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Description

Foundations for metal poles include foundations for signals, cameras, overhead and dynamic message signs (DMS) and high mount and light standards supported by metal poles or upright trusses.  Foundations consist of footings with pedestals and drilled piers with or without grade beams or wings.  Anchor rod assemblies consist of anchor rods (also called anchor bolts) with nuts and washers on the exposed ends of rods and nuts and a plate or washers on the other ends of rods embedded in the foundation.

Construct concrete foundations with the required resistances and dimensions and install anchor rod assemblies in accordance with the contract and accepted submittals.  Construct drilled piers consisting of cast-in-place reinforced concrete cylindrical sections in excavated holes.  Provide temporary casings or polymer slurry as needed to stabilize drilled pier excavations.  Use a prequalified Drilled Pier Contractor to construct drilled piers for metal poles.  Define “excavation” and “hole” as a drilled pier excavation and “pier” as a drilled pier.

This provision does not apply to foundations for signal pedestals; see Section 1743 of the Standard Specifications and Roadway Standard Drawing No. 1743.01.

Materials

Refer to the Standard Specifications.

	Item
	Section

	Conduit
	1091-3

	Grout, Type 2
	1003

	Polymer Slurry
	411-2(B)(2)

	Portland Cement Concrete
	1000

	Reinforcing Steel
	1070

	Rollers and Chairs
	411-2(C)

	Temporary Casings
	411-2(A)



Provide Type 3 material certifications in accordance with Article 106-3 of the Standard Specifications for conduit, rollers, chairs and anchor rod assemblies.  Store steel materials on blocking at least 12" above the ground and protect it at all times from damage; and when placing in the work make sure it is free from dirt, dust, loose mill scale, loose rust, paint, oil or other foreign materials.  Load, transport, unload and store foundation and anchor rod assembly materials so materials are kept clean and free of damage.  Bent, damaged or defective materials will be rejected.

Use conduit type in accordance with the contract.  Use Class A concrete for footings and pedestals, Class Drilled Pier concrete for drilled piers and Class AA concrete for grade beams and wings including portions of drilled piers above bottom of wings elevations.  Corrugated temporary casings may be accepted at the discretion of the Engineer.  A list of approved polymer slurry products is available from:
connect.ncdot.gov/resources/Geological/Pages/Products.aspx

Provide anchor rod assemblies in accordance with the contract consisting of the following:

(A)	Straight anchor rods,

(B)	Heavy hex top and leveling nuts and flat washers on exposed ends of rods, and

(C)	Nuts and either flat plates or washers on the other ends of anchor rods embedded in foundations.

Do not use lock washers.  Use steel anchor rods, nuts and washers that meet ASTM F1554 for Grade 55 rods and Grade A nuts.  Use steel plates and washers embedded in concrete with a thickness of at least 1/4".  Galvanize anchor rods and exposed nuts and washers in accordance with Article 1076-4 of the Standard Specifications.  It is not necessary to galvanize nuts, plates and washers embedded in concrete.

Construction Methods

Install the required size and number of conduits in foundations in accordance with the plans and accepted submittals.  Construct top of piers, footings, pedestals, grade beams and wings flat, level and within 1" of elevations shown in the plans or approved by the Engineer.  Provide an Ordinary Surface finish in accordance with Subarticle 825-6(B) of the Standard Specifications for portions of foundations exposed above finished grade.  Do not remove anchor bolt templates or pedestal or grade beam forms or erect metal poles or upright trusses onto foundations until concrete attains a compressive strength of at least 3,000 psi.

(A)	Drilled Piers

Before starting drilled pier construction, hold a predrill meeting to discuss the installation, monitoring and inspection of the drilled piers.  Schedule this meeting after the Drilled Pier Contractor has mobilized to the site.  The Resident or Division Traffic Engineer, Contractor and Drilled Pier Contractor Superintendent will attend this predrill meeting.

Do not excavate holes, install piles or allow equipment wheel loads or vibrations within 20 ft of completed piers until 16 hours after Drilled Pier concrete reaches initial set.

Check for correct drilled pier alignment and location before beginning drilling.  Check plumbness of holes frequently during drilling.

Construct drilled piers with the minimum required diameters shown in the plans.  Install piers with tip elevations no higher than shown in the plans or approved by the Engineer.

Excavate holes with equipment of the sizes required to construct drilled piers.  Depending on the subsurface conditions encountered, drilling through rock and boulders may be required.  Do not use blasting for drilled pier excavations.

Contain and dispose of drilling spoils and waste concrete as directed and in accordance with Section 802 of the Standard Specifications.  Drilling spoils consist of all materials and fluids removed from excavations.

