[bookmark: _Toc244931454][bookmark: _Toc266969064][bookmark: _Toc275327077][bookmark: _Toc283127971][bookmark: _Toc284484849][bookmark: _Toc284486070][bookmark: _Toc284487486]
[bookmark: _Toc259113341]15-2  MISCELLANEOUS FACILITIES
15-2.01  GENERAL
15-2.01A  General
Section 15-2 includes specifications for removing, salvaging, reconstructing, abandoning, destroying, modifying, resetting, relocating, relaying, remodeling, and adjusting miscellaneous highway facilities.
15-2.01B  Materials
Unless described otherwise, use minor concrete.
Reinforcement must comply with section 52.
15-2.01C  Construction
If a portion of the metal beam guard railingguardrail or thrie beam barrier is to remain in place, removing, salvaging, reconstructing, relocating, or resetting work includes:
1.	Resetting end caps, return caps, terminal sections, and buried post anchors
2.	Providing connections to existing and new facilities, including connections to concrete

15-2.01D  Payment
Except for concrete barrier, remove, salvage, reconstruct, relocate, or reset railing or barrier is measured as specified for measuring new railing or barrier.
Remove, salvage, reconstruct, relocate, or reset fencing is measured parallel to the top of the fence. Gates are units. The fence payment quantity does not include the width of the gate.
Remove, salvage, reconstruct, relocate, or reset roadside signs are measured as a unit. Each individual sign installation is a unit regardless of the number of posts or sign panels involved.



15-2.02  REMOVE
15-2.02A  General
Section 15-2.02 includes specifications for removing facilities or portions of facilities as described.
Remove bridges or portions of bridges under section 15-4 except removing surfacing on concrete bridges and approaches must comply with section 15-5.
15-2.02G  Remove Metal Beam Guard RailingGuardrail
Where removing metal beam guard railingguardrail, remove any concrete anchors and steel foundation tubes.



15-2.03  SALVAGE
15-2.03A  General
15-2.03A(1)  General
Section 15-2.03 includes specifications removing, disassembling, cleaning, preparing, marking, bundling, packaging, tagging, hauling, and stockpiling facilities or portions of facilities as described.
Salvaged material and items remain the property of the Department.
Salvaging does not include preparation of existing material that is reused.
15-2.03A(2)  Materials
15-2.03A(2)(a)  General
Cleaning includes removing earth, foreign materials, and concrete.
Comply with the requirements for bundles and packages shown in the following table:
	Material or item
	Component
	Bundle or package

	Metal beam guard railingGuardrail
	Rail
	25/bundle

	
	Wood posts, 6 by 8 inches
	30/bundle

	
	Wood posts, 10 by 10 inches
	20/bundle

	
	Steel posts
	10/bundle

	
	Blocks
	50/bundle

	Fences
	Chain link fabric
	50 ft/pallet

	
	Corner posts and end posts
	One assembly/bundle

	Manholes or inlets or other facilities
	Frames and covers
	Match marked pairs

	
	Frames and grates
	Match marked pairs

	Single sheet aluminum signs
	--
	Banded on a pallet with a total weight of not more than 500 lb/pallet



Tag incomplete bundles or pallets and show the quantity contained.
Tag all material and items using Department-furnished tags, and show the following information as applicable:
1.	Name or description of material or item
2.	Type or model number
3.	Dimensions
4.	Quantity if more than one

Salvaged material and items must be hauled directly to the specified salvage storage location and stockpiled. If authorized, you may temporarily store salvaged materials at your location and later haul to and stockpile at the specified location. You must replace any material or items that are lost before they are stockpiled at the specified location. The Department does not pay for replacement of lost material or items.
15-2.03A(2)(b)  Department Salvage Location
Reserved
[bookmark: _Toc259113359][bookmark: _Toc261878665][bookmark: _Toc261961153][bookmark: _Toc263422052][bookmark: _Toc263423171][bookmark: _Toc263423425][bookmark: _Toc263839884][bookmark: _Toc263841015][bookmark: _Toc270433679][bookmark: _Toc271624403][bookmark: _Toc272132231][bookmark: _Toc272133738][bookmark: _Toc272141897]15-2.03A(3)  Construction
Segregate damaged from undamaged materials, and remove the damaged material or items.
If you damage material or items to be salvaged, repair, or replace them at your expense. Replacements for lost or damaged materials must be of the same kind and of the same or better quality and condition as the lost or damaged materials prior to removal. If authorized, the cost of replacement will be deducted in lieu of you providing a replacement.
15-2.03A(4)  Payment
Reserved
15-2.03B  Salvage Metal Beam Guard RailingGuardrail
Reserved



