SECTION 928


***USE IN CONJUNCTION WITH STORED SPECIFICATIONS 1007REFS & 1012GRDRL***

(905GRDRL, 06/14/19)
SECTION 905
GUARDRAIL: of the Standard Specifications is revised to read:
905‑1


Description:
The work under this section shall consist of furnishing all labor, equipment, and materials to install guardrail, guardrail transitions, guardrail terminals, and end anchors, constructed new, reconstructed, or constructed guardrail from salvage in accordance with the locations and details shown on the plans and the requirements of these specifications, including all necessary components and delineation.

905‑2


Materials:
Materials for guardrail, guardrail transitions, and end anchors shall conform to the requirements of Section 1012 and the plans.

Materials for guardrail terminals shall conform to the requirements of the approved manufacturer’s drawings and specifications.  Only those guardrail terminals referenced in the plans will be allowed.

Flexible guardrail markers shall be made of a high quality, impact- and ultraviolet-resistant, flexible, white‑colored plastic or similar material with a minimum thickness of 0.075 inch.  This material shall be configured into a rectangular body that is flat, curvilinear or tubular with a width of between 3 and 4 inches.  The minimum reflective area for L-shaped and T-shaped markers, attached to the top of wooden posts, and U-shaped markers, attached to the top of steel I-beam posts, shall be 10 square inches.  The reflectorized surface for flexible vertical guardrail markers attached to the approach side of posts shall be 3 inches wide by 5 inches long.

Adhesive materials for applying reflective sheeting to guardrail terminals and flexible guardrail markers shall be in accordance with the sheeting manufacturer's recommendations.

Guardrail delineator material shall be specifically manufactured to provide roadside delineation.  All delineators shall consist of complete units that are precut, pre-drilled as applicable, and ready to be installed in the field.  The delineators shall be packaged in such manner as to prevent damage and deterioration during shipping and storage.

Reflective sheeting for object markers on guardrail terminals, and reflective sheeting used for all other guardrail markers, including flexible guardrail markers shall conform to the requirements of Section 1007.
Transparent colors, inks and paints used in fabrication shall be of the type and quality recommended by the sheeting manufacturer.  Transparent colors shall be applied with screen mesh P.E. 157 using fill pass.

Approved guardrail terminals, flexible guardrail markers, and reflective sheeting products are shown on the Department's Approved Products List (APL).  Copies of the most current version of the APL are available on the internet from the Arizona Department of Transportation Research Center, through its Product Evaluation program.
905‑3


Construction Requirements:
905‑3.01

General:
The construction of the various types of guardrail, guardrail transitions, guardrail terminals, and end anchors shall include the assembly and erection of all component parts complete at the locations shown on the project plans or as directed by the Engineer.  All materials shall be new except as provided for under Subsections 905‑3.04 and 905‑3.05.

The various types of guardrail shall be constructed with wood or composite blockouts on either wood or steel posts, at the option of the contractor, except where the post materials to be used are specified on the plans.  Excluding guardrail transitions, terminals, long span, box culvert posts, and end anchors, the same type of post shall be used in any one continuous length of guardrail.

All metalwork shall be fabricated in the shop.  No punching, drilling, cutting or welding shall be done in the field, except as provided for under Subsections 905‑3.04, 905‑3.05, and 905-3.06.
Where field cutting or boring of wood posts and blockouts is permitted, the affected areas shall be treated in accordance with the American Wood Preservers Association Standard M4. 
Where wood posts with rectangular sections are used, the posts shall be set so that the longest dimension is perpendicular to the rail.

All bolts shall extend beyond the nuts a minimum of two threads, except that all bolts on posts adjacent to pedestrian traffic shall be cut off 1/4 inch from the nut.

All bolts shall be securely tightened unless torque requirements are specified on the plans or manufacturer’s drawings.

Guardrail elements shall be spliced by lapping in the direction of traffic in the nearest adjacent lane.

Rail height of guardrail, transitions, terminals, long span, box culvert posts, and end anchors shall be within ±1 inch of the control height shown on project plans.

When guardrail is being constructed, or reconstructed under traffic, the contractor shall conduct its operations so as to constitute the least hazard to the public and construction personnel.  Traffic control shall be provided in accordance with the requirements of Section 701.

