Section 1000

DIVISION 10
MATERIALS

SECTION 1000
PORTLAND CEMENT CONCRETE
PRODUCTION AND DELIVERY

1000-1 DESCRIPTION

This section addresses portland cement concrete to be used for pavement, precast
construction, incidental construction, and structures. Produce and deliver portland cement
concrete to where it is incorporated into the work.

Produce portland cement concrete composed of portland cement, fine and coarse
aggregates, water, and, optionally, a pozzolan. Type IP blended cement or Type IS blended
cement may be used in lieu of portland cement, and fly ash, ground granulated blast furnace
slag, or silica fume may be substituted for a portion of the portland cement. In addition, add
an air entraining agent and/or other chemical admixtures if required or permitted by these
Specifications. Use the class of portland cement concrete required by the contract, and
proportion, mix, and deliver in accordance with the requirements contained herein.

Mixes for all portland cement concrete covered by this section shall be designed by
a Certified Concrete Mix Design Technician.

When concrete being placed in any one pour is furnished by more than one concrete
plant, use the same mix design for all concrete, including sources of cement, sand, stone,
pozzolan, and all admixtures.

1000-2 MATERIALS

Refer to Division 10:

Item Section
Coarse Aggregate 1014-2
Fine Aggregate 1014-1
Portland Cement 1024-1
Type IP Blended Cement 1024-1
Fly Ash 1024-5
Type IS Blended Cement 1024-1
Ground Granulated Blast Furnace Slag 1024-6
Silica Fume 1024-7
Water 1024-4
Air Entraining Agent 1024-3
Chemical Admixtures 1024-3
Calcium Nitrite Corrosion Inhibitor 1024-3
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1000-3 PORTLAND CEMENT CONCRETE FOR CONCRETE PAVEMENT

(A)

(B)

©

10-2

Composition and Design

Submit concrete paving mix design in terms of saturated surface dry weights on
M&T Form 312U for approval a minimum of 30 days prior to proposed use.

Use a mix that contains a minimum of 526 pounds of cement per cubic yard,
a maximum water cement ratio of 0.559, an air content in the range of 4.5 to
5.5 percent, a maximum slump of 1.5" and a minimum flexural strength of 650 psi at
28 days.

The cement content of the mix design may be reduced by a maximum of 20% and
replaced with fly ash at a minimum rate of 1.2 pounds of fly ash to each pound of
cement replaced. Use a maximum water-cementitious material ratio not to exceed
0.538.

The cement content of the mix design may be reduced by a maximum of 50% and
replaced with blast furnace slag pound for pound.

Include in the mix design the source of aggregates, cement, fly ash, slag, and
admixtures; the gradation and specific gravity of the aggregates; the fineness
modulus (F.M.) of the fine aggregate; and the dry rodded unit weight and size of the
coarse aggregate. Submit test results showing that the mix design conforms to the
criteria, including the 28-day flexural strength of a minimum of 6 beams made and
tested in accordance with AASHTO T126 and AASHTO T97. Design the mix to
produce an average flexural strength sufficient to indicate that a minimum strength of
650 psi will be achieved in the field.

Where concrete with a higher slump for hand methods of placing and finishing is
necessary, submit an adjusted mix to provide a maximum slump of 3" and to
maintain the water-cementitious material ratio established by the original mix design.

Air Entrainment

Entrain air in the concrete by the use of an approved air entraining agent dispensed
with the mixing water, unless prohibited.

Provide an air content of 5.0 percent plus or minus 1.5 percent in the freshly mixed
concrete. The air content will be determined in accordance with AASHTO
T152, T121, or T196. At the option of the Engineer, the air content may be measured
by the Chace indicator, AASHTO T199, in which case sufficient tests will be made
in accordance with AASHTO T152, T121, or T196 to establish correlation with the
Chace indicator. Concrete will not be rejected based on tests made in accordance
with AASHTO T199.

Slump

Provide concrete with a maximum slump of 12" where placed by a fully mechanized
paving train and a maximum of 3" where placed by hand methods.



(D)

(E)

(F)
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The sample taken for determination of slump will be obtained immediately after the
concrete has been discharged onto the road.

Set Retarding Admixture

With permission, the Contractor may use an approved set retarding admixture to
facilitate placing and finishing.

Use a quantity of set retarding admixture within the range shown on the current list
of approved admixtures maintained by the Materials and Tests Unit.

Water Reducing Admixtures

With permission, the Contractor may use an approved water reducing admixture to
facilitate placing and finishing.

Use a quantity of water reducing admixture within the range shown on the current list
of approved admixtures maintained by the Materials and Tests Unit.

Contractor's Responsibility for Process Control

Control the materials and operations to produce uniform pavement that meets
specification requirements. Submit a plan detailing the process control and the type
and frequency of testing and inspection necessary to produce concrete that meets the
Specifications.  Submit this plan at the preconstruction conference. Perform
sampling, testing, and inspection necessary to provide adequate process control.
During all batching and delivery operations assign a Certified Concrete Batch
Technician on site whose sole duty is to supervise the production and control of the
concrete. This duty includes the following:

(1)  Tests and inspections necessary to maintain the stockpiles of aggregates in an
unsegregated and uncontaminated condition.

(2)  Calibration of admixture dispensing systems, weighing systems, and water
gages.
(3)  Tests and adjustments of mix proportions for moisture content of aggregates.

(4)  Mixer performance tests prior to reducing mixing time of central mix plant to
less than 90 seconds and at other times when deemed necessary by the
Engineer.

(5)  Verifying the actual mixing time of the concrete after all materials are
introduced into the mixer at the beginning of paving operations and at least
once each month.

(6)  Testing all vibrators.

(7)  Tests necessary to document the slump and air content of the mix produced.
Determine air content at least twice each day.

(8)  Tests for depth of the pavement in the plastic state.
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(9)  Furnishing data to verify that the approved theoretical cement content has
been met at intervals not to exceed 50,000 square yards of pavement.

(10) Signing all plant reports, batch tickets, and delivery tickets.

The Department certifies technicians who satisfactorily complete examinations prepared
and administered by the Division of Highways.

Perform all test procedures in compliance with the appropriate articles of Section 1000.

Tests may be witnessed by the Engineer. Document the results of all tests and
inspections and make a copy available to the Engineer upon request. Take prompt action to
correct conditions that have resulted in or could result in the submission of materials,
products, or completed construction that do not conform to the requirements of the
Specifications.

(G) Contractor Not Relieved of Responsibility for End Result

The Contractor will not be relieved of his obligation to produce a uniform pavement
meeting Specifications by reason of:

(1)  The acceptance or approval by the Engineer of the concrete mix design or any
adjustments;

(2) Compliance with the concrete mix design and compliance with the testing
requirements and other process control requirements by the Contractor; or

(3)  The failure of the Engineer to perform any tests in the process control, nor the
performance of any tests in the process control that indicate compliance with
the Specifications.

1000-4 PORTLAND CEMENT CONCRETE FOR STRUCTURES AND
INCIDENTAL CONSTRUCTION

(A) Composition and Design
Provide the class of concrete required by the contract.

Submit proposed concrete mix designs for each class of concrete to be used in the
work. Mix proportions shall be determined by a testing laboratory approved by the
Department. Base mix designs on laboratory trial batches that meet the requirements
of Table 1000-1 and other applicable sections of these Specifications. Determine
quantities of fine and coarse aggregate by ACI 211, Recommended Practice for
Selecting Proportions for Normal Weight Concrete, using the absolute volume basis.

Submit mix designs in terms of saturated surface dry weights on M&T Form 312U at
least 35 days prior to proposed use. Adjust batch proportions to compensate for
surface moisture contained in the aggregates at the time of batching. Changes in the
saturated surface dry mix proportions will not be permitted unless revised mix
designs have been submitted to the Engineer and approved.

Accompany M&T Form 312U with a listing of laboratory test results of aggregate
gradation, air content, slump, and compressive strength. List the compressive
strength of at least three 6" x 12" or 4" x 8" cylinders at the age of 7 and 28 days.
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Perform laboratory tests in accordance with the following test procedures:

Aggregate Gradation AASHTO T27

Air Content AASHTO T152

Slump AASHTO T119
Compressive Strength AASHTO T23 and T22

The Engineer will review the mix design for compliance with the Specifications and
notify the Contractor as to its acceptability. Do not use a mix until written notice has
been received. Acceptance of the mix design does not relieve the Contractor of his
responsibility to furnish a product that meets Specifications. Upon written request
from the Contractor, a mix design accepted and used satisfactorily on any
Department project may be accepted for use on other projects.

Air Entrainment

Entrain air in the concrete unless otherwise indicated on the plans or in the
Specifications. Add an air entraining agent at the time of mixing to produce an air
content in the freshly mixed concrete of 6.0 percent plus or minus 1.5 percent when
tested at the job site. Determine the air content in accordance with
AASHTO T152, T196, or T121. Measurement of air content may also be performed
by the Chace indicator in accordance with AASHTO T199, in which case sufficient
tests will be made in accordance with AASHTO T152, T121 or T196 to establish
correlation with the Chace indicator. Concrete for structures will not be rejected
based on tests made in accordance with AASHTO T199. Concrete for incidental
construction may be rejected based on an average of 3 or more tests made in
accordance with AASHTO T199.

Air entraining agent may be added at the job site when permitted by the Engineer.
Strength of Concrete

The compressive strength of the concrete will be considered the average compressive
strength test results of two 6" x 12" cylinders, or two 4" x 8" cylinders if the
aggregate size is not larger than size 57 or 57M. Make cylinders in accordance with
AASHTO T23 from the concrete delivered to the work. Make cylinders at such
frequencies as the Engineer may determine and cure them in accordance with
AASHTO T23 as modified by the Department. Copies of these modified test
procedures are available upon request from the Materials and Tests Unit.
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Class of Concrete

AA

AA Slip Form

Drilled Pier

B Slip Formed
Sand Lightweight
Latex Modified
Flowable Fill

excavatable

Flowable Fill non-
excavatable

Pavement

Precast

Prestress -6000

Prestress +6000

Minimum
compressive
Strength at 28
days, psi
Rounded
Aggregate
4500 0.381
4500 0.381
4500
3000 0.488
2500 0.488
2500 0.488
4500 -
3000 (7day) 0.400
150 (max. @ 56 as needed
days)
125 as needed
650 (flexural) 0.559
See Table 1077-1 as needed
6000 or less 0.450

greater than 6000 0.400

Table 1000-1

Requirements For Concrete

Maximum Water-Cement Ratio

Air-Entrained Concrete

Angular
Aggregate
0.426

0.426

0.532

0.567

0.567

0.420

0.400

as needed

as needed

0.559

as needed

0.450

0.400

Non Air-Entrained Concrete

Rounded Angular
Aggregate Aggregate
0.450 0.450
0.550 0.594
0.559 0.630
as needed as needed
as needed as needed

Consistency Max. Slump, Inches

Vibrated Non-Vibrated
3.5 -
1.5
- 5-17 7-9
dry wet
3.5 4
2.5 4
1.5 -
4
6 —
--- flowable
--- flowable
1.5 3.0
slip form hand
placed
8 as needed
8
8

Vibrated

639 - 715

639 - 715

564

508

508

715

658

526

as needed

564

564

Min. Cement Content, Lbs/Yd®

Non-Vibrated

640 - 800

602

545

40

100

as needed

0001 uonday
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When the average compressive strength of the concrete test cylinders is less than the
minimum strength specified in Table 1000-1 and the Engineer determines it is within
reasonably close conformity with strength requirements, concrete strength will be
considered acceptable. When the Engineer determines average cylinder strength is not
within reasonably close conformity with specified strength, the in-place concrete will be
tested. Based on these test results, the concrete will either be accepted with no reduction in
payment or accepted at a reduced unit price or rejected as set forth in Article 105-3.

(D)

(E)

(F)

Temperature Requirements

The concrete temperature at the time of placing in the forms shall be not less than

50°F nor more than 95°F except where other temperatures are required by
Articles 420-8, 420-9 and 420-15.

Do not place concrete without permission when the air temperature measured at the
location of the concrete operation in the shade away from artificial heat is below
35°F. When such permission is granted, uniformly heat the aggregates and/or water
to a temperature not higher than 150°F. Do not place heated concrete in the forms if
the temperature is less than 55°F or more than 80°F.

Elapsed Time for Placing Concrete

Deliver concrete to any monolithic unit of a structure at a rate that will permit proper
handling, placing, and finishing of the concrete. Regulate the delivery so that the
maximum interval between the placing of batches at the work site does not exceed
20 minutes.

Place concrete before the time between adding the mixing water to the mix and
placing the concrete in the forms does not exceed that set forth in Table 1000-2.

Use of Set Retarding Admixtures

Use an approved set retarding admixture in all concrete placed in the superstructure
of bridges such that the concrete will remain workable until the entire operation of
placing and finishing, including corrective measures, if necessary, has been
completed. The Engineer may waive the use of set retarding admixture when
conditions clearly indicate that it is not needed.
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TABLE 1000-2

ELAPSED TIME FOR PLACING CONCRETE
Maximum Elapsed Time

Air or Concrete Temperature No Retarding Retarding
Whichever is Higher Admixture Admixture
Used Used
90°F or above 30 minutes 1 hr. 15 minutes
80°F through 89°F 45 minutes 1 hr. 30 minutes
*79°F or below 60 minutes 1 hr. 45 minutes
*#70°F through 79°F 60 minutes 1 hr. 45 minutes
**69°F or below 1 hr. 30 minutes 2 hr. 15 minutes

kk

(G)

(H)

10-8

Applicable to Class AA and A concrete.
Applicable to Class B concrete.

Other structural concrete may also contain an approved set retarding admixture when
permitted by the Engineer.

Use a quantity of set retarding admixture within the range shown on the current list
of approved admixtures issued by the Materials and Tests Unit.

Use of Water Reducing Admixtures

By permission of the Engineer, the Contractor may use an approved water reducing
admixture to facilitate placing and finishing.

Use a quantity of water reducing admixture within the range shown on the current
list of approved admixtures issued by the Materials and Tests Unit.

Use of Calcium Chloride

Calcium chloride may be used as a set accelerating agent where permitted by the
Engineer. Use 1 Ib. of calcium chloride per 100 Ib. of cement except where lesser
amounts are directed. Do not use calcium chloride where steel reinforcement, metal
conduit, or other metals will be in contact with the concrete. Do not use calcium
chloride in concrete that has a temperature higher than 70°F, or when the air
temperature is greater than 70°F. Provide cold weather protection for concrete
containing calcium chloride in the same manner as is provided for concrete without
calcium chloride.

Use calcium chloride in liquid form. Use a solution of 1 pound or less of calcium
chloride per 1 quart of water, and mix well. To avoid incompatibility with other
additives, add the calcium chloride to the batch after all other ingredients have been
put into the mixer.
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Use of Fly Ash

Unless otherwise specified, fly ash may be substituted for portland cement in all
classes of concrete at a rate not to exceed 20% by weight of the required cement
noted in Table 1000-1. Unless otherwise specified, substitute at least 1.2 pounds of
fly ash per pound of cement replaced. Do not substitute fly ash for a portion of Type
IP or IS cement or for portland cement in high early strength concrete.

Use the following table to determine the maximum allowable water-cementitious material
(cement + fly ash) ratio for the classes of concrete listed. For all other classes, the maximum

water-cementitious material ratio will be the same as the water-cement ratio listed in Table
1000-1.

)

(K)

Maximum Water-Cementitious Material Ratio

Class of Concrete Rounded Aggregate Angular Aggregate
AA & AA Slip Form 366 410
A 469 S12
B & B Slip Form 469 .545
Pavement 538 538

Use of Ground Granulated Blast Furnace Slag

Unless otherwise specified, slag may be substituted pound for pound for portland
cement in all classes of concrete at a rate not to exceed 50% by weight of the
required cement. Do not exceed the water-cement ratio shown in Table 1000-1. Do
not substitute slag for a portion of Type IP or IS cement or for portland cement in
high early strength concrete.

Use of Calcium Nitrite Corrosion Inhibitor

Units with calcium nitrite in a quantity less than specified are subject to rejection.
Furnish concrete cylinders to the Engineer, in a quantity to be specified, to verify the
concentrations of calcium nitrite in hardened concrete. Concrete that fails to contain
calcium nitrite at the required concentrations as tested is subject to rejection. Use air-
entraining, water-reducing, and/or set-controlling admixtures compatible with
calcium nitrite solutions. Strictly adhere to the manufacturer’s written
recommendations regarding the use of admixtures, including storage, transportation
and method of mixing. If preferred, use calcium nitrite, which acts as an accelerator,
in conjunction with a retarder to control the set of concrete, as per the manufacturer’s
recommendation. Add an approved calcium nitrite corrosion inhibitor (30% solids) to
the concrete mix at the batch plant for the bridge elements identified by the plan
notes. Use the inhibitor at a minimum rate of 3.0 gal/yd’. Ensure that the hardened
concrete contains at least 5.1 lbs/yd’ nitrite (NO,) when tested in accordance with
Materials and Tests Method Chem. C-20. The preceding paragraph does not apply to
concrete used in prestressed concrete members. Concrete used in prestressed concrete
members shall be tested in accordance with 1078-4(G).
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1000-5 CONCRETE FOR MACHINE PLACED CURB, CURB AND GUTTER,
AND PAVED DITCH
Use Class B Slip Form.
1000-6 HIGH EARLY STRENGTH PORTLAND CEMENT CONCRETE

Use high early strength portland cement concrete when required by contract. When not
required, it may be used at the Contractor's option with approval of the Engineer.

For all classes of concrete, high early strength concrete may be produced by using Type
IIT portland cement. To produce high early strength concrete with regular cement, use a
higher class of concrete as follows:

For Class A and Class B, use Class AA with a minimum cement content of
677 pounds per cubic yard; for Class B Slip Form, use Class AA Slip Form with
a minimum cement content of 677 pounds per cubic yard. Other classes that lend
themselves to high early strength with regular cement will be reviewed by the
Engineer on a case-by-case basis.

1000-7 FLOWABLE FILL

Flowable fill consists of portland cement, water, pozzolan and/or fine aggregate, and, optionally,
conventional concrete admixtures and/or a high-air entraining agent or foaming agent. Use it for
filling underground storage tanks and pipe culverts and for backfilling culverts, bridge
substructures, retaining walls, roadway trenches and for other applications where conventional fill
material has traditionally been used.

1000-8 LATEX MODIFIED CONCRETE

(A) Materials Use materials that meet the requirements for the respective items in the
Standard Specifications with the following exceptions:

Cement - Do not use Type III (high early strength).

Aggregate — Follow Section 1014 of the Standard Specifications, except provide
coarse aggregate that meets the gradation for standard size No. 78M.

Fine Aggregate — Follow the Standard Specifications.

Latex Emulsion Admixture — Use a formulated latex admixture that is a non-
hazardous, film forming, polymeric emulsion in water and is homogeneous and
uniform in composition. Add all stabilizers at the point of manufacture.

Use a latex modifier conforming to the following requirements:

Polymer Type Styrene Butadiene

68 £4% Styrene

32 +4% Butadiene
Average Polymer Particle Size 1500 to 2500 Angstroms
Emulsion Stabilizers Anionic and non-ionic surfactants
Percent Solids 46.5t049.0
Weight per gallon, lbs at 75°F 8.40 to 8.60
pH 9.5t011.0
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Shelf Life 2 Years
Color. White

Provide a Type 5 Supplier’s Certification for each load of latex emulsion admixture
in accordance with Article 106-3 of the Standard Specifications. Test admixture
samples to verify compliance with the specification requirements before use. Allow
7 days for sampling and testing after delivery to the project.

Do not allow the temperature of latex emulsion admixture to fall below 35°F at any
time or exceed 85°F after delivery to the project.

For latex emulsion that has been in storage, use a transfer pump and lines to
recirculate it before using.

Latex Modified Concrete — Use a workable mixture that meets the following
requirements:

Cement Content, 1bs/yd’ 658
Latex Emulsion Admixture, gal/yd’ 24.5
Air Content of Plastic Mix, % 35-6.5
Slump, inches 3-6

% Fine Aggregate as percent of total aggregate by weight 50-55
Minimum 7 day compressive strength, psi 3000
Water-Cement Ratio by weight, maximum 0.40

Measure the slump 4 to 5 minutes after discharge from the mixer.

Submit the latex modified concrete mix design, completed by the latex emulsion
manufacturer, to the Engineer for review.

Equipment Prior to beginning any work, obtain approval for all equipment to be
used for deck preparation, mixing, placing, finishing, and curing the latex modified
concrete.

Use sandblasting equipment capable of removing all clay, salt deposits, oil and
grease deposits and all other foreign matter. Provide traps or separators to remove oil
and water from the compressed air. Use traps or separators of adequate size and
drain them periodically during operations. For proportioning and mixing, use self-
contained, mobile, and continuously mixing equipment that meets the following
requirements:

Use a self-propelled mixer that is capable of carrying sufficient unmixed dry, bulk
cement, sand, coarse aggregate, latex modifier, and water to produce at least 6 yd® of
concrete on site.

Use a mixer that is capable of positive measurement of cement introduced into the
mix. Use a recording meter that is visible at all times and equipped with a ticket
printout to indicate the quantity of cement.
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10-12

Calibrate the mixers to accurately proportion the specified mix. Prior to placing latex
modified concrete, perform calibration and yield tests under the Engineer’s
supervision in accordance with the Department’s written instructions. Copies of
these written instructions are available from the Materials and Tests Unit. Perform
the calibration and yield tests using the material to be used on the project.
Recalibrate the mixer after any major maintenance operation, on the mixer, anytime
the source of materials changes, or as directed. Furnish all materials and equipment
necessary to perform the calibrations and yield tests.

Use a mixer that controls the flow of water and latex emulsion into the mix. Measure
the flow rate of water and the latex emulsion with a calibrated flowmeter coordinated
with both the cement and aggregate feeding mechanisms and the mixer. Adjust the
flow rate, as necessary, to control the slump and ensure that the water-cement ratios
are met. In addition to flowmeters, use mixers with accumulative water and latex
meters capable of indicating the number of gallons, to the nearest 0.1 gallon,
introduced into the mixer. Filter water and latex with a suitable mesh filter before it
flows through the accumulative water and latex meters.

Calibrate the mixer to automatically proportion and blend all components of the
indicated composition on a continuous or intermittent basis as the finishing operation
requires. Provide a mixer that discharges mixed material through a conventional
chute and is capable of spraying water over the placement width as it moves ahead to
ensure that the surface to be overlaid is wet prior to receiving the modified material.

Mount a tachometer on the unit to indicate the drive shaft speed.

Use adequate hand tools for placing and leveling concrete down to approximately the
correct level for striking off with the screed.

Use a finishing machine that meets the approval of the Engineer and the requirements
of the contract. Use a self-propelled finishing machine capable of forward and
reverse movement under positive control. Use a machine with at least two finishing
devices, one that is a vibrating screed and the other either a vibrating screed,
oscillating screed, or one or more rotating cylindrical drums 48 inches long or less
and operating between 1500 and 2500 vpm. Make certain the finishing machine can
finish the surface to within 1 foot of the edges of the area being placed. Raise all
screeds when the finishing machine is moving backwards over the screeded surface.

Use screeds with a vibration frequency that is variable between 3,000 and 6,000 vpm
with positive controls. Use screeds with a metal covered bottom face not less than
4 inches wide. Provide screeds with positive control of the vertical position.

Use supporting rails for travelling of the finishing machine rigid enough to eliminate
deflection from the weight of the machine.

Proportioning and Mixing of Modified Compositions
Meet the following requirements when proportioning and mixing modified materials:

Use mobile continuous mixers that accurately proportion all materials for the
specified mixture. Operate the proportioning equipment at the manufacturer’s
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recommended speed verified with the tachometer during calibration and normal
operations.

Yield checks and other checks are permitted.

1000-9 MEASURING MATERIALS

(A)

(B)

©

(D)

Weighing Cement

Measure cement by weight on scales separate from those used for other materials,
and in a hopper entirely free and independent of the hoppers used for weighing the
aggregates. When the quantity of cement in a batch exceeds 30 percent of the full
capacity of the scale, have the quantity of cement as indicated by the scale be within
plus or minus 1 percent of the required weight. For smaller batches, have the
quantity of cement as indicated by the scale be not less than the required amount or
more than 4 percent in excess. Equip all beam type scales with a tare beam.

Weighing Aggregates

Measure aggregates by weight. Base batch weights on saturated surface dry
materials and which are the required weights plus the total weight of surface moisture
contained in the aggregates. Have the individual aggregates, as weighed, be within
plus or minus 2 percent of the required weights.

Water

Measure water by volume or by weight. Have the quantity of water measured be
within plus or minus 1 percent of the required amount.

Admixture Dispensing Systems

Provide a separate dispensing system with separate fill and discharge lines for each
type of admixture to be used, except that admixtures may be measured and
introduced into the mix manually if approval has been obtained. Have each system
be capable of measuring, displaying, and discharging the required amount of
admixture into the mix. Keep dispensing systems clean and in good operating
condition. Use a dispensing system that is either:

(1)  Manually operated, self contained; or
(2)  Semi automatic or automatic, self contained; or
(3) Interfaced to operate automatically with the concrete batching control panel.

Have the admixture dispenser dispense the required quantity of admixture for
each concrete batch within an accuracy of plus or minus 3 percent. Check the
accuracy of the dispenser as provided below. Check the accuracy at the point
of discharge, or through a bypass valve suitable for obtaining a calibrated
sample of admixture and at the volumes normally used for one half mixer
capacity and for full mixer capacity. Determine the accuracy at the time of
installation, and check daily during the early part of each day's operation.

Include in each system a graduated measuring unit into which the admixture is
batched to permit a quick visual check of accuracy prior to its discharge.
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Have the measuring unit be clearly graduated and be of sufficient size to hold
the maximum anticipated dose for 1 batch. Clearly mark the measuring unit
for the type of admixture to be used.

Control the discharge sequence so that an admixture will not be brought into
contact with raw cement or another admixture before being diluted through
contact with the mixing water in the mixer. Where 2 types of admixtures are
being used, do not discharge them into the mix simultaneously. Add the air
entraining agent with the first addition of water and add any other chemical
admixture with the final addition of water, unless otherwise permitted.

Construct the discharge lines to completely empty after each cycle. Locate the
admixture dispensing systems so that the batching plant operator will have
a visual verification of the actual quantity of admixture batched.

Use air entraining admixtures in accordance with the manufacturer's
recommendations and in such quantity to provide the specified air content in
freshly mixed concrete. Use a quantity of set retarding admixture and of water
reducing admixture per 1001b. of cement that is within the range
recommended on the current list of approved admixtures issued by the
Materials and Tests Unit.

1000-10 BATCHING PLANT

(A)

(B)

10-14

General

Plants located on the Department rights-of-way shall conform to the requirements of
Article 107-3.

Have ready mixed concrete plants inspected and approved by the Department before
they are used to produce concrete, either paving, structural or incidental, for the
project. Have plants meet all the applicable requirements of the Specifications, and
in addition have each ready mix plant provide at least 3 acceptable truck mixers or
truck agitators available for use. Use trucks that have an identifying number. Plants
approved by the Department will be placed on a list of approved plants that will be
made available to the Contractor. All plants will be subject to reinspection at
intervals selected by the Engineer. Re-approval after each inspection will be
contingent on continuing compliance with the Specifications.

Bins and Hoppers

Provide bins with separate compartments for fine aggregates and for each required
size of coarse aggregate in the batching plant. Design each compartment to discharge
efficiently and freely into the weighing hopper. Provide control so that, as the
quantity desired is being approached, the material may be added slowly and shut off
with precision. Construct weighing hoppers to eliminate accumulation of tare
materials and to discharge fully unless otherwise permitted. Provide a port or other
opening for removing an overload of any one of the several materials from the hopper.
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Scales

Use either the beam type, load cell type or the springless dial type scales for
weighing aggregates and cement. Have the minimum graduation on beam or dial be
not more than 0.1 percent of the total capacity of the scale. Methods of weighing,
other than beam or springless dial scales, may be approved by the Engineer provided
they meet the required weighing tolerances. Have the scales be accurate within 0.5
percent under operating conditions. Make available ten 50 pound test weights at the
plant for checking accuracy. Use test weights which meet the US Bureau of
Standards requirements for calibrating and testing equipment. Keep all exposed
fulcrums, clevises, and similar working parts of scales clean. When beam type scales
are used, make provisions for indicating to the operator that the required load in the
weighing hopper is being approached. Have the device indicate at least the last 50
pounds of load, and design it to give a positive indication of overload of the scales.
During charging of the hopper, have all indicating devices in full view of the operator
and provide convenient access to all controls. Have the indicating devices in the
immediate vicinity of the operator so that they are easily readable by the operator.

Water Measuring Devices

Use devices for measurement of the water which are readily adjustable and are
capable of being set to deliver the required amount and cut off the flow automatically
when this amount has been discharged. Under all operating conditions the device
shall have accuracy within 1 percent of the quantity of water required for the batch.
Arrange the device so that variable pressures in the water supply line will not affect
the measurements. Use measuring tanks of adequate capacity to furnish the
maximum mixing water required and equip them with outside taps and valves to
provide for checking their calibration unless other means are provided for readily and
accurately determining the amounts in the tank.

1000-11 MIXERS AND AGITATORS

A)

General

Mixers are defined as equipment to mix concrete and may be stationary or truck
mounted. Agitators are defined as equipment used to haul central mixed concrete
and may be truck mixers or truck agitators. Provide a metal plate or plates attached
to each mixer and agitator in a prominent place on which the manufacturer has
plainly marked the mixing speed of the drum or paddles and the maximum capacity
of the drum or container in terms of volume of mixed concrete. On truck mixers and
agitators, show the manufacturer's recommended agitating and mixing speed of
rotation of the mixing drum or blades. Equip stationary mixers with an acceptable
timing device that will not permit the batch to be discharged until the specified
mixing time has elapsed. Equip truck mixers with counters to verify the number of
revolutions of the drum or blades. Actuate the counters at the initial time the drums
have reached mixing speed.

Examine mixers and agitators periodically for changes in condition due to
accumulation of hard concrete or mortar, wear of blades, or any other condition
which decreases mixing efficiency. Mixers are unacceptable when the radial height
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(B)
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(D)

or other dimension of the blade has worn below 90 percent of the original dimension.
This radial height does not include any lips on the blade, and is the height of the
blade running perpendicular to the shell of the drum. Where such conditions are
found, do not use the units until they are corrected.

Also examine mixers and agitators periodically for general mechanical condition,
including water measuring and discharge apparatus, identifying number on trucks,
condition of the blades, speed of rotation of the drum, and condition of the drum.

