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SECTION 321313 - CONCRETE PAVING
PART 1 - GENERAL
1.1
A.
1.2
A.

RELATED DOCUMENTS
Drawings and general provisions of the Contract, including General and Supplementary
Conditions and Division 01 Specification Sections, apply to this Section.
SUMMARY
This Section includes exterior cement concrete pavement for the following:
1.
2.
3.
4.
5.

B.

Related Sections include the following:
1.
2.

1.3
A.
1.4

Driveways and roadways.
Parking lots.
Curbs and gutters.
Walkways.
Truncated domes

Division 31 Section "Earth Moving" for subgrade preparation, grading, and subbase
course.
Division 32 Section "Concrete Paving Joint Sealants" for joint sealants of joints in
concrete pavement and at isolation joints of concrete pavement with adjacent
construction.

DEFINITIONS
Cementitious Materials: Portland cement alone or in combination with one or more of blended
hydraulic cement, fly ash and other pozzolans, and ground granulated blast-furnace slag.
SUBMITTALS

A.

Product Data: For each type of manufactured material and product indicated.

B.

Design Mixtures: For each concrete pavement mixture. Include alternate mixture designs when
characteristics of materials, Project conditions, weather, test results, or other circumstances
warrant adjustments.

C.

Qualification Data: For manufacturer. Manufacturer of ready-mixed concrete products
complying with ASTM C 94 requirements for production facilities and equipment.

D.

Material Test Reports: General contractor will engage a qualified testing agency for indicating
and interpreting test results for compliance of the following with requirements indicated, based
on comprehensive testing of current materials:
1.

Aggregates. Include service record data indicating absence of deleterious expansion of
concrete due to alkali-aggregate reactivity.
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E.

Material Certificates: Signed by manufacturers certifying that each of the following materials
complies with requirements:
1.
2.
3.
4.
5.
6.
7.
8.

Cementitious materials.
Steel reinforcement and reinforcement accessories.
Fiber reinforcement.
Admixtures.
Curing compounds.
Applied finish materials.
Bonding agent or epoxy adhesive.
Joint fillers.

F.

Field quality-control test reports.

G.

For plazas and wide walkways, submit control joint spacing plan for review.

H.

Minutes of preinstallation conference.

1.5
A.

QUALITY ASSURANCE
Manufacturer Qualifications: Manufacturer of ready-mixed concrete products who complies
with ASTM C 94 requirements for production facilities and equipment.
1.

B.

2009145.00

Manufacturer certified according to NRMCA's "Certification of Ready Mixed Concrete
Production Facilities."

Testing Agency Qualifications: An independent agency qualified according to ASTM C 1077
and ASTM E 329 for testing indicated, as documented according to ASTM E 548.
1.

Personnel conducting field tests shall be qualified as ACI Concrete Field Testing
Technician, Grade 1, according to ACI CP-01 or an equivalent certification program.

C.

ACI Publications: Comply with ACI 301, "Specification for Structural Concrete," for concrete
outside of concrete parking lot.

D.

Concrete Testing Service: Engage a qualified independent testing agency to perform material
evaluation tests and to design concrete mixtures.

E.

Mockups: Build mockups to verify selections made under sample submittals and to
demonstrate aesthetic effects and set quality standards for materials and execution.
1.
2.

3.

4.

Build mockups of full-thickness sections of concrete paving to demonstrate typical joints;
surface finish, texture, and color; curing; and standard of workmanship.
Build mockups of concrete paving in the location and of the size indicated or, if not
indicated, build mockups where directed by Architect and not less than 96 inches by 96
inches.
Approval of mockups does not constitute approval of deviations from the Contract
Documents contained in mockups unless Architect specifically approves such deviations
in writing.
Approved mockups may become part of the completed Work if undisturbed at time of
Substantial Completion.
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F.

Preinstallation Conference: Conduct conference at Project site to comply with requirements in
Division 01 Section "Project Management and Coordination."
1.

Before submitting design mixtures, review concrete pavement mixture design and
examine procedures for ensuring quality of concrete materials and concrete pavement
construction practices. Require representatives, including the following, of each entity
directly concerned with concrete pavement, to attend conference:
a.
b.
c.
d.

1.6
A.

2009145.00

Contractor's superintendent.
Independent testing agency responsible for concrete design mixtures.
Ready-mix concrete producer.
Concrete pavement subcontractor.

