﬁe-l(—jo T312,T166 Mn/DOT 2360.4E2
Maximum Specific Gravity 1 test per 450 metric tons [500 tons] AASHTO T209 Mn/DOT modified 2360.4E3
Air Voids (calculaed) 1 test per 450 metric tons [500 tong] AASHTOT269, T312 2360.4E4
Asphalt Content 1 test per 450 metric tons [500 tong] Bit & Lab Manua 2360.4E1
VMA (Calculated) 1 test per 450 metric tons [500 tong] AIMS2& SP2 2360.4E5
Gradation 1 test per 900 metric tons [1000 tons) AASHTOT11, T27, T30Mn/DOT modified | 2360.4E6
Coarse Aggregate Angularity 1 test per 900 metric tons [1000 tong] ASTM D5821 2360.4E7
Fine Aggregate Angularity AASHTO T304, Method A 2360.4E8

(FAA)D

1 test per 900 metric tons [1000 tong]

(1) Marshall design allows-4.75mm [-#4] manufactured crushed fines cal culation per Mn/DOT Bituminous Manual

E Production Tests

When more than one Mn/DOT approved test procedureis available, the Contractor shall select,
with the approval of the Engineer, one method at the beginning of the Project and use that method for the entire
Project. The Contractor and Engineer may agree to change test procedures during the construction of the Project.
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Production Sampling and Testing Rates

Production Test Sampling/Testing Rates Test Reference Section
. . Divide the planned production by 1000. Round the AASHTO T312, T245T166

Bulk Specific Gravity number to the next higher whole number. Mn/DOT mod 2360.482

Maximum Specific AASHTO T209 Mn/DOT

Gravity modified 2360.4E3

Air Voids (calcul ated) AASHTOT269,T312 2360.4E4

Asphalt Content Bit & Lab Manual 2360.4E1

VMA (Caculated) " AIMS2& SP2 2360.4E5

. 1 gradation per 1,800 metric tons [2,000 tons], or AASHTOT11,T27,

Gradation portion thereof (minimum of one per day) T30Mn/DOT modified 2360.4E6
2 tests/day for aminimum of 2 days, then 1 per day if ASTM D5821

gagrje arAi\tti]/gregate CAA ismet. If CAA >8% of requirement, 1 sample/day 2360.4E7
but test 1/week.

Fine Aggregate 2 tests/day for aminimum of 2 days, then 1 per day if AASHTO T304, Method A

Angularity (FAA)® FAA ismet. If FAA >5% of requirement, 1 sample/day 2360.4E8
but test 1/week.

TR 1% sample at 5,000 tons or by second day of production, | ASTM D4867 Mn/DOT 2360.4E9
then sample at every 18,000 metric tons [20,000 tons] modified '

Aggregate Specific . AASHTO T84 & T85,

Gravity 1 per 9,000 metric tons [10,000 tons] Mn/DOT modified 2360.4E10

E/I cl) Etg:te Moisture Daily unless exempted by Engineer Mn/DOT 5-693.950 2360.4E11

. Sample 1% load (each grade) then 1 per 1,000,000 liter Mn/DOT 5-693.920
Asphalt Binder [250,000 gallon-sample size 1 quart.] 2360.4E12

(1) Marshall design allows-4.75mm [-#4] manufactured crushed fines calculation per Mn/DOT Bituminous M anual

El Asphalt Binder Content
€) Spot Check (Virgzin (o] 017 TR Mn/DOT Bituminous Manual
(b) Incinerator Oven™ ............... Mn/DOT Laboratory Manual Method 1853
(c) Chemical EXraction ........ccooveeivveveeennerseeneneens Mn/DOT Laboratory Manual Method 1851 or 1852
(d) Meter Method (Virdgin ONlY) ... Mn/DOT Bituminous Manual
(1) Incinerator Oven may not be used when the percentage of Class B material exceeds 50%
within the composite blend, unless a correction factor is determined by the Contractor
and approved by the District Materials Engineer.
E2 Marshall Bulk Specific Gravity, Gy (3 specimens).....AASHTO T166, Mn/DOT Madified, or
E2a Gyratory Bulk Specific Gravity, Gnp (2 SPECIMENS) ...cvvvvvrereerreeerrereeeeenns AASHTO T312, T166,
Mn/DOT M odified
E3 Maximum SPeCific Gravity, Grme e ererrermseeresessnerensnens AASHTO T209, Mn/DOT Modified
E4 Air Voids- Individual and Isolated (calculation) .........c.ccoveneceneceneeenns AASHTO T269, T312

Isolated air voids are calcul ated using the maximum mixture specific gravity and the

corresponding bulk specific gravity from asingle test. Individual air voids are cal culated from the maximum
specific gravity moving average and the bulk specific gravity from that single test.

For gyratory design, compaction shall be conducted to Naximumand cal culations for %Gy, at

Ninitial 8nd Ngesign Shall be determined by applying the calculated correction factor as described in the Asphalt
Institute SP 2 manual.

Production control for % Gy at Ninitial @1d Nimaximum Shall not exceed the limit shown in Table

2360.3-B2b by more than 1.0 %. Mixture produced beyond these limits, as measured by the moving average of four
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tests, may result in a cancellation of the Mix Design Report. A new mix design and submittal that satisfies these
specification criteria may be required.

E5 Voids Mineral Aggregate (VMA) (calculation) ........cccoveevereceneenes Asphalt Institute MS-2, SP-2
E6 Gradation - Blended Aggregate........... AASHTO T-11, T-27, and T-30 (all Mn/DOT modified)

Testing to determine the blended aggregate gradation shall be determined every 1800 metric tons
[2,000 tons], or portion thereof (minimum of one per day), on samples taken at the same time as the required
mixture sample for a given increment.

All gradations require a- 0.075 mm [-#200] wash.

(a) Virgin Aggregate Mixtures- Drum or Screenless Plants

Belt Samples or extracted production samples.
(b) All Other Mixtures:

1 Hot Bins- Drybatch (Optional)

2 Incinerator Oven Mn/DOT Laboratory Manual Method 1853 (Optional) except
samples that contain over 50% class B. ¥

3. Extraction Mn/DOT Laboratory Manual Method 1851 or 1852 (Optional)
D Incinerator Oven may not be used when the percentage of Class B

material exceeds 50% within the composite blend, unless a correction
factor is determined by the Contractor and approved by the District
Materials Engineer.

E7 Coarse Aggregate ANGUIAIITY .....ccceerrcrierrecreereseei e ASTM D5821

CAA test results shall meet the minimum percent fractured faces as shown in Table 2360.3-B2a.
ASTM D-5821 shall be used to determine coarse aggregate angularity on the composite blend from aggregates used
in production of hot mix asphalt. Mixturesthat contain virgin aggregates may be tested from composite belt
samples. Mixturesthat contain RAP must be tested from extracted aggregates taken from standard production
samples. The percentage of fractured faces of the composite aggregate blend less than 100% shall be tested at the
following rates:

(1) Perform two tests per day for each mixture blend for a minimum of two days and then one per day
if the test samples meet CAA requirements.

(2) If CAA crushing test results exceed 8 percent of the requirement, take one sample per day and
perform one test per week.

CAA results must be reported on the test summary sheet. Mixture placed and represented by
results below the minimum requirement, as shown in Table 2360.3-B2a, will be subject to reduced payment as
outlined in Table 2360.4-L.3. Tonnage subjected to reduced payment shall be calculated as the tons placed from the
sample point of the failing test until the sampling point when the test result is back within specifications.

E8 Fine Aggregate ANQUIAIITY ... ASTM C1252 Method A

FAA test results shall meet the minimum criteria shown in Table 2360.3-B2a. ASTM C1252
Method A shall be used to determine fine aggregate angularity on the composite blend from aggregates used in
production of HMA. Mixturesthat contain virgin aggregates may be tested from composite belt samples. Mixtures
that contain RAP must be tested from extracted aggregates taken from standard production samples. The percentage
of uncompacted voids from the composite aggregate blend shall be tested at the following rates.
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(1) Perform two tests per day for each mixture blend for a minimum of two days and then one per day
if the test samples meet FAA requirements.

(2) If FAA test results exceed 5 percent of the requirement, take one sample per day and perform one
test per week.

FAA results must be reported on the test summary sheet. Mixture placed and represented by results below the
minimums, as shown in Table 2360.3-B2a, will be subject to reduced payment as outlined in Table 2360.4-L3.
Tonnage is subjected to reduced payment shall be calculated as the tons placed from the sample point of the failing
test until the sampling point when the test result is back within specifications.

E8a -4.75 mm [-#4] Manufactured Crushed Fines........coevvevcsennersennesenenn, (calculation) Mn/DOT
Bituminous Manual

Under Marshall design, when the -4.75 mm [-#4] crushing is calculated, adjustmentsin target
values from the composite blend must be made at the end of each days paving. If the target quantity (percent of
-4.75 mm [-#4] to be crushed) changes due to mixture proportion or composite gradation change, a new target
shall be established for the next days paving.

E9 Field Tensile Strength Ratio (TSR) ....ccccovvererenercenenineeeneseenes ASTM D4867 Mn/DOT Modified

A TSR sample shall be obtained within the first 4,500 metric tons [5,000 tons] of HMA produced
or by the second day of production, whichever comesfirst, to verify tensile strength ratio (TSR). These samples
may be tested at the discretion of the District Materials Engineer. If the Materials Engineer requires the samplesto
be tested, both the Contractor and the Department will be required to test these samples within 72 hours after it is
sampled. Sample size shall be 50 kg [110 pound] minimum and split in half to provide a sample for the Department
and the Contractor. The Department companion of this split shall be labeled with the date, time, Project number and
approximate cumulative tonnage to date. The Department companion shall be given to the Department Street
Inspector or Plant Monitor immediately or delivered to the District Materials Engineer within 24 hours of sampling,
as specified by the Engineer. Mixture samples shall be taken from behind the paver unless the Engineer approves an
alternate sampling location. Specimen size shall be 100 mm [4 inch] for Marshall mix design and 150 mm [6 inch]
for gyratory design The Contractor may test the sample at a permanent lab site or afield lab site.

Additional HMA mixture samplesfor TSR eval uation shall be sampled at arate of 1 per 18,000
metric tons [20,000 tons] increments for all mixtures produced on the Project. These samples may be tested at the
discretion of the District Materials Engineer. |f the Materials Engineer requires the samplesto be tested, both the
Contractor and the Department will be required to test these samples.

Minimum acceptable TSR values for production are shown in Table 2360.4-E9. The Contractor
shall stop production immediately if minimum TSR requirements are not met. The Contractor will not be allowed to
resume production until anti-strip has been added to the asphalt binder. Determination of who isresponsible for the
cost of the anti-strip is based on Mn/DOT and Contractor TSR values as outlined in Tables 2360.4E9A, 2360.4E9B,
and 2360.4E9C. When Mn/DOT isresponsible for the cost of the anti-strip, payment will be made only for the cost
of the anti-strip for mixtures placed on that project. Mn/DOT will not reimburse the Contractor for any delay costs
associated with making changes related to this testing.