Mixer Capacity

Do not load truck mixers with concrete with more than 63 percent of the gross
volume of the drum. Use mixers capable of combining the ingredients of the
concrete into a thoroughly mixed and uniform mass and of discharging the concrete
with a satisfactory degree of uniformity. Use stationary mixers, when loaded at the
manufacturer's guaranteed mixing capacity and the concrete mixed for the prescribed
mixing time, capable of combining the ingredients of the concrete into a thoroughly
mixed and uniform mass and discharging the concrete with satisfactory uniformity.

Use at least 20 percent of the rated mixing capacity as the minimum quantity of
concrete permitted to be mixed or agitated in any mixer.

Agitator Capacity
Load the agitator to not exceed 80 percent of the gross drum volume and have it be

capable of maintaining the concrete in a thoroughly mixed and uniform mass and of
discharging the concrete with a satisfactory degree of uniformity.

Consistency Tests

The Engineer may, from time to time, make slump tests to measure consistency of
the concrete. Take individual samples at approximately the 1/5th point, the midpoint,
and the 4/5th point of the load, using AASHTO T119. Such tests will be made
within 20 minutes of discharge of that portion of the load. If the results vary by more
than 1" in slump, do not use the mixer or agitator unless the condition is corrected.

1000-12 MIXING AND DELIVERY

A)

10-16

General

Mix and deliver concrete to the site of the work by one of the following methods,
except where other methods are approved. Maintain responsibility for controlling the
materials and operations as to produce uniform concrete meeting Specifications
requirements.

When concrete is being produced for structures and incidental construction in
accordance with the requirements of Article 1000-4, have present during all batching
operations a Certified Concrete Batch Technician employed by the Contractor or
concrete supplier. During batching and delivery, the sole duty of this employee is to
supervise the production and control of the concrete. Perform moisture tests, adjust
mix proportions of aggregates for free moisture, complete and sign Batch Tickets
(M & T Form 903) or approved delivery tickets, and assure quality control of the
batching. Delivery tickets will be permitted in lieu of batch tickets (M & T
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Form 903) provided they have been reviewed and approved by the Materials and
Tests Unit. The Division of Highways certifies technicians who satisfactorily
complete examinations prepared and administered by the Division of Highways.

(1)  Central Mixed Concrete

Concrete that is mixed completely in a stationary mixer and the mixed
concrete transported to the point of delivery in a truck agitator or in a truck
mixer operating at agitating speed or in non agitating equipment approved by
the Engineer. Perform mixing within the capacity and at the mixing speeds
recommended by the manufacturer.

(2)  Transit Mixed Concrete

Concrete that is mixed completely in a truck mixer while at the batching plant,
1n transit, or at the work site.

(3)  Shrink Mixed Concrete

Concrete that is mixed partially in a stationary mixer at a central mixing plant
and completed as transit mixed concrete. Place all ingredients for a batch in
the stationary mixer and partially mix before any concrete is discharged to the
truck mixer, and do not exceed the rated capacity of the equipment for the
batch size. The mixing time at the stationary mixer may be reduced to the
minimum necessary to intermingle the ingredients, and the mixing completed
in the truck mixer. Use the number of mixing revolutions in the truck mixer
as specified for transit mixed concrete or reduce as indicated by mixer
performance tests.

Mixing Time for Central Mixed Concrete

Mixing time begins when all solid materials are in the mixing compartment and ends
when any part of the concrete begins to discharge. In charging the mixer water will
enter in advance of cement and aggregate, and have substantially all the water in the
drum before one-third of the specified mixing time has elapsed. Count transfer time
in multiple drum mixers as part of the mixing time.

Where mixer performance tests are not made, use a minimum mixing time of
90 seconds, providing that blending of materials during charging is achieved to the
satisfaction of the Engineer. The minimum mixing time for an individual mixer is
that which, as shown by mixer performance tests, will produce concrete meeting the
requirements of Table 1000-3, except that the mixing time shall not be less than
50 seconds under any circumstances. Maximum mixing time excluding discharge
time 1s 150 seconds.

Sampling and testing for mixer performance tests will be done as provided below.
Charge the mixer to its rated capacity with the materials and proportions to be used in
the work and mixed at the recommended mixing speed to the target time. Stop
mixing and begin discharging. Two samples of sufficient size to make the required
tests will be taken after discharge of approximately 15 and 85 percent of the load.
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TABLE 1000-3
REQUIREMENTS FOR UNIFORMITY OF CONCRETE
Maximum Permissible
Tests Difference in Test Samples

Air content, percent by volume of

Concrete (AASHTO T152) 1.0%
Slump, inches (AASHTO T119) 1.0"
Coarse aggregate content, portion

by weight of each sample

retained on the No. 4 sieve,

percent (AASHTO M157) 6.0%
Weight per cubic foot (AASHTO T121) 1.0 1b.

Average compressive strength

at 7 days, percent of average

(AASHTO T22 and T23) 10.0%*
* Tentative approval may be granted pending 7 day compressive strength tests.

Each of the 2 samples of concrete will be separately tested for the properties listed in
Table 1000-3. Tests will be conducted in accordance with the test procedures
specified in Table 1000-3 or procedures established by the Materials and Tests Unit.

The mixer performance test described above will be performed on a minimum of
2 batches of concrete. For the performance test to be acceptable, have all tests in
each batch tested meet the requirements listed above.

The Engineer may recheck mixer performance at any time when in his opinion
satisfactory mixing is not being accomplished.

Where satisfactory mixing cannot be accomplished in 90 seconds, the Engineer may
increase the mixing time or require that the mixer be repaired or replaced before any
further mixing can be done.

Mixing; Truck Mixers and Truck Agitators

When a truck mixer is used for complete mixing, mix each batch of concrete for at
least 70 revolutions of the drum or blades at the rate of rotation designated by the
manufacturer of the equipment as mixing speed, unless otherwise directed by the
Engineer. Unless the mixer is equipped with a counter which will distinguish
between mixing and agitating speeds, perform the minimum required number of
revolutions of the drum at mixing speed as directed, either at the batching plant
before the mixer leaves for the work site and/or at the work site before the concrete is
discharged.  Perform any additional mixing at the speed designated by the
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manufacturer of the equipment as agitating speed. Put all materials including mixing
water in the drum before actuating the revolution counter for determining the number
of revolutions of the drum.

When a truck mixer or truck agitator is used to transport concrete that has been
completely mixed in a stationary mixer, perform mixing during transport at agitating
speed.

Provide concrete, when discharged from truck mixers or truck agitators, of the
consistency and workability required for the work. Control the rate of discharge of
the plastic concrete from the mixer drum by the speed or rotation of the drum in the
discharge direction with the discharge gate fully open. If additional mixing water is
necessary to produce the slump necessary for proper placement, perform it only with
permission, and rotate the truck mixer drum a minimum of 25 revolutions at mixing
speed before discharge of any concrete. Additional mixing water will be allowed
only if the maximum specified water content per cubic yard is not exceeded.

(D) Delivery

Use a ticket system for recording the transportation of batches from the proportioning
plant to the site of the work. Use tickets furnished by the Engineer and fill it out in
accordance with instructions issued by the Engineer. Issue the tickets to the truck
operator at the proportioning plant for each load and have them signed by the plant
inspector, which will signify that the concrete in the truck has been inspected prior to
departure. Have each ticket show the time batching was completed and if transit
mixed, the number of revolutions at mixing speed, if any, at the plant. Deliver the
tickets to the inspector at the site of the work. Do not use loads which do not carry
such tickets and loads which do not arrive in satisfactory condition within the time
limits specified in the work.

SECTION 1005
GENERAL REQUIREMENTS FOR AGGREGATE

1005-1 GENERAL

Provide aggregates meeting the applicable requirements of this section except where
otherwise required.

Obtain aggregates from sources participating in the Department’s Aggregate Quality
Control/Quality Assurance Program (Aggregate QC/QA program) as described in
Article 1006. Obtain aggregates from pre-approved sources, or have the source approved
prior to use. Approval of such sources is based not only on the quality of the aggregate, but
also on satisfactory production facilities and procedures. A list of approved aggregate
sources participating in the Department’s Aggregate Quality Control/Quality Assurance
Program in North Carolina and adjoining states is available from the Department's
Laboratory in Raleigh. This list includes aggregates meeting Specification requirements but
whose use is restricted due to history of unsatisfactory service performance. Use of
aggregates is allowed in the work provided they have been properly stockpiled in units of
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not less than 300 tons and tests of representative samples of these aggregates indicate
satisfactory compliance with the Specifications and the source meets all the requirements of
the Aggregate Quality Control/Quality Assurance Program.

Separate aggregate containing rock of more than 1 identifiable rock type or particles of
visibly different degrees of weathering in amounts of 10 percent or more into each
individual type. Aggregate is acceptable only if each type does not exceed the percentage of
wear specified for a particular use.

Blended aggregates from different sources is allowed if all aggregates meet the
Specifications for soundness or resistance to abrasion.

For construction of approved stockpiles of non-asphalt type bases refer to the
Construction Manual.

1005-2 HANDLING AND STORING AGGREGATES
Handle and stockpile aggregates in such a manner to minimize segregation.

Provide sites for aggregate stockpiles that are cleared, grubbed, and cleaned with a firm,
smooth, and well drained ground surface. Maintain a cover of at least 3" of aggregate over
the ground surface to avoid the inclusion of soil or foreign material. Operate trucks or other
equipment on a stockpile in an acceptable manner.

Space or separate with suitable walls or partitions stockpiles of different types or sizes of
aggregates to prevent the mixing of the aggregates. Identify stockpiles with signs that can
be read from a distance of at least 50 feet from the pile.

Do not allow the stockpile to become contaminated with foreign matter or degrade
excessively. Failure of aggregate samples to meet all gradation requirements due to
excessive degradation will be determined by sieve tests of samples taken from any portion
of the stockpile and is cause for discontinuance of such stockpiling procedure.

1005-3 GRADATION

Grade all standard sizes of aggregate to meet the requirements of Table 1005-1 or
Table 1005-2. Comparison of individual Producer Quality Control Samples and the
corresponding Department Quality Assurance Sample shall meet the requirements of
Table 1005-3 or Table 1005-4 as described in the Aggregate QC/QA Program Manual.

1005-4 TESTING
(A) General

Aggregates will be tested in accordance with the requirements of the Table shown
below except where other test procedures are required by other articles covering a
particular application.
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TEST TEST METHOD
Gradation AASHTO T27 AND T11;
AASHTO T88 As Modified* For Base Course and Stabilizer
Liquid Limit AASHTO T89 As Modified
Plasticity Index AASHTO T90

Resistance to Abrasion = AASHTO T96
(Percentage of Wear)

Soundness AASHTO T104 Using Sodium Sulfate

* Copies of modified test procedures are available from the Materials and Tests Unit
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STD.
SIZE

467

57
57M
6M
67

78M

14M

ABC

ABC(
M)

o

100

100

112"

90-
100
95-
100
100
100

100

100

100

1"

20-
55

90-
100
95-
100
95-
100
100

100

75-
97

75-
100

3/4"

0-

15
35-
70
20-
55

90-
100
90-
100
100

TABLE 1005-1
AGGREGATE GRADATION, COARSE AGGREGATE

PERCENTAGE OF TOTAL BY WEIGHT OF PASSING

172"

0-
10
25-

25-
45
20-
55

98-
100

55-
80

45-
79

3/8"

0-

0-
30
0-

0-
20
20-
55
75-
100

100

#4

0-
10
0-
10
0-

0-
10
20-

35-

35-
55

20- 40

#8

0-

0-

0-

0-
15

5-
20

#10

25-
45

0-
25

#16 = #3
0

0-

8

#40

14-
30

#50

#80

#100

#200

0-*
0.6
0-*
0.6
0-*
0.6

*
0.6
0-*
0.6

0-*
0.6

*

0.6

4-
12**

0-
12**

REMARKS

Asphalt Plant Mix Pavement
Asphalt Plant Mix Pavement

AST Mat coat, Sediment
Control Stone
Str. Conc., Shoulder Drain,
Sediment Control Stone
P. C. Concrete Pavement

AST

Str. Conc., Asphalt Plant
Mix Pavement.
Asphalt Plant Mix Pavement,
AST Weep Hole Drains,
Str. Concrete
* AST

Aggregate. Stabilization
Aggregate/Base Course
Asphalt Plant Mix Pavement
Maintenance Stabilization
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*When these sizes of aggregate are used for portland cement concrete, asphalt treatment,
and asphalt plant mix, the requirements pertaining to material passing the No. 200 sieve are as
follows:

(A)  When tested during production, do not have the amount of material passing through the
No. 200 sieve be more than 0.6% by weight.

(B)  When tested in a stockpile at the quarry site, do not have the amount of material passing
through the No. 200 sieve be more than 1.0% by weight and use material that consists
mainly of rock dust produced through normal handling of the aggregate.

(C)  When tested at the job site prior to use, the amount of material passing the No. 200 sieve
shall:

(1)  Be not greater than 1.5% for coarse aggregate used in portland cement concrete or
asphalt surface treatment.

(2)  Be not greater than 2.0% for coarse aggregate used in asphalt plant mix.
(3)  Consist essentially of rock dust produced through normal handling of the aggregate.

(D) If a stockpile at the job site is found to contain in excess of the specified amount of
material passing the No. 200 sieve prior to use, the Engineer may approve its use provided:

(1)  For coarse aggregate used in portland cement concrete, the total percentage by
weight passing the No. 200 sieve in the combined coarse and fine aggregate in the
mix does not exceed 2.0%, and provided no increase in water-cement ratio is
required by the use of this coarse aggregate.

(2)  For coarse aggregate used in asphalt plant mix, the total percentage by weight of
minus No. 200 material in the plant mix being produced, as determined by the
extraction test, can be maintained within the limits allowed by the job mix formula.

**  In addition to the gradation requirements, the material passing the No. 40 sieve shall not
have a liquid limit in excess of 30 nor a plasticity index in excess of 6. For size ABC coarse
aggregate used in asphalt plant mix, when tested during production, in a stockpile at the
quarry site, or at the job site prior to use, the amount of material passing the No. 200 sieve
shall be from 0.0% to 12.0% by weight and the gradation requirements for material passing
the No. 10 sieve (soil mortar) which are shown in Section 1010 for aggregate base course will
not apply. For size ABC coarse aggregate not used in asphalt plant mix, the gradation
requirements for material passing the No. 10 sieve (soil mortar) will be as shown in Section
1010, 40-84% passing the No. 40 sieve and 11-35% passing the No. 200 sieve.
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STD

sizg

1S 100

28 100
2MS

4S

#4

90-100

95-100

95-100
100

#8

80-100
80-100
95-100

#10 #16

40-85
45-95
45-95

TABLE 1005-2

AGGREGATE GRADATION FINE AGGREGATE
PERCENTAGE OF TOTAL BY WEIGHT PASSING

#30

25-75
25-75

#40 #50 #80 #100
0-20
5-30 0.010
5-35 0.-.020
15-45 0-10

*  For Manufactured Fine Aggregate used In portland cement concrete

When tested during production the amount of material passing the No. 200 sieve shall not be greater than 8%. When
tested at the job site prior to use, the amount of material passing the No. 200 sieve shall not be greater than 10% and
shall consist of the dust of fracture, and be essentially free from clay or shale. The minimum percent shown for material
passing the No. 50 and No. 100 sieves may be reduced to 5 and 0, respectively, if the aggregate is to be used in air-
entrained concrete containing more than 400 pounds of cementitious material per cubic yard or in non-air entrained

#200

0-3
0-3
0-*8

REMARKS

Blotting Sand, Asphalt Retreatment
Concrete, Sub-surface Drainage, Blotting Sand
Concrete

Mortar

concrete containing more than 500 pounds of cementitious material per cubic yard or as subdrain fine aggregate.
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Table 1005-3
Tolerances for Comparisons of Coarse Aggregate QC/QA Gradations

Sieve Sizes = ABC #4 #467M #5 #57 #6 #14M #67 #78M
#5TM
pX
112" +/-2 +/-2 +/-2
1" +/- 4 +/- 4 +/-2 +/-3 +/-2
3/4" +/- 4 +/-5 +/-5 +/-3 +/-3 +/-2
12" +/-5 +/-2 +/-5 +/- 4 +/-3
3/8" +/-2 +/-3 +/-2 +/- 4 +/-3 +/-5 +/-3
#4 +/- 6 +/-2 +/-3 +/-2 +/-5 +/-3 +/-5
#8 +/-3 +/-5 +/-3 +/-3
#10 +/-5
#40 +/-5
#80
#200 +/-3 | +/-05 +/-0.5 +/- 0.5 +/- 0.5 +/-0.5 | +/-0.5 | +/-0.5 | +/-0.5
Soil Mortar
#40 +/- 6
#200 +/-5
LL +/-4
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Table 1005-4
Tolerances for Comparisons of Fine Aggregate QC/QA Gradations

Sieve Dry Washed Asphalt 1S 2S 2MS 4S5
Sizes Screenings | Screenings Sand

12"

3/8"

#4 +/-2 +/-2 +/-2

#8 +/- 6 +/- 6 +/- 6 +/- 1 +/-1 +/-1 +/-2
#10

#16 +/-3 +/-3 +/-3 +/-3
#30 +/-3 +/-3 +/-3 +/-3
#40 +/- 6 +/- 6 +/- 6

#50 +/-2 +/-2 +/-2 +/-3
#80 +/-4 +/-4 +/-4
#100 +/-1 +/- 1 +/- 1 +/-2
#200 +/-2 +/-2 +/-2 +/- 1 +/- 1 +/- 1 +/- 1

SECTION 1006
AGGREGATE QUALITY CONTROL/QUALITY ASSURANCE

1006-1 GENERAL DESCRIPTION

The Aggregate Quality Control/Quality Assurance Program is designed to give
aggregate producers more responsibility for controlling the quality of material they produce
and to utilize the quality control information they provide in the acceptance process by the
Department. It requires aggregate producers to perform quality control sampling, testing
and record keeping on aggregates they ship for use by the Department. Also, it requires the
Department to perform quality assurance sampling, testing and record keeping confirming
the performance of the producers' control plan. The program is described in the Aggregate
Quality Control/Quality Assurance Program Manual. The program has two levels.

Section I of the program is designed for Aggregate Producers providing Clean Coarse or
Fine Aggregates for use on or in products such as asphalt, concrete, block, etc., that are
utilized on the Department’s right of way. Asphalt sand that is produced by and utilized by
the same asphalt producer shall be tested according to the requirements of the Hot Mix
Asphalt Quality Management System Manual.

Section II of this program is designed for Aggregate Producers providing any type of
Aggregate Base, including Cement Treated, material that is utilized on any type of the
Department’s Maintenance or Contract projects whether purchased by a Contractor or sold
directly to the Department.

The types of samples and the lot sizes required by both levels are described in detail in
the Aggregate Quality Control/Quality Assurance Program Manual and in other sections of
the Specifications.

It is the intent of the program that acceptance or rejection of material be based on the
total program. Therefore, a comparison of the Quality Control, Quality Assurance, and
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other sample data may be used by the Department for acceptance or rejection of a lot of
material.

Participation in this program does not relieve the producer of the responsibility of

complying with all requirements of the Department’s Specifications.
1006-2 PROGRAM REQUIREMENTS

(A)

(B)

©

Basic Requirements
There are three basic requirements for approval:
(1)  The plant shall have an approved in-house quality control plan.

(2) --- The plant shall have a certified laboratory or have written approval to utilize a
certified laboratory at another plant.

(3) --- The plant shall have a certified quality control technician.
Quality Control Plan

The Producer shall prepare a written quality control plan. The plan may be generic,
but shall be site specific. The plan shall indicate in detail how the Producer proposes
to control the equipment, materials, and production methods to insure that the
specified products are obtained. The plan shall list the personnel responsible for
production and quality control at the site and include information on how to contact
each person. The following specific information shall also be included in the plan:

(1)  Identification of the physical location of the source, to include a description of
the property site and reference to the nearest identifiable points such as
highways and towns.

(2) The type of sign used to identify each stockpile or bin identifying it as
intended for Department usage.

(3) A loading and shipping control plan which includes a description of the
methods by which the products are to be loaded and shipped for use by the
Department, including safeguards against loading improper aggregate,
contamination, degradation, and segregation of the aggregate. The plan shall
also include methods of insuring that all products are accurately identified and
that all shipping units are clean.

(4) A plan for dealing with quality control sample failures. This plan shall
include how the Producer plans to initiate an immediate investigation and how
the Producer will implement corrective action to remedy the cause of the
problem.

Certified Laboratory

The Program requires all tests to be conducted at laboratories certified by the
Department. It is expected that each source, including distribution yards, will
establish and maintain its own laboratory for the performance of quality control
testing, but the Department will consider a producer's request to utilize a certified
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(D)

(E)

(F)

10-28

laboratory at one of their other sources in the same general vicinity. The Producer
shall make this request in writing and have written Department approval before
testing aggregates off site. The equipment required for a certified laboratory is listed
in the Aggregate QC/QA Program Manual. Records on instrument calibration and
maintenance and sample collection and analysis shall be maintained at the laboratory.
The Department may require a demonstration of the equipment.

Quality Control Technician

All samples shall be taken and tested by quality control technicians certified by the
Department.  The Producer shall designate and identify the quality control
technicians responsible at each plant. It is imperative that Department sampling and
testing procedures be followed and that Department approved equipment be used in
order to reduce the number of possible causes of differences between the producer's
quality control results and the Department's quality assurance results.

Plant Approval Process

The approval process requires the Producer to write the State Materials Engineer at
NCDOT Materials and Tests Unit, 1801 Blue Ridge Road, Raleigh, NC 27607,
requesting the plant be considered for acceptance into the program. The letter shall
identify the specific products that are to be produced. Two copies of the Producer's
written quality control plan shall be submitted with the request for approval.

A source shall be on the Department Approved Source List before it will be
considered for approval for the QC/QA Program.

The Department will review the Producer's written quality control plan and if it is
approved, an on-site inspection will be scheduled. This on-site inspection will verify
that the Producer's quality control plan has been implemented and is being followed
and that at least one certified quality control technician is on site and will be present
when material is being shipped under this program. The laboratory will be inspected
and certified if it meets the requirements and has not already been certified. If either
the Producer's quality control plan or laboratory do not meet Department
requirements, the Producer will be informed of the deficiencies in writing. Once the
deficiencies have been addressed, the Producer may again request approval in writing
to the State Materials Engineer.

Certification for Participation in the Aggregate QC/QA Program

If the Department has approved the Producer's written quality control plan and the
on-site inspection confirms that the initial program requirements have been met, the
Department will certify the plant for participation in the program. At the end of the
year, and each subsequent year after receipt of the Plant Ownership Update, the
Department will conduct another on-site inspection and if all requirements are
continuing to be met, the plant will be recertified for participation in the program for
another year. Random inspections may be conducted at any time by the Department
to verify compliance with the program requirements.
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(A)

(B)
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A copy of the Plant Ownership Update Form shall be submitted by October 31* of
each year.

SECTION 1008
AGGREGATE BASE COURSE FOR STABILIZATION

AGGREGATE STABILIZATION
General

Aggregates consist of crushed stone, crushed or uncrushed gravel, or other similar
material having hard, strong, durable particles free of adherent coatings.

The Contractor may, at his option, furnish aggregates directly to the road or from
a stockpile.

Supply aggregates from approved sources participating in the Department’s
Aggregate Quality Control/Quality Assurance Program (Aggregate QC/QA Program)
in accordance with the requirements of Sections 1005 and 1006. Sources will not be
approved unless the material has satisfactory soundness and satisfactory resistance to
abrasion. Satisfactory soundness will be considered to be a loss in weight of not
greater than 15 percent when subject to 5 alternations of the soundness test.
Satisfactory resistance to abrasion will be considered to be a percentage of wear of
not greater than 55 percent.

Sampling and Acceptance

Sampling and acceptance for the determination of gradation, liquid limit, and
plasticity index will be performed as provided in Subarticle 1008-1(D).

Testing

Quality Control Samples will be tested at a Department Certified Laboratory
according to the Aggregate QC/QA Program Manual. Assurance Samples will be
tested at a Department laboratory.

Department Roadway Assurance Sampling

For sampling and acceptance purposes, a lot will be 5,000 tons or fraction thereof.
For each lot of aggregate delivered to the project, 2 samples will be taken at random
intervals. The first sample will be taken from the first 2,500 tons or first half of the
lot; the second sample will be taken from the second 2,500 tons or second half of the
lot. The gradation test results of these samples will be averaged and the average will
be used to determine the acceptability of the lot.

It is intended that the gradation of aggregates be in the middle of the range shown in
Column B of Table 1008-1. If, however, the average test results for a lot are within
the limits shown in Column B of Table 1008-1, the gradation of the lot will be
considered as acceptable.
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TABLE 1008-1
AGGREGATE BASE COURSE FOR STABILIZATION
GRADATION ACCEPTANCE CRITERIA

Column A Column B
Sieve Size % Passing
11/2" 100
1" 72-100
12" 51-83
No. 4 35-60
No. 10 20-50
No. 40 10-34
No. 200 3-13
Material Passing No. 40 Sieve
L. L. 0-30
P. L 0-6

When the average test results for a lot exceeds any of the limits shown in Column B
of Table 1008-1, the lot will be rejected. The rejected lot will be considered for
acceptance only after corrective material has been furnished, placed, and mixed with
the in place aggregate to an acceptable gradation.

The liquid limit and plasticity index requirements for the material passing the No. 40
sieve shown in Table 1008-1 is for each individual sample. The results will not be
averaged and if any individual test result indicates a value exceeding these
requirements 1s cause for rejection of the entire lot.

SECTION 1010
AGGREGATE FOR NON-ASPHALT
FLEXIBLE TYPE BASES

1010-1 AGGREGATE BASE COURSE--GENERAL

(A)
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General Requirements

Aggregate base course material consists of crushed stone, crushed or uncrushed
gravel, or other similar material having hard, strong, durable particles free of
adherent coatings.

Produce aggregate base course material in accordance with the requirements for
aggregate unless otherwise specified in the Specifications.

Provide aggregates from approved sources participating in the Department’s
Aggregate Quality Control/Quality Assurance Program (Aggregate QC/QA Program)
in accordance with the requirements of Section 1005 and Section 1006. Sources will
not be approved unless the material has satisfactory soundness and resistance to
abrasion. Satisfactory soundness will be considered to be a weighted average loss of
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not greater than 15 percent when subjected to 5 alternations of the soundness test.
Satisfactory resistance to abrasion will be considered to be a percentage of wear of
not greater than 55 percent.

(B) Testing
Quality Control Samples will be tested at a Department Certified Laboratory
according to the Aggregate QC/QA Program. Assurance Samples will be tested at
a Department laboratory.
TABLE 1010-1
AGGREGATE BASE COURSE
GRADATION ACCEPTANCE RANGES
Column A Column B Column C Column D Column E
% Passing % Passing Range

112" 100 98-100 3 1

1" 75-97 72-100 15 1

1/2" 55-80 51-83 20 1

#4 35-55 35-60 18 3

#10 25-45 20-50 18 2

#40 14-30 10-34 14 3

# 200 4-12 3-13 7 5

Material Passing No. 10 Sieve (Soil Mortar)
# 40 40-84 36-86 35 2
# 200 11-35 10-36 20 2
Material Passing No. 40 Sieve
L. L. 0-30 0-30 - -
P. L 0-6 0-6 — —
1010-2 AGGREGATE BASE COURSE

Aggregate Base Course is aggregate upon which no restrictions are placed on production

or stockpiling except as provided for in Sections 1005 and 1006.

A)

Producer’s Quality Control Sampling

Plant Sampling The lot size for ABC will be 2,000 tons of material, or a fraction
thereof, shipped. The certified plant technician is to obtain a pair of Quality Control
(QC) samples, labeled A and B, each weighing a minimum of 70 lbs. from each lot of
ABC. Each sample is to be split into two halves, using procedures outlined in
Exhibit C of the Aggregate QC/QOA Program Manual. Each half is to be clearly
identified.

The other half of the samples will be retained and made available to the Department.

These retained samples will serve as the pool from which random Quality Assurance
samples will be obtained by the Department. The Department's Quality Assurance
testing is discussed in the Aggregate QC/QA Program Manual.
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Price Reductions and Corrections If the Quality Control samples do not meet the
gradation requirements of Column B, or the range requirements of Column D, or the
LL and PI requirements of Column B of Table 1010-1 of the Specifications, the
procedures are as follows

Gradation For the lot to be acceptable, the average test results shall meet the
gradation requirements shown in Column B of Table 1010-1. When the average test
result exceeds the gradation limits given in Column B but falls within the limits
given in Column C, the lot will be rejected and shall be removed and replaced by the
Contractor, or at the option of the Contractor, the lot may be left in place and the
material will be considered as being reasonably acceptable in accordance with the
requirements of Article 105-3, and an adjustment in contract unit price will be made
as follows:

The number of points shown in Column E of Table 1010-1 will be assigned to the lot
involved on an accumulative basis for each percent that the base material is outside
the gradation range shown in Column B. Price adjustments will be made by
reducing the contract unit price by 2 percent for each point assigned. The unit price
adjustment for average gradation will be in addition to any price adjustment
determined necessary for nonuniform base material (range).

When the test results for a lot exceed the gradation shown in Column C of Table
1010-1, the lot will be rejected and shall be removed and replaced by the Contractor
at no cost to the Department or at the option of the Contractor, the lot may be
corrected as described below.

Range When the test results for the 2 samples used to determine the average test
result for acceptance exceed the range established by Column D of Table 1010-1, the
lot, at the option of the Contractor, may be corrected or judged to be nonuniform and
acceptance will be made in accordance with Article 105-3 and an adjustment in
contract unit price will be made as follows:

The number of points shown in Column E of Table 1010-1 will be assigned to the lot
involved on an accumulative basis for each percent that the range between the test
results of the 2 samples exceeds those values given in Column D. Price adjustments
will be made by reducing the contract unit price by 2 percent for each point assigned.
The unit price adjustment for nonuniform base material will be in addition to any
price adjustment determined necessary for average gradation (gradation).

LL/PI In addition to the gradation acceptance requirements listed in Table 1010-1,
the material passing the No. 40 sieve shall not have a Liquid Limit in excess of 30 or
a plasticity index in excess of 6. If any individual test result indicates values
exceeding these, the lot will be rejected and shall be removed and replaced by the
Contractor.