PROJECT CONDITIONS
Traffic Control: Maintain access for vehicular and pedestrian traffic as required for other
construction activities.

PART 2 - PRODUCTS
2.1
A.

MANUFACTURERS
In other Part 2 articles where titles below introduce lists, the following requirements apply to
product selection:
1.
2.
3.

4.
2.2
A.

FORMS
Form Materials: Plywood, metal, metal-framed plywood, or other approved panel-type
materials to provide full-depth, continuous, straight, smooth exposed surfaces.
1.

B.

2.3
A.

Available Products: Subject to compliance with requirements, products that may be
incorporated into the Work include, but are not limited to, products specified.
Products: Subject to compliance with requirements, provide one of the products
specified.
Available Manufacturers: Subject to compliance with requirements, manufacturers
offering products that may be incorporated into the Work include, but are not limited to,
manufacturers specified.
Manufacturers: Subject to compliance with requirements, provide products by one of the
manufacturers specified.

Use flexible or curved forms for curves with a radius 100 feet or less.

Form-Release Agent: Commercially formulated form-release agent that will not bond with,
stain, or adversely affect concrete surfaces and will not impair subsequent treatments of
concrete surfaces.
STEEL REINFORCEMENT
Plain-Steel Welded Wire Reinforcement: ASTM A 185, fabricated from as-drawn steel wire
into flat sheets.
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B.

Deformed-Steel Welded Wire Reinforcement: ASTM A 497, flat sheet.

C.

Reinforcing Bars: ASTM A 615/A 615M, Grade 60; deformed.

D.

Galvanized Reinforcing Bars: ASTM A 767/A 767M, Class II zinc coated, hot-dip galvanized
after fabrication and bending; with ASTM A 615/A 615M, Grade 60 deformed bars.

E.

Epoxy-Coated Reinforcing Bars: ASTM A 775/A 775M or ASTM A 934/A 934M; with
ASTM A 615/A 615M, Grade 60 deformed bars.

F.

Joint Dowel Bars: Plain steel bars, ASTM A 615/A 615M, Grade 60. Cut bars true to length
with ends square and free of burrs.

G.

Epoxy-Coated Joint Dowel Bars:
Grade 60, plain steel bars.

H.

Tie Bars: ASTM A 615/A 615M, Grade 60, deformed.

I.

Bar Supports: Bolsters, chairs, spacers, and other devices for spacing, supporting, and fastening
reinforcing bars, welded wire reinforcement, and dowels in place. Manufacture bar supports
according to CRSI's "Manual of Standard Practice" from steel wire, plastic, or precast concrete
of greater compressive strength than concrete, and as follows:
1.
2.

J.

ASTM A 775/A 775M; with ASTM A 615/A 615M,

Equip wire bar supports with sand plates or horizontal runners where base material will
not support chair legs.
For epoxy-coated reinforcement, use epoxy-coated or other dielectric-polymer-coated
wire bar supports.

Zinc Repair Material: ASTM A 780.

2.4

CONCRETE MATERIALS

A.

Materials: All materials including but not limited to reinforcing materials, concrete materials,
concrete mix, admixtures, curing materials, traffic paint and other related materials used under
this section shall conform to the requirements of the State of Maryland Standard Specifications
for Construction and Materials. References to a required class of concrete shall correspond to
the classes as shown in the State of Maryland Standard Specifications for Construction and
Materials Part II, Technical Requirements.

B.

Fly ash shall meet the approval of the ASTM C-618 pozzolan Class F and may be used as a
partial substitute for cement when approved by the Architect.

C.

The concrete mix used in performing this work shall be per MDSHA mix designs depending on
the compressive strength shown on the details and shall meet the approval of the Architect.

D.

The concrete temperature shall not exceed 90°F when delivered to the job-site or at any time
prior to placement in the forms.

E.

Type I - Portland Cement: Shall be used from October 1 through May 1 and when the air
temperature in the shade and away from artificial heat is above 70°F or less, or as directed by
the Architect.
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F.

Type II - Portland Cement: Shall be used from May 1 through October 1 and when the air
temperature in the shade and away from artificial heat is above 70°F, or as directed by the
Architect.

G.

When approved by the Architect, Hi-Early strength concrete may be used. Approval will be on
a case by case basis.

H.

Water: ASTM C 94/C 94M.

I.

Air-Entraining Admixture: ASTM C 260.