[bookmark: _Toc259113364]15-2.04  RECONSTRUCT
15-2.04A  General
Section 15-2.04 includes specifications for removing, disassembling, and constructing facilities again at the original or new locations.
Furnish and install new parts and construct alterations as described.
Reconstructed facilities must conform to the design of the existing facility and be equal to the best portions of the existing facility.
Reconstruction work must comply with the applicable specifications for new work of similar character.
Clean the material to be reconstructed. Remove earth, foreign materials, and concrete.
Segregate damaged from undamaged material or items, and remove the damaged material or items.
If you damage material or items to be reconstructed, repair, or replace them at your expense. The replacement for the damaged material or item must be of the same kind and of the same or better quality and condition as the material or item before removal. If authorized, the cost of replacement will be deducted in lieu of you providing a replacement.
Before removal, if the Engineer determines that a portion of the existing facility cannot be reused in the reconstruction, remove that portion. Furnishing the replacement material or item for that portion of the existing facility is change order work.
15-2.04D  Reconstruct Metal Beam Guard RailingGuardrail
Reserved



[bookmark: _Toc261878708][bookmark: _Toc261961196][bookmark: _Toc263422095][bookmark: _Toc263423214][bookmark: _Toc263423468][bookmark: _Toc263839927][bookmark: _Toc263841058]15-2.10  ADJUST
15-2.10A  General
Section 15-2.10 includes specifications for partially removing and either lowering or raising facilities.
Adjust to grade with new materials that are similar in character to the existing materials.
15-2.10D  Adjust Metal Beam Guard RailingGuardrail
Reserved


[bookmark: _Toc219538488][bookmark: _Toc280361572][bookmark: _Toc275430742][bookmark: _Toc286930986][bookmark: _Toc290376172][bookmark: _Toc293481124][bookmark: _Toc293581624][bookmark: _Toc293585200][bookmark: _Toc293588689]75  MISCELLANEOUS METAL
[bookmark: _Toc280361573][bookmark: _Toc275430743][bookmark: _Toc286930987][bookmark: _Toc290376173]75-1.01  GENERAL
[bookmark: _Toc280361574][bookmark: _Toc275430744][bookmark: _Toc286930988][bookmark: _Toc290376174]75-1.01A  Summary
[bookmark: OLE_LINK4]Section 75 includes specifications for fabricating and installing miscellaneous metal materials.
[bookmark: _Toc280361575][bookmark: _Toc275430745][bookmark: _Toc286930989][bookmark: _Toc290376175]75-1.01B  Quality Control and Assurance
Miscellaneous metal materials are inspected at the fabrication site. Notify the Engineer:
1.	When materials have been delivered to the fabrication site
2.	At least 10 days before starting fabrication

[bookmark: _Toc280361591][bookmark: _Toc275430761][bookmark: _Toc286931027][bookmark: _Toc290376211]75-1.05  GALVANIZING
Galvanizing must comply with the schedules and specifications shown in the following table except that galvanizing of miscellaneous bridge metal is not required for (1) portions of plates, shapes, or other items embedded more than 2 inches in concrete; (2) embedded steel pipe ending at or below the surface of encasing concrete; and (3) items described to receive other finishes.
	Galvanizing Schedules and Specifications

	Material
	Schedulea
	Specification

	Rolled, pressed, and forged steel shapes, plates, bars, and strip  1/8 inch thick
	Except for pregalvanized standard pipe, galvanize material after fabrication into the largest practical sections.
	ASTM A 123/A123M

	Steel <1/8 inch thick
	Galvanize before or after fabrication
	If galvanized before fabrication, ASTM A 653/A 653M, Coating Designation G210.
If galvanized after fabrication, ASTM A 123/A123M except the weight of zinc coating must average at least 1.2 oz/sq ft of surface area with no individual specimen having a coating weight of less than 1.0 oz/sq ft.

	Standard pipe
	--
	ASTM A 53/A 53M except the zinc coating for fence pipes and structural shapes except for metal line posts for barbed and woven wire fences must average at least 1.2 oz/sq ft of surface area with no individual specimen having a coating weight of less than 1.0 oz/sq ft.