Total Points Any lot having an assigned accumulative gradation and range total of
more than 25 points will be rejected and shall be removed and replaced by the
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Contractor at no cost to the Department or at the option of the Contractor, the lot
may be corrected.

Roadway Correction When the Contractor chooses the option to correct the sublot,
the Contractor will take 2 random Roadway Quality Control Samples from within
the corrected sublot. When the average test results of the Contractor’s two Roadway
Samples fall within the gradation limits as shown in Column B of Table 1010-1, the
range limits as shown in Column D of Table 1010-1, and the LL and PI meet the
requirements of Subarticle 1010-(4)(B)(3), the corrected sublot will be acceptable for
Quality Assurance Sampling by the Department.

The Contractor shall correct a QC lot on the roadway only once.
Department Quality Assurance Sampling

Plant Sampling All Quality Assurance samples are to be taken on a random basis
from the available split Quality Control (QC) samples. ABC samples are to be taken
at a minimum rate of one QA sample for each 5,000 tons of material shipped or at
least one each week, whichever occurs more often.

QC/QA Comparison If the results of the Quality Assurance sample are not in
agreement with the corresponding Quality Control sample, i.e. outside the limits of
Table 1005-3, an investigation is to be made to determine the source of the
difference. The investigation will include a review of the sampling and testing
procedures and the testing equipment.

If the cause of the difference can be determined, it is to be noted on the Plant Quality
Assurance Form. If the cause is determined to be improper sampling or testing
procedures, the appropriate certified technician will be notified. If the problem
continues, the technician's certification may be revoked. If the cause is determined to
be in the Producer's testing equipment or handling of the material, the Producer is to
take corrective action. If this problem continues, the Producer's approval to provide
material to the Department may be revoked. If the cause is determined to be in the
Department’s' testing equipment, the Department will take corrective action.

If the investigation does not reveal the cause of the disparity, another QC/QA
comparison will be made on the next sample taken in the presence of the Department.
If the comparison is within the limits of Table 1005-3, the shipment of material may
continue. If, however, the comparison is not within the limits of Table 1005-3, the
shipment of material is to cease and further investigation will be performed.

Department Roadway Assurance Sampling
For sampling and acceptance purposes, a lot will be 5,000 tons or a fraction thereof.

For each lot of aggregate placed on the road, 2 samples will be taken at random
locations on the road prior to compaction. The first sample will be taken from the
first 2,500 tons or first half of the lot; the second sample will be taken from the
second 2,500 tons or second half of the lot. The gradation test results of these
samples will be averaged. The LL and PI results will not be averaged. The LL, PI,
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range, and average gradation results of these samples will be used to determine the
acceptability of the lot.

LL/PI The material passing the No. 40 sieve shall not have a Liquid Limit in excess
of 30 or a Plasticity Index in excess of 6. If any individual test result indicates values
exceeding these, the lot will be rejected.

Range When the test results for the 2 samples used to determine the average test
result for acceptance exceed the range established by Column D of Table 1010-1, the
lot, at the option of the Contractor, may be corrected or judged to be nonuniform and
acceptance will be made in accordance with Article 105-3 and an adjustment in
contract unit price will be made as follows

The number of points shown in Column E of Table 1010-1 will be assigned to the lot
involved on an accumulative basis for each percent that the range between the test
results of the 2 samples exceeds those values given in Column D. Price adjustments
will be made by reducing the contract unit price by 2 percent for each point assigned.
Any lot having an assigned accumulative range total of more than 25 points will be
rejected.

Gradation For the lot to be acceptable, the average test results shall meet the
gradation requirements shown in Column C of Table 1010-1. When the average
gradation test result falls outside the limits of Column C of Table 1010-1, the lot will
be rejected.

Check Samples For lots that are rejected, the following steps are to be taken:

(1)  Perform additional sampling of the 5000 tons of material in order to isolate the
unacceptable material. The procedure for this additional sampling consists of
dividing the 5000 tons of material into two 2500 ton sublots and taking 2
samples at random locations from each of these two sublots. The results of
the 2 samples will be used to determine the acceptance of each of the sublots.

(2)  When the test results for a sublot are within the limits above for Range, LL/PI,
and Average Gradation, the sublot will be considered acceptable.

(3)  When the test results for a sublot exceed any of the limits above for Range,
LL/PI, and Average Gradation, and the sublot cannot be corrected by the
addition of aggregate or when the average gradation or range of a corrected
sublot exceeds any of the limits of Table 1010-1, Column B or D, or the LL or
PI of either sample exceed the limits of Table 1010-1 Column B, the sublot
will be rejected and shall be removed and replaced at no additional cost to the
Department unless otherwise approved by the Engineer.

(4)  When the test results for a sublot exceed any of the limits shown in 3 above
and the test results indicate the material can be corrected by the addition of
aggregate, the Engineer may allow the material to be corrected provided there
is no additional cost to the Department for furnishing, adding, remixing,
reshaping, and recompacting of the added material. The method of correcting
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the sublot shall be approved both by the Area Roadway Engineer and the Soils
Engineer.

(5) Two samples will be randomly taken from the corrected sublot. When the
average gradation or range of a corrected sublot exceeds any of the limits of
Table 1010-1, Column B or D, or the LL or PI of either sample exceed the
limits of Table 1010-1 Column B, the material will be removed and replaced

at no additional cost to the Department in accordance with the requirements of
Article 520-6.

1010-3 SOIL TYPE BASE COURSE.

Soil type base course consists of one or more natural materials proportioned and blended
on the road, and will be Type A, B, or C. Use the type specified in the Specifications.

Provide soil type base course free from vegetative matter and lumps or balls of clay
meeting the requirements of Table 1010-3 for the applicable type.

Samples will be taken in accordance with Article 530-8.

TABLE 1010-3
ACCEPTANCE CRITERIA FOR

SOIL TYPE BASE COURSE
Sieve Size Type A Type B Type C
% Passing % Passing % Passing
2" -- 100% -
1" 100% 70-100% 100%
1/2" -- 55-100% --
No. 4 -- 35-80% --
No. 10 65-100% 25-65% 65-100%
No. 40 -- 15-45%* --
No. 200 -- 5-25%* --
Material Passing No. 10 Sieve (Soil Mortar)
No. 40 40-75% -- 40-95%
No. 200 12-35% -- 12-35%
Material Passing No. 40 Sieve
L. L. 0-25 0-25 0-25
P. L 0-6 0-6 0-6

* The fraction passing the No. 200 sieve shall be less than 2/3 the fraction passing
the No. 40 sieve.
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1010-4 AGGREGATE FOR PLANT MIXED CEMENT TREATED BASE
COURSE
(A) General

(B)

10-36

Aggregate for plant mixed cement treated base course is aggregate from an approved
source participating in the Department’s Aggregate Quality Control/Quality
Assurance Program (Aggregate QC/QA Program) as described in Section 1006
which has been tested and approved in accordance with the requirements of this
article and the applicable requirements of Article 1010-1, except as may be modified
by this article. Sources of aggregate will not be approved unless the material has
a percentage of wear of not greater than 65 percent.

Provide aggregates meeting the gradation requirements of Table 1010-4 for
a sampling unit or lot as defined by Subarticle 1010-4(B).

Quarry production

(1

Producer’s Quality Control Sampling

Plant Sampling The lot size will be 2,000 tons of material, or a fraction
thereof, shipped. The certified plant technician is to obtain a pair of Quality
Control (QC) samples, labeled A and B, each weighing a minimum of 70 1bs.
from each lot. Each sample is to be split into two halves, using procedures
outlined in Exhibit C or the Aggregate QC/QOA Program Manual. Each half is
to be clearly identified.

The other half of the samples will be retained and made available to the
Department. These retained samples will serve as the pool from which random
Quality Assurance samples will be obtained by the Department. The
Department's Quality Assurance testing is discussed in the Aggregate QC/QA
Program Manual.

Rejections and Corrections If the Quality Control samples do not meet the
gradation requirements of Column B, or the range requirements of Column D,
or the LL and PI requirements of Column B of Table 1010-4 of the
Specifications, the procedures are as follows:

When the test results for a lot exceed the gradation shown in Column B of
Table 1010-4, the lot will be rejected and shall be removed and replaced by
the Contractor at no cost to the Department or at the option of the
Contractor, the lot may be corrected as described below.

Range When the test results for the 2 samples used to determine the average
test result for acceptance exceed the range established by Column C of Table
1010-4, the lot, at the option of the Contractor, may be corrected or judged to
be nonuniform and acceptance will be made in accordance with Article 105-3
and an adjustment in contract unit price will be made as follows:

The number of points shown in Column D of Table 1010-4 will be
assigned to the lot involved on an accumulative basis for each percent that
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the range between the test results of the 2 samples exceeds those values
given in Column C. Price adjustments will be made by reducing the
contract unit price by 2 percent for each point assigned. The unit price
adjustment for nonuniform material will be in addition to any price
adjustment determined necessary for average gradation.

LL/PI In addition to the gradation acceptance requirements listed in Table
1010-4, the material passing the No. 40 sieve shall not have a Liquid Limit in
excess of 30 or a plasticity index in excess of 4. If any individual test result
indicates values exceeding these, the lot will be rejected and shall be removed
and replaced by the Contractor.

Total Points Any lot having an assigned accumulative gradation and range
total of more than 25 points will be rejected and shall be removed and
replaced by the Contractor at no cost to the Department or at the option of the
Contractor, the lot may be corrected.

Roadway Correction When the Contractor chooses the option to correct the
sublot, the Contractor will take 2 random Roadway Quality Control Samples
from within the corrected sublot. When the average test results of the
Contractor’s two Roadway Samples fall within the gradation limits as shown
in Column B of Table 1010-4, the range limits as shown in Column D of
Table 1010-4, and the LL and PI meet the requirements of Column B of Table
1010-4, the corrected sublot will be acceptable for Quality Assurance
Sampling by the Department.

The Contractor is only allowed to correct a QC lot on the roadway once.
Department Quality Assurance Sampling

Plant Sampling Take all Quality Assurance samples on a random basis from
the available split Quality Control (QC) samples. Take them at a minimum
rate of one QA sample for each 5,000 tons of material shipped or at least one
each week, whichever occurs more often.

QC/QA Comparison - If the results of the Quality Assurance sample are not
in agreement with the corresponding Quality Control sample, i.e. outside the
limits of Table 1005-3, an investigation is to be made to determine the source
of the difference. The investigation will include a review of the sampling and
testing procedures and the testing equipment.

If the cause of the difference can be determined, it is to be noted on the Plant
Quality Assurance Form. If the cause is determined to be improper sampling
or testing procedures, the appropriate certified technician will be notified. If
the problem continues, the technician's certification may be revoked. If the
cause is determined to be in the Producer's testing equipment or handling of
the material the Producer is to take corrective action. If this problem
continues, the Producer's approval to provide material to Department may be
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revoked. If the cause is determined to be in the Department's testing
equipment, the Department will take corrective action.

If the investigation does not reveal the cause of the disparity, another QC/QA
comparison will be made on the next sample taken in the presence of the
Department. If the comparison is within the limits of Table 1005-3, the
shipment of material may continue. If, however, the comparison is not within
the limits of Table 1005-3, the shipment of material is to cease and further
investigation will be performed.

(3)  Department Roadway Assurance Sampling

For sampling and acceptance purposes, a lot will be 5,000 tons or a fraction
thereof.

For each lot of aggregate placed on the road, 2 samples will be taken at
random from the pugmill belt or roadway prior to the cement being added.
The first sample will be taken from the first 2,500 tons or first half of the lot;
the second sample will be taken from the second 2,500 tons or second half of
the lot. The gradation test results of these samples will be averaged. The LL
and PI results will not be averaged. The LL, PI, range, and average gradation
results of these samples will be used to determine the acceptability of the lot.

LL/PI The material passing the No. 40 sieve shall not have a Liquid Limit in
excess of 30 or a Plasticity Index in excess of 4. If any individual test result
indicates values exceeding these, the lot will be rejected.

Range When the test results for the 2 samples used to determine the average
gradation test result for acceptance exceed the range established by Column C
of Table 1010-4, the lot will be judged to be nonuniform and an adjustment in
contract unit price will be made as follows:

The number of points shown in Column D of Table 1010-4 will be assigned to
the lot involved on an accumulative basis for each percent that the range
between the test results of the 2 samples exceeds those values given in
Column C. Price adjustments will be made by reducing the contract unit price
by 2 percent for each point assigned. Any lot having an assigned
accumulative range total of more than 25 points will be rejected.

Check Samples of the material may be taken by the Engineer in accordance
with the procedures listed below if cement has not yet been added.

Gradation For the lot to be acceptable, the average test results shall meet the
gradation requirements shown in Column B of Table 1010-4. When the
average gradation test result falls outside the limits of Column B of
Table 1010-4, the lot will be rejected.

Check Samples For lots that are rejected, the following steps are to be taken
if cement has not yet been added to the material:
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Perform additional sampling of the 5000 tons of material in order to
isolate the unacceptable material. The procedure for this additional
sampling consists of dividing the 5000 tons of material into two 2500
ton sublots and taking 2 samples at random locations from each of
these two sublots. The results of the 2 samples will used to determine
the acceptance of each of the sublots.

When the test results for a sublot are within the limits above for Range,
LL/PI, and Average Gradation, the sublot will be considered
acceptable.

When the test results for a sublot exceed any of the limits above for
Range, LL/PI, and Average Gradation, and the sublot cannot be
corrected by the addition of aggregate or when the average gradation or
range of a corrected sublot exceeds any of the limits of Table 1010-4,
Column B, or the LL or PI of either sample exceed the limits of Table
1010-4 Column B, the sublot will be rejected and shall be removed and
replaced at no additional cost to the Department unless otherwise
approved by the Engineer.

When the test results for a sublot exceed any of the limits shown above
and the test results indicate the material can be corrected by the
addition of aggregate, the Engineer may allow the material to be
corrected provided there is no additional cost to the Department for
furnishing, adding, remixing, reshaping, and recompacting of the added
material. The method of correcting the sublot shall be approved both
by the Area Roadway Engineer and the Soils Engineer.

Two samples will be randomly taken from the corrected sublot. When
the average gradation or range of a corrected sublot exceeds any of the
limits of Table 1010-4, Column B, or the LL or PI of either sample
exceed the limits of Table 1010-4 Column B, the material will be
removed and replaced at no additional cost to the Department in
accordance with the requirements of Subarticle 520-6(B).

TABLE 1010-4
ACCEPTANCE CRITERIA FOR

AGGREGATE FOR PORTLAND CEMENT TREATED BASE COURSE
Column A

Sieve
112"
1"
172"

No. 4
No. 10
No. 40
No. 200

Column B Column C Column D
Range Points
100% 3 1
80-100% 15 1
58-83% 20 1
38-60% 18 3
28-50% 18 2
15-33% 14 3
6-13% 7 5
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Material Passing No. 10 Sieve (Soil Mortar)
No. 40 40-85% 35 2
No. 200 12-35% 20 2
Material Passing No. 40 Sieve
0-30 -
0-4 -

il
—

SECTION 1012
AGGREGATE FOR ASPHALT PAVEMENTS AND SURFACE
TREATMENTS

1012-1 AGGREGATES FOR ASPHALT PLANT MIXES

(A)

(B)

10-40

General

Formulate the asphalt plant mix with coarse and fine aggregate that meets the
requirements of Section 1005, except as noted herein. Size, uniformly grade, and
combine the several aggregate fractions in such proportions that the resulting mixture
meets the grading and physical requirements of these Specifications for the specified
mix type. Materials that will not produce a mixture within the design criteria
required by these Specifications will be rejected, unless otherwise approved.

The consensus property criteria in Table 1012-1 apply to the coarse aggregate or fine
aggregate blend. Source property criteria apply to individual aggregate sources.

For all surface course mixes, except OGAFC, that are the top or final layer, limit the
amount of coarse aggregate or fine aggregate produced from crystalline limestone,
crystalline-dolomitic limestone, or marble to a maximum of 50% of the total amount
of coarse aggregate or fine aggregate in the asphalt mixture. Do not use aggregates
produced from crystalline limestone, crystalline-dolomitic limestone, or marble in the
production of open-graded asphalt friction course.

Coarse Aggregate
(1)  General

Use coarse aggregate consisting of crushed stone, crushed gravel, a mixture of
uncrushed gravel with either crushed stone or crushed gravel, or other inert
material having similar characteristics. Provide coarse aggregate composed of
clean, tough, durable fragments free from an excess of flat or elongated
pieces, and free of organic matter and deleterious substances.

Use coarse aggregate from sources participating in the Department’s
Aggregate Quality Control/Quality Assurance (QC/QA) Program as described
in Section 1006. A list of sources participating in the Department’s QC/QA
Program in North Carolina and adjoining states is available from the
Department’s Materials and Tests Unit in Raleigh.
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Mix Type

S.4.75
SF9.5A
S95,B
S12.5B
1190B
B25.0B

S95C
S125C
119.0C
B25.0C
B375C
S12.5D
119.0D
OGAFC

Notes

Section 1012

Gradation

Use standard size coarse aggregate meeting the requirements of Table 1005-1
and these Specifications unless otherwise approved.

Coarse Aggregate Angularity (Fractured Faces)

Use coarse aggregate meeting the requirements of Table 1012-1 for course
aggregate angularity (fractured faces) when tested in accordance with
ASTM D 5821.

Flat and Elongated Pieces

Use coarse aggregate meeting the requirements of Table 1012-1 for flat and
elongated pieces when tested in accordance with ASTM D 4791 (Section 8.4)
on the No. 4 sieve and larger with a 5:1 aspect ratio (maximum to minimum)
for all pavement types, except there is no requirement for, Types S4.75A,
SF9.5A and S 9.5B.

Soundness

The maximum weighted average soundness loss of individual coarse
aggregate sources when subjected to 5 cycles using sodium sulfate when
tested in accordance with AASHTO T 104 is 15%.

TABLE 1012-1

AGGREGATE CONSENSUS PROPERTIES ®

Course Aggregate = Fine Aggregate Angularity Sand Equivalent Flat &Elongated

Angularity® % Minimum % Minimum 5 : 1 Ratio % Maximum

ASTM AASHTO AASHTO ASTM D 4791

D 5821 T304 Method A T 176 Section 8.4

40 40

75/ - 40 40 10

95/90 45 45 10
100/ 100 45 50 10

100/100 NA NA NA

@Requirements apply to the coarse aggregate blend and/or fine aggregate blend

®95/90 denotes that 95% of the coarse aggregate has one fractured face and 90%

has two or more fractured faces.

© Does not apply to Mix Types S 9.5A and S 9.5B.

(6)

Toughness (Resistance to Abrasion)

The maximum allowable percentage of loss of each individual coarse
aggregate source for all plant mix types except open-graded asphalt friction
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course, when tested in accordance with AASHTO T 96 1s 55%. The
maximum percentage loss for aggregate used in OGAFC is 45%.

(7)  Deleterious Materials

The maximum allowable percentage by weight of clay lumps and friable
particles in individual aggregate sources when tested in accordance with
AASHTO T 112 is 0.3%.

(C) Fine Aggregate
(1)  General

Use fine aggregate that is consistently graded from coarse to fine and consists
of natural sand, stone screenings, or a blend of natural sand and stone
screenings. Use aggregate composed of rough surfaced and angular grains of
quartz or other hard durable rock.

Use fine aggregate from sources participating in the Department’s Aggregate
Quality Control/Quality Assurance (QC/QA) Program as described in Section
1006 unless the fine aggregate is produced at a pit owned by the same owner
as the asphalt plant where the material is used. A list of sources participating
in the Department’s QC/QA Program in North Carolina and adjoining states is
available from the Department’s Materials and Tests Unit in Raleigh.

Furnish sand from sources that have been approved. Do not use sources that
have been contaminated by industrial waste. A sufficient number of samples
of fine aggregate, but in no case less than three, will be taken to indicate any
variation within any stockpile or source of supply.

Do not use fine aggregate containing sticks, roots, trash, visible lumps of clay,
or other unsatisfactory material unless all undesirable material is removed to
the satisfaction of the Engineer before the aggregate is used in the asphalt
mixture.

Use natural sand that is non-plastic when tested in accordance with
AASHTO T 90.

Natural sand that contains grains of questionable hardness will be subjected to
5 cycles of the soundness test. The weighted average loss shall be not more
than 15 percent. The soundness test will be performed prior to establishing
the mix design.

Produce stone screenings from stone that has a maximum percentage of wear
of 55 percent when tested in accordance with AASHTO T 96 using test
grading A.

10-42



(D)

(E)

(F)

(G)

Section 1012

(2)  Gradation

Use stone screenings that are consistently graded with not more than
20 percent by weight passing the No. 200 sieve when tested by dry sieving in
accordance with AASHTO T 27. Use natural sand that is consistently graded.

(3)  Clay Content (Sand Equivalent)

Use a fine aggregate blend that has a minimum sand equivalent percentage as
indicated in Table 1012-1 when tested in accordance with AASHTO T 176.

(4)  Soundness

The maximum weighted average soundness loss of individual fine aggregate
sources when subjected to 5 cycles using sodium sulfate when tested in
accordance with AASHTO T 104 is 15%.

(5)  Deleterious Materials

The maximum percentage by weight of clay lumps and friable particles in
individual fine aggregate sources when tested in accordance with AASHTO
T1121s 0.3 %.

(6)  Fine Aggregate Angularity
Use a fine aggregate blend that has a minimum fine aggregate angularity as
indicated in Table 1012-1 when tested in accordance with AASHTO T 304
Method A.

Mineral Filler

Use mineral filler consisting of limestone dust, dolomite dust, portland cement, or
other inert mineral matter that conforms to the requirements of AASHTO M 17.

Hydrated Lime Anti-strip Additive

Use hydrated lime conforming to the requirements of ASTM C 977. Add hydrated
lime used for anti-strip purposes at a rate of not less than 1.0% by weight of the total
dry aggregate.

Reclaimed Asphalt Shingle Material (RAS)

Reclaimed asphalt shingles (RAS) are materials produced as a by-product of the
manufacturing process for roofing shingles. Process the RAS by ambient grinding or
granulating methods such that 100% will pass the 1/2" sieve when tested in
accordance with AASHTO T-27. Perform the test on ground asphalt shingles prior to
extraction of the asphalt. The use of discarded shingles or shingle scrap from re-
roofing of commercial or residential buildings will not be allowed.

Reclaimed Asphalt Pavement (RAP)

Use reclaimed asphalt pavement that meets all requirements specified for the
following classifications
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(1) Millings

Existing reclaimed asphalt pavement (RAP) that is removed from the original
location by a milling process as specified in Section 607.

(2)  Processed RAP

RAP that is processed in some form (possibly by crushing or use of a blending
method) to produce a uniform gradation and binder content in the RAP prior
to use in a recycled mix. Process RAP so that all materials will pass a 2" sieve
prior to introduction into the plant mixer unit. Millings are considered
processed provided it has a uniform gradation and binder content and does not
contain oversize material.

(3) Unprocessed RAP

RAP in the form as removed from the original location that has not been
processed for gradation and binder content uniformity. Different sources of
unprocessed RAP may be stockpiled together provided it is generally free of
contamination and will be processed prior to use in a recycled mix. RAP
contamination in the form of excessive dirt, debris, clean stone, concrete, etc.
will not be allowed. Incidental amounts of dirt, concrete, and clean stone will
be acceptable.

(4) New Source RAP
New source RAP will be classified into 2 categories:

(a)  Millings from a different source than that of the millings used for the
recycled mix design process, and that are not to be further processed,
will be considered a new source RAP.

(b)  All processed RAP other than that included in the original stockpile
sampled and approved for the recycled mix design will be considered
a new source RAP.

After a stockpile of processed RAP or millings has been sampled and mix designs
made from these samples, do not add new source RAP to the original stockpile
without prior field testing to insure gradation and binder uniformity. New source
RAP shall be sampled before blending with the existing stockpile.

Store new source RAP in a separate stockpile until the material can be sampled and
tested for comparison with the original recycled mix design data. New source RAP
may also be placed against the existing stockpile in a linear manner provided it is
sampled for mix design conformity prior to its use in the recycled mix.

Field approval will be based on Table 1012-2 below and volumetric mix properties
on the mix with the new source RAP included. Provided the Table 1012-2 tolerances
are met, volumetric properties of the new mix will then be performed. If all
volumetric mix properties meet the mix design criteria for that mix type, the new
source RAP may continue to be used.
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If the gradation, binder content, or any of the volumetric mix properties are not
within the allowable tolerances, do not use the new source RAP unless approved by
the Engineer. A decision to not use the stockpile, adjust the JMF, or redesign the mix
will be made.

TABLE 1012-2
NEW SOURCE RAP GRADATION and BINDER TOLERANCES
(Apply Tolerances to Mix Design Data)

Mix 0-15% RAP 15725 % RAP 25" % RAP
Type
Sieve Base Inter. Surf. Base Inter. Surf. Base Inter. @ Surf.

Py, % +0.7% +0.4% +0.3%
112" +10 - - +7 - - 15 - -
3/4" +10 10 . +7 +7 = +5 +5 -
12" - +10 16 - 7 +3 - +5 +2
3/8" - +8 = . +5 . . +4
No. 4 +10 - +10 17 - +7 15 - 15
No. 8 +8 18 +8 +5 +5 +5 +4 +4 +4
No. 16 8 18 18 +5 15 +5 14 +4 +4
No. 30 +8 18 +8 +5 +5 +5 +4 +4 +4
No. 50 - - +8 - - +5 - - +4
No.200 +4 +4 +4 +2 +2 +2 +1.5 #£1.5 +1.5
1012-2 AGGREGATES FOR ASPHALT SURFACE TREATMENT
(A) General
Use coarse aggregate consisting of crushed stone, crushed gravel, crushed slag, or
other inert material having similar characteristics. Adequately wash coarse aggregate
so that it is free from clay, loam, dust, and other adherent materials.
Adequately clean all fine aggregate so that it is free from sticks, roots, visible lumps
of clay, or other unsatisfactory material prior to use.
(B) Gradation

Use standard size No. 5, No. 67, No. 78M, or Lightweight coarse aggregate for mat
or seal coat as required by Table 660-1, unless otherwise required by the contract.
Use aggregate meeting the applicable gradation requirements of Table 1012-3.

Remix aggregate that has become segregated until it meets the applicable gradation
requirements.
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STD

SIZE

67

78M

LIGH

WEIG
HT

TABLE 1012-3
AGGREGATE GRADATION, COARSE AGGREGATE, ASPHALT SURFACE TREATMENT

PERCENTAGE OF TOTAL BY WEIGHT OF PASSING
2" 1 1" 3/4 172 3/8"  #4 #8 #10 #16 #30#40#50 #80 #10 #200 REMARKS

1/2 " " 0
10  90- 20- O- 0- 0-* = AST Mat coat,
0 10 55 10 5 0.6 = Sediment Control
0 Stone
10  90- 20-  0-10  0-5 0-* = AST Mat coat
0 10 55 0.6
0
10 98- 75-  20- O- 0-* ' Asphalt Plant Mix
0 10 100 45 15 0.6  Pavement, AST Weep
0 Hole Drains, Str.
Concrete
10  80- 540 O- 0- 0- AST
0 100 20 10 2.5
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(C) Fractured Faces

Use coarse aggregate that contains at least 75 percent by weight of crushed pieces
having 2 or more fractured faces, and at least 90 percent by weight of crushed pieces
having 1 or more fractured faces on that portion retained on the No. 4 sieve.

(D) Soundness

The maximum weighted average loss of either coarse or fine aggregate when
subjected to 5 cycles using sodium sulfate when tested in accordance with AASHTO
T 104 is 15%.

(E) Toughness (Resistance to Abrasion)

The maximum percentage loss of course aggregate for asphalt surface treatment
when tested in accordance with AASHTO T 96 is 55%.

(F) Blending of Aggregates

Blending of two or more aggregates will not be permitted regardless of the origin of
the aggregates if any one of the aggregates fails to meet the requirements for
soundness or resistance to abrasion.

(G) Weight of Slag

The minimum weight of crushed slag is 70 pounds per cubic foot as determined in
accordance with AASHTO T 19.

1012-3 BLOTTING SAND

Blotting sand is fine aggregate consisting of natural sand, commercial sand,
manufactured sand, coarse screenings, or other inert material having similar characteristics.
The requirements of Subarticles 1012-2 (D) and 1012-2 (F) will be applicable to blotting
sand. Adequately clean the fine aggregate so that it is free from sticks, roots, visible lumps
of clay, or other unsatisfactory material prior to use.

1012-4 LIGHTWEIGHT AGGREGATE

Lightweight aggregates used in asphalt surface treatments shall be produced by the
rotary kiln process and shall come from an approved Department source meeting applicable
requirements of Section 1005 and 1006. The aggregate shall also meet the requirements of
ASTM C330, Lightweight Aggregate for Structural Concrete (AASHTO M195), with the
exception of Sections 3, 6, 8, and any other references to concrete samples or concrete

strength. TABLE 1012-4
Lightweight Physical Properties
Property Specification (maximum) Test Procedure
Sodium Sulfate Soundness 5% AASHTO T19
Los Angeles Abrasion 45% AASHTO T96 (B grading)
Percent Absorption 10% AASHTO T19
Micro-Deval 18% AASHTO TP58-02
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1014-1
(A)

(B)

©
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SECTION 1014
AGGREGATE FOR PORTLAND CEMENT
CONCRETE
FINE AGGREGATE

General

Use fine aggregate from sources participating in the Department’s Aggregate Quality
Control/Quality Assurance Program as described in Section 1006. A list of sources
participating in the Department’s Quality Control/Quality Assurance Program in North
Carolina and adjoining states is available from the Department’s Laboratory in Raleigh.

Use fine aggregate consisting of natural sand or manufactured sand having clean, durable,
hard, uncoated particles, or other inert materials having similar characteristics. Produce
manufactured sand from fractured stone material. Use fine aggregate free from dirt,
wood, paper, burlap, and all other foreign material.

To permit excess water to drain and the moisture content to become uniform, stockpile the
aggregates either at the producer's plant or at the batch plant site for at least 24 hours
before use in the concrete. Build open stockpiles of fine aggregate at the batch plant on
concrete surfaces. Do not add new material to the stockpile during the 24 hour period.
When the aggregates have a low and uniform moisture content and the consistency of the
concrete can be satisfactorily controlled without stockpiling the aggregates for 24 hours,
the minimum stockpiling period may be reduced or waived entirely by the Engineer.

The Division of Highways' list of approved sources of fine aggregate shows the target
fineness modulus of each aggregate as established by the producer. Do not use fine
aggregate with a fineness modulus that varies more than 0.2 from the target value until
the concrete mix proportions are adjusted.