Table 2360.4-E9

Mixture Type- - Minimum TSR
LV and MV Gy ratory Traffic Level 2-3 Traffic Level 4-5
Contractor | Mn/DOT Contractor Mn/DOT Contractor | Mn/DOT
70% 60% 75% 65% 80% 70%
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Table 2360.4-E9A

LV and MV Contractor TSR
Mixtures >70 <70
Mn/DOT >60 NA Mn/DOT
TSR <60 Contractor Contractor

Table 2360.4-E9B

Gyratory Level Contractor TSR
2-3 >75 <75
Mn/DOT | >65 NA Mn/DOT
TSR <65 Contractor Contractor

Table 2360.4-E9C

Contractor TSR
Gyratory Level 4-5 >80 280
Mn/DOT >70 NA Mn/DOT
TSR <70 Contractor | Contractor

Another sample shall be taken and tested within the first 450 metric tons [500 tons] after
production resumes. |f there-test failsto meet the minimum specified value the Contractor shall stop production
immediately. Production cannot resume until the Contractor has discussed, with the Engineer, a proposal for
resolving the problem. The Contractor shall not operate below the specified minimum TSR on a continuing basis.
A continuing basis shall be defined as 2 or more successive tests failing the TSR requirements.

The following conditions will automatically require a sample to be taken and tested:

1 A proportion change of more than 10 percent (from the currently produced mixture) for asingle
stockpile aggregate.
2. The discretion of the Engineer.

Dispute resolution procedures for TSR are on file in the Bituminous Office.
E10 Aggregate Specific Gravity (Gsh) .....cccceevvevecrrrennae. AASHTO T84 and T85, Mn/DOT modified

Samples of all aggregate stockpiles shall be collected on each aggregate used in the production
mixture, at a rate of one sample per 9,000 metric tons [ 10,000 tons] mixture produced. These samples shall be taken
at random as directed by the Engineer. These representative stockpile samples shall be 40 kg [90 pounds] of each
aggregate component. Each sample shall be split in half to provide a sample for the Department and the Contractor.
The Department companion shall be labeled with date, time, Project number and approxi mate cumul ative tonnage to
date.

The Department companion shall be given to the Department Street Inspector or Plant Monitor
immediately or delivered to the District Materials Engineer within 48 hours of sampling, as specified by the
Engineer. These samples may betested. Tested sampleswill be compared to the Contractor’ s values on the Mix
Design Report. If the results deviate beyond the tolerance specified in Table 2360.4-M, the dispute resolution
procedure on file in the Bituminous Office will be utilized. Any mixture placed following notification of new
specific gravity values will be based upon Department results unless proven incorrect. The Contractor shall be
notified when new specific gravity values become available and what impact this will have on the calculated VMA.

Ell MOISEUF € CONTENT ... Mn/DOT 5-693.950
Provide a mixture with a moisture content not greater than 0.3 percent. The moisture content in

the mixture shall be measured behind the paver or alternate approved sampling method on file in the Bituminous
Office. Sampling and testing shall be conducted by the Contractor on adaily basis unless exempted by the
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Engineer. Sampling and testing is suggested when rain on stockpiles exceed more than 5 mm [0.2 inch] in a 24 hour
period. The sample shall be stored in an airtight container. Microwave testing is prohibited.

HMA that exceeds 0.3% moisture content is unacceptable. The Contractor shall take appropriate
action to remove excess water from the mixture. This action may include reducing the production rate, mixing
stockpile aggregates prior to placement into the feed bins, and use of covered stockpiles.

E12 Asphalt Binder Samples

The Contractor shall sample the first shipment of each type of asphalt binder, then sample at arate
of one per 1,000,000 liters [250,000 gallons]; sample size shall be 1.0L [1 quart]. All samples shall be takenin
accordance with the Mn/DOT Bituminous Manual 5-693.920. Sampling shall be conducted by Contractor and
monitored by the Inspector. Promptly submit the sample to the Department Materials Laboratory in Maplewood.
The Contractor shall record sampleinformation on Asphalt Sample Identification Card.

F Documentation (Records)

The Contractor shall maintain documentation, including test summary sheets and control charts,
on an ongoing basis. The Contractor shall also maintain afile of gyratory specimen heightsfor all gyratory
compacted samples and test worksheets. Reports, records, and diaries devel oped during the progress of construction
activities for the Project, shall befiled as directed by the Engineer and will become the property of the Department.
The Contractor shall:

D Number test results in accordance with standard Department procedures and record on forms
approved/supplied by the Department.

(2 Facsimile all production test results on test summary sheets to the District Materials L aboratory
and to other sites as requested by the Engineer, by 11 AM of the day following production.

(29) Include the following production test results and mixture information on the Department approved
test summary sheet.

Percent passing on sieves listed in Table 2360.2-E

Coarse and fine aggregate crushing.

Maximum specific gravity (Gym).

Bulk specific gravity (Gmy).

Percent asphalt binder content (Py).

Calculated production air voids (V,). Gyratory design shall also include %Gnmat Ninitial »
%Gmm a Ndesign ' and % c':‘mm at Nmaximum

[SEECLIE SIS\ o

7. Calculated voidsin mineral aggregate (VMA).

8. Composite aggregate specific gravity (Gy) reflecting current proportions.
9. Aggregate proportions in use at the time of sampling.

10. Tonswhere sampled.

11 Cumulative tons.

1lla Tons Represented by Test.
12. Finesto effective asphalt ratio (F/Ag).

13. Signature Line for Mn/DOT and Contractor Representative.
14. Mixture Moisture Content.
15. Mn/DOT verification sample test result.

(2b) Submit copies of all failing test results to the Engineer on adaily basis.
3) Provide the Engineer with asphalt manifests of BOL's on adaily basis.

4) Provide adaily plant diary to include a description of QC actions taken (adjustment of cold feed
percentages, changesin JMFs, etc.) include all changes or adjustments on the test summary sheets.
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(5) Provide weekly truck scale spot checks.

(6) Provide a Department approved accounting system for all mixes and provide adaily and final
Project summary of material quantities and types.

(6a) Provide afinal hardcopy summary of all quality control test summary sheets and control charts at
completion of bituminous operations on the Project to the Engineer. Because Certified Plant test
data often represents test data for multiple projects, it may be necessary to make duplicate copies
of the datafor each project. The Contractor shall also submit a diskette of the quality control
summary sheets, control charts and density worksheets to the Bituminous Engineer.

@) Furnish an automated weigh scale and computer generated weigh ticket. The ticket shall indicate
project number, mix designation (including binder grade), Mixture Design Report#, truck
identification and tare, net mass, date and time of loading. Any deviations from the minimum
information to be provided on the computer generated weigh ticket must be approved by the
Engineer in writing.

(8) Charts and records for a mixture produced at one plant site shall be continued from contract to
contract.

G Documentation (Control Charts)

The following data shall be recorded on the standardized control charts, all control charts and
summary sheets shall be computer generated using software approved by the Engineer. Softwareisavailable from
the Mn/DOT Bituminous Office at www.mrr.dot.state.mn.us/pavement/bituminous/bituminous.asp.

(1) Blended aggregate gradation, include sieves shown in Table 2360.2-E for specified mixture.
(2 Percent asphalt binder content (Py)

3) Maximum specific gravity (Gmm)

4) Production air voids (V)

(5) VMA

Individual test results shall be plotted for each test point. A solid line shall connect individual
points. The moving average for each test variable shall be plotted starting with the fourth test. A dashed line shall
connect the moving average points. The Department's quality assurance and verification test results shall be plotted
with asterisks. Specification IMF limits shall beindicated on the control charts using adotted line. The Engineer
may waive the plotting of control charts.

H JMF Limits

The production air voids and VMA are based upon the minimum specified requirements as shown
in Tables 2360.3-B2b and 2360.3B2c. Gradations and asphalt binder content limits are based upon the current
Department reviewed Mixture Design Report. Gradation control sievesinclude each sieve shownin
Table 2360.2-E. The mixture production targets are listed on the Mixture Design Report. JMF limits are the target
plus or minus the limits shown in Table 2360.4-H. JMF limits are used as the criteriafor acceptance of materials
based on the moving average. A moving averageisthe average of the last four test results.
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Table 2360.4-H
JMF Limits (N=4)

Item JMF Limits

VMA, % -0.3
Production Air Voids, % 10
Asphalt Binder Content, % -04
Sieve - % Passing*

25,19, 125, 9.5, 4.75 mm [Llinch, 3/4inch, 1/2 inch, 3/8inch, #4] +7
2.36 mm [#8] +6
0.075 mm [#200] +20

* JMF limits are not allowed outside the broadband requirementsin Table 2360.2-E.
I JMF Bands

JMF Bands are defined as the area between the target, as identified on the Mixture Design Report,
and the IMF limits.

J JMF Adjustment

The Contractor shall begin mixture production with the materials (gradation, asphalt content, and
aggregate proportions) closely conforming to the reviewed Mixture Design Report. Closely conforming shall be
defined as aggregate proportions within 5 percent of the design proportions” and other mixture parameters within
the IMF limitsin Table 2360.4-H. This requirement may be waived if the Contractor provides the District Materials
Laboratory with prior documented production data showing how production affects the mixture properties or if the
Contractor provides the District Materials Laboratory with awritten justification or explanation of material changes
since the original mixture submittal.

@ The Contractor shall begin mixture production using all aggregate proportions included on the Mixture Design Report unless
the aggregate proportion is shown as O percent.

If, during production, the Contractor determines from results of QC tests that adjustmentsto the
mix design are necessary to achieve the specified properties, the following provisions shall apply. No adjustments
are allowed using aggregates or materials not part of the original mix design.

The Contractor shall make arequest for a IMF adjustment to the Department Bituminous Engineer
or District Materials Engineer. The requested change will be reviewed for the Department by a Certified Level |l
Bituminous QM Mix Designer. If the request meets the design requirementsin Tables 2360.3-B2aand 2360.3-B2b,
arevised Mixture Design Report shall beissued. Each trial mixture design submittal as described in Section
2360.3A may have three IMF adjustments per mixture per project without charge. Additional IMF adjustments
requested must be accompanied with a $500 fee per each additional IMF adjustment, payable to the Commissioner
of Transportation.

If aJMF change is requested for the 0.075 mm [#200] sieve, the Finesto Effective Asphalt Ratio
shall be determined on the moving average from the previous four gradation tests conducted during actual
production. The adjusted JIMF shall be within the mixture specification gradation design broadbands shown in
Section 2360.2E. Should aredesign of the mixture become necessary, anew JMF shall be submitted. The IMF
asphalt content may only be reduced if the production VMA meets or exceeds the minimum VMA requirement for
the mixture being produced.

Adjustments will be made as aresult of an interactive process between the Contractor, Engineer,

and District Materials Engineer. Consecutive requests for JIMF adjustments, without production data, are not
allowed. The calculation of the moving average shall continue after the JIMF has been approved.
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J1 JMF Adjustment for Proportion Change > 10%

If aJMF adjustment is requested for a proportion change exceeding 10% (from the currently
produced mixture) for a single stockpile aggregate, supporting production test data from a minimum of four tests run
at an accelerated testing rate of 1 test per 450 metric tons [500 tons] must be included with the request for
adjustment. In addition to the requirements listed above, acceptabl e verification and approval of the requested IMF
will be based on individual and moving average test results. Individual test results must be within twice the
requested IMF limits for percent asphalt binder, production air voids, and VMA. Individual gradation must be
within twice the requested JIM F bands. The moving average values mu st be within the control limits of Table
2360.4-H . The calculation of the moving average shall continue after the change in proportions.