	Iron and steel hardware except threaded studs, bolts, nuts, and washers specified to comply with ASTM A 307, A 325, A  449, A 563, F 436, or F 1554b
	Galvanize after fabrication.
	ASTM A 153/A 153M

	Rail elements, backup plates, terminal sections, and end and return caps of metal beam guard railingguardrail
	--
	AASHTO M 180

	aFabrication includes shearing, cutting, punching, forming, drilling, milling, bending, welding, and riveting.
bFor threaded studs, bolts, nuts, and washers specified to comply with ASTM A 307, A 325, A 449, A 563, F 436, or F 1554, galvanize under their ASTMs.



Galvanizing is not required for stainless steel, monel metal, and similar corrosion-resistant parts.
Clean welded areas before galvanizing to remove slag or other material that would interfere with the adherence of the zinc.
Galvanize parts of fastener assemblies separately before assembly.
Tapping of nuts or other internally threaded parts to be used with zinc-coated bolts, anchor bars, or studs must be performed after galvanizing and must comply with thread dimensions and overtapping allowances in ASTM A 563.
Repair damaged galvanized surfaces as follows:
1.	Clean by thoroughly wire brushing damaged areas and removing loose and cracked coating.
2.	Paint cleaned areas with 2 applications of organic zinc-rich primer from the Authorized Material List. Do not use aerosol cans.





[bookmark: _Toc286732001][bookmark: _Toc292697760][bookmark: _Toc293481132][bookmark: _Toc293581632][bookmark: _Toc293585208][bookmark: _Toc293588697]83  RAILINGS AND BARRIERS
[bookmark: _Toc286732002]83-1  RAILINGS
[bookmark: _Toc286732003]83-1.01  GENERAL
Section 83-1 includes specifications for constructing railing.
[bookmark: _Toc286732004]83-1.02  MATERIALS AND CONSTRUCTION
[bookmark: _Toc286732005]83-1.02A  General
Materials and construction for the various types of railings must comply with section 83-1.02.
At locations where traffic is adjacent to metal beam guard railingmidwest guardrail system work, all materials required to complete the guard railingguardrail work at any 1 location must be available before work starts at that location.
At locations exposed to traffic, schedule activities so that at the end of each day no post holes are open and no railing posts are installed without the blocks and rail elements assembled and mounted.
Welding must comply with AWS D1.1. Welds on exposed surfaces must be ground flush with the adjacent surfaces.
Galvanize completed steel parts and hardware for railings under section 75-1.05.
After galvanizing, railing elements must (1) be free of fins, abrasions, rough or sharp edges, and other surface defects and (2) not be kinked, twisted, or bent. If straightening is necessary, the method used must be authorized. Railing elements with kinks, twists, or bends may be rejected.
Clean and regalvanize (1) abraded or damaged galvanized surfaces of steel railing and posts and (2) ends of steel railing cut after galvanizing, except if allowed by the Engineer, you may make repairs to the surfaces under section 75-1.05.
Mortar must comply with the specifications for mortar in section 51-1 and consist of 1 part by volume of cement and 3 parts by volume of clean sand.
Cure mortar by either the water method or the curing compound method using curing compound no. 6.
Excavation and backfill must comply with section 19.
Steel bridge railing, concrete railing, and tubular metal railing must present a smooth, uniform appearance in its final position, conforming closely to the horizontal and vertical lines shown or ordered.
After constructing the railing, dispose of surplus excavated material uniformly along the adjacent roadway, except as specified in section 14-11.
[bookmark: _Toc286732006]83-1.02B  Metal Beam Guard RailingMidwest Guardrail System
Rail elements, backup plates, terminal sections, end and return caps, bolts, nuts, and other fittings for metal beam guard railingmidwest guardrail system must comply with AASHTO M 180, except as modified in section 83-1.02B. The rail elements, backup plates, terminal sections, and end and return caps must comply with AASHTO M 180 for Class A, Type I W-beam guard railingguardrail, except within 0.5 miles of the coast the components must comply with AASHTO M 180 for Class A, Type II W-beam guard railing.guardrail. The edges and center of the rail elements must contact each post block. Rail element joints must be lapped not less than 12-1/2 inches and bolted. The rail metal must withstand a cold bend, without cracking, of 180 degrees around a mandrel of a diameter equal to 2.5 times the thickness of the plate.
Workmanship must be equivalent to good commercial practice and all edges, bolt holes, and surfaces must be free of torn metal, burrs, sharp edges, and protrusions.
Submit 2 certified copies of mill test reports of each heat from which the rail elements are formed.
Bolts must have shoulders of a shape that will prevent the bolts from turning. Holes in the rail elements must be of a similar shape to the bolt shoulder.
Splice rail elements at intervals not to exceed 12.5 feet and make splices at midspan between posts, unless otherwise shown.
Rail elements at joints must have full bearing. If the radius of curvature is 150 feet or less, the rail elements must be shaped in the shop. Stencil the radius of curvature on the back of each rail element in numerals of 2-1/2-inch height.
Construct metal beam guard railingmidwest guardrail system using:
1.	Wood or steel posts
2.	Wood blocks for line posts
3.	1 type of post and block for any 1 continuous length of guard railingguardrail