J.

Chemical Admixtures: Admixtures may only be use with prior approval by the Architect.
Provide admixtures certified by manufacturer to be compatible with other admixtures and to
contain not more than 0.1 percent water-soluble chloride ions by mass of cementitious material.
1.
2.
3.
4.
5.
6.

2.5
A.

Water-Reducing Admixture: ASTM C 494/C 494M, Type A.
Retarding Admixture: ASTM C 494/C 494M, Type B.
Water-Reducing and Retarding Admixture: ASTM C 494/C 494M, Type D.
High-Range, Water-Reducing Admixture: ASTM C 494/C 494M, Type F.
High-Range, Water-Reducing and Retarding Admixture:
ASTM C 494/C 494M,
Type G.
Plasticizing and Retarding Admixture: ASTM C 1017/C 1017M, Type II.

FIBER REINFORCEMENT
Synthetic Fiber: fibrillated polypropylene fibers engineered and designed for use in concrete
pavement, complying with ASTM C 1116, Type III, 1/2 to 1-1/2 inches long.
1.

Available Products:
a. Fibrillated Fibers:
1)
2)
3)
4)
5)

2.6

Axim Concrete Technologies; Fibrasol F.
FORTA Corporation; Forta.
Euclid Chemical Company (The); Fiberstrand F.
Grace, W. R. & Co.--Conn.; Grace Fibers.
SI Concrete Systems; Fibermesh.

CURING MATERIALS

A.

Absorptive Cover: AASHTO M 182, Class 2, burlap cloth made from jute or kenaf, weighing
approximately 9 oz./sq. yd. dry.

B.

Moisture-Retaining Cover:
sheet.

C.

Water: Potable.

D.

Evaporation Retarder: Waterborne, monomolecular film forming; manufactured for application
to fresh concrete.
1.

ASTM C 171, polyethylene film or white burlap-polyethylene

Available Products:
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a.
b.
c.
d.
e.
f.
g.
h.
i.
j.
k.
l.
m.
n.
o.
p.
E.

Axim Concrete Technologies; Cimfilm.
Burke by Edeco; BurkeFilm.
ChemMasters; Spray-Film.
Conspec Marketing & Manufacturing Co., Inc.; Aquafilm.
Dayton Superior Corporation; Sure Film.
Euclid Chemical Company (The); Eucobar.
Kaufman Products, Inc.; Vapor Aid.
Lambert Corporation; Lambco Skin.
L&M Construction Chemicals, Inc.; E-Con.
MBT Protection and Repair, ChemRex Inc.; Confilm.
Meadows, W. R., Inc.; Sealtight Evapre.
Metalcrete Industries; Waterhold.
Nox-Crete Products Group, Kinsman Corporation; Monofilm.
Sika Corporation, Inc.; SikaFilm.
Symons Corporation; Finishing Aid.
Vexcon Chemicals, Inc.; Certi-Vex EnvioAssist.

White Waterborne Membrane-Forming Curing Compound: ASTM C 309, Type 2, Class B.
1.

Available Products:
a.
b.
c.
d.
e.
f.
g.
h.
i.
j.
k.
l.
m.
n.

2.7
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Anti-Hydro International, Inc.; AH Curing Compound #2 WP WB.
Burke by Edoco; Resin Emulsion White.
ChemMasters; Safe-Cure 2000.
Conspec Marketing & Manufacturing Co., Inc.; W.B. Resin Cure.
Dayton Superior Corporation; Day-Chem White Pigmented Cure (J-10-W).
Euclid Chemical Company (The); Kurez VOX White Pigmented.
Kaufman Products, Inc.; Thinfilm 450.
Lambert Corporation; Aqua Kure-White.
L&M Construction Chemicals, Inc.; L&M Cure R-2.
Meadows, W. R., Inc.; 1200-White.
Symons Corporation; Resi-Chem White.
Tamms Industries, Inc.; Horncure 200-W.
Unitex; Hydro White.
Vexcon Chemicals, Inc.; Certi-Vex Enviocure White 100.

RELATED MATERIALS

A.

Expansion- and Isolation-Joint-Filler Strips: ASTM D 1751, asphalt-saturated cellulosic fiber
or pre-molded wood fiber strips (Homex 300) or ASTM D 1752, cork or self-expanding cork.

B.

Bonding Agent:
butadiene.

C.