If the mixture meets the specified quality indicators, the request for IMF adjustment will be signed
by the District Materials Laboratory and considered effective from the point the proportion change was made.
Failure to meet the quality indicators will result in reduced payment or removal and replacement with acceptable
material. Consecutive requests for IMF adjustments without production datais not allowed.

K Corrective Action -- Percent Asphalt Binder Content, VMA, and Gradation and Production
Air Voids

When the moving average values trend toward the IMF limits, the Contractor shall take corrective
action. The corrective action taken shall be documented on summary sheets and, if applicable, arequest for IMF
adjustment shall be submitted to the District Materials Engineer for review and approval. All tests shall be part of
the project files and shall be included in the moving average calculations. The Contractor shall notify the Engineer
whenever the moving average values exceed the IMF limits.

L Failing Materials

The determination of price adjustments for failing materials will be based on the criteria outlined
in this Section. Material acceptance isbased on individual and moving average test results. Isolated test results are
used for acceptance of air voids at the start of mixture production. Generally, individual test results which are more
than twice the IMF bands are considered failing. Moving average test results are considered failing when they
exceed the IMF limits.

If the moving average values exceed the IMF limits, the Contractor shall stop production and
make adjustments. The Contractor shall restart production only after notifying the Engineer of the adjustments that
have been made. Testing shall resume at the accelerated rates and for the testslisted in Table 2360.4-D for the next
1800 metric tons [2,000 tons] of mixture produced. The calculation of the moving average shall continue after the
stop in production.

Mixture produced where the moving average of four exceeds the IMF limits shall be considered
unsatisfactory and subject to requirements of Section 2360.4L4, L5, L6, and L7. Individual test failures are
discussed in Section 2360.4L1, L2, and L3.

When the total production of a mixture type for the entire project requires less than four tests, a
moving average will be established based on the tests taken. Acceptance of material will be consistent with the
criteriaoutlined in Section 2360.4L and will be based on the following modifications to the IMF limits: For two
tests, establish the new JMF limits by multiplying the IMF limits listed in Table 2360.4-H by 1.41; for three tests,
establish the new JMF limits by multiplying the IMF limits listed in Table 2360.4-H by 1.15. For moving average
gradation, the modified JMF limit cannot exceed the broadband requirements in Table 2360.2-E.

When the Contractor's testing data fails to meet specified tolerances aslisted in Table 2360.4-M,

quality assurance/verification data shall be used in place of the Contractor's data to determine the appropriate
payment factor.
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L1 Isolated Failures at Mixture Start-Up — Production Air Voids

At thestart-up of mixture production, before a moving average of four can be established the first
three (3) isolated test results for production air voids will be used for acceptance. Isolated production air voids are
calculated by using the maximum mixture specific gravity and the corresponding bulk specific gravity from that
singletest. After four (4) samples have been tested and a moving average of four can be established, acceptance
will be based on individual and moving average production air voids.

If, at the start of production, any of thefirst three (3) isolated test results for production air voids
exceeds twice the IMF bands from the target listed on the Mixture Design Report, the material is considered
unsatisfactory or unacceptable. Reduced payment as outlined in Table 2360.4-L 3 shall apply to all tonnage placed
from the sample point of the failing test until the sample point when the isolated test result is back within twice the
JMF bands. When the failure occurs at the first test, after the start of production, the tonnage subjected to reduce
payment shall be calculated as described above and shall include the tonnage from the start of production.

When isolated air voids are less than 1.0% or greater than 7.0% the Engineer will decide whether
the mixture is subject to removal and replacement or reduced payment. If the mixtureisto be removed and
replaced, the Contractor at his expense will perform the work. To better define the areato be removed and replaced
the Engineer may require the Contractor to test inplace mixture. This may include testing mixture placed prior to
thefailing test result. Reduced payment will be 50 percent of the Contract bid price.

L2 Individual Failure at Mixture StartUp - VMA

At the start-up of mixture production, before a moving average of four can be established, the first
three (3) individual test results for VMA will be used for acceptance. After 4 samples have been tested and a
moving average of four can be established, acceptance will be based on individual and moving average VMA.

If, at the start of production, any of thefirst three (3) individual VMA test results exceeds twice
the IMF bands from the target listed on the Mixture Design Report, the material is considered unsatisfactory or
unacceptable. Reduced payment as outlined in Table 2360.4-L.3 shall apply to all tonnage placed from the sample
point of the failing test until the sample point when the test results are back within twice the IMF limits. When the
failure occurs at the first test, after the start of production, the tonnage subjected to reduce payment shall be
calculated as described above and shall include the tonnage from the start of production.

L3 Individual Failure - Gradation, Percent Asphalt Binder, Production Air Voids, and VMA

Table 2360.4-L3
Reduced Payment Schedule for Individual Test Results

Item Pay Factor
Gradation 95 %
Coarse and Fine Aggregate Crushing 90 %
VMA 85 %
Asphalt Binder Content 85 %
Production Air Voids (individual ® and isolated ®) 70 %
@ Lowest Pay Factor applies when there are multiple reductions on a single test.
2 Individual air voids are calculated using the moving average maximum specific gravity and the
bulk specific gravity from that single test.
3 Isolated air voids are calculated from the maximum specific gravity and the bulk specific gravity

from that single test. Isolated void test results are used for acceptance only for the first 3 tests
after mixture production start-up.

If theindividual gradation test exceeds twice the IMF bands from the target listed on the Mixture

Design Report the material is considered unsatisfactory or unacceptable. Reduced payment as outlined in Table
2360.4-L.3 shall apply to all tonnage represented by the individual test.
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If the individual tests for percent asphalt binder content, production air voids, or VMA exceeds
twice the IMF bands from the target listed on the Mix Design Report the material is considered unsatisfactory or
unacceptable. Reduced payment as outlined in Table 2360.4-L3 shall apply to all tonnage placed from the sample
point of the failing test until the sample point when the test result is back within twice the IMF limits. When the
failure occurs at the first test after the start of daily production, tonnage subjected to reduced payment shall be
calculated as described above and shall include the tonnage from the start of production that day.

When individual air voids are less than 1.0% or greater than 7.0% the Engineer will decide
whether the mixture is subject to removal and replacement or reduced payment. |f the mixtureisto be removed and
replaced, the Contractor at his expense will perform the work. To better define the areato be removed and replaced
the Engineer may require the Contractor to test inplace mixture. This may include testing mixture placed prior to
thefailing test result. Reduced payment will be 50 percent of the Contract bid price.

L4 Moving Average Failure at Mixture Start-Up - Production Air Voids

When amoving average failure occurs within any of the first 3 moving average results after
mixture start-up (tests 4, 5, 6), the mixture will be considered acceptableif the individual air void, corresponding to
the moving average failure is within the IMF limits. If theindividua air void is not within the IMF limit, the
mixture will be considered unacceptable and the Engineer will decide whether the mixture is subject to removal and
replacement or reduced payment. The Engineer may waive the penalty if theisolated air void corresponding to the
individual air void is within the IMF limit. |f the mixture isto be removed and replaced, the Contractor at his
expense will perform the work. Reduced payment will be 50 percent of the Contract bid price. Tonnage subjected
to replacement or reduced payment shall be calculated as the tons placed from the sample point of the failing
moving average result and corresponding individual air void beyond the IMF limit to the sampling point when the
individual test result is back within the IMF limit.

L5 Moving Average Failure at Mixture Start-Up - VMA

When amoving average failure occurs within any of the first 3 moving average results after
mixture start-up (tests 4, 5, 6), the mixture will be considered acceptableif the individual VMA, corresponding to
the moving average failure is within the IMF limits. If the individual VMA is not within the IMF limit, the mixture
will be considered unacceptable and the Engineer will decide whether the mixture is subject to removal and
replacement or reduced payment. If the mixtureisto be removed and replaced, the Contractor at his expense will
perform the work. Reduced payment will be 75 percent of the Contract bid price. Tonnage subjected to
replacement or reduced payment shall be calculated as the tons placed from the sample point of the failing moving
average result and corresponding individual VMA beyond the IMF limit to the sampling point when the individual
test result is back within the IMF limit.

L6 Moving Average Failure - Production Air Voids

A moving average production air void failure occurs when the individual production air void
moving average of four exceeds the IMF limit. This mixture is considered unacceptable and the Engineer will
decide whether the mixture is subject to removal and replacement or reduced payment. |f the mixtureisto be
removed and replaced, the Contractor at his expense will perform the work. Reduced payment will be 50 percent of
the Contract bid price. Tonnage subjected to replacement or reduced payment shall be calculated as the tons placed
from the sample point of all individual test results beyond the IMF limits which contributed to the moving average
value that exceeded the IMF limit to the sampling point when the individual test result is back within the IMF limits.
When the failure occurs at the first test after the start of daily production, tonnage subjected to reduced payment
shall include the tonnage from the start of production that day.
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Table 2360.4-L6
Reduced Payment Schedule for Moving Average Test Results

Item Pay Factor
Gradation 75 %
Coarse and Fine Aggregate Crushing NA (individual failures only)
VMA® 75%
Asphalt Binder Content 75 %
Production Air Voids'? 50 %
D Lowest Pay Factor applies when there are multiple reductions on asingle test.
2 See criteriafor mixture production start-up

3 Excluding the 0.075 mm [#200] sieve, use 95% pay factor if failure is within aggregate gradation
broadband, Table 2360.2-E.

L7 Moving Average Failure - Percent Asphalt Binder Content, VMA, and Gradati on

For mixture properties including asphalt binder content, VMA, and gradation, where the moving
average of four exceeds the IMF limits, the mixture is considered unacceptable and the Engineer will decide
whether the mixture is subject to removal and replacement or reduced payment. If the mixtureisto be removed and
replaced, the Contractor at his expense will perform the work. Reduced payment will be 75 percent of the Contract
bid price. Tonnage subjected to replacement or reduced payment shall be calculated as the tons placed from the
sample point of al individual test results beyond the IMF limits which contributed to the moving average value that
exceeded the IMF limit, to the sampling point when the individual test result is back within the IMF limits. When
the failure occurs at the first test after the start of daily production, tonnage subjected to reduced payment shall
include the tonnage from the start of production that day.

L8 Coar se and Fine Aggregate Crushing Failure

If any test result for Coarse Aggregate Angularity, Fine Aggregate Angularity or -4.75mm [ - #4]
calculated crushing fail to meet minimum requirements in Table 2360.3-B2a, all material placed is subject to
reduced payment as outlined in Table 2360.4-L3. Tonnage subjected to reduced payment shall be calculated as the
tons placed from the sample point of the failing test until the sampling point when the test result is back within
specifications. When the failure occurs at the first test after the start of daily production, tonnage subjected to
reduced payment shall include the tonnage from the start of production that day.

M Quality Assurance

The Engineer will periodically witness the sampling and testing being performed by the
Contractor. If the Engineer observes that the sampling and quality control tests are not being performed in
accordance with the applicable test procedures, the Engineer may stop production until corrective action is taken.
The Engineer will notify the Contractor of observed deficiencies promptly, both verbally and in writing.

The Engineer may obtain additional samples, at any time, to determine quality levels. These
additional samples or verification samples are described in Section 2360.4N. For mixture, the Contractor shall test
their portion immediately.

All testing and data analysis shall be performed by the Certified Level | Bituminous Quality
Management (QM) Technician. Certification shall be in accordance with the Mn/DOT Technical Certification
Program. The Department shall post a chart giving the names and tel ephone numbers for the personnel responsible
for the Quality assurance program.