Soundness

When subjected to 5 cycles of the soundness test, the weighted average loss shall not be
more than 15 percent.

Deleterious Substances

The amount of deleterious substances shall not exceed the following:

Maximum
Substance Permissible Percentage
Clay Lumps and 2.0 by weight (Natural sand)
Friable Particles 1.0 by weight (Manufactured sand)

The percentage of deleterious substances will be determined in accordance with
AASHTO T112.
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(E)

(F)

(G)

(H)
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Organic Impurities

The color of each source of fine aggregate will be determined annually in accordance
with AASHTO T21. Should the fine aggregate show a darker color than samples
previously approved from the same source, withhold its use until tests have been
made to determine the quality of the sand.

Mortar Strength

Mortar made with the fine aggregate shall have a compressive strength at the age of
3 and 7 days using Type III portland cement, or 7 and 28 days using Type I or II
portland cement, of not less than 95 percent of that developed by a comparison
mortar. Make the comparison mortar with the same cement, graded Ottawa sand
with a fineness modulus of 2.40 plus or minus 0.05, and the same water-cement ratio
and consistency as the test mortar. Test the mortar strength in accordance with
AASHTO T 106.

Fine aggregate that fails to meet the requirements of the preceding paragraph for
mortar strength may be used with the approval of the Engineer, provided that when it
is tested in concrete cylinders the compressive strength of the concrete at 14 days is
equal to or greater than the strength of cylinders made with an identical mix using an
acceptable sand.

Gradation

Natural sand shall meet the gradation requirements for standard size No. 2S fine
aggregate. Manufactured sand shall meet the gradation requirements for standard
size No. 2MS fine aggregate.

Blending Fine Aggregate

Blending fine aggregates to obtain the required gradation will be permitted if test
results of each aggregate meet the durability requirements and test results of the
combination indicate acceptable quality. Blend aggregates by weighing them
separately at the time of batching or by other means acceptable to the Engineer.

When natural sand is blended with natural sand, the blend shall meet the gradation
requirements for No. 2S fine aggregate. When manufactured sand is blended with
natural sand or with manufactured sand, the blend shall meet the gradation
requirements for No. 2MS fine aggregate and neither component can exceed the
gradation limits on the No. 200 sieve shown in Table 1005-2.

Siliceous Particle Content

Manufactured sand shall have a siliceous particle content of not less than 25 percent
when used in concrete surfaces exposed to traffic. The siliceous particle content will
be determined by NCDOT Chemical Procedure C-9. Copies of this test procedure
are available upon request from the Materials and Tests Unit.
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1014-2 COARSE AGGREGATE

A)

(B)

©
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General

Use coarse aggregate from sources participating in the Department’s Aggregate
Quality Control/Quality Assurance Program as described in Section 1006. A list of
these sources in North Carolina and adjoining states is available from the Materials
and Tests Unit in Raleigh.

Use coarse aggregate that consists of crushed stone, crushed or uncrushed gravel,
crushed air-cooled blast furnace slag, or other inert materials that have similar
characteristics. Wash all coarse aggregate for portland cement concrete to remove
clay, loam, dust, and similar adherent materials unless otherwise permitted by the
Engineer in writing. Keep coarse aggregate free from dirt, wood, paper, burlap, and
all other foreign material.

To permit excess water to drain and the moisture content to become uniform,
stockpile the aggregates either at the producer's plant or at the batch plant site for at
least 24 hours before use in the concrete. Build open stockpiles of coarse aggregate at
the batch plant on concrete surfaces. Do not add new material to the stockpile during
the 24 hour period. Where the aggregates have low and uniform moisture content
and the consistency of the concrete can be satisfactorily controlled without
stockpiling the aggregates for 24 hours, the minimum stockpiling period may be
reduced or waived entirely by the Engineer.

Do not mix coarse aggregate from different sources or use it in alternate batches
except where permitted by the Engineer in writing. Blending of coarse aggregates to
obtain the required gradation will be permitted if the different sizes are from the
same source. Blend coarse aggregates by weighing them separately at the time of
batching or by other means acceptable to the Engineer.

Soundness

When subjected to 5 cycles of the soundness test the weighted average loss shall not
exceed 15 percent. For concrete with a 28 day design compressive strength greater
than 6,000 psi, the loss shall not exceed 8%.

Deleterious Substances

The amount of deleterious substances shall not exceed the following:

Maximum
Substance Permissible Percentage
Clay Lumps and
Friable Particles 3.2 by weight

Determine the percentage of deleterious substances in accordance with
AASHTO T112.
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Resistance to Abrasion

The percentage of wear of crushed stone or gravel shall not exceed 55 percent. For
concrete with a 28 day design strength greater than 6,000 psi, the wear shall not
exceed 40%.

Aggregate Sizes

(1

)

3)

4

)

(6)

General

Use standard size No. 57, No. 67, or No. 78M coarse aggregate in portland
cement concrete unless otherwise indicated.

Latex Modified Concrete

Use standard size No. 78M coarse aggregate in latex modified concrete.
Prestressed and Precast Concrete

Use No. 67 or No. 78M coarse aggregate in prestressed and precast concrete.
Use of More Than One Size

All concrete used in a single component of any structure shall be made with
the same size aggregate.

Portland Cement Concrete Pavement

Use standard size No. 57, No. 57M, No. 67, or #78M coarse aggregate in
concrete for portland cement concrete pavement unless otherwise specified by
the Engineer.

Sand Lightweight Concrete Use the following gradation for the lightweight
coarse aggregate:

Sieve Size Passing Square Opening Sieves
(Percent by Weight)

17 100
3/4” 90 - 100
3/8” 10 - 50

No. 4 0-15

Gradation

All coarse aggregate shall meet the gradation requirements for the standard size used.

10-51



Section 1016
\

SECTION 1016
SELECT MATERIAL

1016-1 DESCRIPTION

Select material 1s suitable material classified by gradation and performance
characteristics as shown in this section. Use select material called for on the contract.

1016-2 USES

Select material may be specified for use in:

Subgrade Slope and shoulder embankment
Backfill in undercut Rock embankment in open water
Core material Material placement over fabric

Foundation conditioning  Pipe backfill

With written approval and without additional compensation, a higher class of material
may be substituted than stated in the contract.

1016-3 CLASSIFICATIONS
CLASS 1

Class I Select Material is silty or clayey soil material meeting the requirements of
AASHTO M145 for soil classification A-4. Soil materials which meet the requirements of
AASHTO M145 for soil classification A-2, A-5, A-6 and A-7 are also acceptable provided
such materials do not have a liquid limit (LL) greater than 50, nor a plasticity index (PI) of
less than 7 or greater than 20.

CLASS 11

Type 1 - Select Material is a fine aggregate material consisting of crushed stone screenings
(washed or unwashed) meeting the following gradation:

Sieve % Passing
3/8 in 100

#4 80-100
#10 65 -95
#40 25-55
#200 0-20

LL <=30

PI <=6
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Type 2 - Select Material is a granular soil material meeting the requirements of
AASHTO M145 for soil classifications A-2-4 with a maximum PI of 6 and A-4
soil containing 45% maximum passing a No. 200 sieve and a maximum PI of 6.

When a type is not specified, either type may be used, but no additional compensation
will be made.

CLASS III

Type 1 - Select Material is a natural or manufactured fine aggregate material meeting the
gradation requirements of standard size 2S or 2MS in Table 1005-2 as described in
Sections 1005 and 1006.

Type 2 - Select Material is a granular soil material meeting the requirements of AASHTO
M145 for soil classification A-1 or A-3.

When a type is not specified, either type may be used, but no additional compensation
will be made.

CLASS IV

Select Material is a coarse aggregate material meeting the gradation requirements of
standard size ABC as described in Section1010.

CLASS V

Select Material is a coarse aggregate material meeting the gradation requirements of
standard size 78M in Table 1005-1 as described in section 1005 and 1006.

CLASS V1

Select Material is a coarse aggregate material meeting the gradation requirements of
standard size 57 in Table 1005-1 as described in section 1005 and 1006.

Class VII

Select Material is clean, unweathered durable, blasted rock material with the following
gradation:

(A) Atleast 50% of the rock has a diameter of from 1 1/2 feet to 3 feet
(B)  40% of the rock ranges in size from 2" to 1 1/2 feet in diameter.

(C)  Not more than 10% of the rock is less than 2" in diameter. (No rippable rock will be
permitted)
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1018-1

SECTION 1018
BORROW MATERIAL
GENERAL

Borrow excavation is approved material meeting the requirements for the particular
embankments, backfill, or other use intended. Material that contains roots, root mats,
stumps, or other unsatisfactory material will not be acceptable.

1018-2

APPROVAL OF BORROW SOURCE

The approval of borrow sources is subject to the requirements of Section 230.

Criteria for Acceptance of Borrow Material

(A)

(B)

10-54

Statewide Criteria: (See exceptions in II)

Only natural earth materials may be used as borrow material. Any other materials
are subject to rejection (See II-b).

Soil with P.I. of 25 or 1ess .....coecvveecvieeiieieeiene, Acceptable

Soil with P.I. of 26 through 35  Acceptable, but not to be used in top 2 feet of
embankment or backfill.

Soil with P.I. of more than 35............ccooeieennnnnen. Not Acceptable
Exceptions to Statewide Criteria:

(1)  Soils in the Coastal Plain (area described below) will be accepted in
accordance with the following:

Soil with P.I. of 15 or less .......ccccevveneeeneen. Acceptable
Soil with P.I. of 16 through 20 ................... Acceptable, but not to be used in
top 2 feet of embankment or
backfill.
Soil with P.I. of more than 20 .................... Not Acceptable.
Division 1 ............... Entire Division except Northampton (West of 1-95)
Division 2 ............... Entire Division
Division 3 ............... Entire Division
Division 4 ............... Edgecombe, Wayne, Johnston (East of US 301), Wilson
(East of I-95), Nash (East of I-95), Halifax (East of I-95)
Division 6 ............... Bladen, Columbus, Robeson, Cumberland, Harnett
(South of NC 27)
Division § ............... Scotland, Hoke, Moore (Southeast of US 15-501, NC 73,
NC 211), Richmond (East of US 220 North and US 1
South)
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Also applicable to the flood plains of the Roanoke, Tar, Neuse, Cape Fear, and
Lumber Rivers and their tributaries that is outside the above described areas.

(2)  Waste or by-products from industrial processes or mining operations are not
acceptable except by specific, written approval.

(3)  When tested, soils having a pH of less than 5.5 or an organic content more
than 4.0% may be rejected.

(4) --- When material is to be utilized for placing embankments or backfilling of
undercut areas that are excessively wet, the material shall consist of Select
Material Class II, 11T or I'V.

SECTION 1020
ASPHALT MATERIALS

1020-1 DELIVERY AND ACCEPTANCE OF ASPHALT MATERIALS

Asphalt materials are accepted at the source of shipment subject to the following
conditions:

All asphalt transport tankers, including rail and truck tankers, shall have a sampling
valve in accordance with Asphalt Institute Publication MS-18, Sampling Asphalt Products
for Specification Compliance and ASTM D140, or a comparable device acceptable to the
Engineer.

Each transport tanker delivering asphalt materials to the project or rail siding shall keep
a running log showing the date, destination, and type and grade of material hauled on each
trip. Print, stamp, or write in ink information appearing in the log and have available for
examination upon request of the Engineer at any time.

Furnish with each shipment 2 copies of a delivery ticket. Have both copies accompany
the shipment and deliver to the Engineer or his representative at the destination. The
delivery ticket shall contain the following information:

Delivery ticket number,

date shipped,

state project or purchase order number,
NCDOT assigned batch number,
destination,

name of consignee,

trailer or car number,

supplier's storage tank or batch number,
quantity loaded in tons or gallons
specific gravity or pounds per gallon at 60°F
loading temperature,

net gallons at 60°F
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When anti-strip additive is introduced into the asphalt binder, have the delivery ticket
note the brand, grade, and percentage or quantity at which the additive was
introduced.

The Contractor's asphalt materials supplier shall furnish to the Materials and Tests Unit
a typical viscosity-temperature chart at the beginning of each calendar year and a new chart
whenever a change in production results in a shift of 5°F or more.

Furnish a statement of certification from the supplier and a separate statement of
certification from the transporter. Sign each certification by an authorized representative of
the supplier or transporter. Stamp, write, or print these certifications on the delivery ticket,
or attach to the delivery ticket.

Unless otherwise approved by the Engineer, the following form shall be used in the
supplier's certification:

This is to certify that this shipment of gallons/liters
or tons/metric tons of grade asphalt including
gallons/liters  of anti-strip

meet all requirements of NC Department of Transportation Specifications.

Signed

Authorized Representative of Supplier

When no anti-strip additive is included with the load, the supplier shall indicate zero (0)
in the gallons field and “NA” in the anti-strip field on the above certification.

Unless otherwise approved by the Engineer, the following form shall be used in the
transporter's certification:

This is to certify that this transport tank was clean and free from
contaminating materials when loaded. The material transported on the

previous load in this tanker was

Signed

Authorized Representative of Transporter

Failure to sign the certifications by either the supplier or transporter will be cause to
withhold use of the material until a sample can be taken and tested, except where an
alternative testing and invoicing procedure has been pre-approved by the Engineer.

The Engineer reserves the right to sample and test any shipment regardless of whether or
not the above conditions have been met and to reject any material not meeting the
requirements of the Specifications.
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1020-2 ASPHALT BINDER

Use Performance Graded Asphalt Binder meeting the requirements of AASHTO M 320
Table 1. See Article 610-3 for the specified grades. Submit a Quality Control Plan for
asphalt binder production in conformance with the requirements of AASHTO R 26 to the
Materials and Tests Unit.

NCDOT Performance Graded Asphalt Binder Quality Control/Quality Assurance
Program shall be implemented in accordance with Subsection 1020-10.

Polymer Modifiers for Asphalt Binder — Where modification of the asphalt binder is
required to meet the specified grade, accomplish the modification using a Styrene Butadiene
Styrene (SBS), Styrene Butadiene Rubber (SBR), Styrene Butadiene (SB) polymer or other
modifiers approved by the Engineer to modify asphalt to meet the grade specified prior to
delivery to the asphalt plant. Other polymers shall be pre-approved and listed by the
NCDOT Materials and Tests Unit. Air blown asphalt will not be permitted.

1020-3 PRIME COAT MATERIALS

Supply prime coat materials from pre-approved sources in accordance with Materials
and Tests Unit Method A and listed by the Department Materials and Tests Unit.
Verification samples taken at the point of application (destination) are subject to the
following conditions:

(A)  All prime coat materials shall be delivered to the project ready for use.

(B)  Sampling will be made at the point of application. The Department reserves the right
to sample all materials used for prime coat applications, either at the destination or at
the point of origin, and to withhold acceptance of material until analysis of such
samples have been made. When a material meets specification requirements, but has
a history of unsatisfactory service performance, its use for construction or
maintenance purposes may be restricted by the Department and such restriction will
be noted on the list of approved products.

(C)  Proposed materials for Prime Coat Applications that are not listed as approved will
be investigated upon the request of the supplier or Contractor. The maximum
Volatile Organic Compounds for the products (materials) on the approved list for
prime coat applications shall not exceed 6.8 ounces per gallon of material or the
current applicable regulatory limit. Submit a Material Safety Data Sheet (MSDS), as
well as a two quart sample from three different batches of the same material to the
Materials and Tests Unit for evaluation.

(D)  The Sand Penetration results for a material used as a prime coat are:

Penetration Depth (millimeter) 12 minimum
Penetration Time (seconds) 90 maximum
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Copies of the Sand Penetration Test procedure are available upon request from the
Materials and Tests Unit.

(E) Materials used as a prime coat shall have a minimum rating of Fair on the No-
Tracking Time Test. Copies of the No-Tracking Time Test procedures are available
upon request from the Materials and Tests Unit.

(F)  Materials used as a prime coat shall have a minimum rating of Fair on the Coating
Ability and Water Resistance Test in Accordance with AASHTO T-59.

(G) For materials that will be stored longer than one day at the destination point
(Contractors'/Division' tanks), submit to the Engineer a Certified Laboratory Report
on the performance of the material for Storage Stability Test in accordance with
AASHTO T-59.

(H) The diluted materials shall be tested for asphalt residue percent in accordance with
AASHTO T-59, Section 55, Residue by Evaporation, and shall have a minimum
asphalt residue percent of 15.

1020-4 SILICONE

Silicone Additives shall be pre-approved and listed by the NCDOT Materials and Tests
Unit.

1020-5 BLANK
1020-6 EMULSIFIED ASPHALT, ANIONIC

Emulsified asphalt, except for Grade RS-1H, shall meet the requirements of
AASHTO M140.

Emulsified asphalt, Grade RS-1H, shall meet the requirements of AASHTO M140 for
Grade RS-1 except as follows:

The penetration of residue shall be a minimum of 50 and a maximum of 100.
Perform the testing of the asphalt in accordance with AASHTO T59 except as follows:
(A)  The residue by evaporation will be performed using a hot plate in lieu of an oven.

(B)  The determination of coating test, solubility of residue, and ash will be made when
deemed necessary by the Engineer.

(C) Materials and Tests Method A-24, Test For Compatibility of Aggregate and
Emulsified Asphalt, is used to determine the coating ability and water resistance
using either crushed or uncrushed aggregate from a source selected by the
Department.

1020-7 EMULSIFIED ASPHALT, CATIONIC

Cationic emulsified asphalt, except for Grade CRS-1H, shall meet the requirements of
AASHTO M208. Cationic emulsified asphalt, Grade CRS-1H, shall meet the
requirements of AASHTO M208 for Grade CRS-1 except as follows:

(A)  The residue after distillation shall be a minimum of 55 percent.
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(B)  The penetration of residue shall be a minimum of 50 and a maximum of 100.
(C)  Viscosity, Saybolt Furol at 77°F shall be a minimum of 20 and a maximum of 100.
Perform the testing of the asphalt in accordance with AASHTO T59 except as follows:

(A) Residue by evaporation will be performed using a hot plate in lieu of an oven with
a maximum temperature of 400 degrees F however referee testing will be performed
in accordance with the current ASTM or AASHTO Standard Test Methods for
Cationic or Anionic Emulsified Asphalts.

(B) The determination of coating test, oil distillate, pH, solubility of residue, ash, and
particle charge will be made when deemed necessary by the Engineer.

(C) Materials and Tests Method A-24, Test For Compatibility of Aggregate and
Emulsified Asphalt, is used to determine the coating ability and water resistance
using either crushed or uncrushed aggregate from a source selected by the
Department.

All polymer modified cationic asphalt emulsion materials are subject to the requirements
of Section 1020. The following exceptions apply to CRS-2P:

(A)  The material shall contain Styrene Butadiene Rubber, Styrene Butadiene Styrene, or
Styrene Butadiene.

(B)  The viscosity at 122 degrees F shall be a minimum of 100 seconds and a maximum
of 400 seconds.

(C)  The sieve shall be a maximum of 0.15%.

(D)  The 24 hour storage stability shall not exceed 1%.

(E)  The residue by evaporation (oven evaporation) shall be a minimum of 65%.

(F)  The elastic recovery (AASHTO T301) at 50 degrees F shall be a minimum of 55%.

(G) The ring and ball softening point (AASHTO T53) shall be a minimum of
110 degrees F.

(H) Polymer content may be analyzed if deemed necessary by the Engineer
1020-8 ANTI-STRIP ADDITIVE

Anti-strip additive may either be hydrated lime or a chemical additive or a combination
of both. The additive shall be capable of preventing the separation of the asphalt binder
from the aggregate and achieving the required tensile strength ratio (TSR) on the asphalt
mix when tested in accordance with AASHTO T 283 as modified by Department.

When lime is used, it shall conform to the requirements of ASTM C 977.

When chemical additive is used, it shall be added to the asphalt binder prior to
introduction into the mix. Do not use any chemical additive or particular concentration of
chemical additive found to be harmful to the asphalt material or which causes the
performance grading of the original asphalt binder to be out of specifications for the grade
required.

10-59



Section 1020

1020-9 WATERPROOFING AND DAMPPROOFING MATERIALS
(A) Asphalt Primer
Asphalt primer shall meet the requirements of ASTM D-41.
(B) Asphalt Binder
Asphalt Binder shall meet the requirements of Article 1020-2, Grade PG 64-22.

(C) Tar
Tar shall meet the requirements of ASTM D490.
(D) Fabric

Woven cotton fabric for waterproofing shall meet the requirements of ASTM D-173.
1020-10 ASPHALT BINDER QUALITY CONTROL/QUALITY ASSURANCE

The Performance graded asphalt binder quality control quality assurance program is
designed to give asphalt binder producers/suppliers (henceforth Producer designates
Producer/Supplier) more responsibility for controlling the quality of material they produce
and to utilize the quality control information they provide in the acceptance process by the
Department. It requires asphalt binder producers to perform quality control sampling,
testing and record keeping on materials they ship for use by the Department. Also, it
documents that the Department will perform quality assurance sampling, testing and record
keeping confirming the performance of the producers' control plan. In addition, the
Producer is required to participate in Independent Assurance — comparative sample
activities. The program is described in the Performance Graded Asphalt Binder Quality
Control/Quality Assurance Program Manual.

The types of samples and the lot sizes required by the Producers and the Department are
described in detail in the Performance Graded Asphalt Binder Quality Control/Quality
Assurance Program Manual.

Acceptance or rejection of material will be based on the total program. Therefore,
a comparison of the Quality Control, Quality Assurance, and other sample data may be used
by the Department for acceptance or rejection of a lot of material.

Participation in this program does not relieve the producer of the responsibility of
complying with all requirements of the Department’s Specifications.

An electronic copy of the Program Manual may be obtained by accessing the
Department’s website or by contacting the Materials and Tests Unit Chemical Laboratory.
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Section 1024

SECTION 1024
MATERIALS FOR PORTLAND
CEMENT CONCRETE

PORTLAND CEMENT
General

Supply portland cement that meets the requirements of AASHTO M85 for Type [, II,
or III except that the maximum fineness requirements of AASHTO M85 do not apply
to cement used in precast concrete products. Throughout these Specifications
Types I and II cement are referred to as regular portland cement and Type III as high
early strength portland cement.

For concrete mix designs that contain an aggregate that has exhibited alkali-silica
reactivity as documented by the Department, ensure that the alkali content of the
cement, expressed as sodium-oxide equivalent, does not exceed 0.4%. However,
cement with a higher alkali content not to exceed 1% is allowed if used with Class F
fly ash, ground granulated blast furnace slag, microsilica, or other Department
approved pozzolans in the amounts shown below. For all other mix designs, ensure
that the alkali content of the cement, expressed as sodium oxide equivalent, does not
exceed 0.6%; however, cement with a higher alkali content not to exceed 1% is
allowed if used with Class F fly ash, ground granulated blast furnace, microsilica, or
other Department approved pozzolans in the following amounts:

Class F Fly Ash 20% by weight of required cement content, with 1.2 Ibs.
Class F fly ash per Ib. of cement replaced.

Ground Granulated 35% - 50% by weight of required cement content,
Blast Furnace Slag with 1 Ib. slag per Ib. of cement replaced.
Microsilica 4-8% by weight of required cement content, with 1 1b.

microsilica per lb. of cement replaced.

Type IP or IS blended cement is allowed for the cement-and-fly-ash or
cement-and-slag portion of the mix.

Use white cement that meets the requirements of ASTM C150, except that the ferric
oxide content is limited to 0.5 percent.

Use Type IP blended cement that meets the requirements of AASHTO M240, except
that the pozzolanic content is limited to between 17 and 23 percent by weight and the
constituents are interground.

Use Type IS blended cement that meets the requirements of AASHTO M240 except
that the slag content is limited to between 35 and 50 percent by weight and the
constituents are interground.

Do not use air-entraining portland cement.
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(B)

©

Do not mix different types of cement, different brands of cement, or the same brand
from different mills nor use them alternately except when authorized in writing by
the Engineer.

Protect cement from contamination or damage during handling and storage. Do not
use cement that is damaged, partially set, lumpy or caked.

Basis of Acceptance, Cast-in-Place Construction

Furnish the Engineer 5 copies of a Type 5 Materials Certification in accordance with
Article 106-3 from each supplier furnishing portland cement concrete. Ensure that
the Certification states that the portland cement used on the project meets the
requirements of Article 1024-1. Upon receipt of this certification the cement is
useable prior to testing by the Department.

All cement is sampled and tested by the Department as it arrives on the project at
such frequency as established by the Department.

Basis of Acceptance, Precast Concrete Products

All cement is sampled and tested by the Department as it arrives at the precasting
plant at such frequency as established by the Department.

1024-2 AGGREGATE

Provide aggregate that meets the requirements of Section 1014.

1024-3 ADMIXTURES

(A)

(B)

10-62

Basis of Acceptance

Admixtures from an approved source are accepted without prior testing. Do not use
admixtures that are not from an approved source until the admixture is approved by
the Department.

Approved Sources

An approved source is considered to be any manufacturer of admixtures who
complies with the requirements of this subarticle.

The manufacturer is required to submit to the Materials and Tests Unit certified
reports of tests that show that the admixture meets the applicable Specifications. Test
shall be performed in a laboratory certified by the Cement and Concrete Reference
Laboratory of the National Bureau of Standards.

Admixtures that contain chloride other than calcium chloride as provided herein are
not permitted. The manufacturer is required to state in writing that no chloride was
added during it’s the manufacture of the admixture.

After an admixture is accepted, the manufacturer is required to submit to the
Materials and Tests Unit on or prior to February 1 of each year a notarized
certification that shows that the material is of the same composition as originally
accepted and has not been changed or altered. If an admixture is changed or altered,
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approval of the source in accordance with the above requirements is necessary before
using the admixture.

The Engineer has the option to make any or all tests deemed desirable to verify the
manufacturer's certification. Failure of the admixture in such tests is cause for
discontinuation of its use. Failure of an admixture to perform satisfactorily under job
conditions is cause for rejection of the source.

The Engineer maintains a list of approved sources on file.

(C) Air Entraining Agent
Provide air entraining agents that meet the requirements of AASHTO M154.
(D) Chemical Admixtures
(1)  Set Retarding Admixtures
Use set retarding admixtures that meet the requirements of AASHTO M194
for Type D - water reducing and retarding admixtures.
(2)  Water Reducing Admixtures
Use water reducing admixtures that meet the requirements of AASHTO M194
for Type A admixtures.
(3)  Calcium Chloride
Provide calcium chloride that meets the requirements of AASHTO M144 for
Type 2, concentrated flake, pellet, or other granular calcium chloride. The
Engineer may waive the gradation requirement.
(4) High-Range Water Reducing Admixtures
Use high-range water reducing admixtures that meet the requirements of
AASHTO M194 for Type F or Type G.
(5)  Calcium Nitrite Corrosion Inhibitor
Use an approved calcium nitrite corrosion inhibitor that contains 30 % solids.
(E) OTHER ADMIXTURES
Admixtures not otherwise classified will be reviewed on a case-by-case basis by the
Materials and Tests Unit.
1024-4 WATER

Ensure that water used to condition, wash, or as an integral part of materials does not

contain any compound that will adversely impact the material or its long term performance.
Use water with a pH in the range of 4.5 to 8.5, a chloride content no greater than 250 parts
per million (ppm), a total solids content no greater than 500-ppm, and no dissolved organic
matter.

Test all water from wells, streams, ponds and public water supplies in coastal North

Carolina and all out of state locations unless the Engineer waives the testing requirement.
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Water from a municipal water supply in a non-coastal area may be accepted by the Engineer
without testing.

1024-5 FLY ASH

Provide fly ash that meets ASTM C618 for Class F or Class C, except ensure that the
loss on ignition does not exceed 4%. Table 1A, Supplementary Optional Chemical
Requirement of ASTM C618, applies to Class F fly ash. Use fly ash that also meets the
optional physical requirements for uniformity shown in Table 2A of ASTM C618.

Do not use Class C fly ash in portland cement concrete if the alkali content of the cement
exceeds 0.4%.

Furnish the Engineer 5 copies of a Type 4 Materials Certification from each fly ash
supplier in accordance with Article 106-3. The laboratory that performs the tests included
in the certification shall be regularly inspected by the Cement and Concrete Reference
Laboratory (CCRL) for fly ash testing and shall authorize CCRL to submit a copy of the
inspection reports directly to the Materials and Tests Unit of the Department. State in the
certification that the fly ash used on the project meets the requirements of Article 1024-5.
Upon receipt of this certification, use of the fly ash is allowed prior to testing by the
Department.

All fly ash is sampled and tested by the Department as it arrives on the project at such
frequency as established by the Department.

1024-6 GROUND GRANULATED BLAST FURNACE SLAG
Use blast furnace slag that meets the requirements of AASHTO M302, Grade 100.

Furnish the Engineer 5 copies of a Type 5 Certification from each fly ash supplier in
accordance with Article 106-3. State in the certification that the blast furnace slag used in
the concrete meets the requirements of Article 1024-6. Upon receipt of this Certification,
use of the slag is allowed prior to testing by the Department. All slag is sampled and tested
by the Department as it arrives on the project at such frequency as established by the
Department.

1024-7 SILICA FUME

Provide silica fume (microsilica) that meets the requirements of Tables 1, 2, and 3 of
ASTM C 1240. Furnish the Engineer 5 copies of a Type 4 Materials Certification from each
silica fume supplier in accordance with Article 106-3. State in the certification that the
silica fume used on the project meets the requirements of Article 1024-7. Upon receipt of
this certification, use of the silica fume is allowed prior to testing by the Department. All
silica fume is sampled and tested by the Department as it arrives on the project at such
frequency as established by the Department.
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SECTION 1026
CURING AGENTS FOR CONCRETE

1026-1 GENERAL

All curing agents shall be free from impurities that may be detrimental to the concrete.
Do not use curing agent until the applicable tests have been performed and the Engineer has
approved the curing agent.

1026-2 LIQUID MEMBRANE CURING COMPOUNDS
(A) General

Liquid membrane curing compounds shall meet the requirements of
AASHTO M 148, except that when tested in the water retention test described in
AASHTO T155 the curing compound shall restrict the loss of water in the test
specimen at the time of application of the compound to not more than 0.007 ounces
per square inch.

The curing compound shall be Type 2, white pigmented, except that where clear type
is required for a particular application, the curing compound shall be Type 1D, clear
or translucent with fugitive dye.

Deliver curing compound in the manufacturer's original clean, sealed containers.
Legibly mark each container with the name of the manufacturer, the name of the
compound, the type of compound, the manufacturer's batch number, the date of
manufacture, and the manufacturer's recommended shelf life.