Fabricate steel posts from steel that complies with ASTM A 36/A 36M.
Submit 2 certified copies of mill test reports of each heat of steel from which the steel posts are formed or fabricated.
Plastic blocks must be listed on the Authorized Material List.
The grades and species of wood posts and blocks must be no. 1 timbers, also known as no. 1 structural, Douglas fir or no. 1 timbers Southern yellow pine. Grade wood posts and blocks under section 57-2.01B(2) except allowances for shrinkage after mill cutting must not exceed 5 percent of the American Softwood Lumber Standard, PS 20, minimum sizes when installed.
Wood posts and blocks must be rough or S4S. The size tolerance of rough sawn blocks in the direction of the bolt holes must not exceed ±1/4 inch.
After fabricating, pressure treat wood posts and blocks under section 57-2.01 and AWPA U1, Use Category UC4A, Commodity Specification A.
If copper naphthenate, ammoniacal copper arsenate, chromated copper arsenate, ammoniacal copper zinc arsenate, ammoniacal copper quat, or copper azole is used to treat the wood posts and blocks, fill bolt holes with a grease recommended by the manufacturer for corrosion protection. The grease must not melt or run at a temperature of 149 degrees F. Fill the bolt holes with the grease before the bolts are inserted.
Breakaway wood guard railguardrail terminal posts may be field bored to provide the 2-3/8-inch-diameter hole shown.
Where field cutting or boring is performed after treatment, thoroughly swab, spray, or brush cuts and holes with 2 applications of the same type of preservative as initially used or treat with copper naphthenate under AWPA Standard M4. Preservative application in the field must comply with the 7th paragraph in section 57-2.01B(3).
Drive wood posts, with or without pilot holes, or place the posts in drilled holes. Backfill any space around wood posts with selected earth, free of rock, placed in layers approximately 4 inches thick. Moisten and thoroughly compact each layer.
Drive steel posts. If ground conditions are such that pilot holes are necessary to prevent damage to posts during driving, fill any space around the steel posts with dry sand or pea gravel after driving.
Drive steel foundation tubes with soil plates attached, with or without pilot holes, or place the tubes in drilled holes. Backfill any space around the tubes with selected earth, free of rock, placed in layers approximately 4 inches thick. Moisten and thoroughly compact each layer. Insert wood terminal posts into the tubes by hand. Before the posts are inserted, coat the inside surfaces of the tubes with a grease that will not melt or run at a temperature of 149 degrees F or less. The edges of the posts may be slightly rounded to facilitate insertion of the posts into the tubes.
Place posts at equal intervals. If authorized, you may space end posts closer to the adjacent posts.
The bolted connection of the rail element to the post must withstand a 5,000-pound pull at right angles to the line of the railing.
Fabricate the metal work in the shop. No punching, cutting, or welding is allowed in the field. Lap rail elements such that the exposed ends do not face approaching traffic.
Install terminal sections under the manufacturer's instruction.
Components built from structural steel plates welded together may be substituted for the rolled steel components if:
1.	Depth, width, and average thicknesses are at least equal to those of the rolled section
2.	For the welded section, the steel plates comply with ASTM A 36/A 36M and the flanges are welded to the web with continuous fillet welds on each side of the web