The Engineer shall calibrate and correlate al laboratory testing equipment in accordance with the
latest version of the Mn/DOT Bituminous Manual.
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Table 2360.4-M
Allowable Differences (T olerances) Between Contractor and Mn/DOT Test Results*

Item Allowable Difference
Mixture Bulk Specific Gravity (Gyp) 0.030
Mixture Maximum Specific Gravity (Gmm) 0.019
VMA (Calculated) 1.2
Fine Aggregate Angularity, uncompacted voids (U) % 1
Coarse Aggregate Angularity, % fractured faces (%P) 15
Aggregate Individual Bulk Specific Gravity (+4.75mm [ + #4]) 0.040
Aggregate Individual Bulk Specific Gravity (-4.75mm [ - #4]) 0.040
Aggregate combined blend Specific Gravity (Gy,) 0.020
Tensile Strength Ratio (TSR) % See Table 2360.3-B2b
Asphalt Binder Content
Meter Method, % 0.2
Spot Check Method, % 0.2
Chemical Extraction Methods, % 0.4
Incinerator Oven, % 0.3
Chemical vs. Meter, Spot Check, or Incinerator methods 0.4
Incinerator Oven vs. Spot Check 04
Gradation Sieve % passing
25.0, 19.0, 12.5, 9.5 mm [linch, 3/4inch, 1/2inch, 3/8inch] 6
4.75 mm [#4] 5
2.36 mm [#8] 4
0.075 mm [#200] 2.0

*Test tolerances listed are for single test comparisons.
N Verification Testing

A verification sampleis asample, which is sampled and tested by Mn/DOT to assure compliance
of the Contractor’s Quality Control program. A verification companion is a companion sample, to Mn/DOT’s
verification sample, provided to the Contractor. The Contractor isrequired to test and use this verification
companion sample as part of the QC program. The verification companion sample will replace the next scheduled
QC sample. Itisrecommended enough material be sampled to accommodate retesting should the samples fail to
meet requirements as described below.

Verification testing shall be performed on at least one set of production tests Section 2360.4E,
excluding sections E9, E10, E11, and E12, on adaily basis per mix type. The verification companion sample will be
used to verify the requirements of Tables 2360.2-E, 2360.3-B2a, 2360.3-B2b, and 2360.3-B2c and will be compared
to the Verification sample for compliance with allowabl e tolerances as specified in Table 2360.4-M. These include
the mixture properties of Gy, (Mixture max gravity), G, (mixture bulk gravity), asphalt binder content, VMA
(calculated), Coarse and Fine Aggregate crushing, and gradation. For Coarse and Fine Aggregate crushing that
meets the requirements of Section 2360.4E7 and 2360.4E8 the one test per week shall be performed on a verification
companion. These do not include the aggregate bulk specific gravity Gy, finesto effective asphalt, or the tensile
strength ratio (TSR). Asphalt binder content and gradation must be determined by either extraction method
2360.4E1b or 2360.4E1c. Asphalt content from the verification test result must be used to determine VMA.

The Department’ s verification test results will be available to the Contractor within 2 working
days from the time the sampleis delivered to the District Laboratory for Gmm mixture max gravity, Gmb mixture
bulk gravity, air voids (calcul ated), asphalt binder content, VMA (calculated). Gradation and crushing results will
be provided to the Contractor within 3 Mn/DOT working days. Once the verification test results are available, they
will beincluded on the test summary sheet. These results and those from the Contractor’ s verification companion
will be compared for allowabl e tolerances as specified in Table 2360.4-M. If the tolerances are met, the verification
processis complete.
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If the tolerances between Department and Contractor are not met, retests of the material shall be
conducted by the Department. If the retests fail to meet tolerances, the Department’ s verification test results will be
substituted for the Contractor’ s resultsin the QC program and used for acceptance. Only those parameters out of
tolerance will be substituted and, if applicable, volumetric properties will be recal culated @,

When tolerances from the verification sample retests are not met, an investigation will begin
immediately to determine the cause of the difference. Testing equipment, procedures, worksheets, gyratory
specimen height sheets, and personnel will be reviewed to determine the source of the problem. The District
Materials Engineer may also require a hot-cold comparison of mixture properties be performed. The procedure for
hot-cold comparisonsis as follows:

The hot-cold comparison sample will be split into three representative portions. The Engineer will
observe the Contractor testing the sample. One part shall be compacted immediately while still
hot (additional heating maybe required to raise the temperature of the sample to compaction
temperature). The second and third part will be allowed to cool to air temperature. The
Contractor will retain the second part and the third part will be transported to the District Materials
Laboratory. On the same day and at approximately the same time the Contractor and the District
Materials Laboratory will heat their samplesto compaction temperature and compact them. From
thisinformation a calibration factor will be developed to compare the specific gravity of the hot
compacted samplesto reheated compacted samples. Each test will involve a minimum of three
Marshall specimens or two gyratory specimens. Thistest may be repeated at the discretion of the
Contractor or the District Materials Engineer.

Note: Care must be taken when reheating samples for mixture properties analysistests. Mix samples
should be reheated to 70°C [160°F] to allow splitting of the sample into representative fractions
for the various tests. Overheating of the mixture portions to be tested for maximum specific
gravity (Rice Test) may result in additional asphalt being absorbed in the aggregate.

The Department will test the previously collected QA samples until they meet the tolerances or the
remaining samples are all tested. Once these samples are tested, the department will test QA samples subsequent to
the verification sample until tolerances are met. Acceptance will be based on QC data with substitution of
Department test results for those parameters out of tolerance . If reestablishment of test result tolerancesis not
achieved within 48 hours, the Contractor shall cease mixture production and placement until the problemis
resolved.

D If, through analysis of data, it is determined thereisabiasin the test results, the Engineer will determine
which results are appropriate and shall govern. Methodsto analyze datafor determination of bias are on
file in the Bituminous Office.

2360.5 CONSTRUCTION REQUIREMENTS
A General

The following construction requirements provide for the construction of all courses. When
construction is under traffic, the requirements of Mn/DOT 2221.3D will apply.

B Restrictions

In general, no work within the roadway will be permitted in the spring until seasonal 1oad
restrictions on roads in the vicinity have been removed. However, work withinthe roadbed may be permitted before
that timeif, in the opinion of the Engineer, it can be done without damage to the subgrade. HMA shall not be placed
when, in the opinion of the Engineer, the weather or roadbed conditions are unfavorable.

No asphalt pavement wearing course (final wearing course if multiple wearing courses) shall be

placed after October 15th in that part of the state north of an east-west line between Browns Valley and Holyoke,
nor after November 1st south of that line. The Engineer may waive these restrictions when:
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D) The asphalt mixture is not being placed on the traveled portion of the roadway, or
(2) The roadway involved will not be open to traffic during the following winter, or
3) The Engineer directs in writing the mixture be placed.
The Contractor shall not use petroleum distillates such as kerosene and fuel oil to prevent adhesion
of asphalt mixturesin pavement hoppers, truck beds, or on the contact surfaces of the compaction equipment.

Anti-adhesive agent must meet the criteriafor "Effect on Asphalt" as described in the most recent Asphalt Release
Agent Report on filein Mn/DOT’ s Office of Environmental Services and the Bituminous Office.

C Equipment
C1 Asphalt Mixing Plants
Cla Requirement for All Plants

The Contractor shall test and calibrate all scales according to Mn/DOT 1901, except as otherwise
designated by the Contract.

Cla(l1) Equipment for the Preparation of the Aggregate

Add mineral filler to the mixture using a storage silo equipped with a device to ensure a constant
and uniform feed.

Cla(2) Equipment for the Preparation of Asphalt Material

Tanksfor storage of asphalt material at the plant shall be equipped to heat the material and
maintain the material at the required temperatures. The discharge end of the circulating line shall be below the
surface of the asphalt material. Provide agitation for modified asphalt, when used, if recommended by the supplier.

An outage table or chart and measuring stick shall be provided for each storage or working tank.
Tanks shall be equipped with provisions for taking of asphalt binder material samples. After delivery of asphalt
binder material to the Project, the Contractor shall not heat the material above 175°C [350°F]. For modified asphalt,
the maximum storage temperature shall not exceed the recommendation of the asphalt supplier.

Cla(3) Asphalt Binder Control

When asphalt binder material is proportioned by volume, the plant shall be equipped with either a
working tank or a metering system for determining asphalt binder content of the mixture.

The working tank shall have a capacity between 3,800 L [1,000 gallons] and 7,600 L [2,000
gallons]. Theworking tank shall be calibrated and supplied with a calibrated measuring stick. The tank may be
connected to amixing unit and used only during spot check operations, but it shall be available at all times. Any
feedback shall be returned to the working tank during spot check operations.

The metering system shall consist of at |east one approved asphalt binder flow meter in addition to
the asphalt binder pump. The flow meter shall be connected to the asphalt binder supply to measure and display
only the asphalt binder being fed to the mixer unit. The meter readout shall be positioned for convenient
observation. Means shall be provided for comparing the flow meter readout with the cal culated output of the asphalt
binder pump. In addition, the system shall display in liters [gallons] or to the nearest 0.001 metric tons [0.001 tons],
the accumulated asphalt binder quantity being delivered to the mixer unit. The system shall be calibrated and
adjusted to maintain an accuracy of + one percent error. This calibration shall be required for each plant set-up prior
to production of mixture.
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Cla(4) Dryer: The aggregate shall be free of unburned fuel.
Cla(b) Thermometric Equipment:

The plant shall be equipped with a sufficient number of thermometric instruments to ensure
temperature control of the aggregate and the asphalt binder material.

C1la(6) Pollution Controls
Cla(6)(a) POIHULION <.ttt e s st s et et en st s s st e 1717
Cla(7) Surgeand Storage Bins

The plant may include facilities to store hot asphalt mixture for coordinating the rate of production
with the paving operations. Storage of the hot mixture will be permitted for a period not to exceed 18 hours,
provided the following requirements are met:

(a) Hot mix storage facilities shall be designed and operated to prevent segregation of the mix,
drainage of the asphalt from the mix, and to prevent excessive cooling or overheating of the
mixture.

(b) The temperature of the mixture at time of discharge from the storage facility shall be within a
tolerance of 5°C [9°F] of the temperature when discharged from the silo or mixer.

c2 Placement and Hauling Equipment

All equipment shall be serviced away from the paving site to prevent contamination of the
mixture. Unitsthat drip fuel, oil, or grease shall be removed from the paved surface until such leakage is corrected.

C2a Asphalt Pavers

Asphalt pavers shall be self-contained, power-propelled units, with an operational vibratory
screed, capable of spreading and finishing courses of asphalt plant mix material in widths applicable to the specified
typical sections and thicknesses, indicated in the Contract.

The screed or strike-off assembly shall produce a finished surface of the required evenness and
texture without tearing, shoving, or gouging. For mainline paving, screed extensions and auger extensions are
required if the paving width on either side of the paver is greater than the basic screed unless otherwise directed by
the Engineer. Strike-off only extension assemblies are not allowed for mainline wearing course paving, unless
directed by the Engineer.

Automatic screed control by means of an erected string line shall only be required when stated in
the Contract.

All pavers shall be equipped with an approved automatic screed control. The automatic controls
shall include a system of sensor-operated devices, which follow reference lines, or surfaces on one or both sides of
the paver asrequired. The speed of the paver shall be adjusted to produce the best results.