Do not use curing compound that has been in storage for more than one year from the
date of manufacture or more than the manufacturer's recommended shelf life,
whichever is less.

(B) Test Procedures:

Curing compound will be tested in accordance with the test methods described or
referred to in AASHTO M148 except as follows:

The size of molds for making test specimens will be approximately 5 1/2" in
diameter by approximately 1" deep, or any other size selected by the Engineer.

1026-3 POLYETHYLENE FILM.

Polyethylene film shall meet the requirements of AASHTO M171 for white opaque
polyethylene film, except that when tested for moisture retention efficiency the loss shall not
be more than 0.007 ounces per square inch of surface area.

1026-4 WATER
All water used for curing concrete shall meet the requirement of Article 1024-4.
1026-5 BURLAP

Burlap shall meet the requirements of AASHTO M182. Any class of burlap will be
acceptable.

10-65



Section 1026

Use new burlap or burlap that has been used for no purpose other than curing concrete.
New burlap shall be free from starch, filler, or other substances added during manufacture,
or shall be washed to remove such substances before use.

SECTION 1028
JOINT MATERIALS

1028-1 JOINT FILLER

Provide a nonbituminous type joint filler that meets AASHTO M153 for Type I, 11, or
IIT; or be a bituminous type that meets AASHTO M213. Furnish a Type 3 Manufacturer’s
Certification with each lot of the joint material supplied to each project.

1028-2 HOT APPLIED JOINT SEALER

Provide a hot applied joint sealer that conforms to ASTM D 6690. Furnish a Type 3
Manufacturer’s Certification for each lot of the joint sealer supplied to each project.

1028-3 BLANK
1028-4 LOW MODULUS SILICONE SEALANT

Provide a cold applied, single component, chemically curing low modulus silicone
sealant that meets ASTM D 5893 and this Specification. Acid cure sealants are not
acceptable for use on portland cement concrete. Bond breakers shall meet the requirements
of Article 1028-5.

(A) Silicone Sealant Types

Type NS — A non-sag silicone for use in sealing horizontal and vertical joints in
portland cement concrete pavements and bridges. Tooling is required.

Type SL — A self-leveling silicone used to seal horizontal joints in portland cement
concrete pavements and bridges. Tooling is not normally required.

(B) Requirements

Silicone sealant shall meet the following requirements in addition to

ASTM D 5893:
TEST REQUIREMENT
Peel (ASTM D 903 - bonded on concrete Minimum of 20 Ibs./in. of width with at least
block) 75% cohesive failure.
Movement Capability and Adhesion No adhesive or cohesive failure after 10
(ASTM C 719) cycles of test movements of +100%

(extension) and —50% (compression
p
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Furnish a Type 3 Manufacturer’s Certification for each lot of joint sealer material
supplied to each project. Deliver each lot of sealant in containers plainly marked
with the manufacturer’s name or trademark, lot number, and date of manufacture.

1028-5 BOND BREAKER

Install silicone sealant over a bond breaker to prevent the sealant from bonding to the
bottom of the joint. Use bond breakers that do not stain or adhere to the sealant and are
chemically inert and resistant to oils.

Type L — A closed-cell expanded polyethylene foam backer rod. Use this backer rod
in roadway and bridge joints and with Type NS silicone only.

Type M — A closed-cell polyolefin foam backer rod which has a closed-cell skin over
an open cell core. Use this backer rod in roadway and bridge joints with
both silicone sealant types.

Both types of backer rod shall meet the following requirements:

Density (ASTM D 1622) ....cooovveeeeeann 2.0 1b/ft’ minimum
Tensile Strength (ASTM D 1623)........... 25 psi minimum
Water absorption (ASTM C 509) ........... 0.5% by volume maximum

Type N — Provide bond breaking tape made from extruded polyethylene that has
a pressure sensitive adhesive on one side. Bond breaking tape may be
used with both types of silicone but is suitable for bridge joints only.

Bond breaking tapes shall be a minimum of 0.005" in thickness.

Furnish a Type 3 Manufacturer’s Certification for each lot of bond breaker material
supplied to each project.

SECTION 1032

CULVERT PIPE
1032-1 CORRUGATED METAL CULVERT PIPE

Use corrugated metal culvert pipe from sources meeting requirements of the
Department's Brand Certification Program for metal culvert pipe. A list of these sources is
available from the Materials and Test Unit's Central Laboratory. The Department will
remove a manufacturer of metal culvert pipe from this program in the event that the
monitoring efforts indicated that non-specification material is being provided or test
procedures are not being followed.

The following types of steel and aluminum alloy pipe and all associated accessories may
be accepted under this program.

(A) Corrugated metal culvert pipe, pipe arches and underdrain.
(B)  Coated, paved and lined corrugated metal culvert pipe and pipe arches.
(C)  Corrugated metal end sections, coupling band, and other accessories and hardware.
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(D)
(E)
(F)

Coated, paved, and lined metal end sections, coupling bands and accessories.
Corrugated aluminum alloy structural plate pipe and pipe arches.
Welded steel pipe

1032-2 CORRUGATED ALUMINUM ALLOY CULVERT PIPE

(A)

(B)

©)

Corrugated Aluminum Alloy Culvert Pipe

Corrugated aluminum alloy culvert pipe shall meet the requirements of
AASHTO M196 except that Type IA pipe will not be permitted.

When elongated pipe is called for by the contract, use pipe that is shop formed to
provide for a 5 percent vertical elongation.

Coupling bands with projections may be used for circumferential pipe, helical pipe,
or a combination of both.

Corrugated Aluminum Alloy Pipe Tees and Elbows

Corrugated aluminum alloy pipe tees and elbows shall meet all applicable
requirements of AASHTO M196.

Acceptance

Acceptance of corrugated aluminum alloy culvert pipe, and its accessories will be
based on, but not limited to, visual inspections, classification requirements, check
samples taken from material delivered to the project, and conformance to the annual
Brand Registration.

Culvert pipe materials not meeting the above requirements will be rejected, unless
written approval is obtained from the State Materials Engineer.

1032-3 CORRUGATED STEEL CULVERT PIPE

A)
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Corrugated Steel Culvert Pipe and Pipe Arch

Corrugated steel culvert pipe and pipe arch shall meet the requirements of
AASHTO M36 with the following exceptions:

(1)  Coupling Bands

(a)  Use corrugated coupling bands except as may be otherwise provided
below.

(b) A hugger type corrugated band having one annular corrugation at each
outside edge of the band will be acceptable.

(c)  Coupling bands with projections may be used where it is necessary to
join new pipe to existing pipe having helical corrugations at the joint
locations. Use an approved sealer with this type of coupling band.

(d)  Fasten coupling bands on the ends with a minimum of two 1/2" bolts.

(e)  Annular corrugated bands shall have a minimum width of 10 1/2"
where 2-2/3" by 1/2" corrugations are used.
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(7)
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Corrugations

Where 1/4" deep corrugations are permitted by AASHTO M36, the maximum
pitch of the corrugations shall be 1 7/8".

Where 3" x 1" corrugations are required, the Contractor will also be permitted
to use 5" x 1" corrugations.

Pipe with helical corrugations shall have rerolled ends with a minimum of 2
annual corrugations at each end.

Elongated Pipe

When elongated pipe is called for by the contract, use pipe that is shop formed
to provide for a 5 percent vertical elongation.
Lifting Straps

The pipe may be furnished either with or without lifting straps for handling.
Attach the lifting straps by bolting or by welding. Bolt holes for attaching the
straps shall be a smooth hole that is either punched or drilled. No burning of
holes will be permitted. Design the lifting straps so that the holes can be
plugged to prevent infiltration of backfill material.

Design the placement of lifting straps so as to ensure the pipe is equally
supported along its axis.

Coating Repair

Repair of galvanizing shall be in accordance with Section 1076-6.
Type IA Pipe

Type IA pipe will not be permitted.

Aluminized Pipe

Aluminized pipe may be used in lieu of galvanized pipe. Aluminized pipe
shall meet all requirements of Subarticle 1032-3(A) except that the pipe and
coupling bands shall be fabricated from aluminum coated steel sheet meeting
the requirements of AASHTO M274.

Marking Requirements

Pipe sections and special attachments for pipe 60" or larger diameter pipe shall
be alphanumerically match-marked at the plant site before shipping. There
may be additional markings as required by the Department's Brand
Certification Program.

Prefabricated Corrugated Steel Pipe End Sections

Corrugated steel end sections shall be in accordance with the details shown on the
plans, and meet all applicable requirements of Subarticle 1032-3(A). Repair end
sections on which the spelter coating has been bruised or broken either in the shop or
in shipping in accordance with AASHTO M36.
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(D)

(E)
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Corrugated Steel Pipe Tees and Elbows

Corrugated steel tees and elbows shall meet all applicable requirements of
Subarticle 1032-3(A).

Corrugated Steel Eccentric Reducers

Corrugated steel eccentric reducers shall meet all applicable requirements of
Subarticle 1032-3(A), and the additional requirements shown below.

Construct the eccentric reducer so that the invert or flow line from the large pipe
through the reducer and into the small pipe is a continuous straight line.

Make the reducer from the same thickness corrugated metals as the large diameter
pipe. The reducing section may be riveted or welded.

Acceptance

Acceptance of corrugated steel culvert pipe, and its accessories will be based on, but
not limited to, visual inspections, classification requirements, check samples taken
from material delivered to the project, and conformance to the annual Brand
Registration.

Culvert pipe materials not meeting the above requirements will be rejected, unless
written approval is obtained from the State Materials Engineer.

The reducing section shall reduce in diameter no more than 3" in 24" of length. Rivet
or weld a 24" long constant diameter stub to each end of the reducing section to form
the complete reducer.

Have the completed reducer show careful, finished workmanship in all particulars.
Repair reducers on which the spelter coating has been bruised or broken either in the
shop or in shipping in accordance with AASHTO M36. Reducers that show defective
workmanship will be rejected. The following defects are considered to be evidence
of poor workmanship, and the presence of any of them in any individual reducer will
constitute sufficient cause for rejection:

(1)  Not meeting required dimensions.

(2)  Not of the specified shape.

(3)  Uneven laps.

(4)  Ragged or diagonal sheared edges

(5) Loose, unevenly lined or spaced rivets.
(6)  Poorly formed rivet heads.

(7)  Lack of rigidity.

(8)  Dents or bends in the metal itself.

(9)  Uneven welds.

(10) Gaps in welds
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1032-4 COATED, PAVED, AND LINED CORRUGATED STEEL CULVERT

(B)

©

PIPE
(A) Bituminous Coated Corrugated Steel Culvert Pipe and Pipe Arch
(1) Type A -- Fully Bituminous Coated

The pipe and pipe arch shall meet the requirements of
Subarticle 1032-3(A) and be bituminous coated in accordance
with the requirements of AASHTO M190 for Type A pipe. Do
not coat coupling bands.

(2) Type B -- Half Bituminous Coated and Partially Paved

The pipe and pipe arch shall meet the requirements of
Subarticle 1032-3(A) and be half bituminous coated and
partially paved in accordance with the requirements of
AASHTO M190 for Type B pipe. Do not coat coupling bands.

(3) Type C -- Fully Bituminous Coated and Partially Paved

The pipe and pipe arch shall meet the requirements of
Subarticle 1032-3(A) and be fully bituminous coated and
partially paved in accordance with the requirements of
AASHTO M190 for Type C pipe. Do not coat coupling bands.

(4) Type D -- Fully Bituminous Coated and Fully Paved

The pipe and pipe arch shall be fully bituminous coated and
fully paved as provided for Type C except that the pavement
shall extend for the full circumference of the inside of the pipe.
The inside diameter after paving shall not be less than 98 percent

of the nominal diameter of the pipe. Do not coat coupling
bands.

Prefabricated Bituminous Coated Corrugated Steel Pipe End Sections

Bituminous coated corrugated steel end sections shall be in accordance with the
details shown on the plans, and meet all applicable requirements of
Subarticle 1032-4(A). Repair end sections on which the spelter coating has been
bruised or broken either in the shop or in shipping in accordance with
AASHTO M36. The pipe connector section shall be bituminous coated to match the
adjacent pipe. Bituminous coating will not be required on the skirt section.

Bituminous Coated Corrugated Steel Pipe Tees and Elbows

Bituminous coated corrugated steel tees and elbows shall meet all applicable
requirements of Subarticle 1032-4(A).
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(D)

(E)

(F)
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Bituminous Coated Corrugated Steel Eccentric Reducers

Bituminous coated corrugated steel eccentric reducers shall meet all applicable
requirements of Subarticle 1032-3(D) and be bituminous coated as called for in
Subarticle 1032-4(A).

Optional Coatings for Bituminous Coated Pipe or Pipe Arch

A polymeric coating meeting the requirements of AASHTO M246 for Type B
coating will be acceptable in lieu of bituminous coating wherever Type A fully
bituminous coated corrugated steel culvert pipe or pipe arch is called for by the
contract.

Pipe meeting the applicable requirements of Subarticle 1032-3(A) for aluminized
pipe may be substituted for bituminous coated galvanized steel culvert pipe as
provided in paragraphs 1 through 5 below, except that paragraphs 1, 2, and 3 will not
apply in the counties of Beaufort, Bertie, Bladen, Brunswick, Camden, Carteret,
Chowan, Columbus, Craven, Currituck, Dare, Gates, Hertford, Hyde, Jones, Martin,
New Hanover, Onslow, Pamlico, Pasquotank, Pender, Perquimans, Tyrrell, and
Washington.

(1)  In lieu of Type A, Fully Bituminous Coated galvanized pipe, aluminized pipe
without a bituminous coating, may be used.

(2)  In lieu of Type B, Half Bituminous Coated and Partially Paved galvanized
pipe, Type B aluminized pipe may be used. Type B aluminized pipe is
aluminized pipe which has been half bituminous coated and partially paved as
required by Subarticle 1032-4(A)(2). Type B: In lieu of Type B, Half
Bituminous coated and Partially Paved galvanized pipe, aluminized pipe or
polymeric coated pipe without bituminous coating and paving may be used.

(3) In lieu of Type C, Fully Bituminous Coated and Partially Paved galvanized
pipe, Type B aluminized pipe may be used as Type C: In lieu of Type C, Fully
Bituminous Coated and Partially Paved galvanized pipe, aluminized pipe or
poylmeric coated pipe without a bituminous coating and paving may be used.

(4)  Inlieu of Type D, Fully Bituminous Coated and Fully Paved galvanized pipe,
Type D aluminized pipe may be used. Type D aluminized pipe is aluminized
pipe which has been fully bituminous coated and fully paved as required by
Subarticle 1032-4(A)(4).

(5) The above provisions pertaining to the substitution of aluminized pipe for
galvanized pipe will also apply to the substitution of aluminized pipe arch, end
sections, tees, elbows, and eccentric reducers for galvanized pipe arch, end
sections, tees, elbows, and eccentric reducers.

Concrete Lined Corrugated Steel Culvert Pipe

Concrete lined corrugated steel culvert pipe, tees, and elbows shall be fully concrete
lined for the full circumference of the inside of the pipe and meet the requirements of
ASTM A849 for Type C-3 pipe. The inside diameter after lining shall not be less



Section 1032

than 98% of the nominal diameter of the pipe. The pipe, tees, and elbows before
coating shall meet the requirements of Article 1032-3.

(G) Acceptance

Acceptance of coated, paved, and lined corrugated steel culvert pipe, and its
accessories will be based on, but not limited to, visual inspections, classification
requirements, check samples taken from material delivered to the project, and
conformance to the annual Brand Registration.

Culvert pipe materials not meeting the above requirements will be rejected, unless
written approval is obtained from the State Materials Engineer.

1032-5 CORRUGATED STEEL STRUCTURAL PLATE PIPE AND PIPE
ARCH

The plate and fasteners for corrugated steel structural plate pipe and pipe arch shall meet
the requirements of AASHTO M167.

When elongated pipe is called for by the contract, shop form the pipe to provide for
a 5 percent elongation.

Unless otherwise required by the contract, place bolt holes along those edges of the
plates that form longitudinal seams in the finished structure in 2 rows spaced 2" apart.
Space the bolt holes a maximum of 6" apart.

Space bolt holes along those edges of the plates that form circumferential seams in the
finished structure a maximum of 12" apart.

The minimum distance from the center of any bolt hole to the edge of the plate shall not
be less than 1 3/4 times the diameter of the bolt. The diameter of bolt holes in longitudinal
seams, excepting those at plate corners, shall not exceed the bolt diameter by more than
1/8". The diameter of holes in circumferential seams, including those at plate corners, shall
not exceed the bolt diameter by more than 1/2" and the average of the diameter on the major
and minor axes shall not exceed the bolt diameter by more than 1/4".

Cut plates for forming skewed or sloped ends to give the required angle of skew or
slope. Burned edges shall be free from oxide and burrs and present a workmanlike finish.
Repair damaged spelter coating around cut or burned edges as required by AASHTO M36.

Furnish an erection drawing for each installation. Mark each plate as necessary to insure
proper placement in the structure.

Acceptance

Acceptance of corrugated steel structural plate pipe and pipe arches, and its accessories
will be based on, but not limited to, visual inspections, classification requirements, check
samples taken from material delivered to the project, and conformance to the annual Brand
Registration. Culvert pipe materials not meeting the above requirements will be rejected
unless written approval is obtained from the State Materials Engineer.
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1032-6 CORRUGATED ALUMINUM ALLOY STRUCTURAL PLATE PIPE
AND PIPE ARCH

The plate and fasteners for corrugated aluminum alloy structural plate pipe and pipe arch
shall meet the requirements of AASHTO M219.

When elongated pipe is called for by the contract, shop form the pipe to provide for
a 5 percent elongation.

Unless otherwise required by the contract, bolt holes along the plate edges that will form
longitudinal seams in the finished structure shall be in 2 rows 1 3/4" apart and located in the
valley end in the crest of each corrugation.

The minimum distance from the center of bolt holes to edge of plates shall not be less
than 1 3/4 times the bolt diameter. Space bolt holes along those edges of the plates that
form circumferential seams in the finished structure a maximum of 10" apart.

The diameter of bolt holes in longitudinal seams, excepting those at plate corners, shall
not exceed the bolt diameter by more than 1/8". The diameter of holes in circumferential
seams, including those at plate corners, shall not exceed the bolt diameter by more than 1/2"
and the average of the diameters on the major and minor axes shall not exceed the bolt
diameter by more than 1/4".

Accurately cut plates for forming skewed or beveled ends of structures to form the
required final shape. Plates shall be saw cut, not burned, to present a competent finish free
from notches or gouges.

Furnish an erection drawing for each installation. Mark each plate as necessary to insure
proper placement in the structure.

Acceptance

Acceptance of corrugated aluminum alloy structural plate pipe and pipe arches, and its
accessories will be based on, but not limited to, visual inspections, classification
requirements, check samples taken from material delivered to the project, and conformance
to the annual Brand Registration.

Culvert pipe materials not meeting the above requirements will be rejected unless written
approval is obtained from the State Materials Engineer.

1032-7 VITRIFIED CLAY CULVERT PIPE

Vitrified clay culvert pipe shall meet the requirements of AASHTO M65 for extra-
strength clay pipe.

When vitrified clay pipe sections have been inspected and accepted they will be stamped
with the Department seal of approval. Do not use any pipe section that does not have this
seal of approval.

Joint material shall meet the requirements of Subarticle 1028-8.
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1032-8 WELDED STEEL PIPE

A)

(B)

Welded steel pipe shall meet the requirements of ASTM A139 for the grade of pipe
called for on the plans.

Acceptance

Acceptance of welded steel culvert pipe, and its accessories will be based on, but not
limited to, visual inspections, classification requirements, check samples taken from
material delivered to the project, and conformance to the annual Brand Registration.

Culvert pipe materials not meeting the above requirements will be rejected, unless

written approval is obtained from the State Materials Engineer.
1032-9 CONCRETE CULVERT PIPE

A)

(B)

©

General

Use concrete pipe from sources participating in the Department's Concrete Pipe
Quality Control/Quality Assurance Program. A list of participating sources is
available from the Materials and Tests Unit's Central Laboratory. The Department
will remove a manufacturer of concrete pipe from this program in the event that the
monitoring efforts indicated that non-specification material is being provided or
testings procedures are not being followed.

Plain Concrete Culvert Pipe

Plain concrete culvert pipe shall meet all applicable requirements of AASHTO M170
except as follows:

(1) Do not reinforce it.

(2)  The maximum weighted average loss for both coarse and fine aggregates is
15% when subjected to 5 cycles of the soundness test.

(3) The maximum percentage of wear for coarse aggregates is 55%.

Plain concrete culvert pipe shall meet the minimum requirements for Class II Wall A
pipe except that the D-load to produce the ultimate load shall be 1,000 pounds.

Reinforced Concrete Culvert Pipe

Reinforced concrete culvert pipe shall meet the requirements of AASHTO M170 for
the class of pipe called for on the plans except as follows:

(1)  The permissible wall thickness outside of the joint configuration shall not be
more than that shown in the design by more than 5% or 3/16", whichever is
greater.

(2)  The maximum weighted average loss for both fine and coarse aggregates shall
be 15% when subjected to 5 cycles of the soundness test.

(3) The maximum percentage of wear for coarse aggregates is 55%.
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(D)

(E)

(F)
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The design wall thickness shall be either the wall thickness shown in
AASHTO M170 for the applicable class and wall or the wall thickness shown in
a modified design that has been approved by the Engineer. A wall thickness greater
than permitted by the above tolerance will be cause for rejection of the pipe. The
circumferential steel in single cage pipe shall not be more than 3" from either end of
the pipe section excluding the tongue and groove. On double cage pipe, extend one
cage into the tongue or groove. Place the other cage so that a circumferential wire
shall be not less than 2" from the other end of the barrel of the pipe.

Precast Concrete Pipe End Sections

Precast concrete pipe end sections shall meet all applicable requirements of
AASHTO M170 and Section 1077 except those pertaining to design.

Design concrete pipe end sections in accordance with the plans, or with plans
prepared by the manufacturer which have been approved by the Engineer. Reinforce
all concrete pipe end sections. Use air entrained concrete in pipe end sections, which
attains a strength of 3500 psi when tested in accordance with AASHTO T22.

Concrete Pipe Tees and Elbows

Concrete pipe tees and elbows shall meet all applicable requirements of
AASHTO M170 for the class of pipe tee or elbow called for on the plans.

Marking:

Clearly etchmark the following information on the outside of each section of pipe,
pipe end section, tee, and elbow:

Pipe class and type of wall if reinforced

The date of manufacture(3)Name or trademark of the manufacturer

Clearly stamp, stencil, sticker or paint the following information on each section of
pipe, pipe end section, tee and elbow

The State assigned plant number
The inside diameter of the pipe product
The year of manufacture

This marking shall be in the following format: State plant number - diameter - year.
(CP99-24-06)

When concrete pipe, pipe end sections, tees, and elbows have been inspected and
accepted they will be stamped with the Department seal of approval. Do not use pipe
sections, pipe end sections, tees, or elbows which do not have this seal of approval.
Failure of as much as 20 percent of any lot of pipe due to cracks, fractures, variation
in alignment, or other manufacturing defects will be cause for the rejection of the
entire lot. The lots shall be as designated by the manufacturer prior to inspection.
Individual lengths of pipe within the lot which were not specifically rejected but
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which are considered acceptable by the manufacturer may be removed from the
rejected lot and resubmitted for inspection as a separate lot.

Joint Materials

Cement shall meet the requirements of Article 1024-1. Sand shall meet the
requirements of Article 1014-1 for fine aggregate or Article 1040-6 for mortar sand.
Hydrated lime shall meet the requirements of Article 1040-5.

Flexible plastic joint material shall meet the requirements of AASHTO M198 for
Type B flexible plastic gaskets, except as follows:

(1)  The flash point, C.O.C. shall be a minimum of 325°F.
(2)  The fire point, C.O.C. shall be a minimum of 350°F

1032-10 CORRUGATED POLYETHYLENE CULVERT PIPE

A)

(B)

©

General

Use corrugated polyethylene pipe from sources participating in the Department's
HDPE Pipe Quality Control/Quality (QC/QA) Assurance Program. A list of
participating sources is available from the Materials and Tests Unit's Central
Laboratory. The Department will remove a manufacturer of polyethylene pipe from
this program in the event that the monitoring efforts indicated that non-specification
material is being provided or test procedures are not being followed.

Corrugated polyethylene culvert pipe shall meet the requirements of AASHTO M294
for Type S or Type D.

End Treatments, Pipe Tees and Elbows

End treatments, pipe tees and elbows shall meet all applicable requirements of
AASHTO M294, Section 7.8.

Marking

Clearly mark each section of pipe, end section, tee, and elbow and other accessories
according to the Department's HDPE Pipe QC/QA Program:

(1)  AASHTO designation
(2)  The date of manufacture
(3)  Name or trademark of the manufacturer

When polyethylene pipe, end sections, tees, and elbows have been inspected and
accepted they will be stamped with the Department seal of approval. Do not use pipe
sections, flared end sections, tees, or elbows which do not have this seal of approval.
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SECTION 1034
SANITARY SEWER PIPE AND FITTINGS

1034- 1 CLAY PIPE

Use extra strength vitrified clay sewer pipe conforming to ASTM C 700. Manufacture
all joints and seals in accordance with ASTM C 425.

1034-2 POLYVINYL CHLORIDE (PVC) PLASTIC PIPE

A)

(B)

Gravity Flow Sewer Pipe

Use PVC plastic pipe that conforms to the requirements of ASTM D 3034 with
a minimum SDR of 35. Use pipe with push-on type joints having bells made as an
integral part of the pipe conforming to ASTM D 3212.

Force Main Sewer Pipe
Pressure Rated Pipe:

Use PVC pipe conforming to ASTM D 2241 with a minimum SDR of 21 and
minimum pressure rating of 200 psi. Use pipe with push-on type joints having bells
made as an integral part of the pipe conforming to ASTM D 3139.

Pressure Class Pipe:

Use PVC pipe conforming to ANSI/AWWA C900 with a minimum DR of 18 and
a minimum pressure class of 150 psi. Use pipe with push-on type joints having bells
made as an integral part of the pipe conforming to ASTM D 3139.

1034-3 CONCRETE SEWER PIPE

Use reinforced concrete sewer pipe conforming to ASTM C 76 or AASHTO M-170
with a Class III minimum rating. Use pipe with gasket joints conforming to
ASTM C 443 or AASHTO M-198 type A or B.

1034- 4 DUCTILE IRON PIPE

(A)

(B)
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Gravity Flow Sewer Pipe
Use ductile iron pipe that conforms to ASTM A 746 or ANSI/AWWA C151/A21.51.

Use ductile iron pipe fittings and specials conforming to
ANSI/AWWA C110/A21.10 for standard size fittings or
ANSI/JAWWA C153/A21.53 for compact fittings

Use pipe and fittings with push-on joints conforming to ANS/AWWA C111/A21.11.
Force Main Sewer Pipe:
Use ductile iron pipe that conforms to ANSI/AWWA C151/A21.51.

Use ductile iron pipe fittings and specials conforming to
ANSI/AWWA C110/A21.10 for standard size fittings or
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ANSI/AWWA C153/A21.53 for compact fittings. Manufacture fittings with a
cement mortar lining and a seal coat in accordance with ANSI/AWWA C104/A21.4.

Use pipe and fittings with either mechanical joints or push-on joints conforming to
ANSI/AWWA C111/A21.11. When required or necessary, use approved type joint
restraint devices with a minimum working pressure rating of 200 psi and a factor of
safety of 2.

1034-5 ACRYLONITRILE-BUTADIENE-STYRENE (ABS) PIPE

Acrylonitrile-butadiene-styrene (ABS) truss pipe shall meet the requirements of
ASTM D2680. Provide joints for (ABS) truss sewer pipe that are of the extra-tight solvent
welded joint type conforming to ASTM D2680.

Use ABS solid wall lateral sewer pipe for diameter of 4" to 6" that conforms to
ASTM D2751 and is of sufficient wall thickness and strength to withstand the various earth
and impact loads that bear on the installed pipe. Provide pipe that is circular in shape with
no appreciable distortion and conforms to ASTM D2751. Provide joints for (ABS) solid
wall lateral sewer pipe that are of the extra-tight solvent welded joint type conforming to
ASTM D2751.

SECTION 1036
WATER PIPE AND FITTINGS

General

All materials when used to convey potable drinking water shall meet the requirements of
the National Sanitation Foundation Standard number 61.

1036- 1 COPPER PIPE

For indoor plumbing use copper pipe and sweated fittings conforming to ASTM B 88 for
the type and temper called for in the plans and Specifications. Cast fittings for copper pipe
shall meet the requirements of ASTM B 61 or ASTM B 62.

For buried service, use copper water pipe and tube conforming to ASTM B 88 soft
annealed type K. Use flared or compression type fittings conforming to
ANSI/AWWA C800 and local plumbing codes to connect pipe and tube.

1036-2 PLASTIC PIPE
(A) Polyvinyl Chloride (PVC) Pipe
Pressure Rated Pipe

Use PVC pipe conforming to ASTM D 2241 with a minimum SDR of 21 and
minimum pressure rating of 200 psi. Use pipe with push-on type joints having bells
made as an integral part of the pipe conforming to ASTM D 3139.

Pressure Class Pipe
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Use PVC pipe conforming to ANSI/AWWA C900 with a minimum DR of 18 and
a minimum pressure class of 150 psi. Use pipe with push-on type joints having bells
made as an integral part of the pipe conforming to ASTM D 3139.

(B) Polyethylene (PE) Pipe
Use PE water pipe and tubing that conforms to AWWA C 901 with a minimum
pressure class of 200 psi.

1036-3 BLANK

1036-4 STEEL PIPE

(A) Water Pipe

Use galvanized steel pipe meeting the requirements of ASTM A 53 for standard
weight. Fittings for steel water pipe shall meet the requirements of ASTM A126 for
Class B iron or of ASTM A197. Galvanize all fittings in accordance with
ASTM A153.

(B) Encasement Pipe

Use steel pipe meeting an ASTM specification with the minimum yield strength of
35,000 psi. Use pipe that is circular in shape and straight in length.

1036-5 DUCTILE IRON PIPE AND FITTINGS
Use ductile iron pipe that conforms to ANS/AWWA C151/A21.51.

Use ductile iron pipe fittings and specials conforming to ANSI/AWWA C110/A21.10
for standard size fittings or ANSI/AWWA C153/A21.53 for compact fittings. Manufacture

fittings with a cement mortar lining and a seal coat in accordance with
ANSI/AWWA C104/A21.4.