905‑3.02

Roadway Guardrail:
Guardrail posts shall be set to the line, grade, and spacing shown on the plans.  Earthwork placement, grading, compacting, and bituminous surfacing shall be completed prior to installation of the guardrail posts.
Wood posts shall be placed in pre-punched or pre-drilled pilot holes.  Steel posts shall either be driven, or placed in manually or mechanically dug holes.  New post holes, and existing post holes to be reused shall contain well compacted material under the post, and shall be backfilled with moist soils placed in compacted lifts as approved by the Engineer.  Pre-punched post holes, or full depth post driving shall not be used at locations where damage to the curb, gutter, sidewalk, buried items, shoulders or pavement might occur.  The Engineer will be the sole judge as to whether driving of posts will be allowed.
Driving of posts shall be accomplished in a manner which will prevent battering, burring, separation of the galvanizing from the steel or distortion of the post.  Any post which is bent or otherwise damaged to the extent it is unfit for use in the unfinished work, as determined by the Engineer, shall be removed and replaced at no additional cost to the Department.
Where curb, gutter, sidewalk, buried items, shoulders, or pavement are disturbed in the construction of guardrail, the damage shall be repaired as approved by the Engineer.  
Where the top surface of a culvert or other utility is at an elevation which would interfere with full depth post placement, the post shall be eliminated and long span guardrail shall be placed in accordance with the requirements of subsection 905-3.09.  Where the top surface of a box culvert is at an elevation which would interfere with full depth post placement, and long span guardrail cannot be used, the post shall be placed and anchored in accordance with the requirements of Subsection 905‑3.06.
Where rock prevents the full depth placement of posts, the rock, post, and backfill shall be treated in accordance with Standard Drawings. 

Wood blockouts shall be toe-nailed to the wood posts with one 16‑penny galvanized nail on each side of the top of the blockout.  Blockouts shall be set so that the top of the blockout is no more than 1/2 inch above or below the top of the post, unless otherwise shown on the project plans.

Rail elements shall be spliced at 25‑foot intervals or less.  Rail elements shall be spliced halfway between adjacent posts unless otherwise shown on the project plans.  When the radius of curvature is 150 feet or less, the rail elements shall be shop curved.

905‑3.03

Guardrail End Anchors: 
End anchors shall be installed in accordance with the plans.  Foundation tubes shall be supplied as part of the end anchor.  Foundation tubes shall be driven with an approved driving head, or placed in manually or mechanically dug holes.  The tubes shall not be driven with the wood post in place.  When foundation tubes are placed in holes, the space around and under the tubes shall be backfilled with moist soils placed in compacted lifts, as approved by the Engineer.  The foundation tube shall not protrude more than 4 inches above the ground as measured along a 5 foot chord.

905‑3.04

Construct Guardrail from Salvage:
Salvaged guardrail, guardrail transitions, end anchors, and other guardrail systems shall be constructed at the locations shown on the project plans and in accordance with the provisions specified herein for new construction.

If any salvaged materials are deemed by the Engineer, to be unsuitable for reuse or if the quantities of salvaged materials are insufficient to complete the work, the contractor shall furnish new materials in sufficient quantities to complete the work and the cost of furnishing such materials will be paid for in accordance with the provisions of Subsection 109.04.

Salvage foundation tubes for end anchors shall not be reused.  
Where new bolt holes in rail elements are permitted and approved by the Engineer, the holes shall be made by drilling or punching.  Flame‑cut bolt holes will not be permitted.  All metal cut in the field shall be cleaned and painted with two coats of zinc paint in accordance with Section 1002.
905‑3.05

Reconstruct Guardrail: 

(A)

General:
Existing guardrail, guardrail transitions, guardrail terminals, end anchors, and other guardrail systems shall be reconstructed at the locations shown on the project plans, and in accordance with the provisions specified herein for new construction.

Guardrail shall be reconstructed in accordance with either Subsection 905-3.05(B) or 905‑3.05(C).

For reconstructed guardrail transitions, guardrail terminals, end anchors, and other guardrail systems, all components shall be completely removed and then reconstructed in place using existing posts, blockouts, and hardware, unless otherwise specified herein.

Reconstructed end anchors shall be installed with new foundation tubes.

Unless otherwise specified herein, where existing posts include a concrete foundation, the concrete foundation shall be fully removed and the hole backfilled with moist soil in compacted lifts, as approved by the Engineer.  No separate payment will be made for removal of concrete foundations, or the subsequent backfill and compaction, the cost being considered as included in the contract item.

All guardrail components to be re-used shall be removed in such a manner as to prevent damage to and minimize the loss of the components.

Where new bolt holes in reused rail elements are permitted and approved by the Engineer, the holes shall be made by drilling or punching.  Flame‑cut bolt holes will not be permitted.  All metal cut in the field shall be cleaned and painted with two coats of zinc paint in accordance with Section 1002.