All mixtures shall be spread without segregation to the cross sections shown in the plans. In
general, leveling layers shall be spread by the method producing the best resultsas approved by the Engineer. The
objective isto secure a smooth base of uniform grade and cross section so that subsequent courses will be uniformin
thickness. Theleveling layer may be spread with a properly equipped paver or, when approved by the Engineer, a
motor grader equipped with aleveling device, or with other means for controlling the surface elevation of the
leveling layer.
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All mixtures shall be spread, to the fullest extent practicable, by an asphalt paver. When approved
by the Engineer, mixtures may be spread by a motor grader in areas that are inaccessible to a paver such ason
driveway entrances, irregular areas, short isolated areas or when the quantity of mixture makesit impractical to
place with a paver.

On shoulder surfacing and uniform width widening, when the placement width is too narrow for a
paver, the mixture in each course shall be spread with an approved mechanical device.

The placement of each course shall be completed over the full width of the section under
construction on each day's run unless otherwise directed by the Engineer.

C2b Trucks

Trucksfor hauling asphalt mixtures shall have tight, clean, and smooth beds. Mixture shall not be
allowed to adhere to the truck beds. Adherence may be prevented by spraying the truck bed with an anti-adhesive
agent in accordance with Section 2360.5B. Each truck shall be equipped with a cover of canvas or other suitable
material to protect the mixture from weather. The cover shall extend at least 300 mm [1 foot] over the sides and be
attached to tie-downs unless the truck is furnished with a mechanical or automated covering system, which prevents
airflow underneath by stretching the cover tightly on the top of or inside the sideboards. The cover shall be used
when directed by the Engineer.

C2c Motor Graders

Motor graders shall be self-propelled and have pneumatic-tires with atread depth of 13 mm [1/2
inch] or less. They shall be equipped with ablade not less than 3 m [10 feet] in length and shall have a wheelbase
of not lessthan 4.5 m [15 feet].

D Treatment of the Surface
D1 Tack Coat

An asphalt tack coat shall be applied to existing asphalt and concrete surfaces, and to the surface
of each course or lift constructed, except for the final course or lift, according to Mn/DOT 2357. Emulsified asphalt
tack coats shall be allowed to break, asindicated by a color change from brown to black, before a subsequent lift is
placed.

The contact surfaces of all fixed structures and the edge of the in-place mixture in all courses at
transverse joints and longitudinal joints shall be given a uniform but not excessive coating of liquid asphalt or
emulsified asphalt before placing the adjoining mixture.

E Compaction Operations

After being spread, each course shall be compacted to the required density. Therollersshall, as
practicable, be operated continuously so all areas are thoroughly compacted to the required density. When not
operating, the rollers shall not stand on the uncompacted mixture or newly rolled pavement having a surface
temperature exceeding 60°C [140°F]. Rolling with steel-wheeled rollers shall be discontinued if it produces
excessive crushing or pulverizing of the aggregate or displacement of the mixture.

To prevent adhesion of the mixture to the steel roller wheels, the contact surfaces of the wheels
shall be kept properly moistened using water or awater solution containing small quantities of a detergent or other
approved material.

To secure atrue surface, variations such as depressions or high areas, which may develop during
rolling operations, and lean, fat or segregated areas shall be corrected by removing and replacing the material in the
defective area. All such corrections shall be accomplished as directed by the Engineer at no expenseto the
Department.
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When mixtures are spread by a motor grader, pneumatic-tired rollers shall compact the mixture
simultaneously with the spreading operation.

F Construction Joints

Joints shall be thoroughly compacted to produce a neat, tightly bonded joint that meets surface
tolerances. Both transverse and longitudinal joints are subject to density requirements as outlined in Section 2360.6
Pavement Density.

F1 Transverse Joints

A transversejoint (full paver width at right angles to the centerline) shall be constructed when
mixture placement operations are suspended. The forward end of the freshly laid strip shall be thoroughly
compacted by rolling before the mixture has cooled. When work is resumed, the end shall be cut vertically for the
full depth of the layer unless aformed edge is constructed as approved by the Engineer.

F2 Longitudinal Joints

Longitudinal joints between strips shall be parallel to the centerline. In multiple lift construction,
the longitudinal joints between stripsin each lift shall be constructed not less than 150 mm [6 inches] measured
transversely from the longitudinal jointsin the previously placed lift. When the wearing courseis constructed in an
even number of strips, one longitudinal joint shall be on the centerline of theroad. When it is constructed in an odd
number of strips, the centerline of one strip shall be on the centerline of the road, provided that no joint islocated in
the wheel path area of atraffic lane. Longitudinal jointsin multiple lift construction over Portland cement concrete
pavements may be aligned directly over the concrete pavement longitudinal joints at the discretion of the Engineer.

At longitudinal joints formed by placing multiple strips, the adjoining surface being laid shall,
after final compacting, be slightly higher (but not to exceed 3 mm [1/8 inch]) than the previously placed strip.
When constructing a strip adjoining a previously placed strip or a concrete pavement, any fresh mixture that
overlaps apreviously placed strip or pavement shall be removed (to the longitudinal joint line) before any rolling is
done.

G Asphalt Mixture Production (FOB Department Trucks)

For asphalt mixture production, the Contractor shall, in addition to the asphalt mixture required on
the Project, produce and deliver asphalt mixture to the Department. The mixture shall be the mixture being
produced and shall be loaded on Department furnished trucks at the mixing plant at atime agreed on by the
Engineer and Contractor. The Engineer will notify the Contractor of the total quantity of mixture desired not less
than 2 weeks prior to completion of the wearing course construction. The Engineer will not accept the asphalt
mixtureif it isinappropriate for the Department's intended use.

H Small Quantity HMA Paving

Unless otherwise indicated in the Special Provisions, the following provision for asmall quantity
of asphalt mixture shall apply.

A Mixture Design Report is not required for planned project quantities less than 191,200 nf mm
[9,000 squareyard inches[4,500 square yards per 2 inch thickness, etc]) or 450 metric tons [500 tons].
However, the Contractor shall verify in writing the asphalt mixture delivered to the project meets the requirements
of Table 2360.3-B2a and Table 2360.3B2b. The Department will obtain samples, as determined by the Engineer, to
verify percent design air voids and gradation. These results will be used for material acceptance. Air voidswill be
subject to the requirements of Section 2360.4L 1b for isolated air voids and a gradation falling outside the
requirements of Table 2360.2-E will be subject to payment asindicated in Table 2360.4-L2b.
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2360.6 PAVEMENT DENSITY
A General

All pavements will be compacted in accordance with the Maximum Density Method unless
otherwise specifiedin the Contract special provisions or as noted in Section 2360.6C.

B Maximum Density M ethod

All courses or layers of plant mixed asphalt mixtures for which the Maximum Density Method is
used shall be compacted to a density not less than the percentage shown in the Table of Required Density, Table
2360.6-B2, for the applicable mixture and course.

B1 Maximum Density Deter mination

The Density requirements listed in Table 2360.6B2 are percent of maximum specific gravity
(Gmm) based on theindividual lot. The Maximum specific gravity value used to cal culate the percentage density for
the lot shall be the average value obtained from the maximum gravity results from production tests taken during that
days paving. If only one or two maximum specific gravity values were obtained that day, then the moving average
value (at that test point) shall be used. If three or more maximum specific gravity values are obtained that day, then
the average of those tests alone shall be used as indicated above.

Bla Pavement Density Determination

The density of each lot shall be expressed as a percentage of the maximum specific gravity (%
Gmm) obtained by dividing the average bulk specific gravity for the lot by the maximum specific gravity multiplied
by 100, (maximum specific gravity basisisthe average G, of QC tests done on the day that the individual ot was
paved as described above). Determination of the bulk specific gravity of the cores shall be in accordance with
AASHTO T-166, Mn/DOT modified. For coarse graded mixt ures the Engineer may reguire determination of bulk
specific gravity of the cores be in accordance with ASTM D1188, Mn/DOT modified. ASTM D6752 Mn/DOT
modified (Corelok) is also allowed for determination of bulk specific gravity of coarse graded mixtures. Selection
of the test method to determine coarse graded mixture bulk specific gravity shall be agreed upon at the time of mix
design submittal. Both the Contractor and Mn/DOT shall use the same test method to determine bulk specific
gravity. The determination of coarse and fine graded mixtures will be based on the percentage of material passing
the 2.365 mm sieve [#8] as defined in Table 2360.3-B2c.

Compaction operations shall be completed within 8 hours of mixture placement and before core
samples are obtained for density determination. Only pneumatic tired or static steel rollers are permitted for any
compactive effort performed between 6 and 8 hours after mixture placement.

Compacted mixtures represented by samples or tests having deficient densities shall not be re-
rolled. The Contractor shall not operate below the specified minimum density on a continuing basis. A continual
basis shall be defined as all lotsin aday’s production failing to meet minimum density or more than 50% of lots on
multiple days which fail to meet minimum density requirements. Production shall be stopped until the source of the
problem is determined and corrective action is taken to bring the work into compliance with specified minimum
required density.

B2 Required Density

Minimum density requirements for both gyratory (SP) and Marshall designed mixtures are listed
in Table 2360.6-B2.

Unless otherwise indicated in the Plans or Special Provisions, shoulderswider than 1.8 meters [6

feet] paved shall be compacted by the Maximum Density Method. When shoulders are required to be compacted by
the Maximum Density Method and are paved in a separate operation or have a different required minimum density
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than the driving lane, the lot tonnage placed on the shoulder shall be delineated in separate lots from the driving
lanes for the day paving was conducted.

Unless otherwise indicated in the Plans or Special Provisions a narrow shoulder, 1.8 meter [6 feet]
or lesswide, that is paved in the same pass as adriving lane or that is paved separately will be compacted by the
Ordinary Compaction Method. Mixture compacted under Ordinary Compaction is excluded from lot density
requirements and that tonnage is also excluded from incentive/disincentive payment.

If the Plans or Special Provisionsindicate a narrow shoulder isto be compacted by the Maximum
Density Method, the minimum required density islisted in Table 2360.6-B2. If the minimum required density of the
shoulder is different than the driving lane, the tonnage placed on the shoulder shall be delineated in separate lots
from the driving lane.

Echelon paving (two pavers running next to each other in adjacent lanes) shall be considered
separate operations.

Table 2360.6-B2
Required Minimum Density
SP Wear and All MV
and LV Mixtures @ | SPNonwear 0@

SP Shoulders®®@

Is_lj)r?gtclceapfrom £ 100 mm [4 inch]** > 100 mm [4inch]** D;i)%%?gsat Dﬁ%r;ﬁ:t
% Gmm 92.0 93.0 93.0 92.0
* SP Mixturesonly
** |f less than 25% of alayer iswithin 100 mm [4 inches] of the surface, the layer may be
considered to be below 100 mm [4 inches] for mix design purposes.
1) Minimum reduced by one percent on thefirst lift constructed over PCC pavements.
2 Minimum reduced by one percent for the first lift constructed on aggregate base (mainline and

shoulder), reclaimed or cold inplace recycled base courses and first lift of an overlay on aroadway
with a6.35 metric ton [7 ton] or less spring load restriction (roadway includes shoulders).
B2a Lots & Core Locations

Table 2360.6-B2a
Lot Determination

Daily Production

Metric (ton) [English (Ton)] Lots
270* — 545 [300* —600] 1
546 — 910 [601 — 1,000] 2
911- 1,455 [1,001 — 1,600] 3
1,456 — 3,275 [1,601 — 3,600] 4
3,276 — 4,545 [3,601 —5,000] 5
4,546 + [5,001 +] 6

*\When mix production is less than 270 metric tons [300 tons], establish 1% |ot when accumul ative
tonnage exceeds 270 metric tons [300 tons].