If unstable, caving or sloughing materials are anticipated or encountered, stabilize holes with temporary casings and/or polymer slurry.  Do not use telescoping temporary casings.  If it becomes necessary to replace a temporary casing during drilling, backfill the excavation, insert a larger casing around the casing to be replaced or stabilize the excavation with polymer slurry before removing the temporary casing.

If temporary casings become stuck or the Contractor proposes leaving casings in place, temporary casings should be installed against undisturbed material.  Unless otherwise approved, do not leave temporary casings in place for mast arm poles and cantilever signs.  The Engineer will determine if casings may remain in place.  If the Contractor proposes leaving temporary casings in place, do not begin drilling until a casing installation method is approved.

Use polymer slurry and additives to stabilize holes in accordance with the slurry manufacturer’s recommendations.  Provide mixing water and equipment suitable for polymer slurry.  Maintain the required slurry properties at all times except for sand content.

Define a “sample set” as slurry samples collected from mid-height and within 2 ft of the bottom of holes.  Take sample sets from excavations to test polymer slurry immediately after filling holes with slurry, at least every 4 hours thereafter and immediately before placing concrete.  Do not place Drilled Pier concrete until both slurry samples from an excavation meet the required polymer slurry properties.  If any slurry test results do not meet the requirements, the Engineer may suspend drilling until both samples from a sample set meet the required polymer slurry properties.

Remove soft and loose material from bottom of holes using augers to the satisfaction of the Engineer.  Assemble rebar cages and place cages and Drilled Pier concrete in accordance with Subarticle 411-4(E) of the Standard Specifications except for the following:

(1)	Inspections for tip resistance and bottom cleanliness are not required,
(2)	Temporary casings may remain in place if approved, and
(3)	Concrete placement may be paused near the top of pier elevations for anchor rod assembly installation and conduit placement or
(4)	If applicable, concrete placement may be stopped at bottom of grade beam or wings elevations for grade beam or wing construction.

If wet placement of concrete is anticipated or encountered, do not place Drilled Pier concrete until a concrete placement procedure is approved.  If applicable, temporary casings and fluids may be removed when concrete placement is paused or stopped in accordance with the exceptions above provided holes are stable.  Remove contaminated concrete from exposed Drilled Pier concrete after removing casings and fluids.  If holes are unstable, do not remove temporary casings until a procedure for placing anchor rod assemblies and conduit or constructing grade beams or wings is approved.

Use collars to extend drilled piers above finished grade.  Remove collars after Drilled Pier concrete sets and round top edges of piers.

If drilled piers are questionable, pile integrity testing (PIT) and further investigation may be required in accordance with Article 411-5 of the Standard Specifications.  A drilled pier will be considered defective in accordance with Subarticle 411-5(D) of the Standard Specifications and drilled pier acceptance is based in part on the criteria in Article 411-6 of the Standard Specifications except for the top of pier tolerances in Subarticle 411-6(C) of the Standard Specifications.

If a drilled pier is under further investigation, do not grout core holes, backfill around the pier or perform any work on the drilled pier until the Engineer accepts the pier.  If the drilled pier is accepted, dewater and grout core holes and backfill around the pier with approved material to finished grade.  If the Engineer determines a pier is unacceptable, remediation is required in accordance with Article 411-6 of the Standard Specifications.  No extension of completion date or time will be allowed for remediation of unacceptable drilled piers or post repair testing.

Permanently embed a plate in or mark top of piers with the pier diameter and depth, size and number of vertical reinforcing bars and the minimum compressive strength of the concrete mix at 28 days.

(B)	Footings, Pedestals, Grade Beams and Wings

Excavate as necessary for footings, grade beams and wings in accordance with the plans, accepted submittals and Section 410 of the Standard Specifications.  If unstable, caving or sloughing materials are anticipated or encountered, shore foundation excavations as needed with an approved method.  Notify the Engineer when foundation excavation is complete.  Do not place concrete or reinforcing steel until excavation dimensions and foundation material are approved.

Construct cast-in-place reinforced concrete footings, pedestals, grade beams and wings with the dimensions shown in the plans and in accordance with Section 825 of the Standard Specifications.  Use forms to construct portions of pedestals and grade beams protruding above finished grade.  Provide a chamfer with a 3/4" horizontal width for pedestal and grade beam edges exposed above finished grade.  Place concrete against undisturbed soil or backfill and fill in accordance with Article 410-8 of the Standard Specifications.  Proper compaction around footings and wings is critical for foundations to resist uplift and torsion forces.