Epoxy Bonding Adhesive: ASTM C 881, two-component epoxy resin, capable of humid curing
and bonding to damp surfaces, of class suitable for application temperature and of grade to
requirements, and as follows:
1.

ASTM C 1059, Type II, non-redispersible, acrylic emulsion or styrene

Types IV and V, load bearing, for bonding hardened or freshly mixed concrete to
hardened concrete.
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D.

Chemical Surface Retarder: (For exposed aggregate concrete) Water-soluble, liquid-set retarder
with color dye, for horizontal concrete surface application, capable of temporarily delaying final
hardening of concrete to a depth of 1/8 to 1/4 inch.
1.

Products:
a.
b.
c.
d.
e.
f.
g.
h.
i.
j.

2.8
A.

A.

Wheel Stops: Solid, integrally colored, 96 percent recycled HDPE or commingled
postconsumer and postindustrial recycled plastic; UV stabilized; 4 inches high by 6 inches wide
by 72 inches long. Provide chamfered corners and drainage slots on underside and holes for
anchoring to substrate.

Prepare design mixtures, proportioned according to ACI 301, for each type and strength of
normal-weight concrete determined by either laboratory trial mixes or field experience.
Use a qualified independent testing agency for preparing and reporting proposed concrete
mixture designs for the trial batch method.

Proportion mixtures to provide normal-weight concrete with the following properties:
1.
2.
3.

C.

Dowels: Galvanized steel, 3/4-inch diameter, 10-inch minimum length.

CONCRETE MIXTURES

1.
B.

Burke by Edeco; True Etch Surface Retarder.
ChemMasters; Exposee.
Conspec Marketing & Manufacturing Co., Inc.; Delay S.
Euclid Chemical Company (The); Surface Retarder S.
Kaufman Products, Inc.; Expose.
Metalcrete Industries; Surftard.
Nox-Crete Products Group, Kinsman Corporation; Crete-Nox TA.
Scofield, L. M. Company; Lithotex.
Sika Corporation, Inc.; Rugasol-S.
Vexcon Chemicals, Inc.; Certi-Vex Envioset.

WHEEL STOPS

1.
2.9
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Compressive Strength (28 Days): As indicated on drawings. Minimum compressive
strength of 3,000 psi where not indicated
Maximum Water-Cementitious Materials Ratio at Point of Placement: 0.50.
Slump Limit: 2-5, plus or minus 1 inch.

Add air-entraining admixture at manufacturer's prescribed rate to result in normal-weight
concrete at point of placement having an air content as follows:
1.

Air Content: 6 percent plus or minus 1.5 percent for 1-inch nominal maximum aggregate
size.

D.

Limit water-soluble, chloride-ion content in hardened concrete to 0.15 percent by weight of
cement.

E.

Chemical Admixtures: Use admixtures according to manufacturer's written instructions.
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2.
F.
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Use water-reducing admixture, plasticizing and retarding admixture in concrete, as
required, for placement and workability.
Use water-reducing and retarding admixture when required by high temperatures, low
humidity, or other adverse placement conditions.

Cementitious Materials: Limit percentage, by weight, of cementitious materials other than
portland cement according to ACI 301 requirements for concrete exposed to deicing chemicals.
Limits shall be as follows per MD SHA requirements:
1.
2.

Fly Ash or Pozzolan: 25 percent.
Ground Granulated Blast-Furnace Slag: 50 percent.

G.

Combined Fly Ash or Pozzolan, and Ground Granulated Blast-Furnace Slag: 50 percent, with
fly ash or pozzolan not exceeding 25 percent.

H.

Synthetic Fiber: Uniformly disperse in concrete mix at manufacturer's recommended rate, but
not less than 1.0 lb/cu. yd..

2.10
A.

CONCRETE MIXING
Ready-Mixed Concrete: Measure, batch, and mix concrete materials and concrete according to
ASTM C 94/C 94M and ASTM C 1116 where synthetic fibers are noted on the plans. Furnish
batch certificates for each batch discharged and used in the Work.
1.

2.11

When air temperature is between 85 deg F and 90 deg F, reduce mixing and delivery time
from 1-1/2 hours to 75 minutes; when air temperature is above 90 deg F, reduce mixing
and delivery time to 60 minutes.

ADA TRUNCATED DOMES

A.

General: In-line replaceable designed to be installed in a “wet set” condition. Units must
include anchors which allow replacement by removing colored covers and bolts while leaving
anchors in place.