Divide the days production into equal lots as shown in Table 2360.6-B2a. The Engineer may
require additional density |ots be established to isolate areas affected by equipment malfunction/breakdown, heavy
rain, or other factors that may affect the normal compaction operations. Obtain three coresin each lot. Two cores
will be taken from random locations selected by the Engineer. The third core, a companion core, shall be taken
within 0.3 meters [1 foot] longitudinally from either of the first two cores. The companion cores shall be given to
the Department Street Inspector immediately upon completion of coring and sawing. The random locations will be
determined by the Engineer using statistically derived stratified random number tables or other approved methods of
random number generation. These will also be used for partial lots. Both transverse and longitudinal jointsare
subject to maximum density requirements. |f the random core location falls on an unsupported joint, at the time of
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compaction, (the edge of the mat being placed does not butt up against another mat, pavement surface, etc.) cut the
core with the outer edge of the core barrel 0.3 meters[1 foot] away (laterally) from the edge of the top of the mat
(joint). If therandom core location falls on a confined joint (edge of the mat being placed butts up against another
mat, pavement surface, curb and gutter, or fixed face), cut with the outer edge of the core barrel 150 mm + 12.5 mm
[6inches+ 0.5 inch] from the edge of the top of the mat (ex. center of 100 mm [4 inch] core barrel 200 mm + 12.5
mm [8 £ 0.5 inches] from the edge of the top of the mat). Cores will not be taken within 300 mm [1 foot] of any
unsupported edge The Contractor shall be responsible for maintenance of traffic, coring, patching the core holes, and
sawing the cores if necessary to the proper thickness prior to density testing.

B3 Core Testing

Coreswill be taken and tested by the Contractor. Core locations will be determined and marked
by the Engineer. The Contractor shall schedule the approximate time of testing during normal project work hours so
that the Engineer may observe and record the saturated surface dry and immersed weight of the cores.

Density determination will be made by the end of the next working day after placement and
compaction. If multiple layers are placed in asingle day, cores shall be sawn and separated for each layer, tested
and reported by the end of the next working day.

The Contractor will cut pavement samples from the completed work with power equipment, and
restore the surface by the end of the next working day with new, well compacted mixture without additional
compensation. Failure to restore the surface within 24 hours of coring shall subject the Contractor to afine of $100
per working day, per lot, until the core holes are restored. Cores shall be cut using a 100 mm [4 inch] minimum
outer diameter coring device. All samples shall be marked with the lot number and core number or letter. The cores
shall be transported to the laboratory as soon as possible to prevent damage due to improper handling or exposure to
heat. These cormpanion cores may be tested by the Inspector on Department scales or transported to the
Department’s Field Laboratory or District Materials Laboratory.

Measure each core three times for thickness prior to saw cutting, report the average lift thickness
on the core sheet. These average thickness will contribute to thickness compliance as described in Section 2360.7A

If the Department companion core test result for bulk specific gravity (G.,) deviates beyond the
allowable tolerance of 0.030, substitute Department companion result for Contractor’s core result and then average
the Department result with the non-companion result for the lot density acceptance. If, through analysis of data, it is
determined thereis abiasin the test results, the Engineer will determine which results are appropriate and shall
govern.

If the Gy, tolerance failsin more than 2 lotsin aday of either consistently high or low differences
between the companion cores then an investigation to determine the source of errors shall be conducted.
Companion cores samples shall be increased to two per lot and tested until investigation is complete and tolerances
are met.

The Engineer may allow recoring of a sample only when the core has been damaged through no
fault of the Contractor, either during the coring process or in transit to the laboratory.

B4 Maximum Density Acceptance and Payment Schedule

The density of compacted mixture shall be accepted by pavement cores on alot basis.

The Contractor’s cores will be used for acceptance if the determined bulk specific gravity Gy,
from AASHTO T-166, Mn/DOT modified or ASTM D1188 iswithin + 0.030 of the state companion Gy, value.
Payment for ot densities of compacted mixture shall be determined from Table 2360.6-B4 or 2360.6-B4A.

Incentive and disincentive payments are for both wearing and non-wearing courses.

When the density requirement has been reduced by one percent, per Table 2360.6-B2, footnote 1
& 2, payment adjustments for lot densities will be made as specified in Table 2360.6-B4A. Incentive payments are
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excluded when the minimum density has been reduced. However, at the Contractors request and with approval of
the Engineer, the reduced density requirement may be waived and density evaluated under Table 2360.6-B4,
including incentives, for first lift constructed on aggregate base, reclaimed or cold inplace recycled base courses and
first lift of an overlay on aroadway with a 6.35 metric ton [7 ton] or less spring load restriction (reduced density
shall not be waived for thefirst lift constructed on PCC pavements). The request and approval shall be made after
the first days paving and before the third days paving begins. Once the request has been approved, eval uation of
density will be in accordance with Table 2360.6-B2 (excluding footnote 2) and Table 2360.6-B4, and will remain in
effect for the duration of mixture placement on that lift. The Contractor will also be responsible for compliance with
any construction requirements on subsequent lifts.

Table 2360.6-B4
Payment Schedule for Maximum Density

Percent of Max Specific Gravity ¥ Percent of Max Specific Gravity ¥ Percent
SP Wear (£100 mm [4 inches] from Surface) | SP Non-Wear (>100 mm [4 inches] from Surface) Paf/rrﬁ:]t
All MV & LV , SP Shid (4% Void) SP Shoulders (3% Void)
93.6 and above 94.6 and above 104
93.1-93.5 94.1-94.5 102
92.0-93.0 93.0- 94.0 100
91.0-91.9 92.0- 92.9 98
90.5-90.9 915-91.9 95
90.0- 90.4 91.0-91.4 91
89.5- 89.9 90.5-90.9 85
89.0- 89.4 90.0- 90.4 70
Lessthan 89.0 ¥ Less than 90.0 “
Table 2360.6-B4A
1% Reduced Table
Percent of Max Specific Gravity Percent of Max Specific Gravity Percent
SP Wear (E100 mm [4 inches] from Surface) | SP Non-Wear (>100 mm [4 inches] from Surface) Pae;r%e:nt
All MV & LV, SP Shid (4% Void) SP Shoulders (3% Void)
91.0 and above 92.0 and above 100
90.0- 90.9 91.0- 91.9 98
89.7-89.9 90.5-90.9 95
89.4- 89.6 90.0- 90.4 91
89.2-89.3 89.5-89.9 8
89.0- 89.1 89.0- 89.4 70
Lessthan 89.0 Lessthan 89.0 K
1) Minimum reduced by one percent for the first lift constructed on aggregate base (mainline and

@)
©)

4

shoulder), reclaimed or cold inplace recycled base courses and first lift of an overlay on aroadway
with a6.35 metric ton [7 ton] or less spring load restriction (roadway includes shoulders).
Minimum reduced by one percent on the first lift constructed on PCC pavements (reduced density
cannot be waived).

In calculating the percent of maximum specific gravity, report to the nearest tenth.

The payment in this portion of the specification shall apply only if the day’ sweighted average
individual production air voids are within - 0.5 percent of the target air void value. The weighted
average air voids shall be based on all the mixture production tests (2360.4€) for the corresponding
day and shall be weighted by the tons the corresponding test represents.

The HMA material represented by the lot shall be paid at a 70% pay factor, unless a single core
density isless than 87.0% of the maximum specific gravity (Gmm). If asingle core density isless
than 87.0% of Gmm, the material shall be removed and replaced by the Contractor at their expense
with mixture that meets the density requirements; or the Engineer may permit the unacceptable
material to remain inplace with a50% pay factor. The limits of the areato be removed will be
determined by additional core samples. These additional core samples shall be taken at the same
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offset from centerline as the original core; unlessthe original low density core was taken within
0.45 m [1.5 feef] of an edge of the paver pass. In that case, the additional cores shall be taken
0.45 m [1.5 feet] from the edge of the paver pass. The densities shall be determined at 15 m [50
foot] intervals, both ahead and back of the point of unacceptable core density (less than 87.0% of
Gmm), until a point of acceptable core density (87.0% of Gmm or greater) isfound. If the
incremental core density testing extendsinto a previously accepted lot, removal of the
unacceptable material will be required; however, the results of these tests shall not be used to
recal culate the previously accepted lot density. All costs incurred from additional coring and
testing, resulting from unacceptable core density, will be paid by the Contractor. The
unacceptable pavement areaisto be computed as the product of the longitudinal limits so
determined by the 15 m [50 foot] cores and the full width of the paver pass, laying in the traffic
lane or lanes. Shoulders shall be exempt from this calculation unless density failure occurred in
the shoulder area.

After the unacceptable material (core density less than 87.0% of Gmm) has been removed and
replaced, the density of the replacement material will be determined by the average of two cores.
Payment for the replacement material will be in accordance with Tables 2360.6-B4 or
2360.6-B4A, whichever applies. There will be no payment for the material removed. The
remainder of the original lot shall have a 70% pay factor.

C Ordinary Compaction Method

Ordinary compaction shall be used for layersidentified in the typical sections with a minimum
planned thickness of less than 40 mm [1 1/2 inches], thin lift leveling, wedging layers, patching layers, driveways,
areas which cannot be compacted with standard highway construction equipment. Unless otherwise indicated in the
Plans or Special Provisionsrecreational trails shall also be compacted by ordinary compaction. The ordinary
compaction method shall not be used on mainline, ramp, or loop paving, unless otherwise designated in the plans or
special provisions. When density is evaluated by the ordinary compaction method a control strip shall be used to
establish arolling pattern. This shall be used by the Contractor for the compaction of the asphalt mixture for the
layer on which the control strip is constructed, or until anew control strip is constructed. The control strip
requirement may be waived by the Engineer in small localized areas or other areas not conduciveto its
establishment.

A control strip shall be constructed at the beginning of the work on each lift of each course. Each
control strip shall have an area of at least 330 n [395 squar e yards] and shall be of the same thickness as the lift it
represents. The subgrade or pavement course upon which a control strip isto be constructed shall have the prior
approval of the Engineer. The control strips shall remain in place and become part of the completed work.

The materials used in the construction of the control strips shall conform to the specified
requirements for the course. The materials used in the control strip shall be from the same source and of the same
type as the material s used in the remainder of the course that the control strip represents.

The equipment used in the construction of the control strips shall be approved by the Engineer and
shall be the same type and mass used on the remainder of the pavement course represented by the control strip. A
minimum of two rollers shall berequired. A rolling pattern shall be established for each roller. A pneumatic-tired
roller shall be available for compaction operations within 24 hours after request by the Engineer. The final rolling
shall be performed with atandem steel-wheeled roller. Areasthat are inaccessible to the conventional typerolling
equipment shall be compacted to the required density by using trench rollers or mechanical tampers.