Items designated to be reused which are lost, damaged or destroyed as a result of the contractor's operations shall be repaired or replaced by the contractor at no additional cost to the Department.

If any materials designated for reconstruction are deemed by the Engineer to be unsuitable for reuse or if the quantities of existing materials are insufficient to complete the work, the contractor shall furnish new materials in sufficient quantities to complete the work and the cost of furnishing such materials will be paid for in accordance with the provisions of Subsection 109.04.

Existing posts, blockouts, rail elements, or hardware which are not required for guardrail reconstruction or which the Engineer deems unsuitable for reconstruction, shall be removed and disposed of as directed by the Engineer.


(B)

Reconstruct Guardrail With Existing Materials:
When reconstruct guardrail with existing materials is specified, all guardrail components shall be completely removed and then reconstructed in place using existing rail elements, posts, blockouts, and hardware for posts and blockouts.


(C)

Reconstruct Guardrail With New Posts, Blockouts, and Hardware:
When reconstruct guardrail with new posts, blockouts and hardware is specified, all guardrail components shall be completely removed and then reconstructed in place using existing rail elements, and new posts, blockouts, and hardware for posts and blockouts.
905‑3.06

Box Culvert Guardrail Posts: 
Box culvert guardrail posts for low fill culverts shall be constructed in accordance with plans.  
Where field-cutting of steel posts is required, the affected areas shall be cleaned and painted with two coats of zinc paint in accordance with Section 1002.  
905‑3.07

BLANK
905‑3.08

Guardrail Transitions:
Guardrail transitions to concrete barriers shall be constructed in accordance with the plans.

905-3.09

Long Span Guardrail:

This work shall consist of furnishing and constructing long span guardrail, including all materials, in accordance with the requirements of the project plans.
905-3.10

Guardrail Terminals:
Guardrail terminals shall be installed in accordance with the manufacturer’s specifications and approved drawings.  Prior to starting work, the contractor shall submit the current version of the manufacturer’s approved drawings and installation manuals for each type of guardrail terminal to be installed on the project.  In case of discrepancy or conflict, the current manufacturer’s specifications and approved drawings shall govern.  Manufacturer’s dimensions relative to the finished surface shall be measured along a 5-foot chord.

Earthwork placement, grading, compacting, and pavement surfacing shall be completed prior to installation of posts for guardrail terminals.  The contractor shall install the posts in a manner that prevents heaving or other damage to the surface material.  If the Engineer determines that heaving or other damage has occurred, the contractor shall remove and replace surface material at no additional cost to the Department.

905-3.11

Guardrail Delineation:


(A)

General: 
Flexible guardrail markers shall be either L-shaped, U-shaped (for steel I-beam posts), or T‑shaped delineators, or flexible vertical delineators.  Flexible L-shaped, U-shaped, and T‑shaped delineators shall be installed on the top of the posts, and shall be placed as close as possible to the roadway edge of the post with the retroreflective surface facing oncoming traffic of the nearest traveled lane.  Flexible vertical delineators shall be installed on the side of the post facing oncoming traffic, level and true, with the retroreflective sheeting 38 inches above the roadway surface.

When nails are used to secure delineation to the top of wood posts, a minimum of two nails shall be driven at an angle to prevent the post from splitting.  Side-mounted flexible vertical delineators shall be secured to wood posts with two 1/8-inch diameter by 2-inch long galvanized lag screws and flat washers.  Side mounted delineation shall be secured to metal posts by drilling two holes through the post and attaching with two galvanized 1/8-inch diameter by 3/4-inch long bolts, flat washers, and lock nuts.  Self-tapping 1/8” screws may be used as permitted by the Engineer.
The color of the retroreflective portion of the barrier markers and flexible delineators shall conform to the color of the adjacent edge line.  Field application of retroreflective sheeting will not be allowed.  The manufacturer shall apply all sheeting in the factory.

The contractor shall remove and replace damaged delineation at no additional cost to the Department.


(B)

Guardrail Delineation:
Flexible guardrail markers shall be installed at every sixth post.  On radial sections of guardrail, the flexible guardrail markers shall be placed at every other post.


(C)

Guardrail Terminal Delineation:

Delineation for guardrail terminals shall be compatible with the average project elevation and traffic direction shown on the plans.  The contractor shall maintain consistency within the project limits by selecting the same type of delineation for all similar installations.