B.

Materials: Homogenous glass and carbon reinforced composite
1.
2.
3.
4.
5.
6.

UV stable and colorfast.
Resistant to slat and chemical staining per ASTM B 117 & 1308.
Minimum Compressive and Tensile Strength of 28,900 psi and 11,600 psi respectively.
Must be able to handle load bearing capacity of 16,000 lbs per AASHO –H20 with no
visible damage.
Color must be uniform throughout with no paint or coating to provide color.
Dome geometry must comply with ADA regulations for detectable warnings at curb
ramps in diameter, height and spacing.

C.

Where installation on radius is shown, provide precut and scored units for installation without
gaps and piecemeal infills. Field cut rectangular units will not be acceptable.

D.

Units shall be by ADA Solutions, Inc. or approved equal.
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A.
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PAVEMENT MARKINGS
Pavement-Marking Paint: Alkyd-resin type, lead and chromate free, ready mixed, complying
with AASHTO M 248, Type N; colors complying with FS TT-P-1952.
1.

Color: As indicated.

PART 3 - EXECUTION
3.1

EXAMINATION

A.

Examine exposed subgrades and subbase surfaces for compliance with requirements for
dimensional, grading, and elevation tolerances.

B.

Proof-roll prepared subbase surface below concrete pavements with heavy pneumatic-tired
equipment to identify soft pockets and areas of excess yielding.
1.
2.
3.

C.
3.2
A.
3.3

Completely proof-roll subbase in one direction and repeat in perpendicular direction.
Limit vehicle speed to 3 mph.
Proof-roll with a loaded 10-wheel tandem-axle dump truck weighing not less than 15
tons.
Subbase with soft spots and areas of pumping or rutting exceeding depth of 1/2 inch
require correction according to requirements in Division 31 Section "Earth Moving."

Proceed with concrete pavement operations only after nonconforming conditions have been
corrected and subgrade is ready to receive pavement.
PREPARATION
Remove loose material from compacted subbase surface immediately before placing concrete.
EDGE FORMS AND SCREED CONSTRUCTION

A.

Set, brace, and secure edge forms, bulkheads, and intermediate screed guides for pavement to
required lines, grades, and elevations. Install forms to allow continuous progress of work and
so forms can remain in place at least 24 hours after concrete placement.

B.

Clean forms after each use and coat with form-release agent to ensure separation from concrete
without damage.

3.4

STEEL REINFORCEMENT

A.

General: Comply with CRSI's "Manual of Standard Practice" for fabricating, placing, and
supporting reinforcement.

B.

Clean reinforcement of loose rust and mill scale, earth, ice, or other bond-reducing materials.

C.

Arrange, space, and securely tie bars and bar supports to hold reinforcement in position during
concrete placement. Maintain minimum cover to reinforcement.
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D.

Install welded wire reinforcement in lengths as long as practicable. Lap adjoining pieces at
least one full mesh, and lace splices with wire. Offset laps of adjoining widths to prevent
continuous laps in either direction.

E.

Install fabricated bar mats in lengths as long as practicable. Handle units to keep them flat and
free of distortions. Straighten bends, kinks, and other irregularities, or replace units as required
before placement. Set mats for a minimum 2-inch overlap of adjacent mats.

3.5
A.

JOINTS
General: Form construction, isolation, and contraction joints and tool edgings true to line with
faces perpendicular to surface plane of concrete. Construct transverse joints at right angles to
centerline, unless otherwise indicated.
1.

B.

Construction Joints: Set construction joints at side and end terminations of pavement and at
locations where pavement operations are stopped for more than one-half hour unless pavement
terminates at isolation joints.
1.
2.
3.
4.

C.

Continue steel reinforcement across construction joints, unless otherwise indicated. Do
not continue reinforcement through sides of pavement strips, unless otherwise indicated.
Provide tie bars at sides of pavement strips where indicated.
Butt Joints: Use bonding agent at joint locations where fresh concrete is placed against
hardened or partially hardened concrete surfaces.
Doweled Joints: Install dowel bars and support assemblies at joints where indicated.
Lubricate or asphalt-coat one-half of dowel length to prevent concrete bonding to one
side of joint.

Isolation Joints: Form isolation joints of preformed joint-filler strips abutting concrete curbs,
catch basins, manholes, inlets, structures, walks, other fixed objects, and where indicated.
1.
2.
3.
4.