Metal beam guard railingMidwest guardrail system must be connected to bridge railings, barriers, retaining walls, abutments, and other flat concrete surfaces as follows:
1.	Metal rail posts, box spacers, and plate washers must be fabricated of steel under ASTM A 36/A 36M.
2.	Metal box spacer must be fabricated from separate plates and welded or press-formed and welded.
3.	HS bolts must comply with ASTM A 325, A 325M, or A 449 or the bolts may be fabricated from steel rod under ASTM A 449. The bolts or rods must comply with the mechanical requirements specified in ASTM A 325 or A 325M after galvanizing. Nuts and washers must comply with ASTM A 325 or A 325M.
4.	For the connection of guard railingguardrail to new bridge railing or barriers, anchor bolt holes must be formed in the concrete parapet using metal sleeves.
5.	For the connection of guard railingguardrail to existing bridge railing or barriers, anchor bolt holes must be drilled in the concrete parapet. Areas around the holes that are spalled or otherwise damaged during drilling must be repaired with a mixture of commercial quality epoxy adhesive and sand. The proportions of epoxy adhesive to sand must be from 1:4 to 1:6. The cementing agent must consist of a 2-component epoxy adhesive manufactured especially for the making of epoxy-sand mortar. The 2 components and the epoxy-sand mixture must be mixed under the manufacturer's instructions.
6.	Footings for railing posts must be constructed of minor concrete. Reinforcement must comply with section 52.
7.	Concrete must be placed against undisturbed material of the excavated holes for footings.

End anchor assemblies and rail tensioning assemblies for metal beam guard railingmidwest guardrail system must comply with the following:
1.	Type SFT end anchor assembly must consist of an anchor cable, an anchor plate, a wood post, a steel foundation tube, a steel soil plate, and hardware.
2.	Type CA end anchor assembly must consist of an anchor cable, an anchor plate, a single anchor rod or double anchor rods, hardware, and 1 concrete anchor.
3.	Rail tensioning assembly must consist of an anchor cable, an anchor plate, and hardware.
4.	Anchor plate, metal plates, steel foundation tubes, and steel soil plate must be fabricated of steel under ASTM A 36/A 36M.
5.	Anchor rods must be fabricated of steel under ASTM A 36/A 36M, A 441, or A 572, or ASTM A 576, Grade 1018, 1019, 1021, or 1026. The eyes must be hot forged or formed with full penetration welds. After fabricating and before galvanizing, anchor rods with eyes that have been formed with any part of the eye below 1,600 degrees F during the forming operation or with eyes that have been closed by welding must be thermally stress relieved. The completed anchor rod after galvanizing must develop a strength of 50,000 lb.
6.	Instead of built-up fabrication, anchor plates may be press-formed from steel plate, with or without welded seams.
7.	Bolts and nuts must comply with ASTM A 307, unless otherwise described.
8.	Anchor cable must be 3/4-inch preformed, 6 x 19, wire strand core or independent wire rope core, galvanized under Federal Specification RR-W-410, right regular lay, manufactured of improved plow steel with a minimum breaking strength of 23 tons. Submit 2 certified copies of mill test reports of each manufactured length of cable used. The overall length of each cable anchor assembly must be a minimum of 6.5 feet.
9.	Cable clips and a cable thimble must be used to attach cable to the anchor rod where shown. Thimbles must be commercial quality, galvanized steel. Cable clips must be commercial quality, drop-forged, galvanized steel.
10.	Swaged fitting must be machined from hot-rolled bars of steel under AISI C 1035 and annealed suitable for cold swaging. The swaged fitting must be galvanized before swaging. A lock pin hole to accommodate a 1/4-inch plated spring steel pin must be drilled through the head of the swaged fitting to keep the stud in the proper position. The manufacturer's identifying mark must be stamped on the body of the swaged fitting.
11.	1-inch nominal diameter stud must comply with ASTM A 449 after galvanizing. Before galvanizing, a 3/8-inch slot for the locking pin must be milled in the stud end.
12.	Swaged fittings, stud, and nut assembly must develop the specified breaking strength of the cable.
13.	Cable assemblies must be shipped as a complete unit, including stud and nut.
14.	Clevises must be drop-forged galvanized steel and must develop the specified breaking strength of the cable.
15.	Submit 1 sample of cable properly fitted with swaged fitting and right hand thread stud at both ends, as specified above, including a clevis if shown, 39 inches in total length for testing.
16.	Portion of the anchor rod to be buried in earth must be coated with a minimum 20-mil thickness of one of the following:
16.1.	Coal tar enamel under AWWA C 203.
16.2.	Coal tar epoxy under either of the following:
16.2.1.	SSPC-Paint 16, Coal Tar Epoxy-Polyamide Black Paint
16.2.2.	U.S. Army Corps of Engineers Specifications, Formula C-200a, Coal Tar-Epoxy (Black) Paint.
17.	Metal components of the anchor assembly must be fabricated under good shop practice and hot-dip galvanized under section 75-1.05.
18.	Anchor cables must be tightened after the concrete anchor has cured for at least 5 days.
19.	Concrete used to construct anchors for end anchor assemblies must be minor concrete.
20.	Concrete must be placed against undisturbed material of the excavated holes for end anchors. the top 12 inches of the holes must be formed if ordered.
21.	Reinforcing steel in concrete anchors for end anchor assemblies must comply with section 52.