(C)	Anchor Rod Assemblies

Size anchor rods for design and the required projection above top of foundations.  Determine required anchor rod projections from nut, washer and base plate thicknesses, the protrusion of 3 to 5 anchor rod threads above top nuts after tightening and the distance of one nut thickness between top of foundations and bottom of leveling nuts.

Protect anchor rod threads from damage during storage and installation of anchor rod assemblies.  Before placing anchor rods in foundations, turn nuts onto and off rods past leveling nut locations.  Turn nuts with the effort of one workman using an ordinary wrench without a cheater bar.  Report any thread damage to the Engineer that requires extra effort to turn nuts.

Arrange anchor rods symmetrically about center of base plate locations as shown in the plans.  Set anchor rod elevations based on required projections above top of foundations.  Securely brace and hold rods in the correct position, orientation and alignment with a steel template.  Do not weld to reinforcing steel, temporary casings or anchor rods.

Install top and leveling (bottom) nuts, washers and the base plate for each anchor rod assembly in accordance with the following procedure:

(1)	Turn leveling nuts onto anchor rods to a distance of one nut thickness between the top of foundation and bottom of leveling nuts.  Place washers over anchor rods on top of leveling nuts.
(2)	Determine if nuts are level using a flat rigid template on top of washers.  If necessary, lower leveling nuts to level the template in all directions or if applicable, lower nuts to tilt the template so the metal pole or upright truss will lean as shown in the plans.  If leveling nuts and washers are not in full contact with the template, replace washers with galvanized beveled washers.
(3)	Verify the distance between the foundation and leveling nuts is no more than one nut thickness.
(4)	Place base plate with metal pole or upright truss over anchor rods on top of washers.  High mount luminaires may be attached before erecting metal poles but do not attach cables, mast arms or trusses to metal poles or upright trusses at this time.
(5)	Place washers over anchor rods on top of base plate.  Lubricate top nut bearing surfaces and exposed anchor rod threads above washers with beeswax, paraffin or other approved lubricant.
(6)	Turn top nuts onto anchor rods.  If nuts are not in full contact with washers or washers are not in full contact with the base plate, replace washers with galvanized beveled washers.
(7)	Tighten top nuts to snug-tight with the full effort of one workman using a 12" wrench.  Do not tighten any nut all at once.  Turn top nuts in increments.  Follow a star pattern cycling through each nut at least twice.
(8)	Repeat (7) for leveling nuts.
(9)	Replace washers above and below the base plate with galvanized beveled washers if the slope of any base plate face exceeds 1:20 (5%), any washer is not in firm contact with the base plate or any nut is not in firm contact with a washer.  If any washers are replaced, repeat (7) and (8).
(10)	With top and leveling nuts snug-tight, mark each top nut on a corner at the intersection of 2 flats and a corresponding reference mark on the base plate.  Mark top nuts and base plate with ink or paint that is not water-soluble.  Use the 
turn-of-nut method for pretensioning.  Do not pretension any nut all at once.  Turn top nuts in increments for a total turn that meets the following nut rotation requirements:
	NUT ROTATION REQUIREMENTS
(Turn-of-Nut Pretensioning Method)

	Anchor Rod Diameter, inch
	Requirement

	≤ 1 1/2
	1/3 turn (2 flats)

	> 1 1/2
	1/6 turn (1 flat)


Follow a star pattern cycling through each top nut at least twice.
(11)	Ensure nuts, washers and base plate are in firm contact with each other for each anchor rod.  Cables, mast arms and trusses may now be attached to metal poles and upright trusses.
(12)	Between 4 and 14 days after pretensioning top nuts, use a torque wrench calibrated within the last 12 months to check nuts in the presence of the Engineer.  Completely erect mast arm poles and cantilever signs and attach any hardware before checking top nuts for these structures.  Check that top nuts meet the following torque requirements:
	TORQUE REQUIREMENTS

	Anchor Rod Diameter, inch
	Requirement, ft-lb

	7/8
	180

	1
	270

	1 1/8
	380

	1 1/4
	420

	≥ 1 1/2
	600


If necessary, retighten top nuts in the presence of the Engineer with a calibrated torque wrench to within ± 10 ft-lb of the required torque.  Do not overtighten top nuts.
(13)	Do not grout under base plate.

Measurement and Payment

Foundations and anchor rod assemblies for metal poles and upright trusses will be measured and paid for elsewhere in the contract.

No payment will be made for temporary casings that remain in drilled pier excavations.  No payment will be made for PIT.  No payment will be made for further investigation of defective piers.  Further investigation of piers that are not defective will be paid as extra work in accordance with Article 104-7 of the Standard Specifications.  No payment will be made for remediation of unacceptable drilled piers or post repair testing.