5.
6.

D.

When joining existing pavement, place transverse joints to align with previously placed
joints, unless otherwise indicated.

Locate expansion joints at intervals of 20 feet, unless otherwise indicated.
Extend joint fillers full width and depth of joint.
Terminate joint filler not less than 1/2 inch or more than 1 inch below finished surface if
joint sealant is indicated.
By default, all isolation joints are scheduled to receive joint sealant. If joint sealant is
specifically indicated as not required, place top of joint filler flush with finished concrete
surface.
Furnish joint fillers in one-piece lengths. Where more than one length is required, lace or
clip joint-filler sections together.
Protect top edge of joint filler during concrete placement with metal, plastic, or other
temporary preformed cap. Remove protective cap after concrete has been placed on both
sides of joint.

Contraction Joints: Form weakened-plane contraction joints, sectioning concrete into areas as
indicated for standard walkways. For larger walkways, width greater than 12’ and plazas,
submit shop drawing of joint pattern. Construct contraction joints for a depth equal to at least
one-fourth of the concrete thickness, as follows:
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2.

E.

3.6
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Grooved Joints: Form contraction joints after initial floating by grooving and finishing
each edge of joint with grooving tool to a 3/8-inch radius. Repeat grooving of
contraction joints after applying surface finishes. Eliminate groover marks on concrete
surfaces.
Doweled Contraction Joints: Install dowel bars and support assemblies at joints where
indicated. Lubricate or asphalt coat one-half of dowel length to prevent concrete bonding
to one side of joint.

Edging: Tool edges of pavement, gutters, curbs, and joints in concrete after initial floating with
an edging tool to a 3/8-inch radius. Repeat tooling of edges after applying surface finishes.
Eliminate tool marks on concrete surfaces.
CONCRETE PLACEMENT

A.

Inspection: Before placing concrete, inspect and complete formwork installation, steel
reinforcement, and items to be embedded or cast in. Notify other trades to permit installation of
their work.

B.

Remove snow, ice, or frost from subbase surface and reinforcement before placing concrete.
Do not place concrete on frozen surfaces.

C.

Moisten subbase to provide a uniform dampened condition at time concrete is placed. Do not
place concrete around manholes or other structures until they are at required finish elevation and
alignment.

D.

Comply with ACI 301 requirements for measuring, mixing, transporting, and placing concrete.

E.

Do not add water to fresh concrete after testing.

F.

Deposit and spread concrete in a continuous operation between transverse joints. Do not push
or drag concrete into place or use vibrators to move concrete into place.

G.

Consolidate concrete according to ACI 301 by mechanical vibrating equipment supplemented
by hand spading, rodding, or tamping.
1.

Consolidate concrete along face of forms and adjacent to transverse joints with an
internal vibrator. Keep vibrator away from joint assemblies, reinforcement, or side
forms. Use only square-faced shovels for hand spreading and consolidation. Consolidate
with care to prevent dislocating reinforcement, dowels, and joint devices.

H.

Screed pavement surfaces with a straightedge and strike off.

I.

Commence initial floating using bull floats or darbies to impart an open textured and uniform
surface plane before excess moisture or bleed water appears on the surface. Do not further
disturb concrete surfaces before beginning finishing operations or spreading surface treatments.

J.

Curbs and Gutters: When automatic machine placement is used for curb and gutter placement,
submit revised mix design and laboratory test results that meet or exceed requirements.
Produce curbs and gutters to required cross section, lines, grades, finish, and jointing as
specified for formed concrete. If results are not approved, remove and replace with formed
concrete.
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Slip-Form Pavers: When automatic machine placement is used for pavement, submit revised
mix design and laboratory test results that meet or exceed requirements. Produce pavement to
required thickness, lines, grades, finish, and jointing as required for formed pavement.
1.

Compact subbase and prepare subgrade of sufficient width to prevent displacement of
paver machine during operations.

L.

When adjoining pavement lanes are placed in separate pours, do not operate equipment on
concrete until pavement has attained 85 percent of its 28-day compressive strength.

M.

Cold-Weather Placement: Comply with ACI 306.1 and as follows. Protect concrete work from
physical damage or reduced strength that could be caused by frost, freezing actions, or low
temperatures.
1.

2.
3.
N.