Construction of the control stripswill be as directed by the Engineer. Compaction shall
commence as soon as possible after the mixture has been spread to the desired thickness and shall continue until no
appreciable increase in density can be obtained by additional roller’s coverages. Densitieswill be determined by
means of a portable nuclear testing device or suitable approved alternate and a growth curve shall be developed to
determine the optimum rolling pattern. The Contractor shall furnish documentation of the growth curve to the
Engineer.
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To determine when no appreciableincrease in density can be obtained, two test points shall be
established in the control strip on arandom basis and the density at each point shall be measured by a portable
nuclear device or suitable approved alternate after each roller pass. Rolling shall be suspended when testing shows
either adecline of mo re than 2% of the maximum specific gravity or when additional roller passes fail to increase
the density.

After said testing is accomplished, rolling on the remainder of that course shall be donein
accordance with the pattern developed in the test stripfor that roller. A separate rolling pattern and timeinterval
shall be established for each roller.

A new control strip shall be ordered by the Engineer when:

€) A changein the IMF is made, or
(b) A changein the source of material is made or a change in the material from the same
source is observed.

A new control strip may be ordered by the Engineer or requested by the Contractor when:

(a Ten days of production have been accepted without construction of anew control strip, or
(b) There are other reasons to believe that a control strip density is not representative of the
HMA mixture being placed.

The nuclear testing device shall be furnished and operated by the Contractor. The furnishing of
the testing device and the operator will be considered incidental to the furnishing and placement of the HMA
mixture and shall not be compensated for separately. The device shall be calibrated according to procedures
described in the Mn/DOT Bituminous Manual.

Each course shall be uniformly compacted until there is no further evidence of consolidation and
al roller marks are eliminated. When this method is employed, and the quantity of mixture placed by the paver
exceeds 100 metric tons [110 tons] per hour, at least two rollers are required for compacting the mixture placed by
each paver.

C1l Rollers

The following requirements for rollers apply only when compaction is obtained by the ordinary
compaction method.

Cc2 Steel-Wheeled Rollers

Steel-wheeled rollers shall be self-propelled and has a minimum total mass of 7.3 metric tons[8
tons], or as otherwise specified in the Contract. When vibratory rollers are used, they shall produce 45 kN per meter
[3,085 Ibf per foot] of width. The frequency should be at least 2400 vpm and amplitude setting low. The roller
shall be capable of reversing without backlash and shall be equipped with spray attachments for moistening all
rollers on both sets of wheels.

C3 Pneumatic-Tired Rollers

The pneumatic-tired roller shall have a compacting width of 1.5 m[5 feet] or more. It shall be so
constructed that the gross wheel load force shall be a minimum of 13 kN [3,000 pounds] per wheel for LV and MV
mixtures and SP Level 2-3 mixtures and 22 kN [5,000 pounds] per wheel for SP Level 4-6 mixtures and can be
varied as directed by the Engineer. The tire arrangement shall be such that full compaction will be obtained over the
full width with each pass of theroller.

Theroller may be self propelled or provided with suitable tractive equipment, unless otherwise

specified in the Contract. If more than oneroller is propelled by asingle tractive unit, then that combination will be
counted asasingleroller unit.
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C4 Trench Rollers

Trench rollers shall be self propelled and have amass of not less than 4,400 kg per meter [2,960
pounds per foot] of width.

C5 Mixture Temperature Controls

If compaction is obtained by the ordinary compaction method, the minimum laydown temperature
in all courses (as measured behind the paver or spreading machine) of the asphalt mixture shall be in accordance
with the temperature requirements of Table 2360.6-C5. Unless directed by the Engineer in writing, no paving is
allowed under the Ordinary Compaction Method when the air temperature is below 0°C [32°F].

Table 2360.6-C5
Mixture Temperature Control

Tem;')A\elrrature Compacted Mat Thickness, mm®)
°C[°F] 25mm[linch] | 40mm[1-1/2inch] | 50mm[2inch] [ >75mm [3inch]
+0-5 [32-40] - 129 ® [265] 124 [255] 121 [250]
+ 6-10[41-50] 130® [270] 127 [260] 121 [250] 118 [245]
+ 11-15 [51-60] 127 ®) [260] 124 [255] 118 [245] 115 [240]
+ 16-21 [61-70] 121®[250] 118 [245] 115 [240] 113 [235]
+ 22-27 [71-80] 118 [245] 115 [240] 113 [235] 113 [235]
+ 28-32 [81-90] 113 [235] 110 [230] 110 [230] 110 [230]
+33[91+] 110 [230] 110 [230] 110 [230] 107 [225]
(A) Based on approved or specified compacted lift thickness.
(B) A minimum of one pneumatic-tire roller shall be used for intermediate rolling unless otherwise

directed by the Engineer. The Engineer may specify or modify in writing (with concurrence from
the Department Bituminous Engineer) a minimum laydown temperature.

2360.7 THICKNESS AND SURFACE SMOOTHNESS REQUIREMENTS
A Thickness

After compaction the thickness of each lift shall be within atolerance of 6 mm [1/4 inch] of the
thicknessshown in the Plans, except that, if automatic grade controls are used, this thickness requirement will not
apply to thefirst lift placed. Thisthickness requirement will not apply to aleveling lift whether or not automatic
grade controls are required. The Engineer may require removal and replacement, at the Contractor’ s expense, of any
part of any lift that is constructed to | ess than the minimum required thickness.

On that portion of any lift constructed to more than the maximum permissible thickness, the
materials used in the excess mixture above that required to construct that portion of the lift to the Plan thickness plus
6 mm [1/4 inch] will be excluded from the pay quantities and at the discretion of the Engineer and at the
Contractor’ s expense may be required to be removed and replaced.

Corestaken for density determination shall be measured for thickness also. Each core shall be
measured 3 times for thickness prior to sawing. Report the average of these three measurements. Each lot’s average
core thickness shall be documented and submitted to the Engineer. If the average of the two Contractor cores
exceed the specified tolerance, an additional two cores may be taken in the lot in question. The average of all core
thickness measurements per lift will be used to determine compliance with thickness specifications.

Page 42 of 48



2360/2350 Combined Specification
December 9, 2003

B Surface Requirements

After compaction, the finished surface of each lift shall be reasonably free of segregated, open and
torn sections, and shall be smooth and true to the grade and cross section shown on the Plans with the following
tolerances:

() Where aleveling lift is specified, it shall be constructed to within atolerance of 15 mm [1/2 inch]
of the elevations and grades established by the Engineer. Thisrequirement shall also apply to the
first lift placed other than leveling when automatic controls are used.

2 The surface of the final two lifts placed shall show no variation greater than 6 mm [1/4 inch] from
the edge of a3 m[10 foot] straightedge laid parallel toor at right anglesto the centerline.
Shoulder surfacing and surfacing on temporary connections and bypasses shall show no variations
greater than 6 mm[1/4 inch] from the edge of a3 m [10 foot] straightedge laid parallel to the
centerline.

3) After final compaction, all final lift asphalt wearing surfaces adjacent to concrete pavements shall
be slightly higher (but not to exceed 6 mm [1/4 inch] than the concrete surface.

After final compaction, all asphalt surfaces adjacent to gutters, manholes, pavement headers, or
other fixed structures shall be slightly higher (but not to exceed 6 mm [1/4 inch] than the surface
of the structure.

(4 Transverse joints (construction joints), at the beginning and end of a project, at paving
exceptions, or caused by suspension of daily paving operations, shall show no variation greater
than 6 mm [1/4 inch] from the edge of a 3 m [10 foot] straightedge centered longitudinally across
the transverse joint. The Engineer may require correction by diamond grinding when material is
placed outside the above described limitations.

(5) The transverse slope of the surface of each lift, exclusive of the shoulder wearing lift, shall not
vary from the slope shown in the Plans by more than 0.4 percent.

(6) The distance between the edge of eachlift and the established centerline shall be no less than the
Plan distance nor more than 75 mm [3 inches] greater than the Plan distance. In addition, the edge
alignment of the wearing lift on tangent sections and on curve sections of 3 degrees or less shall
not deviate from the established alignment by morethan 25 mm[1inch] inany 7.5 m[25 foot]
section.

@) The finished surface of eachlift shall be reasonably free of segregated and open and torn sections.

Any material placed outside the above described limitations shall be removed and replaced after
being cut or sawed at no expense to the Department or with the approval of the Engineer, allowed to remain inplace
at areduced cost calculated at $12 per square meter [$10 per squareyard].

C Pavement Smoothness
C1l General

Pavement smoothness will be evaluated on the final mainline pavement surface using a California
type profilograph or Inertial Profiler (IP) with a5 mm [0.2 inch] blanking band. Unless otherwise authorized by the
Engineer, all smoothness testing shall be performed in the presence of the Engineer. The Engineer and the
Contractor shall mutually agree upon scheduling of smoothness testing so that testing can be observed. Any testing
performed without the Engineer’ s presence, unless otherwise authorized, may be ordered retested at the Contractors
expense. The following table shows pavement surfaces, which are excluded from profilograph testing, but subject to
Section 2360.7B surface requirements.
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Table2360.7-C1
Profilograph Testing Exclusions
Pavement Surfaces Excluded From Profilograph Testing
Ramps, Loops, Climbing Lanes
Side Streets, Side Connections
Turn Lanes, Storage Lanes, Crossovers, Bypass Lanes
Shoulders
Acceleration, Deceleration Lanes
I ntersections constructed under traffic — Begin and end the exclusion 30.5 m [100 feet] from the intersection
radius
Sections less than 15.24 m [50 feet] in length
Projects less than 300 m [1000 feet] in length
Mainline paving where the normally posted regulatory speed is less than or equal to 70 km/hr [45 miles per hour]
-- Begin the exclusion at the sign
Single lift overlays over bituminous withaPSR < 2.8
Single lift overlays over concrete.
Horizontal Curves with aradius less than 289.6 m [950 feet]. Horizontal Curves with adegree of curvature
greater than or equal to 6°.
Vertical Curves— Absolute value of grade changeis 2 % or more and curve length is 91.4 m [300 feet] or less.
Vertical Curves— Absolute value of grade changeis 3 % or more and curve length is 121.9 m [400 feet] or less.
Vertical Curves— Absolute value of grade changeis 4 % or more and curve length is 182.8 m [600 feet] or less.
Vertical Curves— Absolute value of grade changeis 8 % or more and curve length is 213.4 m [700 feet] or less.
Note: Begin and end the exclusion at the PC (PVC) and PT (PVT), respectively

ClA Smoothness Requirements

Pavement smoothness requirements will be evaluated by Table 2360.7-C6A, 2360.7-C6B, or
2360.7-C6C. The pavement smoothness table will be identified in the Special Provisions of the proposal.

C2 M easur ement

Smoothness will be measured with a7.62 m [25 foat] Californiatype profilograph or an Inertial
Profiler (IP), which produces a profilogram (profile trace of the surface tested). Either type of device must be
certified according to the procedure on file in the Bituminous Office. One pass will be madein each lane, 2.74 m [9
feet] from centerline. The profilograph or IP shall be in the direction the traffic will be moving. Each lanewill be
tested and evaluated separately. The Engineer will determine the length in kilometers [ miles] for each mainline
traffic lane. The profilograph will be operated at a speed no greater than a normal walk, no greater than 6 km/hr [4
miles per hour]. Motive power may be provided manually or by the use of a propulsion unit approved by the
Engineer. The IP will be operated at the optimum speed as defined by the manufacturer.