For guardrail terminals, the contractor shall use L‑shaped, T‑shaped, or U-shaped markers, or flexible vertical delineators on the posts shown in Standard Drawings.
The configuration of reflective sheeting object markers on the approach and departure faces of the guardrail terminal.
905‑4


Method of Measurement:

The limits of measurement for the various guardrail items are shown on the plans.  
Guardrail, of the type shown on the project plans, will be measured by the linear foot along the face of the rail element from center to center of splices, exclusive of guardrail terminals, end anchors, and guardrail transitions.  Lengths of tapers required for connecting to existing guardrail and the long span guardrail will be included in overall guardrail length.  
Guardrail terminals will be measured by the unit each, including all components and delineation required for a complete installation as shown on the plans and in the approved manufacturer’s drawing and installation manual.

Guardrail end anchors will be measured by the unit each, including delineation and all other components required for a complete installation as shown on the plans.

Guardrail transitions will be measured by the unit each, including delineation and all other components required for a complete installation as shown on the plans.

Box culvert guardrail posts will be measured by the unit for each post anchored as shown on the plans.  One unit will consist of the cut and fitted guardrail post, anchor plate, and hardware.

Constructing the various types of guardrail, guardrail transitions, and end anchors from salvage will be measured by the linear foot, or by the unit each, using the limits of measurement specified for new construction.

Reconstructing the various types of guardrail, guardrail transitions, guardrail terminals, and end anchors will be measured by the linear foot, or by the unit each, using the limits of measurement specified for new construction.

905‑5


Basis of Payment:
The accepted quantities of guardrail, measured as provided above, will be paid for at the contract unit price per linear foot for the types of guardrail installation designated in the bidding schedule, complete in place, including all guardrail delineation, excavation, backfill and disposal of surplus material.   
The accepted quantities of guardrail terminals, measured as provided above, will be paid for at the contract unit price each, complete in place, including all components and delineation as required, excavation, backfill and disposal of surplus material.

The accepted quantities of guardrail end anchors, measured as provided above, will be paid for at the contract unit price each, complete in place, including all guardrail components and delineation as required, excavation, backfill, disposal of surplus material, and installation of foundation tubes.

The accepted quantities of guardrail transitions to concrete barriers, measured as provided above, will be paid for at the contract unit price each, complete in place, including guardrail posts, blockouts, hardware, terminal connection, excavation, backfill and disposal of surplus material.  Concrete barrier that is constructed with a guardrail transition shall be measured and paid for in accordance with the requirements of Section 910 for concrete barrier transition.

Payment for furnishing and placing earthwork and surfacing material for pavement widening associated with new guardrail and at the flares of guardrail terminals will be measured and paid for under the respective contract items.

The accepted quantities of box culvert guardrail posts, measured as provided above, will be paid for at the contract unit price each, and shall be full compensation for the work, complete in place, including anchor plates, hardware, excavation, backfill, removing and replacing surfacing, cutting and fitting steel beam posts, drilling anchor bolt holes in steel posts and box culverts, and disposal of surplus materials.

The accepted quantities of construct guardrail, guardrail transitions, and end anchors from salvage, measured as provided above, will be paid for at the contract unit price, complete in place, including all new guardrail delineation, removal of existing delineation as necessary, excavation, backfill and disposal of surplus or unusable materials.

The accepted quantities of reconstruct guardrail with existing materials, measured as provided above, will be paid for at the contract unit price, complete in place, including all new guardrail delineation, removal of existing delineation as necessary, excavation, backfill and compaction, and disposal of surplus or unusable materials.

The accepted quantities of reconstruct guardrail with new posts, blockouts, and hardware, measured as provided above, will be paid for at the contract unit price, complete in place, including all new posts, blockouts, and hardware, new guardrail delineation, removal of existing delineation as necessary, excavation, backfill and compaction, and disposal of surplus or unusable materials.

The accepted quantities of reconstruct guardrail transitions, guardrail terminals, and end anchors, measured as provided above, will be paid for at the contract unit price, complete in place, including new guardrail delineation, removal of existing delineation as necessary, excavation, backfill and compaction, and disposal of surplus or unusable materials.  Payment for reconstructing end anchors will include all costs for providing and installing new foundation tubes.
The contractor will be paid in accordance with the provisions of Subsection 109.04 for furnishing new posts, blockouts, rail elements or hardware to replace components deemed by the Engineer unsuitable for reuse, or to supplement insufficient existing quantities for reconstructing the various types of guardrail, or for constructing the various types of guardrail from salvage.

Reconstruct guardrail does not include stockpiling or relocating guardrail.  Guardrail requiring stockpiling or relocating will be compensated under two separate bid items: 1) remove and salvage guardrail, and 2) construct guardrail from salvage.       
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