Hot-Weather Placement: Comply with ACI 301 and as follows when hot-weather conditions
exist:
1.

2.
3.
3.7
A.

When air temperature has fallen to or is expected to fall below 40 deg F, uniformly heat
water and aggregates before mixing to obtain a concrete mixture temperature of not less
than 50 deg F and not more than 80 deg F at point of placement.
Do not use frozen materials or materials containing ice or snow.
Do not use calcium chloride, salt, or other materials containing antifreeze agents or
chemical accelerators unless otherwise specified and approved in mix designs.

Cool ingredients before mixing to maintain concrete temperature below 90 deg F at time
of placement. Chilled mixing water or chopped ice may be used to control temperature,
provided water equivalent of ice is calculated to total amount of mixing water. Using
liquid nitrogen to cool concrete is Contractor's option.
Cover steel reinforcement with water-soaked burlap so steel temperature will not exceed
ambient air temperature immediately before embedding in concrete.
Fog-spray forms, steel reinforcement, and subgrade just before placing concrete. Keep
subgrade moisture uniform without standing water, soft spots, or dry areas.

FLOAT FINISHING
Float Finish: Begin the second floating operation when bleed-water sheen has disappeared and
concrete surface has stiffened sufficiently to permit operations. Float surface with power-driven
floats, or by hand floating if area is small or inaccessible to power units. Finish surfaces to true
planes. Cut down high spots and fill low spots. Refloat surface immediately to uniform
granular texture.
1.

Construct test sections of each type of concrete paving, including at least one expansion
joint and control joints, for review by CM, Owner and Architect for agreement of finish
prior to starting concrete installation. Review will include texture of broom finish, joint
striking, picture framing and geometric conformity.

2.

Medium-to-Fine-Textured Broom Finish: Draw a soft bristle broom across float-finished
concrete surface perpendicular to line of traffic to provide a uniform, fine-line texture.

3.

Incorporate “picture framing” of concrete in finish within lump sum prices bid.
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CONCRETE PROTECTION AND CURING

A.

General: Protect freshly placed concrete from premature drying and excessive cold or hot
temperatures.

B.

Comply with ACI 306.1 for cold-weather protection.

C.

Evaporation Retarder: Apply evaporation retarder to concrete surfaces if hot, dry, or windy
conditions cause moisture loss approaching 0.2 lb/sq. ft. x h before and during finishing
operations. Apply according to manufacturer's written instructions after placing, screeding, and
bull floating or darbying concrete, but before float finishing.

D.

Begin curing after finishing concrete but not before free water has disappeared from concrete
surface.

E.

Curing Methods: Cure concrete by moisture curing, moisture-retaining-cover curing, curing
compound, or a combination of these as follows:
1.

2.

3.9
A.

PAVEMENT TOLERANCES
Comply with tolerances of ACI 117 and as follows:
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.

3.10
A.

Moisture-Retaining-Cover Curing: Cover concrete surfaces with moisture-retaining
cover for curing concrete, placed in widest practicable width, with sides and ends lapped
at least 12 inches, and sealed by waterproof tape or adhesive. Immediately repair any
holes or tears during curing period using cover material and waterproof tape.
Curing Compound: Apply uniformly in continuous operation by power spray or roller
according to manufacturer's written instructions. Recoat areas subjected to heavy rainfall
within three hours after initial application. Maintain continuity of coating and repair
damage during curing period.

Elevation: 1/4 inch.
Thickness: Plus 3/8 inch, minus 1/4 inch.
Surface: Gap below 10-foot- long, unleveled straightedge not to exceed 1/4 inch.
Lateral Alignment and Spacing of Tie Bars and Dowels: 1 inch.
Vertical Alignment of Tie Bars and Dowels: 1/4 inch.
Alignment of Tie-Bar End Relative to Line Perpendicular to Pavement Edge: 1/2 inch.
Alignment of Dowel-Bar End Relative to Line Perpendicular to Pavement Edge: Length
of dowel 1/4 inch per 12 inches.
Joint Spacing: 3 inches.
Contraction Joint Depth: Plus 1/4 inch, no minus.
Joint Width: Plus 1/8 inch, no minus.
Curbs – vertical ¼” in 10’

WHEEL STOPS
Securely attach wheel stops into pavement with not less than two galvanized steel dowels
embedded in holes drilled or cast into wheel stops at one-quarter to one-third points. Firmly
bond each dowel to wheel stop and to pavement. Securely install dowels into pavement and
bond to wheel stop. Recess head of dowel beneath top of wheel stop.
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PAVEMENT MARKING

A.