Use  either  mechanical joints or  push-on joints  conforming to
ANSI/AWWA C111/A21.11. When required or necessary, use approved type joint restraint
devices with a minimum working pressure rating of 200 psi and a factor of safety of 2.

1036-6 FIRE HYDRANTS

Use dry barrel type fire hydrants conforming to ANSI/TAWWA C502 with a minimum
4-1/2" diameter valve opening with a 6" mechanical joint inlet connection, with two 2-1/2"
hose connections and with one 4-1/2" pumper connection. Outlets shall have national
standard fire hose coupling threads. Use a fire hydrant with a minimum bury length of 36".
Securely chain nipple caps to the barrel. Paint hydrants with one coat of primer paint and
two coats of an approved paint of the owner's standard color. Apply the final coat after
hydrant installation.

1036-7 WATER VALVES.
(A) Gate Valves

Use iron body gate valves which conform to ANSI/AWWA C500 for bronze
mounted, double disc, parallel seat type valves or to ANSI/AWWA C509 for resilient
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seat type valves. For buried service use gate valves with non-rising stems, 2" square
operating nuts, O-ring seals, and which open by turning counter clockwise. Gate
valves shall have mechanical joint ends conforming to ANS/AWWA C111/A21.11.
Gate valves shall have a design working water pressure of 200 psi.

(B) Bronze Gate Valves

Use bronze gate valves conforming to ASTM B 62 with tee head operating nuts and
solid wedges. Use valves with a design working pressure of 200 psi.

(C) Tapping Valves

Use tapping valves conforming to Section 1036-7A with appropriately sized
openings, with flanged by mechanical joint ends, and pressure rated at 200 psi.

1036-8 SLEEVES, COUPLINGS, AND MISCELLANEOUS
(A) Tapping Sleeves

Use cast iron, ductile iron, or Type 304 stainless steel tapping sleeves pressure rated
at 200 psi. Use either the split sleeve type with mechanical joint ends or the full
circle type with double seals. Manufacture the outlet flange to mate with the tapping
valve flange.

(B) Transition Sleeves and Couplings

Use sleeve type couplings for transitioning between plain ends of different pipe
types. Manufacture couplings in conformance with ANSI/AWWA C219 for a rated
working pressure of 200 psi. Coat the coupling at the factory with an epoxy in
conformance with ANSI/AWWA C210 or ANSI/AWWA C213.

1036-9 SERVICE LINE VALVES AND FITTINGS

Use corporation stops and curb stops of all bronze material and high-pressure
construction conforming to ANSI/AWWA C800.

Use tapping saddles of high-pressure construction, shaped to conform to the pipe, and in
conformance with ANSI/AWWA C800.

Use high-pressure fittings manufactured in conformance with ANSI/AWWA C800.

SECTION 1040
MASONRY

1040-1 BRICK

Use clay or shale brick that meets the requirements of ASTM C62 for Grade SW, except
as otherwise provided below.

Use brick of uniform standard commercial size, with straight and parallel edges and
square corners that are burned hard and entirely true, free from injurious cracks and flaws,
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tough, strong, and have a clear ring when struck together. The sides, ends, and faces of all
brick shall be plane surfaces at right angles and parallel to each other.

Brick of the same manufacturer shall not vary more than plus or minus 1/16" in
thickness, plus or minus 1/8" in width, and plus or minus 1/4" in length.

Concrete brick may be used in lieu of clay or shale brick when designated on the plans
or in the specifications. Concrete brick shall meet the requirements of ASTM C55 for
Grade S-II except that the absorption of brick used in minor drainage structures shall not
exceed 10 Ibs./ft.’.

1040-2 CONCRETE BUILDING BLOCK

Use concrete building block from sources that participate in the Department’s Solid
Concrete Masonry Brick/Unit Quality Control/Quality Assurance Program. A list of these
sources in North Carolina and adjoining states is available from the Materials and Tests
Unit in Raleigh.

Use concrete building block that meets the requirements of ASTM C90 for Type II.
Block is pink in color and is to be substantially free from chips and cracks.

Solid concrete block to be used in lieu of clay brick for minor drainage structures shall
meet the requirements of ASTM C139 except that the nominal dimensions shall be
4" x 8" x 16".

Concrete block for block manholes shall meet the requirements of ASTM C139.
1040-3 CONCRETE PAVING BLOCK

Use concrete building block from sources that participate in the Department’s Solid
Concrete Masonry Brick/Unit Quality Control/Quality Assurance Program. A list of these
sources in North Carolina and adjoining states is available from the Department’s
Laboratory in Raleigh.

Concrete paving block shall be solid concrete block and meet the requirements of
ASTM C139 except that the nominal dimensions shall be 4" x 8" x 16". The block shall
have a uniform surface color and texture.

1040-4 CEMENT
Portland cement shall meet the requirements of Article 1024-1.
Masonry cement shall meet the requirements of ASTM C91.
1040-5 HYDRATED LIME
Hydrated lime shall meet the requirements of ASTM C207 for Type N.
1040-6 MORTAR SAND

Mortar sand shall meet the requirements of Article 1014-1, except that it shall meet the
gradation requirements for No. 4S sand shown in Table 1005-2.
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1040-7 WATER
Water shall meet the requirements of Article 1024-4.
1040-8 MORTAR

Mortar used in all brick masonry and block masonry shall be proportioned as shown
below for either mix No. 1 or No. 2. All proportions are by volume. Do not add any more
water than is necessary to make a workable mixture.

Mix No. 1: 1 part portland cement

1/4 part hydrated lime

3 3/4 parts mortar sand (maximum)
Mix No. 2: 1 part portland cement

1 part masonry cement

6 parts mortar sand (maximum)

The requirements of Articles 1040-4, 1040-5, 1040-6, and 1040-7, are applicable to all
cement, hydrated lime, mortar sand, and water.

For the hydrated lime and cement portion of Mix No. 1,the Contractor may substitute
Type M or Type S masonry cement that meets ASTM C270 For Type S masonry cement the
minimum compressive strength of the test specimens shall be 2500 psi at 28 days and the
test specimens shall be composed of 1 part Type S masonry cement and 3 parts sand.
Furnish a Type 3 certification for the Type M or Type S masonry cement.

1040-9 CEMENT GROUT

Use cement grout that consists of a mixture of 1 part portland cement to 3 parts mortar
sand with no more water than is necessary to make a workable mixture.

Apply the requirements of Article 1040-4, 1040-6, and 1040-7 to all cement, mortar
sand, and water.

SECTION 1042
RIPRAP MATERIALS

1042-1 PLAIN RIPRAP

Stone for plain riprap consists of field stone or rough unhewn quarry stone. The stone
shall be sound, tough, dense, resistant to the action of air and water, and suitable in all other
respects for the purpose intended. Where broken concrete from demolished structures or
pavement is available, it may be used in place of stone provided that such use meets with the
approval of the Engineer. However, the use of broken concrete that contains reinforcing
steel will not be permitted.

All stone shall meet the approval of the Engineer. While no specific gradation is
required, there should be equal distribution of the various sizes of the stone within the
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required size range. The size of an individual stone particle will be determined by
measuring its long dimension.

Stone or broken concrete for riprap shall meet the requirements of Table 1042-1 for the
class and size distribution.

TABLE 1042-1
ACCEPTANCE CRITERIA FOR RIPRAP
AND STONE FOR EROSION CONTROL

REQUIRED STONE SIZES - INCHES

CLASS MINIMUM MIDRANGE MAXIMUM
A 2 4 6
B 5 8 12
1 5 10 17
2 9 14 23r

No more than 5.0% of the material furnished can be less than the minimum size
specified nor no more than 10.0% of the material can exceed the maximum size specified.

1042-2 TESTING

Test riprap materials in accordance with the requirements of this section and
Sections 1005-4(E) Resistance to Abrasion, and 1005-4(F) Soundness.  Satisfactory
resistance to abrasion will be considered to be a percentage of wear of not greater than
55 percent. Satisfactory soundness will be considered to be a loss in weight of not greater
than 15 percent when subjected to 5 alterations of the soundness test.

SECTION 1044
SUBSURFACE DRAINAGE MATERIALS
1044-1 SUBDRAIN FINE AGGREGATE

The subdrain fine aggregate shall meet the gradation requirements for No.2S or
No. 2MS sand as shown in Table 1005-2.

1044-2 PIPE AND FITTINGS--GENERAL

Pipe and fittings may be, at the option of the Contractor, either concrete, corrugated
steel, bituminized fiber, or corrugated plastic.

1044-3 CONCRETE PIPE AND FITTINGS

Non-perforated concrete pipe and pipe fittings shall meet the requirements of
AASHTO MS86 for standard strength nonreinforced concrete pipe.

Perforated concrete pipe shall meet the requirements of AASHTO M175 for standard
strength perforated nonreinforced concrete underdrainage pipe.

Joint materials shall meet the requirements of Section 1028.
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1044-4 CORRUGATED STEEL PIPE AND FITTINGS

Non-perforated corrugated steel pipe and pipe fittings shall meet the requirements of
Subarticle 1032-3(A).

Perforated corrugated steel pipe shall meet the requirements of AASHTO M36.

Fabricate the corrugated steel pipe from steel sheets having a minimum thickness of
0.052".

1044-5 POLYVINYL CHLORIDE PLASTIC PIPE
Polyvinyl chloride plastic pipe shall meet the requirements of ASTM D1785.
1044-6 CORRUGATED PLASTIC PIPE AND FITTINGS

Corrugated plastic pipe and fittings shall meet the requirements of AASHTO M252 for
heavy duty tubing, except that the maximum stretch resistance shall be 10 percent.

1044-7 OUTLET PIPE

Outlets constructed of PVC Schedule 40 pipe shall meet the requirements of
ASTM D 2665. HDPE pipe shall meet the requirements of AASHTO M-294, Type S.

SECTION 1046
GUARDRAIL MATERIALS

1046-1 GENERAL

Use guardrail materials from sources meeting requirements of the Department’s Brand
Certification Program for guardrail. A list of these sources is available from the Materials
and Test Unit's Central Laboratory. The Department will remove a manufacturer of
guardrail materials from this program in the event that the monitoring efforts indicated that
non-specification material is being provided or test procedures are not being followed.

The following types of guardrail materials and all associated accessories may be
accepted under this program.

Rail elements.
Posts and offset blocks
Terminal sections
Anchor units
Transition sections
Hardware

1046-2 RAIL ELEMENTS

The rail element and terminal sections shall meet the requirements of AASHTO M180
for Class A, Type 2.

1046-3 POSTS AND OFFSET BLOCKS
(A) General
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(B)

©

(D)
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The Contractor may, at his option, furnish any one of the following types of steel
guardrail posts. Only one type of post will be permitted at any one continuous
installation. Use structural steel posts throughout the project, unless otherwise
directed or detailed in the plans.

(1).  Steel W6 x 8.5 or W6 x 9.0 posts.
(2)  Steel 4.5" x 6.0" "C" shape posts.

The Contractor may at his option furnish either of the following types of treated
timber posts if specifically directed or detailed in the plans. Only one type of post
will be permitted at any one continuous installation.

(1)  Timber 6” x 8” posts
(2)  Timber 8” x 8” posts
Structural Steel Posts

Fabricate steel posts for guardrail of the size and weight shown on the plans from
structural steel complying with the requirements of Section 1072. Metal from which
C shape posts are fabricated shall meet the requirements of ASTM A570 for any
grade of steel except that mechanical requirements that shall meet the requirements
of ASTM A36. Punch or drill the holes for connecting bolts. Burning will not be
permitted. After fabrication the posts shall be galvanized in accordance with
Section 1076.

Treated Timber Posts

Timber guardrail posts shall be of treated southern pine meeting the requirements of
Article 1082-2 and 1082-3.

Bore bolt holes to a driving fit for the bolts. A minus tolerance of 1 percent will be
allowed in the length of the post. Perform all framing and boring before the posts
receive preservative treatment.

Offset Blocks

Provide 8" deep recycled plastic or composite offset blocks that have been approved
for use with the guardrail shown in the standard drawings and/or plans. Only one
type of offset block will be permitted at any one continuous installation. Prior to
beginning the installation of recycled offset block, submit the FHWA acceptance
letter for each type of block to the Engineer for approval.

Treated timber offset blocks with steel beam guardrail will not be allowed unless
required by Specifications, directed by the Engineer or detailed in the plans. Steel
offset blocks with steel beam guardrail will not be allowed.

Recycled plastic or composite offset blocks shall be made from no less than 50%
recycled plastic or composite and shall meet the following minimum requirements:

Specific Gravity:......cocceeeeeeeeciieeriieeeieeeee 0.950
Compressive Strength in Lateral Direction: .. 1600 psi
Maximum Water Absorption:........................ 10% by weight
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Maximum Termite and Ant Infestation:........ 10%
TESHING: oot Shall pass NCHRP Report 350, Test
Level 3 by CRASH TESTING
APPIoval: ...eeeeeieeieee e Shall be approved for use by the FHWA
1046-4 HARDWARE

Provide all hardware as indicated on the plans that is galvanized in accordance with
ASTM A153.

1046-5 ANCHORS AND ANCHOR ASSEMBLIES

Each shipment of guardrail terminal end sections, anchors and anchor assemblies shall
be shipped from the manufacture with a current parts list and installation guide. Units not
having the above documents will be rejected.

The requirements of Articles 1046-1, 1046-2, and 1046-3 are applicable to rail elements,
terminal sections, posts, offset blocks, and hardware.

Reinforcing steel shall meet the requirements of Article 1070-2. Steel plates shall meet
the requirements of ASTM A36. Anchor rods shall meet the requirements of ASTM A663
for Grade 65.

Anchor cable shall be 3/4" wire rope having a minimum breaking strength of 21.4 tons
and galvanized. Use commercial quality galvanized steel cable thimbles. Use commercial
quality drop forged galvanized steel cable clips. The fitting and stud for the anchor cable
shall be suitable for cold swaging and be galvanized. After being swaged on the cable, the
fitting and stud assembly, including swaged joint and cable, shall have a minimum breaking
strength of 21.4 tons.

Perform welding in accordance with Article 1072-20.

Welded components shall be galvanized after welding in accordance with ASTM A123.
All other metal parts shall be galvanized in accordance with ASTM A153, except where
otherwise specified in Articles 1046-1, 1046-2, and 1046-3.

1046-6 REPAIR OF GALVANIZING
Perform repair of galvanizing in accordance with Section 1087-6.
1046-7 CABLE GUIDERAIL

Posts, hardware, and miscellaneous components shall meet the applicable requirements
of this Section, the plans and the manufacture's requirements.

Furnish Cable guiderail manufactured in accordance with AASHTO M-30, Type 1,
Class A.

For concrete anchors, furnish Class A concrete if cast in place; or use concrete meeting
the requirements of Section 1077 if using precast concrete anchors.

Cable guiderail is not covered under the Brand Certification Program for guardrail
materials. Sample cable guiderail according to Minimum Sampling Guide.

1046-8 ACCEPTANCE
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Acceptance of guiderail materials and its accessories will be based on, but not limited to,
visual inspections, classification requirements, check samples taken from material delivered

to the project, and conformance to the annual Brand Registration.

Guiderail materials not meeting the above requirements will be rejected, unless written

approval is obtained from the State Materials Engineer.

1050-1

A)

10-88

SECTION 1050
FENCE MATERIALS

GENERAL
Chain Link Fence

The Contractor may, at his option, furnish either a galvanized steel fence framework

or an aluminum alloy fence framework unless otherwise specified in the contract.

Where a galvanized steel framework is used, the fence fabric may be either
galvanized steel or aluminum coated steel, except where galvanized steel fabric is
specified in the contract. The Contractor may, at his option, furnish any of the

following galvanized steel framework systems:

SYSTEM G1
LNE POSES .ottt et et Steel Pipe
Terminal Posts (End, Corner, or Brace Posts) ........cccccocevveeiiiiiiciiieeninee, Steel Pipe
Gate Posts, Double Gate ..........ccceeeevieeiiieeiieeieerie e Steel Pipe
Gate Posts, SINEIe GaLe ........ccccviiiiiiieiiieeeieeeee e Steel Pipe
*Brace Rail and Top Rail ........cccooiiiiiiiiiicee e Steel Pipe

SYSTEM G2
LNE POSES ..ottt Steel H Post
Terminal Posts (End, Corner, Or Brace Posts) .......cccceevieeiiiiinciieeeiieenee, Steel Pipe
Gate Posts, Double Gate ........cccccocvviiiiiiiiieiiieeciieccee e Steel Pipe
Gate Posts, SINGIe Gate ......cceovverviiiiiiiiiiciic e Steel Pipe
*Brace Rail and Top Rail .......cccocviiiiiiiiieee e, Steel Pipe
SYSTEM G3
LiNE POSES ..ot Roll Formed Steel
Terminal Posts (End, Corner, or Brace Posts) ........ccccocvveviienieeniieieee, Steel Pipe
Gate Posts, Double Gate .........cccooecveiiiiiiieiiieeciieecee e Steel Pipe
Gate Posts, SINGIe Gate ........ccccviieiiiiiieiie e Steel Pipe
*Brace Rail and Top Rail ........cccoeeiiiiiiii Steel Pipe or Roll Formed Pipe

* Top rail to be used in lieu of tension wire only where called for in the

itemized proposal.

Where an aluminum alloy framework is used, the fence fabric may be either
aluminum alloy or aluminum coated steel. The Contractor may, at his option, furnish

any of the following aluminum alloy framework systems:
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SYSTEM A1l
33081 o 0 ] £ USSR Aluminum Pipe
Terminal Posts (End, Corner, or Brace posts) .......ccccceeevvveeciveeennenn. Aluminum Pipe
Gate Posts, Double Gate .........cccceevviieiiiieeiiieeeeccee e Aluminum Pipe
Gate Posts, SINGle Gate .......cccveevueieiiieeiieeieeeieerie e Aluminum Pipe
*Brace Rail and Top Rail .......ccccooeiiiiiiiiee Aluminum Pipe
SYSTEM A2
LNE POSES ..o Aluminum H Post
Terminal Posts (End, Corner, or Brace Posts) ........cccceccveveiverieennnen. Aluminum Pipe
Gate Posts, Double Gate .........ccceecvieeiiieeniieeciieceeeeee e Aluminum Pipe
Gate Posts, SIngle Gate .........cccceeeeviiieriieeeiee e Aluminum Pipe
*Brace Rail and Top Rail ........ccccoieiiiiiiiieee Aluminum Pipe

*Top rail to be used in lieu of tension wire only where called for in the itemized
proposal.

Use the same type of fabric and framework materials throughout the project.

(B) Wire Gage
Whenever the term gage is used in this section to refer to a size of wire, it will be
construed to mean the United States Steel Wire Gage regardless of whether or not the
base metal of the wire is steel or a nonferrous metal.

1050-2 TIMBER POSTS AND BRACES

(A) General

All timber posts and braces shall be of treated southern pine meeting the
requirements of Article 1082-2 and 1082-3, except as otherwise specified herein.
Posts and braces may be either round or square, at the option of the Contractor,
provided that the same shape is used throughout the project for both the posts and the
braces. Post and brace sizes are shown on the plans in inches. The size refers to the
diameter for round pieces, or to the edge dimension for square pieces. Square posts
and braces shall be fully dressed S4S. An allowable tolerance of 1/2" scant for
square pieces will be permitted from the dimensions called for on the plans.

Cut round wood posts and braces from sound solid trees, free from short or reverse
bends in more than 1 plane. Do not use log veneer cores for posts and braces unless
they contain at least one inch of Sapwood for their entire circumference on both ends.
The post or brace shall not deviate more than 1" at any point from a straightedge held
longitudinally against the piece.

All posts shall be free from ring shake, season cracks more than 1/4" wide, splits in
the ends, and contain no unsound knots. Sound knots will be permitted provided the
width of the knot does not exceed 1/3 the diameter of the post where it occurs.
Groups of knots or any combination of defects that will impair the strength of the
piece will not be permitted. The pieces shall show not less than 3 annual rings per
inch and not less than 30 percent of summer wood.
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(B)

A tolerance of 1" plus and 1/2" minus will be allowed for the diameter of round posts
and braces, measured at the small end after peeling. Where they are out of round,
this tolerance will apply to the smaller diameter, and the larger diameter shall not
exceed the smaller by more than 20 percent. The maximum rate of increase in
diameter at the butt shall be 1 1/2" in 10 feet.

A minus tolerance of 1 percent will be allowed in the length of both round and square
posts. Cut the ends square.

Optional Steel Posts and Braces

The Contractor will be permitted to use steel posts and braces for woven wire fence
in lieu of timber posts and braces in those areas of the State located in or west of
Vance, Franklin, Wake, Lee, Moore, and Richmond Counties. Use the same type of
fence post and brace throughout the project. The optional steel posts and braces shall
meet the requirements of Subarticle 1050-3(B).

1050-3 METAL POSTS AND RAILS

A)

10-90

Chain Link Fence

Posts shall meet the requirements of AASHTO M 181 except as otherwise provided
by this subarticle.

Steel H posts shall have a minimum yield strength of 45,000 psi and weigh
3.26 pounds per foot. Galvanize steel H posts in accordance with ASTM F 1043
with a Type A coating. Aluminum H posts shall weigh 1.25 pounds per foot.

Roll formed steel line posts shall be a 1.625" x 1.875" section weighing 2.40 1b./If.
after galvanizing and be formed from 0.121" thick sheet having a minimum yield
strength of 45,000 psi. Roll formed steel brace rails and top rails shall be
a 1.250" x 1.625" section weighing 1.35 Ib./If. after galvanizing and be formed from
0.080" thick sheet steel having a minimum yield strength of 45,000 psi. Galvanize
all roll formed members after fabrication in accordance with ASTM F 1043 with
a Type A coating.

Vinyl coated posts shall be pipe posts meeting the requirements of AASHTO M 181,
and have a fusion bonded vinyl coating at least 6 mils thick. The vinyl shall meet the
requirements of Section 6 of AASHTO M 181 or if a standard color not listed in M
181 is used, the vinyl shall meet the color requirements in ASTM F 934 Table 1.

Furnish brace rails with suitable metal connections to fasten them securely to the
posts. Provide the top rail not less than 6" long with a minimum thickness of 0.051"
if steel, or 0.062", 6063-T6 aluminum alloy and in minimum lengths of 15 feet. The
complete top rail assembly shall form a continuous rail passing through the top
fittings of the line posts and be furnished with suitable metal connections to fasten it
to the posts at each end.

For pipe 1.90” O.D. and under, the outside diameter at any point shall not vary more
than 1/64” over no more than 1/32” under the standard specified. For pipe
2.37570.D. and over, the outside diameter shall not vary more than +1% from the
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standard specified nor shall the minimum wall thickness at any point be more tan
12.5% under the nominal wall thickness specified.

A 10% minimum weight tolerance will be allowed for all steel posts and rails.
Woven Wire Fence

Steel posts used in lieu of 4" timber posts shall be a standard studded T section
7'-6" long designed exclusively for use as a fence post and be equipped with a metal
anchor plate securely attached to the post. The T posts shall weigh 1.33 Ib. per linear
foot exclusive of the weight of the anchor plate, and have a total weight, including
anchor plate, of 10.65 1b. Nominal dimensions of the T post shall be 1 3/8 " wide and
1 3/8" deep. A tolerance of plus or minus 3/16" will be permitted from these nominal
dimensions. The anchor plate shall be sufficiently sturdy to withstand the strain of
driving with no loss of effectiveness, and have a minimum area of 14.0 square
inches.

Steel posts used in lieu of 5" timber posts may be either tubular posts or angle posts.
They shall be 8'-0" long and be embedded in a concrete anchor at least 3'-3" deep and
10" in diameter. Fit tubular posts with ornamental tops that fit over the top of the
post to cap against moisture. Fabricate the tubular posts from 2" diameter pipe
meeting the requirements of AASHTO M 181 for Grades 1 or 2 metallic coated posts
and rails. Fabricate angle posts from angle sections measuring 2 1/2"x 2 1/2"x 1/4",
with a plus or minus tolerance of 1/16" on the 2 1/2" dimension and 0.015" on the
1/4" dimension, and weighing 4.10 lbs. per foot.

Use steel braces with steel posts and may be either tubular braces or angle braces to
match the posts. Furnish the braces with suitable metal connections to fasten them
securely to the posts. Fabricate tubular braces from 1 1/4" diameter pipe meeting the
requirements of AASHTO M 181 for Grades 1 or 2 metallic coated posts and rails.
Fabricate angle braces from angle sections measuring 2" x 2" x 1/4" with a plus or
minus tolerance of 3/64" on the 2" dimension and 0.010" on the 1/4" dimension, and
weighing 3.19 Ibs. per foot.

A 10% minimum weight tolerance will be allowed for all steel posts and braces.

For pipe 1.90” O.D. and under, the outside diameter at any point shall not vary more
than 1/64” over no more than 1/32” under the standard specified. For pipe 2.375”
O.D. and over, the outside diameter shall not vary more than +£1% from the standard
specified nor shall the minimum wall thickness at any point be more than 12.5%
under the nominal wall thickness specified.

Galvanize all steel posts and braces other than tubular members in accordance with
the requirements of ASTM A 123.

1050-4 BARBED WIRE

Barbed wire shall meet the requirements of ASTM A 121 except as otherwise provided

in this subarticle.

The barbed wire may be, at the option of the Contractor, either galvanized steel or

aluminum coated steel except that where aluminum chain-link fabric is used, galvanized
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steel barbed wire shall not be used. Use the same type of material throughout the project.
All barbed wire shall have 4 point barbs spaced not more than 5" apart. Single strand
barbed wire will not be acceptable.

Two strand galvanized steel barbed wire shall be fabricated from either 12 1/2 gage or
15 1/2 gage strand wire with 4 point galvanized steel 14 gage barbs. The 12 1/2 gage shall
be Standard Grade with a Class 3 coating on the wire and a Class 1 coating on the barbs.
The 15 1/2 gage shall be Chain Link Fence Grade with a Class 3 coating on both the wire
and barbs.

Two strand aluminum coated steel barbed wire shall be fabricated from two strands of
12 1/2 gage aluminum coated steel wire with the four point barbs being either 14 gage
aluminum coated steel or aluminum alloy wire.

1050-5 WOVEN WIRE

Woven wire fencing shall conform to ASTM A 116 or AASHTO M 279. The fence
fabric shall be 47" high, with 10 horizontal strands. Space the strands 3" apart at the bottom
and 8" apart at the top with progressive spacing between. Space vertical strands at 6"
intervals. Any of the following styles and coating classes may be used.

(A)  Style 1047-6-9, Grade 60 (all horizontal and vertical strands of wire shall be 9 gage)
with a Class 3 zinc coating.

(B)  Style 1047-6-11, Grade 60 (top and bottom horizontal strands to be 9 gage wire, all
other strands to be 11 gage) with a Class 3 zinc coating.

(C)  Style 1047-6-12 1/2, Grade 125 (top and bottom horizontal strands of wire to be no
smaller than 10 1/2 gage with a minimum breaking strength of 1610 Ib, all other
strands to be no smaller than 12 1/2 gage with a minimum breaking strength
requirement for horizontal strands of 960 1b with a Class 3 coating.

Brace wire shall be a 9 gage steel in accordance with ASTM A 641, except that the
minimum zinc coating shall be 0.80 oz/ sq. ft.
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TABLE 1050-1

WIRE DIAMETER

Size Coated Nominal Diameter of
Wire, Gage Zinc Coated Wire, In.

6 0.192

7 0.177

9 0.148

10 1/2 0.128

11 0.120

12 0.106

1212 0.099

1050-6 CHAIN LINK FABRIC

Chain link fence fabrics shall meet the requirements of AASHTO M 181. Galvanized
steel fabric shall have a Class D coating. Polyvinyl coated fabric shall be Type IV, Class A
or B and the vinyl coating shall be a standard color meeting AASHTO M 181 or ASTM F
934 Table 1.

The height of the chain link fence fabrics shall be as shown in the pay item description.
Weave the fabric from 11 gage wire, unless otherwise required by the contract.

1050-7 FITTINGS, HARDWARE AND ACCESSORIES

All fittings, hardware and accessories to be used with the fencing shall meet the
requirements of AASHTO M 181, AASHTO M 232, ASTM F 626 OR ASTM A 641 or
ASTM A 809 except for the size, type and coating requirement that shall be that shall be as
shown below in Table 1050-2 and elsewhere in this article.

Galvanize bolts, nuts, washers, and other threaded items in accordance with AASHTO
M 232.

Where shown on the plans, fit the posts with ornamental tops. The base of tops to be
used with pipe posts shall fit over the top of the post to guard against moisture.
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Item

Tie wires, steel

Tie wires,
Aluminum

Clips, steel wire

Clips, steel wire
Hog rings, steel

Hog rings,
aluminum

Truss rod, steel

Tension (stretcher)
bars, steel

Tension (stretcher)
bars, steel

Tension (stretcher)
bars, steel

Staples, Nails or

Tension wire braces
Post and line caps

Rail and brace ends
(pressed steel or cast
iron)

Top rail steel
sleeves

Tension band
Brace band

Barbed wire
extension arms
(pressed steel or cast
iron)

Hinges, latches

Gage or
diameter
(inch)

11
12

5/16

3/16 x 3/4

3/16 x 5/8

1/4 x 3/8

0.051 in.

14
12

14

TABLE 1050-2

Coating
(0z/sq. ft)

0.90

0.90

0.85
0.80

2.00

1.50

1.50

1.50

0.35

0.90

1.30

1.30

1.30

1.30
1.30

1.30

2.00

Coating (0z/sq.
ft* Aluminum)

0.40

Remarks:

For fastening chain link fabric and tension
wire to tubular sections or to roll formed steel
line posts.

Alloy 1350-H19 or approved equal

For fastening chain link fabric and tension
wire to H- posts

For fastening woven wire fabric to steel posts
For fastening chain link fabric to tension wire

Alloy 1350-H19 or approved equal.

For connection of 1 3/4 in or 2 in. fabric to
end, gate, and corner posts for fabric heights
over 5 ft

For connection of 1 3/4 in or 2 in. fabric to
end, gate, and corner posts for fabric heights
UPTOS ft

For connection of 1 in fabric to end, gate, and
corner posts

For fastening woven wire to timber posts.
Shall be the size and shape shown on the
plans.

For woven wire fence

For installation on top of posts to guard
against moisture.

For rail connections. Shall be fabricated to
prevent movement along the rail.

For fastening tension bar to posts

For fastening rail to posts

Shall be fitted with clips or slots for attaching
the barbed wire to the arms.