C3 Profilograph testing

The Contractor will furnish aproperly calibrated, documented, and certified 7.62 m [25 foot]
Californiatype profilograph or IP. The profilograph or IP shall be equipped with automatic data reduction
capabilities unless otherwise authorized by the Engineer. Certification documentation shall be providedto the
Engineer on thefirst day the profilograph or 1P is used on the project. User selected profilograph or I P settings are
on filein the Bituminous Office. The Contractor will furnish a competent operator, trained in the operation and
evaluation of the 7.62 m [25 foot] California profilograph or | P.

All objects and foreign material on the pavement surface will be removed by the Contractor prior
to testing. The pavement surface will be divided into sections which represent continuous placement. A section will
terminate or begin 15.24 m [50 feet] before or after a bridge approach panel, bridge surface, manhole or similar
interruption. These 15.24 m [50 foot] sections, including the transverse joint, will be evaluated under Section
2360.7B, Surface Requirements. A day's work joint will be included in the trace with no special consideration. A
section will be separated into segments of 0.1 km [0.1 mile]. A segment will bein only one traffic lane.
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A profilogram will be made for each segment of 15.24 m [50 feet] or more. The profilogram will
include the 7.62 m [25 foot] at the ends of the section only when the Contractor is responsible for the adjoining
surface.

End of run areas not included in the profilograph trace and any sections of pavement less than
15.24 m [50 feet] in length shall be checked longitudinally with a 3.028 m [10 foat] straight edge and the surface
shall not deviate from a straight line by more than 6 mm in 3.028 m [1/4 inch in 10 feet]. Transversejoints shall be
evaluated by centering the straightedge longitudinally across the transverse joint.

The profile trace and index for each segment of pavement must be furnished to the Engineer
within 48 hours after each daysrun. Identification of all bumps and dips, with signature of the Operator shall be
included with the submitted trace.

The Contractor will submit afinal evaluation generated from approved software, to the Engineer
within five days after all mainline pavement placement. Software is available from the Mn/DOT Bituminous Office
at www.mrr.dot.state.mn.us/pavement/bituminous/bituminous.asp. The evaluation submitted shall bein tabular
form, with each 0.1 km [0.1 mile] segment occupying arow. Each row shall include the beginning and ending
station for the segment, the length of the segment, the profile index for the segment, the profile index
incentive/disincentive in dollars for the segment, and the deductions for bumpsin dollars for the segment. Each
continuous run will occupy a separate table and each table will have a header that includes the following: the project
number, the roadway number or designation, the specified ride table, alane designation, the mix type of the final
lift, the PG binder of the final lift, the date of the profilograph run, and the beginning and ending station of the
continuous run. Each table will have asummary at the bottom that includes the following: a subtotal for the profile
index incentive/disincentive, a subtotal for the bump deductions, and atotal for incentive/disincentive for both
profile index and bumps.

The Contractor will be responsible for all traffic control associated with the smoothness testing.

Any portion of the project may be retested if the Engineer determines that the Contractor's test
resultsarein question. If results are found to be inaccurate, the Contractor will be charged at arate of $155.34 per
lane km [$250 per lane milg] that is retested, with aminimum charge of $500.00. If the results are found to be
accurate, the Department will be paying the Contractor at a rate of $155.34 per lane km [$250 per lane mile] that is
retested, with a minimum charge of $500.00.

C4 Profile Index

The profilograph or 1P shall be equipped with automatic data reduction capabilities for
determining the profile index (Pl) unless otherwise authorized by the Engineer. The profilograph trace will be
evaluated for the profileindex (Pl) and bumps in accordance with California Method 526 on file with the
Department Bituminous Engineer. Theoriginal trace shall be provided to the Engineer

A profileindex shall be calculated for each segment. If an IPisused the corresponding
International Roughness Index (IRI) for each segment shall be submitted to the Bituminous Office. The index will
be determined by summing the vertical deviations outside either a5 mm [0.2 inch] blanking band or outside a zero
blanking band depending on the number of liftsin the construction. The units of thisindex are mm per km [inch
per mile]. When thereisasegment of 76.2 m [250 feet] or lessin length, the profilograph or |P measurements for
that segment shall be added to and included in the eval uation of the adjacent section to that segment.

Bumps and dips equal to or exceeding 10.2 mmin a7.62 m[0.4 inch in a 25 foot] span shall be
identified separately. When the profile trace shows a successive, uninterrupted bump, dip; or dip, bump
combination (up to amaximum of 3 alternating trace deviations that relate to one bump or dip on the roadway),
identify and evaluate these occurrences as one event.

Page 45 of 48



2360/2350 Combined Specification
December 9, 2003

C5 Surface Correction

All areas represented by deviations of 28 mm [1.1 inch] or more, as measured by the 7.62 m [25
foot] profilograph or 1P, will be corrected by the Contractor.

The Contractor may elect to correct pavement segments having no more than two events or two
individual bumps or dips with a vertical deviation of 10.2 to 25 mm [0.4 to 1.0inch] ina7.62 m [25 foot] span.
Correction of segments with more than two events or two individual bumps or dips, as defined above, will be
allowed only when approved by the Engineer. The Contractor will be assessed a penalty for dips or bumps of 10.2
to 25 mm [0.4 to 1.0inch] that are not corrected. Bumps and dips not corrected will also be included in the
evaluation for the segment smoothness. Corrected dips or bumps will be considered satisfactory when the
profilogram shows the dips or bumps are less than 10.2 mmina7.62 m[0.4 inch in a 25 foct] span.

Bump, dip, and smoothness correction work shall be for the entire traffic lane width. Pavement
cross slope shall be maintained through corrective areas.

Corrective work shall be made by diamond grinding unless other methods are approved by the
Engineer. Other methods may include; overlaying the area, or replacing the area by milling and inlaying. Any
corrective actions by milling and inlay or overlay shall meet the specifications for ride quality over the entire length
of the correction, including the first and last 15 m [50 feet]. Bumpsor dipsin excess of 10.2 mm [0.4 inches] at
transverse joints at areas of corrective actions utilizing overlay or milling and inlay, shall be removed by diamond
grinding. The Contractor shall notify the Engineer prior to commencement of the corrective action. If the surfaceis
corrected by grinding, all ground areas shall be treated with an emulsified asphalt fog seal conforming to Mn/DOT
2355. If the surfaceis corrected by overlay, inlay or replacement, the surface correction shall begin and end with a
transverse saw cut.

If the smoothness eval uation indicates that corrective work is necessary for more than 50% of a
segment, surface correction will be limited to mill and inlay (40 mm [1 1/2 inch] min).

All corrective work shall be subject to the approval of the Engineer. After all required correction
work is completed, afinal profile index shall be determined. Corrective work and re-evaluation will be at the
Contractor’ s expense.

C6 Payment

The cost of certified smoothness testing and associated traffic control will be incidental to the cost
of the Wear Course Mixture.

The Contractor may receive an incentive payment or be assessed a penalty based on the number of
segments and the initial profileindex. Thetotal ride incentive shall not exceed 10% of the total mix price for
pavement smoothness evaluated under Table 2360.7-C6A, 5% of the total mix price for pavement smoothness
evaluated under Table 2360.7-C6B, or 5% of the total mix price for pavement smoothness evaluated under Table
2360.7-C6C. The maximum allowable net incentive (total incentive minus disincentive) payment shall be calculated
by multiplying the total tons paved by the mixture price by the appropriate incentive cap. Pay adjustments for
incentives will only be based on the initial Profile Index before any corrective work has been performed. Pavement
that contains corrective action for profile or bumpsisnot eligible for incentive pay. These payments or assessments
will be based on the following schedul es.

The Contractor will not receive a net incentive payment for ride if nore than 25% of all density
lots for the project fail to meet minimum density regquirements.
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For each traffic lane, a penalty will be assessed for each bump or dip of 10.2to 25 mm[0.4to 1.0
inch] that is not corrected. Penalties, based on the table the profile index is evaluated under, are as follows:

Table 2360.7-C6A: $900
Table 2360.7-C6B: $675
Table 2360.7-C6C: $450

Bumps or dips resulting from a construction joint will be assessed a $900 penalty, regardless of
the table used for evaluation of pavement smoothness.

The Engineer may, at his discretion, assess a penalty in lieu of requiring the Contractor to take
corrective action when the profile index for a segment indicates corrective action is necessary.

Penalties, based on the table the profile index is evaluated under, are as follows:

$560 per 0.1 km [$900 per 0.1 mile]
$420 per 0.1 km [$675 per 0.1 mile]
$280 per 0.1 km [$450 per 0.1 mile]

Table 2360.7-C6A:
Table 2360.7-C6B:
Table 2360.7-C6C:

Table 2360.7-C6A *
Initial Profile Index for 5mm [0.2 inch] blanking band

mm per km [Inches per milg] Dollars per Segment Dollars per Segment
per 0.1 km segment [per 0.1 mile segment] (Metric) [English]
0134 [0.0-0.8] 210 [335]
13.5-25.3 [0.9-1.6] 145 [225]
25.4-38.7 [1.7-24] 80 [115]
38.8—78.9 [2.5-5.0] 0 [0]
79.0—-92.3 [5.1-5.8] (80) [(115)]
92.4-105.7 [5.9-6.7] (145) [(225)]
105.8 - 118.3 [6.8-7.5] (210 [(335)]
Over 118.3 [Over 7.5] Corrective Action Corrective Action

* Typically, 3-lift minimum construction

Table 2360.7-C6B *
Initial Profile Index for 5mm [0.2 inch] blanking band

mm per km [Inches per milg] Dollars per Segment Dollars per Segment
per 0.1 km segment [per 0.1 mile segment] (Metric) [English]
0-15.8 [0.0-1.0] 145 [225]

15.9- 31.6 [1.1-2.0] 100 [150]

31.7- 47.3 [2.1-3.0] 55 [75]

47.4- 1105 [3.12-7.0] 0 [0]
110.6 - 126.3 [7.1-8.0] (55) [(75)]
126.4 - 142.0 [8.1-9.0] (100) [(150)]
142.1 - 157.8 [9.1-10.0] (145) [(225)]

Over 157.8 [Over 10.0] Corrective Action Corrective Action

* Typicaly, 2-lift construction
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Table 2360.7-C6C *
Initial Profile Index for 5mm [0.2 inch] blanking band

mm per km [Inches per milg] Dollarsper Segment | Dollars per Segment

per 0.1 km segment [per 0.1 mile segment] (Metric) [English]
0-316 [0.0-2.0] 95 [150]

31.7-474 [2.1-3.0] 65 [100]

47.5-79.0 [3.1-5.0] 3H5 [50]

79.1- 158.0 [5.1-10.0] 0 [0]

158.1 - 189.6 [10.1-12.0] (35) [(50)]

189.7 - 221.2 [12.1-14.0] (65) [(100)]

221.3-252.8 [14.1-16.0] (95) [ (150)]

Over (252.8) [Over 16.0] Corrective Action Corrective Action

* Typically, single lift construction

2360.8 METHOD OF MEASUREMENT

A Asphalt Mixture
Asphalt mixture of each type will be measured separately by mass, based on the total quantity of

material hauled from the mixing plant, with no deductions being made for the asphalt materials.

B Blank

Asphalt Mixtures Measured by the Square Meter [Square Yard] per Specified (mm [inch])

C
and for Mixtures Measured by the [Square Yard inch]

Asphalt mixture of each type and for each specific lift will be measured separately by area and by

thickness on the basis of actual final dimensions placed. The constructed thickness shall meet tolerances set forthin
Sections 2360.7A.
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