Do not apply pavement-marking paint until layout, colors, and placement have been verified
with Architect.

B.

Allow concrete paving to cure for a minimum of 28 days and be dry before starting pavement
marking.

C.

Sweep and clean surface to eliminate loose material and dust.

D.

Apply paint with mechanical equipment to produce markings of dimensions indicated with
uniform, straight edges. Apply at manufacturer's recommended rates to provide a minimum wet
film thickness of 15 mils
1.

3.12

Apply graphic symbols and lettering with paint-resistant, die-cut stencils, firmly secured
to concrete surface. Mask an extended area beyond edges of each stencil to prevent paint
application beyond stencil. Apply paint so that it cannot run beneath stencil.

FIELD QUALITY CONTROL

A.

Testing Agency: Engage a qualified independent testing and inspecting agency to perform field
tests and inspections and prepare test reports.

B.

Testing Services: Testing of composite samples of fresh concrete obtained according to
ASTM C 172 shall be performed according to the following requirements:
1.

Testing Frequency: Obtain at least 1 composite sample for each 100 cu. yd. or fraction
thereof of each concrete mix placed each day.
a. When frequency of testing will provide fewer than five compressive-strength tests for
each concrete mixture, testing shall be conducted from at least five randomly selected
batches or from each batch if fewer than five are used.

2.

3.
4.
5.
6.

Slump: ASTM C 143/C 143M; one test at point of placement for each composite sample,
but not less than one test for each day's pour of each concrete mix. Perform additional
tests when concrete consistency appears to change.
Air Content: ASTM C 231, pressure method; one test for each composite sample, but not
less than one test for each day's pour of each concrete mix.
Concrete Temperature: ASTM C 1064; one test hourly when air temperature is 40 deg F
and below and when 80 deg F and above, and one test for each composite sample.
Compression Test Specimens: ASTM C 31/C 31M; cast and laboratory cure one set of
three standard cylinder specimens for each composite sample.
Compressive-Strength Tests: ASTM C 39/C 39M; test 1 specimen at 7 days and 2
specimens at 28 days.
a.

C.

A compressive-strength test shall be the average compressive strength from
specimens obtained from same composite sample and tested at 28 days.

Strength of each concrete mix will be satisfactory if average of any 3 consecutive compressivestrength tests equals or exceeds specified compressive strength and no compressive-strength test
value falls below specified compressive strength by more than 500 psi.
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D.

Test results shall be reported in writing to Architect, concrete manufacturer, and Contractor
within 48 hours of testing. Reports of compressive-strength tests shall contain Project
identification name and number, date of concrete placement, name of concrete testing and
inspecting agency, location of concrete batch in Work, design compressive strength at 28 days,
concrete mixture proportions and materials, compressive breaking strength, and type of break
for both 7- and 28-day tests.

E.

Nondestructive Testing: Impact hammer, sonoscope, or other nondestructive device may be
permitted by Architect but will not be used as sole basis for approval or rejection of concrete.

F.

Additional Tests: Testing and inspecting agency shall make additional tests of concrete when
test results indicate that slump, air entrainment, compressive strengths, or other requirements
have not been met, as directed by Architect.

G.

Remove and replace concrete pavement where test results indicate that it does not comply with
specified requirements.

H.

Additional testing and inspecting, at Contractor's expense, will be performed to determine
compliance of replaced or additional work with specified requirements.

3.13

REPAIRS AND PROTECTION

A.

Remove and replace concrete pavement that is broken, damaged, or defective or that does not
comply with requirements in this Section.

B.

Drill test cores, where directed by Architect, when necessary to determine magnitude of cracks
or defective areas. Fill drilled core holes in satisfactory pavement areas with portland cement
concrete bonded to pavement with epoxy adhesive.

C.

Protect concrete from damage. Exclude traffic from pavement for at least 14 days after
placement. When construction traffic is permitted, maintain pavement as clean as possible by
removing surface stains and spillage of materials as they occur.

D.

Maintain concrete pavement free of stains, discoloration, dirt, and other foreign material.
Sweep concrete pavement not more than two days before date scheduled for Substantial
Completion inspections.

END OF SECTION 321313

CONCRETE PAVING

321313 - 15