Tension wire for use with galvanized steel chain link fabric shall meet the requirements
of AASHTO M 181 for zinc coated tension wire. Tension wire for use with aluminum or
aluminum coated chain link fabric may be either aluminum coated tension wire meeting the
requirements of AASHTO M 181, or solid aluminum wire with a minimum diameter of
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0.192". The aluminum for solid aluminum wire shall meet the requirements of ASTM B
211 for alloy 5056 or 6061, and have a minimum breaking strength of 1216 Ibf and a
minimum elongation of 10%.

Vinyl coated fittings and accessories shall be galvanized steel or aluminum coated steel
meeting the requirements of this article and have a bonded vinyl coating. The vinyl shall
meet the requirements of Section 6 of AASHTO M 181 and be a standard color meeting
AASHTO M 181 or ASTM F 934 Table 1. The vinyl coating shall be at least 6 mils thick,
except that the coating on tension wire, hog rings, and tie wires shall be at least 20 mils
thick.

1050-8 REPAIR OF GALVANIZING

Repair of galvanizing shall be in accordance with Section 1076-6. Do not use aerosol
can products for repairs.

SECTION 1052
SALT AND LIME STABILIZERS

1052-1 SODIUM CHLORIDE
Sodium chloride shall meet the requirements of AASHTO M143.
1052-2 CALCIUM CHLORIDE

Calcium chloride shall be Class S or L. meeting the requirements of AASHTO M144.
1052-3 LIME
(A) Chemical Requirements

Quicklime and hydrated lime for soil stabilization shall meet the requirements of
ASTM C977 except that it shall contain a minimum of 86 percent available calcium
oxide (CaO) on an LOI-free basis.

(B) Physical Requirements
(1) Hydrated Lime
Hydrated lime shall have a minimum of 85 percent passing a No. 200 sieve.
(2)  Quicklime
Grade quicklime so that 100% passes a 1/4" sieve.
(C) Sampling and Inspection

Furnish Type 1 or Type 2 material certifications with each shipment of lime attesting
that the lime meets the requirements of the Specifications; however, the material will
be subject to inspection, test, or rejection by the Engineer at any time.

Lime from more than one source or more than one type may be used on the same
project, but the different limes shall not be mixed. Protect the lime from exposure

until used and sufficiently dry it to flow freely when handled.
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SECTION 1054
MISCELLANEOUS MATERIALS

1054-1 RIGHT OF WAY MARKERS
(A) General

The Contractor may, at his option, use either granite right of way markers or
concrete right of way markers.

(B) Concrete

Concrete right of way markers shall be constructed of concrete in accordance
with the requirements of Section 1077. Reinforcement shall meet the
requirements of Article 1070-2 for steel bar reinforcement.

Precast the right of way marker in watertight forms of a size and shape that
will produce a completed marker of the dimensions shown on the plans.
Construct the forms so as to impress the plastic concrete with the lettering and
markings shown on the plans.

Cure the concrete in accordance with Article 420-16. Give that portion of the right of
way marker that will be above the surface of the ground ordinary surface finish in
accordance with Subarticle 420-18(B).

(C) Granite

Make granite right of way markers from granite that is hard and durable, of a
light color, free from seams which impair its structural integrity, and of a
good, smooth splitting appearance. Quarry and finish the markers to the
dimensions indicated on the plans. Drill holes will be permitted in the sides

and bottom.
1054-2 BLANK
1054-3 DECK DRAINS

Provide deck drains made of polyvinyl chloride plastic pipe or of steel pipe. Use the
type of pipe as shown on the plans.

Polyvinyl chloride plastic pipe shall meet the requirements of ASTM D1785 or D2665,
and have four 1/2" square lugs shop glued at approximately equal spacing around the pipe at
3" from the top end of each deck drain.

Steel pipe shall meet the requirements of ASTM AS53 for standard weight galvanized
pipe.
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1054-4 FUNNELS AND FUNNEL DRAINS

(A) Funnels

Fabricate funnels for corrugated aluminum alloy pipe from clad aluminum alloy
sheets meeting the requirements of AASHTO M196. Perform fabrication by
riveting.  The completed funnel shall meet all applicable requirements of
AASHTO M196.

Fabricate funnels for corrugated steel pipe of steel meeting the applicable
requirements of AASHTO M218. Fabrication may be by riveting or by welding.
The completed funnel shall meet all applicable requirements of AASHTO M36.

(B) Funnel Drain Pipe, Elbows and Fittings

Funnel drain pipe, elbows, and other fittings may be, at the option of the Contractor,
either corrugated aluminum alloy or corrugated steel.

Corrugated aluminum alloy pipe, elbows, and other fittings shall meet the
requirements of Article 1032-2.

Corrugated steel pipe, elbows, and other fittings shall meet the requirements of
Article 1032-3.

1054-5 SYNTHETIC ROVING
Use either fiberglass roving or polypropylene roving for synthetic roving.

Form fiberglass roving material from continuous fibers drawn from molten glass, coated
with a chrome-complex sizing compound, collected into strands and lightly bound together
into a roving without the use of a binding agent or other deleterious substance. Wind the
roving into a cylindrical package so that the material can be continuously withdrawn from
the center using a compressed air ejector so that the roving expands into a mat of glass
fibers on the soil surface.

Form polypropylene roving material from continuous strands of fibrillated
polypropylene yarn. Wind the roving onto cylindrical packages so that the roving can be
continuously fed from the outside of the package through an ejector driven by compressed
air and expanded into a mat of polypropylene strands. The product shall not contain agents
toxic to plant or animal life.

Furnish a Type 3 Certification in accordance with Article 106-3 certifying that the
fiberglass roving is an electrical grade material meeting the requirements shown in
Table 1054-2.

TABLE 1054-1
FIBERGLASS ROVING PROPERTIES

Property Limits Test Methods
Strands/Rove 36-44 End Count
Fiber Diameter, in. 0.00035-0.00045 ASTM D578
(Trade Designation G)
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TABLE 1054-2
POLYPROPYLENE ROVING PROPERTIES

Property Limits Test Methods
Strands/Rove 20-30 End Count
Fiber Diameter, in. 0.0094 Theoretical
(Trade Designation G)
Yards/lb. of Rove 515 ASTM D1907
1054-6 GROUT FOR CONCRETE ROADWAY TRAFFIC BARRIER

Use grout that is a commercially manufactured non-shrink, non-metallic material
meeting the requirements of these Specifications when water or water and aggregate is
added in accordance with the manufacturer's recommendations.

The grout shall be free of soluble chlorides and contain less than one percent soluble
sulfate.

Initial setting time shall not be less than 10 minutes when tested in accordance with
ASTM C266.

Compressive strength shall be at least 5000 psi at 3 days.

Compressive strength in the laboratory will be determined in accordance with
ASTM C109 except that the test mix shall contain only water and the dry manufactured
material. Compressive strength will be determined in the field by molding and testing
4" x 8" cylinders in accordance with AASHTO T22.

When tested in accordance with ASTM C666, Procedure A, the durability factor of the
grout shall not be less than 80.

The quantity of water added to the mix shall be in accordance with the manufacturer's
recommendations.

Aggregate may be added to the mix only where recommended or permitted by the
manufacturer. The quantity and gradation of the aggregate will be in accordance with the
manufacturer's recommendations.

Furnish a Type 4 material certification showing results of tests conducted to determine
the properties listed in this Specification and to assure that the material is non-shrink.

The Engineer reserves the right to reject material based on unsatisfactory performance.
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SECTION 1056
ENGINEERING FABRICS

1056-1 GENERAL

The fabric shall consist of strong rot-proof synthetic fibers formed into a woven fabric or
a non-woven needle-punched fabric meeting all applicable requirements of this section.

The fabric shall be free from any treatment or coating that might significantly alter its
physical properties before or after installation. The fabric fibers shall contain stabilizers
and/or inhibitors to make the filaments resistant to deterioration resulting from ultraviolet or
heat exposure. The fabric shall be a pervious sheet of synthetic fibers oriented into a stable
network so that the fibers retain their relative position with respect to each other. Finish the
edge of the fabric to prevent the outer fibers from pulling away from the fabric. The fabric
shall be free of defects or flaws which significantly affect its physical and/or filtering
properties. Sheets of fabric may be bonded together or sewn with a fungus resistant
material. Do not use nylon thread for sewn seams. No deviation from any physical
requirements will be permitted due to the presence of the seam.

During all periods of shipment and storage, wrap the fabric in a heavy duty protective
covering to protect the fabric from direct sunlight, mud, dust, dirt, and debris. Do not
expose the fabric to temperatures greater than 140°F.

When anchor pins are required, fabricate them of steel, 3/16" in diameter, at least 18"
long, pointed at one end, and have a head that will retain a steel washer having an outside
diameter of no less than 1.5".

When wire staples are required, provide staples that meet the requirements of Subarticle
1060-8 (D).

1056-2 ACCEPTANCE
Fabric with defects, flaws, deterioration or damage will be rejected.
Use engineering fabrics that have been evaluated by NTPEP.

Furnish a Type 1 Certified Mill Test Report, Type 2 Typical Certified Mill Test Report,
or Type 4 Certified Test Report for the fabric in accordance with Article 106-3; however,
the material will be subject to inspection, test, or rejection by the Engineer at any time.

1056-3 PHYSICAL PROPERTIES
See Table 1056-1.
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Physical Property

Typical Applications
Grab Tensile Strength

Elongation
Trapezoidal Tear Strength
Puncture Strength
Apparent Opening Size

Ultraviolet Exposure
Strength Retention (at 500
hours)
Permeability
Permittivity

NOTES:

ASTM
TEST
Method

D4632

D4632
D4533
D4833
D4751

D4355

D4491
D4491

Table 1056-1

Physical Properties of Engineering Fabrics

Type 1 Type 2

Shoulder Drain = Under Riprap

90 1b. 200 1b.
80% Max. 15% Min.
90 Ib. 90 Ib.
45 1b. 80 Ib.
#60 sieve #60 sieve
50% 50%

0.2 cm/sec --

Type 3

Class A Class B
Temporary Silt Fence

50 Ib. 100 Ib.
30% Max.

30 Ib. 60 Ib.

#30 sieve
70%

0.15 sec™

1. Type 1 fabric shall be non-woven needle-punched only with a minimum fabric weight of 4 oz/sy.
2. Type 3 fabric shall have 36" minimum roll width.
3. Sieve size of fabric shall be equal to or higher than value specified; opening size of fabric shall be equal or smaller than value specified.
4. All minimum strength requirements are minimum average roll values in the weakest principal direction.
5. All fabrics shall exhibit no fungal growth as tested by ASTM G21.

25% Max.

Type 4

Soil Stabilization
200 1b.

80 1b.
80 1b.
#40 sieve

50%

0.05 sec™!
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centers, starting 1" from the top and extending to the bottom of the posts. Galvanize
these posts after fabrication for the full length and total area in accordance with
ASTM A123. The zinc coating inside of the 3/8" diameter holes shall not exceed
Specification requirements enough to prevent a 5/16" diameter bolt from freely
passing through.

Use U-channel post sections of the same general configuration as that shown in the
contract, however minor variations may be considered acceptable by the Engineer
provided all other requirements are met.

(C) 2-Lb. Steel U-Channel Posts

Use 2-Ib. steel U-channel posts that are variable length galvanized steel, U-shaped
channel posts.

Fabricate the U-channel posts from steel meeting the requirements of ASTM A366 or
ASTM A499, or an approved alternate. The posts shall weigh 2 pounds per linear
foot, and be of the length necessary to meet the erection requirements of the contract.
Before galvanizing, punch or drill 3/8" diameter holes on 1" centers, beginning
1" from the top of the post, for a minimum distance equal to the vertical dimension of
the respective sign or mile marker. Galvanize these posts after fabrication in
accordance with ASTM A123. The zinc coating inside of the 3/8" diameter holes
shall not exceed Specification requirements enough to prevent a 5/16" diameter bolt
from freely passing through.

U-channel post sections shall be of the same general configuration as that shown in

the contract, however, minor variations may be considered acceptable by the
Engineer, provided all other requirements are met.

(D) Steel Square Tube Posts

Use steel square tube posts of variable length galvanized steel. The post shall be
a minimum 14 gauge steel square tube. Before galvanizing punch or drill all posts
with 3/8" diameter holes on the centerline, spaced 1" on centers, starting 1" from the
top and extending to the bottom of the posts.

Galvanize these posts after fabrication for the full length and total area in accordance
with ASTM A123. G90 zinc coating shall not be accepted. The zinc coating inside
of the 3/8" diameter holes shall not exceed Specification requirements enough to
prevent a 5/16" diameter bolt from freely passing through.

Steel square tube sections shall be of the same general configuration as that shown in
the contract, however, minor variations may be considered acceptable by the
Engineer, provided all other requirements are met.

(E) Wood Supports
Wood supports shall conform to Articles 1082-2 and 1082-3.
1094-2 RIVETS FOR SIGN OVERLAYS

Rivets for sign overlays shall be 1/8" diameter aluminum rivets of the pull through type,
and be approved by the Engineer. Submit for approval several samples of rivets, along with
adequate descriptive catalog literature.
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SECTION 1096
OVERHEAD SIGN STRUCTURES

1096-1 ALUMINUM OVERHEAD SIGN STRUCTURES

Materials for aluminum overhead sign structures shall conform to the applicable
requirements of Article 1092-1, and the requirements of the latest edition of the AASHTO
Standard Specifications for Structural Supports for Highway Signs, Luminaires and Traffic
Signals with the latest interim specifications. Where the Contractor proposes to use
materials that are not covered by these references, such use will be contingent on the
Engineer's approval of these materials.

1096-2 STEEL OVERHEAD SIGN STRUCTURES

Use Category I certified by the American Institute of Steel Construction Fabricators for
steel overhead sign structures as required by Section 1072-1 (A). Use either structural
carbon steel or structural low-alloy steel for steel overhead sign structures meeting the
requirements of the Standard Specifications for Highway Bridges. Other steel may be used,
subject to the approval of the Engineer. Structural steel that has been cold-rolled to increase
the yield strength will be permitted. Mechanically galvanize all fasteners. Hot-dip
galvanize all other components of the structural assembly after fabrication has been
completed. The galvanizing shall meet the requirements of ASTM A153 for fasteners and
of ASTM A123 for other structural steel.

1096-3 WELDING

Perform all welding in the fabrication of the supports by AWS certified welders.
Furnish a copy of the AWS certification for each welder used for fabrication. All welds
shall be free of cracks, blow holes, slag, and other irregularities, and be wire brushed,
sandblasted, or otherwise cleaned.

Aluminum welding processes and procedures, shielding gases, preparation, weld quality,
inspection and correction of welds, and the qualification of welding procedures, welders,
and welding operators will be governed by the latest edition of AWS Structural Welding
Code, D1.2 -- Aluminum as described in the Standard Specifications for Structural Supports
for Highway Signs, Luminaires and Traffic Signals.

The welding of steel components, including structural details, filler metal, workmanship
and technique, qualification and inspection will be based on the applicable requirements of
the AWS Bridge Welding Code, D1.5.

SECTION 1097
SIGN LIGHTING SYSTEMS.

1097-1 ELECTRICAL INDUSTRY STANDARDS

An electrical industry standards organization acceptable to the Engineer shall label or list
all electrical materials. The listing organization shall maintain periodic inspection of the
production of materials and shall, by the labeling or listing procedure, verify that the
materials comply with appropriate standards of performance or are suitable for use in
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a specified manner. Provide Underwriters Laboratories (UL) labeled and listed materials
whenever such labeling and listing is available for such materials.

1097-2 HIGH PRESSURE SODIUM LUMINAIRES

Use luminaires which provide an average of 30 2 maintained footcandles, with
a maximum to minimum uniformity ratio of no more than 5:1 on the sign face at 77° F. Use
luminaires that provide this intensity as a minimum average after applying a lamp lumen
depreciation (LLD) factor of 0.90 and a luminaire dirt depreciation (LDD) factor of 0.90.

Use single-lamp type luminaires with heavy-duty mogul lamp socket and lamp grip, and
with the ballast mounted internally or immediately adjacent. Use luminaires that provide
the required lighting intensity when spaced as shown in the contract or on approved shop
drawings.

Use luminaire and ballast enclosures constructed of corrosive-resistant steel or aluminum
material with sealed, charcoal filtered optics. Provide luminaires that have access doors
with hinges and latches.

Use a glass refractor or lens that is tempered for resistance to shock and thermal stresses,
and which is single-piece prismatic-molded with appropriate reflector inserts. Use gaskets
made of neoprene, silicone, rubber, or continuous sponge rubber types, and that are
adequate to keep out moisture, dust and insects.

Use ballasts that are 120-volt, 60-cycle, constant wattage, autotransformer type, and
which conform to ANSI S54 for 100W luminaires, ANSI S55 for 150-watt luminaires,
ANSI S50 for 250-watt luminaires, or ANSI S51 for 400-watt luminaires. Use only ballasts
which have power factor ratings of 90% or higher, and are capable of starting the lamp at
-20° Fahrenheit. Use ballasts that provide the starting and operating current specified in
shop drawings or catalog cuts.

Provide luminaires that have a wattage rating as shown in the contract or on approved
shop drawings. Use luminaires constructed in such a way that no live parts are exposed
when the lamp is replaced. Terminate all wiring connections for lamps and ballasts on
terminal blocks, with all wiring clearly identified by color and/or number.

Use UL listed luminaires labeled for wet locations and which conform to UL Standard
1572 High Intensity Discharge Lighting.

1097-3 LAMPS

Use lamps that conform to ANSI specifications, and are of the wattage shown in the
contract. Unless otherwise shown in the contract, use clear high pressure sodium lamps of
ANSI types S54SB-100 (100-watt), S55SC-150 (150-watt), SS0VA-250/S (250-watt), or
S51WA-400 (400-watt). Use only lamps rated at 23,000 hours life for continuous duty and
24,000 hours life for intermittent operation. Ensure that lamp output designations and
ballast ratings agree. Use only heavy-duty mogul type bases.

1097-4 FORMED CHANNEL

Use only hot-dipped galvanized steel or extruded aluminum formed channels. Use steel
channels that meet the requirements of ASTM A36 and are hot-dipped galvanized in
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accordance with ASTM A123. Use steel fittings, nuts, bolts, washers, and related hardware
with steel channels, and which meet the requirements of ASTM A307 and are hot-dipped
galvanized in accordance with ASTM A153. Use alloy 6061-T6 extruded aluminum
channels, nuts, and bolts, alloy 7075 lock-washers, and Alclad 2024 flat washers. You may
use stainless steel hardware with either aluminum or hot-dipped galvanized steel channels.

1097-5 CONDUIT, BOXES, AND FITTINGS
Use conduit, boxes, and fittings of the type and size shown in the contract.

Use metallic conduit and duct that is rigid hot-dipped galvanized steel and meets the
requirements of UL Standard 6 Rigid Metallic Conduit, with rigid full weight sherardized or
galvanized threaded fittings.

Use rigid PVC (polyvinyl chloride) heavy wall non-metallic conduit and duct approved
for above ground and underground use without concrete encasement in accordance with
UL Standard 651 Rigid Non-Metallic Conduit.

Use liquid-tight metallic flexible conduit meeting the requirements of UL Standard 360
Liquid-Tight Flexible Steel Conduit, Electrical that is acceptable for equipment grounding,
with insulated throat, grounding, and malleable iron watertight fittings.

Use watertight hot-dipped galvanized steel conduit bodies, boxes, and fittings meeting
the requirements of UL Standard 514 B Fittings for Conduit and Outlet Boxes.

1097-6 WIRE AND CABLE

Use only stranded copper conductors, unless otherwise shown in the contract or
Specifications. Provide wire and cable with identification labels or tags on either the wire or
cable itself or on the coil, reel, or smallest container in which the product is packaged when
delivered to the project. Show the manufacturer's name, gauge, UL symbol, and type of
wire or cable on the identification label or tag.

Use wire and cable of the type and size shown in the contract, and which meets the
requirements of the following standards:

UL Standard 44, Rubber-Insulated Wires and Cables

UL Standard 83, Thermoplastic-Insulated Wires and Cables

UL Standard 493, Thermoplastic-Insulated Underground Feeder and
Branch-Circuit Cables

UL Standard 719, Nonmetallic-Sheathed Cable

UL Standard 854, Service-Entrance Cables

UL Standard 1063, Machine-Tool Wires and Cables

UL Standard 1581, The Reference Standard for Electrical Wires, Cables,
and Flexible Cords

1097-7 POLES

Provide treated poles that meet the requirements of Article 1082. Use 30' Class 5 poles
unless otherwise shown in the contract.
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1097-8 SWITCHES

Use safety disconnect switches rated as shown in the contract, and which meet the
requirements of UL Standard 98 Enclosed and Dead-Front Switches. Use heavy duty,
NEMA 3R disconnect switches with provisions for locking by padlock, and with neat and
permanent labels as shown on the contract.

1097-9 CIRCUIT BREAKERS AND PANELS

Use circuit breakers and panels that meet the requirements of UL Standard 489 Molded-
Case Circuit Breakers and Circuit-Breaker Enclosures, and UL Standard 67 Electric
Panelboards.

Use only molded case, thermal magnetic trip type breakers. Use circuit breakers and
circuit breaker panelboard with NEMA 3R enclosures, marked as suitable for use as service
equipment, and neatly and permanently labeled as shown on the contract. Provide only
circuit breaker panelboard enclosures that are lockable with padlocks.

1097-10 PHOTOCELL CONTROLLERS

Use plug-in photo-controllers of the cadmium-sulfide type, suitable for use in an
operating voltage range of 105-285 volts and nominal control voltages of 120, 208, 240, and
277 volts. Use a control rated for 1000 watts resistive load or 1800 volt-amperes inductive
load with a light-level setting that is within a range of 1.0 to 3.0 footcandles at 120 volts.

Use controls that have internal protection for surges in excess of 2000 volts peak.
Provide a receptacle suitable for mounting directly to the top of a pole. Use a control and
receptacle that conform to NEMA Standard SH16 Physical and Electrical Interchangeability
of Light Sensitive Control Devices Used in the Control of Roadway Lighting, and neatly
and permanently label them as shown on the contract.

1097-11 CONTACTORS

Use electrically held contactors which are full current rated for the control of fluorescent
and HID lighting loads, and which are 60 amp, 2 pole with 120 VAC coil unless otherwise
called for in the contract. Use NEMA designed contactors with replaceable coil and
contacts, which are controlled by a selector switch and photo control as shown in the
contract, and which are neatly and permanently labeled as shown on the contract.

Provide an enclosure for the contactor which is a lockable (with padlock) NEMA 3R unit
and includes an internally mounted selector switch, control circuit fuse, neutral bar, and
equipment grounding bar if shown in the contract.

Use a contactor and enclosure that conform to UL Standard 508 Electric Industrial
Control Equipment.

1097-12 TRANSFORMERS

Use transformers of single-phase, dry, step-down voltage (480 V-240/120 V) type, rated
for outdoor use (NEMA 3R), of the size (KVA) noted in the contract, and which conform to
UL Standard 506 Specialty Transformers.
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1097-13 ENCLOSURES

Provide stainless steel NEMA 4X enclosures when the enclosure contains a combination
of electrical components, including switches, circuit breakers, and contactors. Use
enclosures of the size shown in the contract conforming to UL Standard 508 Electric
Industrial Control Equipment. Use an enclosure with a gasket door lockable by padlock,
with a 2 or 3 point latching mechanism, and with a painted back panel for mounting
components. Use enclosures that have external integral mounting lugs or mounting lugs that
are factory welded to the enclosure. If shown in the contract, mount a handle in the flange
of the enclosure to operate a circuit breaker or disconnect switch. Use an operator handle
that can be locked in the ON position, and that is interlocked with the latching mechanism to
prevent opening of the door when in the ON position except with safety over-ride devices.
Provide a plan pocket on the inside of the door.

Provide a mill finish aluminum meter base acceptable to the utility company that
provides the power.

1097-14 LOCKS

Use key operated, pin tumbler, dead bolt padlocks with brass or bronze shackle and case,
meeting the requirements of Military Specification MIL-P-17802E (Grade 1, Class 2, Size 2,
Style A). Key all padlocks alike.

1097-15 STRAPPING AND HARDWARE

Use stainless steel straps and buckles, meeting the requirements of ASTM A666 which
are a minimum of 1/2" wide and .030" thick and which are capable of withstanding
a breaking strength tension pull of 1500 pounds before failure.

Use 1/4" stud type concrete expansion anchors which provide a minimum safe holding
capacity of 550 pounds , based on 25% of the actual pullout capacity of the anchor in
3000 psi concrete, as determined by an approved testing laboratory.

Use only aluminum, stainless steel, or hot-dipped galvanized steel hangers, screws, lags,
bolts, nuts, or other devices used to support conduit.

1097-16 GROUNDING AND BONDING EQUIPMENT

Use ground clamps, grounding and bonding bushings, lock nuts, and grounding
electrodes that comply with UL Standard 467 Electric Grounding and Bonding Equipment.
Use 5/8" diameter, 10 foot long, copper-clad steel ground rods.

SECTION 1098
SIGNALS AND INTELLIGENT TRANSPORTATION SYSTEMS
MATERIALS
1098-1 GENERAL REQUIREMENTS

(A)  Qualified Products

Furnish new equipment, materials, and hardware unless otherwise required. Inscribe
manufacturer’s name, model number, serial number, and any additional information
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(B)

©

(D)
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needed for proper identification on each piece of equipment housed in a case or
housing.

Signal Equipment Qualified Products List (QPL) is available on the Department’s
website.

Certain signal and communications equipment, material, and hardware shall be pre-
approved on the QPL by the date of installation. Equipment, material, and hardware
not pre-approved when required will not be allowed for use on the project. Consult
the QPL web site to obtain pre-approval procedures.

Submittal Requirements

Provide written certification to the Department that all Contractor-furnished material
is in accordance with the contract. When requested by the Department, provide
additional certifications from independent testing laboratories and sufficient data to
verify item meets applicable Specifications. Ensure additional certification states the
testing laboratory is independent of the material manufacturer and neither the
laboratory nor the manufacturer has a vested interest in the other.

Identify all proprietary parts in Contractor-furnished material. The Department
reserves the right to reject material that uses proprietary components not
commercially available through electronic supply houses.

For Contractor-furnished material listed on the QPL, furnish submittals in the format
defined by the QPL.

For Contractor-furnished material not on the QPL, furnish three copies of the
equipment list including three copies of catalog cuts. Identify proposed material on
catalog cuts by a reproducible means (highlighter pen does not transfer to copies).
Ensure material lists contain material description, brand name, manufacturer’s
address and telephone number, stock number, size, identifying trademark or symbol,
and other appropriate ratings.

Do not fabricate or order material until receipt of the Engineer’s approval.
Observation Period

Warrant workmanship and Contractor-furnished equipment for a 30-day observation
period under the payment and performance bond from date of acceptance.

If workmanship or equipment fails during the 30-day observation period, repair or
replace with new equipment and begin a new 30-day observation period.

The observation period for this work is not part of the work to be completed by the
project completion date.

Warranties

Unless otherwise required herein, provide manufacturer’s warranties on Contractor-
furnished equipment for material and workmanship that are customarily issued by the
equipment manufacturer and that are at least two years in length from successful
completion of the 30-day observation period. Include unconditional coverage for all
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parts and labor necessary or incidental to repair of defective equipment or
workmanship and malfunctions that arise during warranty period.

Ensure all contractor-furnished equipment, including pieces and components of
equipment, hardware, firmware, software, middleware, internal components, and
subroutines which perform any date or time data recognition function, calculation, or
sequencing will support a four digit year format for a period of at least 50 years.

Upon successful completion of the 30-day observation period, transfer
manufacturer’s warranties with proper validation by the manufacturer to the
Department or its designated maintaining agency.

Firmware Licensing and Upgrades

Provide the Department with a license to duplicate all programmable devices in
equipment for maintenance and software upgrades. Provide binary or hexadecimal
format files for each device that may be programmed by the Department. Ensure
files are provided on PC compatible compact disks or other approved media.

Ensure firmware performance upgrades that occur during the contract period are
available to the Department at no additional cost.

Make firmware upgrades that are developed to correct operating characteristics
available to the Department at no additional cost until the warranty period expires.

Plan of Record Documentation

Before final acceptance, furnish plan of record documentation of all fieldwork. Plan
of record documentation will be subject to approval before final acceptance. Store
documentation in a manila envelope placed in a weatherproof holder mounted within
each cabinet or housing for easy access.

Except for standard bound manuals, bind all 8 1/2" x 11" documentation, including
11" x 17" drawings folded to 8 1/2" x 11", in logical groupings in either 3-ring or
plastic slide-ring loose-leaf binders. =~ Permanently label each grouping of
documentation.

Provide manual, electrical schematic diagram, and cabinet wiring diagram for each
control equipment cabinet and piece of equipment in cabinet. Place manuals and
prints in weatherproof holder. For wiring diagrams and electrical schematic
diagrams not bound into printed manuals, provide copies at least 22" x 34".

Provide Operator's Manuals containing detailed operating instructions for each
different type or model of equipment. Ensure manuals contain instructions for
possible modification to equipment.

Provide maintenance procedures manuals containing detailed preventive and
corrective maintenance procedures for each different type or model of equipment.

Provide detailed wiring diagrams that include interconnection of equipment with pin-
out configurations, pin functions, and cable parts numbers. For communications
systems, camera systems, video imaging loop emulator detection systems, intelligent
transportation systems, closed loop signal systems, and other computerized systems,
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provide two copies of system connection diagrams showing system interconnection
cables and associated terminations.

Example:
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Furnish wire and cable on reels. When requested by the Department, furnish samples
of wire and cable to the Department at no additional cost.

Provide either 0.05" x 0.30" aluminum wrapping tape or 0.06" stainless steel lashing
wire for lashing cables to messenger cable. Use 0.045" stainless steel lashing wire to
lash fiber-optic communications cable to messenger cable.

Electrical Service

Furnish external electrical service disconnects with single pole 50 ampere circuit
breaker with a minimum of 10,000 RMS symmetrical amperes short circuit current
rating in a lockable NEMA 3R enclosure. Ensure service disconnects are UL listed
and marked as being suitable for use as service equipment. Fabricate enclosure from
galvanized steel and electrostatically apply dry powder paint finish, light gray in
color, to yield a minimum thickness of 2.4 mils. Provide ground bus and neutral bus
with a minimum of four terminals with minimum wire capacity range of number 14
through number 4.

Furnish NEMA Type 3R outdoor enclosure, 100 Ampere rated meter base. Furnish
4 terminal, 600 volt, single phase, 3 wire meter base that complies with the
following:

Line, Load, and Neutral Terminals accept #8 to 2/0 AWG Copper/Aluminum
wire
Ringless Type without bypass
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Made of galvanized steel
Meets Standard UL-414
Overhead or underground service entrance as specified

Provide meter bases with ampere rating of meter sockets based on sockets being
wired with minimum of 167 degrees F insulated wire. Ensure meter bases have
electrostatically applied dry powder paint finish, light gray in color, with minimum
thickness of 2.4 mils.

Furnish 1" watertight hub for threaded rigid conduit with meter base.

If meter base and electrical service disconnect are supplied in the same enclosure,
ensure assembly is UL listed and marked as being suitable for use as service
equipment.

@ Painting

Where painting of signal equipment cabinets, signal heads, signal poles, and
pedestals is required, apply paint at the factory. No field painting will be allowed
except when paint has been scratched or marred. In such cases, apply two field coats
of the same color and grade enamel as the original paint to the scratched or marred
portions.

1098-2 BACKPLATES

Comply with ITE standard Vehicle Traffic Control Signal Head. Provide backplates
specific to the manufacturer of the vehicle signal heads.

Fabricate backplates for vehicle signal heads from sheet aluminum a minimum of 0.05"
thick. Provide stainless steel fasteners for attachment to signal head.

Provide backplates painted an alkyd urea black synthetic baking enamel with minimum
gloss reflectance that meets MIL-E-10169, Enamel Heat Resisting, Instrument Black.

Provide backplates that extend a minimum of 5" from the vehicle signal head outline.
Ensure the backplate fills in the gaps between cluster-mounted vehicle signal sections (five-
section vehicle signal heads). A 1/4" maximum gap between vehicle signal head and
backplate, as viewed from the front, will be allowed.

1098-3 MESSENGER CABLE

Comply with ASTM A 475 for extra high strength grade wire strand, Class A zinc
coating. Fabricate messenger cable from seven steel wires twisted into a single concentric
strand.

Provide universal grade strandvises used for extra high strength steel messenger cable.
Provide other pole line hardware constructed of hot-dipped galvanized steel. Provide
machine bolts, eyebolts, and thimbleye bolts with minimum tensile strength of 12,400 Ibs.
Provide galvanized nuts, washers, and thimbleyelets.
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1098-4 CONDUIT

A)

(B)

10-270

General

Use conduit bodies, boxes, and fittings that meet UL Standard 514B Conduit,
Tubing, and Cable Fittings for electrical and communications installations.

Conduit Types

(1) Rigid Metallic Conduit

Provide rigid hot dipped galvanized steel conduit that meets UL Standard 6
Electrical Rigid Metal Conduit-Steel with rigid full weight sherardized or
galvanized threaded fittings.

(2) Polyvinyl Chloride (PVC)
Provide non-metallic conduit and duct including associated couplings, approved
for above and below ground use with or without concrete encasement in
accordance with UL Standard 651A Type EB and A Rigid PVC Conduit and
HDPE Conduit. Provide Schedule 40 conduit unless otherwise specified.

(3) Liquid-Tight Metallic Flexible Conduit

Provide conduit that meets UL Standard 360 Liquid-Tight Flexible Steel Conduit
that is acceptable for equipment grounding in accordance with the NEC. Ensure
conduit has insulated throat and malleable iron watertight fittings.

(4) High Density Polyethylene Conduit (HDPE)

Provide HDPE conduit with an outer diameter to minimum wall thickness ratio
that complies with ASTM D 3035, Standard Dimension Ratio (SDR) 13.6.
Provide conduit that meets UL Standard 651B Continuous Length HDPE

Conduit.

Provide conduit that meets the following:

ASTM D 638

ASTM D 1238
ASTM D 1505
ASTM D 1693
ASTM D 2444
ASTM D 3350

Tensile Strength — 3,000 psi, min; Elongation —
400 percent, min
Melt Index — 0.4 maximum
Density — (0.941-0.955g/cc)
Condition B — 20 percent failure, maximum
Impact — NEMA Standards Publication Number TC7
Cell Classification — 334420 or 344420

Ensure HDPE conduit is resistant to benzene, calcium chloride, ethyl alcohol,
fuel oil, gasoline, lubricating oil, potassium chloride, sodium chloride, sodium
nitrate, and transformer oil, and is protected against degradation due to
oxidation and general corrosion. Furnish conduit with a coefficient of friction
0of 0.09 or less in accordance with Telcordia GR-356.

Furnish factory lubricated, low friction, coilable, conduit constructed of
HDPE. Furnish conduit with nominal diameter as required. Provide conduit
with smooth outer wall and ribbed inner wall. Ensure conduit is capable of
being coiled on reels in continuous lengths, transported, stored outdoors, and
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subsequently uncoiled for installation without affecting its properties or
performance.

Conduit Plugs, Pull Line, and Tracer Wire

Furnish duct plugs that provide a watertight barrier when installed in conduit.
Furnish duct plugs sized in accordance with conduit. Ensure duct plug provides
a means to secure a pull line to the end of the plug. Provide removable and re-
usable duct plugs.

Furnish mechanical sealing devices that provide a watertight barrier between
conduit and cables in conduit. Furnish mechanical sealing devices sized in
accordance with conduit and with appropriately sized holes to accommodate and
seal cables. Provide removable and re-usable mechanical sealing devices.

Furnish 1/2", pre-lubricated, woven polyester tape, pull line with minimum rated
tensile strength of 2,500 Ib.

Provide green insulated number 14 AWG, THW, stranded copper wire to serve as
tracer wire.

Comply with Subarticle 1400-2(H) Duct and Conduit Sealer.

1098-5 JUNCTION BOXES

A)

(B)

©

General
Comply with Article 1411-2 Electrical Junction Boxes except as follows:

Provide junction box covers with standard Traffic Signal or NCDOT Fiber Optic
logos, pull slots, and stainless steel pins.

Do not provide sealant compound between junction boxes and covers.
Standard Sized Junction Boxes

Provide standard sized junction boxes with minimum inside dimensions of
16"(1) x 10"(w) x 10"(d) that meet or exceed the Tier 15 requirements of ANSI/SCTE
77. Provide certification that testing methods are compliant with ANSI/SCTE 77.
Vertical extensions of 6" to 12" shall be available from the junction box
manufacturer.

Oversized Heavy-Duty Junction Boxes

Provide oversized heavy-duty junction boxes and covers with minimum inside
dimensions of 30"(1) x 15"(w) x 24"(d) that meet or exceed the Tier 15 requirements
of ANSI/SCTE 77. Provide certification that testing methods are compliant with
ANSI/SCTE 77.
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1098-6 WOOD POLES

Use treated wood poles meeting the requirements of Section 1082. Unless otherwise
required by the contract, use Class 4 or better wood poles that have a minimum length of 40
feet and are of a sufficient length to maintain the minimum required clearances above the
roadway, obstructions, and affected railroad tracks.

1098-7 GUY ASSEMBLIES
Furnish guy assemblies with anchor assemblies, guy cable, and guy cable guard.

Provide anchor assemblies with all miscellaneous hardware consisting of either
expanding anchor with rod and tripleye attachment, screw anchor with extension rod and
tripleye attachment, or expanding rock anchor with tripleye attachment. Ensure anchor
assembly size is adequate for site conditions. Provide rods constructed of hot-dipped
galvanized steel sized according to the soil bearing conditions in the area. Provide tripleye
guy attachments constructed of hot-dipped galvanized steel. Anchor assemblies with
double-strand eyes may be used in lieu of those with the tripleye feature when only one guy
cable is to be attached. Ensure anchor assemblies are 7 feet minimum in length.

For type of anchor assembly furnished, ensure the following:

(A) Expanding anchor - provide steel construction with protective paint or heat shrink
of 6 mil plastic to protect metal during shipping and storage.

(B)  Screw anchor - provide hot-dipped galvanized steel construction.

(C) Expanding rock anchors - provide malleable iron and rust-resisting paint
construction.

Provide 3-bolt clamp fabricated from galvanized steel with minimum length of 5 3/4”.
Ensure clamp has parallel grooves (one on each side of bolt holes) for cable placement.
Provide three 1/2” diameter galvanized bolts and nuts to tighten the clamp around the
messenger cable. Ensure clamp fits 1/4” to 3/8” messenger cable.

Provide full round guy cable guards that are 8 feet in length and constructed of
ultraviolet stabilized, high impact, bright yellow, high density polyethylene.

Provide guy cables consisting of messenger cable of the same size as the largest sized
messenger cable to be guyed. Comply with Article 1098-3 Messenger Cable.

1098-8 INDUCTIVE DETECTION LOOPS
(A) Loop Sealant

Provide loop slot sealant that completely encapsulates loop wire when installed
according to manufacturer’s instructions. Provide loop sealant that does not generate
temperatures greater than 220 degrees F. Ensure sealant bonds with asphalt and
concrete pavement saw slots so sealant and encapsulated loop wire do not come out
of slot. Ensure sealant is self-leveling, but with sufficient viscosity to prevent exit
from saw slot when installed along a ten percent grade.

Provide sealant that protects loop wire by preventing the entrance of dirt, water,
rocks, sticks, and other debris into saw slot, and is resistant to traffic, water, gasoline,
chemical and chemical fumes, mild alkalis, oils, and mild acids. Ensure sealant will

10-272



(B)

Section 1098

not be affected by water and sealant does not chemically interact with pavement and
loop wire insulation.

Ensure loop sealant has sufficient flexibility to permit expected pavement expansion
and contraction due to weather and to permit pavement movement due to traffic
without cracking for a temperature range of -40 to 160 degrees F.

Provide sealant with a usable life of at least ten minutes once mixed, when the
ambient temperature is 75 degrees F. Ensure sealant dries to tack free state in less
than two hours, and does not flow within or out of saw slot after exposed surface has
become tack free. Tack free time will be determined by testing with a cotton ball
until no sealant adheres to cotton ball and no cotton adheres to sealant.

Ensure two part sealant cures within 48 hours to attain 95 percent of published
properties for the cured material.

Ensure one part sealant cures within 30 days to attain 95 percent of published
properties for the cured material.

Loop Wire

Provide loop wire composed of 19-strand conductor insulated by a cross-linked
polyethylene compound. Ensure insulated conductors are completely encased in
tubes of low density polyethylene compound. Print manufacturer’s name,
manufacture year, and any applicable part number on encasing tube at intervals of
2 feet or less.

Provide number 14 AWG copper conductors fabricated from 19 strands that comply
with ASTM B 3 before insulating. Ensure stranded conductors use either concentric
or bunch stranding, and comply with circular mil area and physical requirements of
ASTM B 8 or ASTM B 174 for bunch stranding.

Provide insulating compound that is cross-linked thermosetting black polyethylene
(ASTM D 2655). Ensure insulation is applied concentrically about conductor.
Provide insulation thickness not less than 0.026" at any point and minimum average
thickness of 0.030" as measured by UL Standard 62.

Ensure insulation of finished conductor will withstand application of a 60 Hertz or
3000 Hertz, 7500 volt (RMS) essentially sinusoidal spark test potential as specified
in UL Standard 83.

Provide insulated conductors that are factory-installed in protective encasing tube
that comply with the following:

Encasing tube fabricated of polyethylene compound conforming to ASTM D 1248
for Type 1, Class C, Grade ES.

Minimum inside diameter of 0.150"
Wall thickness of 0.040" + 0.010"
Outside diameter of 0.240" + 0.010"
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(C) Conduit
Comply with Article 1098-4 for non-metallic conduit.
1098-9 LOOP LEAD-IN CABLE

Furnish lead-in cable with conductors of number 18 AWG fabricated from stranded
copper that complies with IMSA Specification 50-2 except as follows:

Provide two pair (4 conductor) insulation pair colors: clear-brown and blue-pink.

Provide four pair (8 conductor) insulation pair colors: clear-brown, blue-pink, clear with
black stripe tracer-brown with black stripe tracer, and blue with black stripe tracer-pink with
black stripe tracer. Apply continuous stripe tracer on conductor insulation with longitudinal
or spiral pattern.

Ensure one spirally-wrapped Aluminum Mylar tape is applied with aluminum side out to
completely cover conductor assembly.

Provide cable jacket formed from black polyethylene. Ensure finished jacket provides
environmental stress resistance, outdoor weatherability, toughness, low temperature
performance, and ultraviolet resistance.

Provide a ripcord to allow cable jacket to be opened without using a cutter.

Provide length markings in sequential feet and within one percent of actual cable length.
Ensure character height of the markings is approximately 0.10".

1098-10 FIBER-OPTIC CABLE
(A) SMFO Communications Cable

Furnish loose tube fiber-optic cable with required fiber count that complies with RUS
CFR 1755.900, single mode with dielectric central member. Use single mode fiber in
cable that does not exceed attenuation of 0.25 dB/km at 1550 nm and 0.35 dB/km at
1310 nm. Provide cable with all fibers that are useable and with surface sufficiently
free of imperfections and inclusions to meet optical, mechanical, and environmental
requirements. Provide cable with minimum of one ripcord under sheath for easy
sheath removal and with shipping, storage, installation, and operating temperature of
at least -40 to 160 degrees F with a dual layered, UV cured acrylate fiber coating
applied by cable manufacturer that may be stripped mechanically or chemically
without damaging fiber.

Provide fibers inside loose buffer tube. Use doped silica core surrounded by
concentric silica cladding for each fiber. Distinguish each fiber and buffer tube from
others by means of color coding that meets EIA/TIA-598 Color Coding of Fiber-
Optic Cables. In buffer tubes containing multiple fibers, ensure colors are stable
during temperature cycling and not subject to fading, sticking, or smearing into each
other or into gel filling material. Use fillers in cable core if necessary to provide
a symmetrical cross-section of cable. Fill buffer tubes with non-hygroscopic, non-
nutritive to fungus, electrically non-conductive, homogenous gel. Ensure gel is free
from dirt and foreign matter, and is removable with conventional nontoxic solvents.
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Provide a central member consisting of a dielectric glass reinforced plastic rod.
Apply binders with sufficient tension to secure buffer tubes and binders to the central
member without crushing buffer tubes. Ensure that binders are non-hygroscopic,
non-wicking (or rendered so by the flooding compound), and dielectric with low
shrinkage.

Provide cable that has cable core interstices filled with super-absorbent, water-
blocking compound that is non-conductive and homogenous. Ensure compound is
free from dirt and foreign matter, and is removable with conventional nontoxic
solvents.

Provide cable with high tensile strength aramid yarns or fiberglass yarns that are
helically stranded evenly around cable core.

Provide cable jacket of consistent thickness that is free of holes, splits, and blisters,
and contains no metal elements. Provide outer jacket of medium density
polyethylene with minimum nominal sheath thickness of 0.050 inch. Ensure
polyethylene contains carbon black for ultraviolet light protection and does not
promote fungus growth.

Provide length markings in sequential feet and within one percent of actual cable
length. Ensure character height of the markings is approximately 0.10".

Drop Cable

Furnish drop cable assemblies to provide communications links between splice
enclosures and transceivers through interconnect centers. Furnish drop cable
assemblies containing a minimum of six individual fibers.

Furnish drop cable assemblies that comply with RUS-CFR 1755.900. Ensure drop
cable assemblies have the same operating characteristics as the SMFO cable it is to
be coupled with.

On one end of cable assemblies, furnish six ST-PC connectors for termination on
connector panel in equipment cabinet. Provide either factory assembled drop cables
with ST-PC connectors or field installed connectors.

Ensure attenuation of drop cable at 1310 nm does not exceed 0.5 dB/km. Ensure
attenuation loss for complete drop cable assembly does not exceed a mean value of
1.5 dB.

Provide length markings in sequential feet and within one percent of actual cable
length. Ensure character height of markings is approximately 0.10".

Communications Cable Identification Markers

Furnish yellow communications cable identification markers that are resistant to
fading when exposed to UV sources and changes in weather. Use markers designed
to coil around fiber-optic cable that do not slide or move along the surface of the
cable once installed. Ensure exposure to UV light and weather does not affect the
markers natural coiling effect or deteriorate performance. Provide communications
cable wraps that permit writing with an indelible marking pen and contain the
following text in black:
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(D)

WARNING

NCDOT FIBER OPTIC CABLE
CONTACT TELEPHONE NUMBER:

WARNING
NCDOT FIBER OPTIC CABLE

Overall Marker Dimensions: 7"(l) x 4"(w)
Lettering Height: 3/8 inch for WARNING, 1/4" for all other lettering

Submit a sample of proposed communications cable identification markers to the
Engineer for approval before installation.

Fiber-Optic Cable Storage Guides

Furnish fiber-optic storage guides (snowshoes) that are non-conductive and
resistant to fading when exposed to UV sources and changes in weather. Ensure
snowshoes have a captive design such that fiber-optic cable will be supported when
installed in the rack and the minimum bending radius will not be violated. Provide
stainless steel attachment hardware for securing snowshoes to messenger cable and
black UV resistant tie-wraps for securing fiber-optic cable to snowshoe. Ensure
snowshoes are stackable so that multiple cable configurations are possible.

1098-11 FIBER-OPTIC SPLICE CENTERS

A)

(B)
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Interconnect Center

Furnish compact, modular interconnect centers designed to mount inside equipment
cabinets. Design and size interconnect centers to accommodate all fibers entering
cabinets.

Provide splice trays that hold, protect, and organize optical fibers, and secure fibers
inside splice tray. Design and size splice trays to be dielectric, to accommodate all
fibers entering splice tray, and to provide sufficient space to prevent microbending of
optical fibers. Provide connector panels with ST-type connectors.

Furnish SMFO pigtails with each interconnect center. Provide pigtails containing
connector panels that are a maximum of 6 feet in length with a factory assembled PC-
ST connector on one end. Ensure SMFO pigtails meet the operating characteristics of
the SMFO cable with which it is to be coupled.

Furnish SMFO jumpers that are a minimum of 3 feet in length with factory assembled
PC-ST connectors on each end. Ensure SMFO jumpers meet the operating
characteristics of the SMFO cable with which it is to be coupled.

Splice Enclosure

Furnish splice enclosures that are re-enterable using a mechanical dome-to-base seal
with a flash test valve, and are impervious to the entry of foreign material (water, dust,
etc.). Ensure enclosures are manufactured in such a manner to be suitable for aerial,
pedestal, buried, junction box, and manhole installation.
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Provide enclosures with a minimum of one over-sized oval port that will accept two
cables and with a minimum of four round ports (for single cables) that will
accommodate all cables entering enclosure. Provide heat shrink cable shields with
enclosure to ensure weather tight seal where each cable enters enclosure.

Within enclosures, provide enough hinged mountable splice trays to store the number of
splices required, plus the capacity to house six additional splices. Provide a fiber
containment basket for storage of loose buffer tubes expressed through the enclosure.
Ensure enclosures allow sufficient space to prevent microbending of buffer tubes when
coiled.

Provide splice trays that hold, protect, and organize optical fibers, and secure fibers
inside splice tray. Provide splice trays that are dielectric.

1098-12 FIBER-OPTIC TRANSCEIVERS

Furnish shelf-mounted, modular, single mode fiber-optic transceivers that transmit and
receive optical signals over a fiber-optic communications medium of two fibers and interface
with equipment cabinets (signal controller, dynamic message signs, etc.). Ensure transceivers
are asynchronous in operation. Ensure transceivers are capable of operating up to 5 miles
without boosting signal and without distortion. Ensure transceivers are switch selectable for
either local or master operation.

Do not provide transceivers internal to system equipment. Provide identical transceivers at
all locations capable of being interchanged throughout system.

Provide LEDs on the front panel of transceivers for power, and transmitting and receiving
indications. Comply with the following:

Input Power: 115 VAC
Minimum Loss Budget: 12 dB with corresponding receiver
Operating Wavelength: 1310 or 1550 nm

Optical Connector: ST

Signal Connector:  Female Plug Type

Temperature Range: 0 to 150 degrees F

Ensure modems operate in one of the following topologies:

Drop and Repeat Transceivers: Furnish transceivers that transmit and receive
data in drop-and-repeat poll-response data network mode with EIA/TIA-232,
EIA/TIA-422, and EIA/TIA-485 protocols.

Self-Healing Ring Transceivers: Furnish transceivers that transmit and receive
data in a drop-and-insert poll-response data network mode with EIA/TIA-232,
EIA/TIA-422, and EIA/TIA-485 protocols. Ensure transceiver operates in a Self-
Healing Ring Network Architecture.

1098-13 DELINEATOR MARKERS

Furnish tubular delineator markers, approximately 6 feet long, and constructed of
Type III, high density polyethylene material. Provide delineator assemblies that are
ultraviolet stabilized to help prevent components from color fading, warping, absorbing
water, and deterioration with prolonged exposure to the elements. Provide delineators
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designed to self-erect after being knocked down or pushed over. Provide orange delineator
posts.

Provide text, including division contact number, hot stamped in black on a yellow
reflective background material that will not fade or deteriorate over time. Provide delineator
markers with nominal message height of 15" that contain the following text visible from all
directions approaching the assembly:

OZ—ZA0>S
AmMW—mm
O——-7v0

Oomrmr>o0

BEFORE EXCAVATING
OR IN AN EMERGENCY
CALL () -
NORTH CAROLINA
DEPARTMENT OF
TRANSPORTATION

1098-14 PEDESTALS

Provide aluminum pedestals with foundations that conform to AASHTO. Furnish
Class B minimum concrete that conforms to the applicable parts of Section 1000 Portland
Cement Concrete Production and Delivery.

Provide reinforcing steel that conforms to the applicable parts of Section 1070
Reinforcing Steel.

Provide caps and bases as part of pedestal assemblies. Unless otherwise required,
furnish pedestals that provide the following heights:

To support traffic signal equipment cabinets — 30" above foundation.
To support signal heads, see Section 1705 for required signal head height.

Provide pedestal caps fabricated from cast aluminum that meets Aluminum Association
Alloy 356.0F. Provide stainless steel set screws as fasteners.

Provide either shoe-type or transformer-type pedestal bases made of aluminum that
meets Aluminum Association Alloy 356.0 or equivalent, and designed to break upon impact
in accordance with AASHTO requirements. For shoe-type bases, provide aluminum flange
plate with four anchor boltholes, a hole to match the shaft, and a 4 x 8" hand hole with
a reinforced frame located 8" above base. For transformer-type bases, provide overall
dimensions of 15"(1) x 13"(w) x 13"(d) and an 8" x 8" hand hole with removable cover.
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Ensure bases are continuously welded to shafts or threaded to receive shafts. For use in
grounding, provide a 1/2" minimum diameter, coarse thread stud located inside base at the
handhold and oriented for easy access.

For each pedestal, provide four bolts with outside diameter of 3/4" and length of 18"
each with leveling nut and washer. Ensure anchor bolts are hot-dipped galvanized in
accordance with ASTM A 153 with completely galvanized nuts and washers.

1098-15 SIGNAL CABINET FOUNDATIONS

Provide foundations with a minimum pad area that extends 24" from front and back of
cabinet and 3" from sides of cabinet.

Furnish cabinet foundations with chamfered top edges. Provide minimum Class B
concrete.

Provide preformed cabinet pad foundations with 7"(1) x 18"(w) minimum opening for
the entrance of conduits. Ensure that no more than four 3/4" holes are cast or drilled in each
pad.

1098-16 CABINET BASE ADAPTER/EXTENDER

Fabricate base adapters and extenders from the same materials and with the same finish
as cabinet housing. Fabricate base adapter and extender in the same manner as controller
cabinets, meeting all applicable specifications called for in Section 7.5 of CALTRANS
TEES (11/19/99). Provide base adapters and extenders a minimum height of 12".

1098-17 BEACON CONTROLLER ASSEMBLIES
(A) General

Furnish all cabinets with a solid state flasher that meets NEMA TS-2-1998.
Encapsulate flasher components as necessary. Connect flasher to provide beacon
operation as specified.

Submit drawings showing dimensions, location of required equipment and
mechanisms, cabinet electrical diagrams, part numbers and descriptions of required
equipment and accessories to the Engineer. Provide certification to the Engineer
that materials used in cabinet construction meets these Specifications.

Furnish unpainted, natural, aluminum cabinet shells that comply with Section 7 of
NEMA TS-2-1998. Ensure all non-aluminum hardware on cabinet is stainless steel
or Department approved non-corrosive alternate. Provide roof with slope from
front to back at a minimum ratio of 1" drop per 2 feet. Ensure each exterior cabinet
plane surface is constructed of a single sheet of seamless aluminum. Ensure all
components are arranged for easy access during servicing. When modular in
construction, provide guides and positive connection devices to ensure proper pin
alignment and connection.

Connect metal oxide varister, type VISO0LA20, between each field terminal and
ground bus.

Provide beacon controller assemblies equipped with terminal blocks (strips) for
termination of all field conductors and all internal wires and harness conductors.
Terminate all wires at terminals. Ensure all field terminals are readily accessible
without removing equipment and located conveniently to wires, cables, and
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harnesses to be connected. Ensure terminals are not located on under side of
shelves or at other places where they are not readily visible or where they may
present a hazard to personnel who might inadvertently touch them. Provide
terminal blocks made of electrical grade thermoplastic or thermosetting plastic.
Ensure each terminal block is of closed back design and has recessed-screw
terminals with molded barriers between terminals. Ensure each terminal consists of
two terminal screws with removable shorting bar between them. Ensure each
terminal block is labeled with a block designation and each terminal is labeled with
a number. Ensure all terminal functions are labeled on terminal blocks. Provide
labels that are visible when terminal block is fully wired. Show labels on cabinet
wiring diagrams. Ensure terminals serving similar functions are grouped together.

Connect each conductor, including unused conductors, within or entering cabinet to
a terminal using crimped spade lugs. Place no more than two conductors on any
single terminal screw. Terminations to back panel may be soldered. Do not use
quick connectors or barrel connectors. Make all connections at terminals. Do not
make in-line splices.

Ensure outgoing circuits have same polarity as line side of power supply. Ensure
common return has same polarity as grounded conductor (neutral) of power supply.

Neatly package all wiring. Dress harnesses by lacing, braiding, or tying with nylon
tie wraps at closely spaced intervals. Attach wires, cables, or harnesses to cabinet
walls for support or to prevent undue wear or flexing. Use nylon tie straps or metal
clamps with rubber or neoprene insulators. Screw these attachment devices to
cabinet. Do not use stick-on clamps or straps.

Tag AC+, AC-, chassis ground, and flasher circuit conductors with non-fading,
permanent sleeve labels at conductor ends at terminals or use color-coded wire.
Ensure sleeve labels tightly grip conductors. Alternatively, use hot stamped labels
on internal conductor insulation at intervals of no greater than 4". Ensure label
legends are permanent.

Ensure all jumpers are wire conductors or metal plates. Do not use printed circuit
back panels or back panels using wire tracks as jumpers.

Lay out all equipment and components for ease of use and servicing. Ensure
equipment controls can be viewed and operated without moving or removing any
equipment. Ensure there is access to equipment or components for servicing
without removing any other equipment or components. Removal of equipment is
acceptable to access fan or thermostat. Ensure equipment can be removed using
only simple hand tools. Ensure layout of equipment and terminals within the
various cabinets furnished is identical from cabinet to cabinet, unless otherwise
approved.

Mount equipment using harnesses with suitable multipin (or similar) connectors.
Design or key all equipment to make it physically impossible to connect unit to
wrong connector. Ensure that functionally equivalent equipment is electrically and
mechanically interchangeable.

Equip vents with standard-size, replaceable filters or, if located where they can
easily be cleaned, permanent filters.
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Type F1 Cabinet

Provide dual-circuit flasher and 20-amp circuit breaker. Install one insect-resistant
vent on bottom and one on top on opposite wall in order to facilitate airflow.

Type F2 Cabinet

Provide 20" high x 16" wide x 12" deep cabinet, dual-circuit flasher, 20-amp circuit
breaker, and solid state time switch. Provide filtered power to time switch. Install
one insect-resistant vent on each side of cabinet at the bottom in order to facilitate
airflow.

Type F2 and F3 Cabinet — Surge Protection and Documentation

Furnish and install a power line surge protector in the service power. Provide a
two-stage power line surge protector that allows connection of the radio frequency
interference filter between stages of the device. Ensure device has a maximum
continuous current rating of at least 10A at 120 V. Ensure device can withstand
aminimum of 20 peak surge current occurrences at 20,000A for an 8x20
microsecond waveform. Provide maximum clamp voltage of 280V at 20,000A
with a nominal series inductance of 200ph. Ensure voltage does not exceed 280V.
Provide devices that comply with the following:

Frequency (Hz) Minimum Insertion Loss
(dB)

60 0
10,000 30
50,000 55
100,000 50
500,000 50
2,000,000 60
5,000,000 40
10,000,000 20
20,000,000 25

Install surge protector in circuit breaker enclosure in a manner that will permit easy
servicing. Ground and electrically bond surge protector to cabinet within 2" of
surge protector.

Furnish and install a suitably sized plastic envelope or container in cabinet for
holding cabinet wiring diagrams and equipment manuals. Locate envelope or
container so it is convenient for service personnel. Furnish 2 sets of non-fading
cabinet wiring diagrams in a paper envelope or container and place them in the
plastic envelope or container.

Type F3 Cabinet

Provide 25" high x 22" wide x 15" deep] cabinet, dual-circuit flasher, fan and
thermostat, and cabinet light.

Install a vent or vents at or near the cabinet bottom to permit the intake of air sized
. .2
for the rated flow of air from the fan, but no smaller than 20 in .
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Equip cabinet with two NEMA standard circuit breakers (20A & 15A) installed to
ensure personnel servicing the cabinet, including rear of back panel, cannot
inadvertently be exposed to a hazard. Install a terminal block that will accommodate
service wire as large as number 4 AWG, and connect it to the circuit breaker. Install
circuit breakers in addition to any fuses that are a part of the individual control
equipment components. Wire cabinet light and thermostatically-controlled fan to
the 15A circuit breaker.

Ensure cabinet has sufficient electrical and electronic noise suppression to enable all
equipment in it to function properly. In addition, equip cabinet with a radio
interference filter connected between stages of the power line surge protector.
Ensure filter minimizes interference generated in the cabinet in both broadcast and
aircraft frequencies. Use filter that provides attenuation of at least 50 decibels over
a frequency range of 200 kilohertz to 75 megahertz. Ensure filter is hermetically
sealed in an insulated metal or plastic case. Provide filter designed to operate in
a 120-volt, 60 Hertz, single-phase circuit with currents of 15 amperes or more, such
as HESCO LF35, or equivalent.

Provide filtered power to detector panel.