Place anchor bolts to be set with epoxy in holes filled with the 2-component epoxy mixture specified in section 95-2.01.
Railing parts must be interchangeable with similar parts, regardless of source.
[bookmark: _Toc286732007]83-1.02B(1)  Minor Concrete Vegetation Control
Reserved
[bookmark: _Toc286732008]83-1.02B(2)  Type WB-31 Transition Railing
Type WB-31 transition railing is used if metal beam guard railingmidwest guardrail system is used to connect to concrete barrier railing.
Ten-gage metal elements must comply with AASHTO M 180 for Class B, Type I thrie beam element, except within 0.5 miles of the coast the metal elements must comply with AASHTO M 180 for Class B, Type II thrie beam element. Other metal elements and end caps must comply with AASHTO M 180 for Class A, Type I thrie beam element, except within 0.5 miles of the coast the metal elements and end caps must comply with AASHTO M 180 for Class A, Type II thrie beam element.
[bookmark: _Toc286732009]83-1.02B(3)  Temporary Metal Beam Guard RailingMidwest Guardrail System
Temporary metal beam guard railingmidwest guardrail system must comply with the Contract for a permanent metal beam guard railingmidwest guardrail system of the same type except:
1.	You may use used materials if the used materials are good, sound, and suitable for the purpose intended
2.	Steel posts, plates, foundation tubes, soil plates, hardware, threaded rods, and anchor bolts, except HS bolts, may be commercial quality
3.	The Department does not require:
3.1.	Galvanizing of steel elements
3.2.	Treating wood with a wood preservative

Removed temporary metal beam guard railingmidwest guardrail system materials not damaged may be reused in the permanent work provided the materials comply with the specifications for the permanent work and the materials are new when used for the temporary metal beam guard railingmidwest guardrail system.
[bookmark: _Toc286732010]83-1.02C  Terminal System
[bookmark: _Toc286732011]83-1.02C(1)  General
Reserved
[bookmark: _Toc286732012]83-1.02C(2)–83-1.02C(4)  Reserved
[bookmark: _Toc286732013]83-1.02D  Steel Bridge Railing
[bookmark: _Toc286732014]83-1.02D(1)  General
Steel bridge railing consists of steel railing fabricated from structural shapes, pipe, formed sections, tubing, plates, and bars.
Structural shapes, tubing, plates, bars, bolts, nuts, and washers must comply with section 55-1.02. Other fittings must be commercial quality.
Pipe sections must be standard steel pipe.
Formed sections must be:
1.	Formed from mild steel and true to dimensions
2.	Free from kinks, twists, and bends
3.	Uniform in appearance

Closed sections must be made of 1-piece tubing or of 2 bent plates welded together at the longitudinal joints.
Seams in the posts must be in the faces of the posts normal to the plane of the railing.
Mechanical expansion anchors for attaching the railing to the supporting concrete members must comply with the specifications for concrete anchorage devices in section 75-1.03A.
Railings must conform to the curvature by means of a series of short chords, from center to center of rail posts, except that railing described as conforming to the curvature must be shop bent to fit the curvature. Joints must be matchmarked.
Railings must be carefully erected true to line and grade. Posts and balusters must be vertical within a tolerance not to exceed 0.02 foot in 10 feet. Adjacent railing panels must align with each other within 1/16 inch.
Posts must be mortared in sockets, set on mortar pads, or set on steel or concrete supporting members as shown.
[bookmark: _Toc286732015]83-1.02D(2)  California Bridge Railing
Reserved
[bookmark: _Toc286732016]83-1.02E  Cable Railing
Cable railing must consist of cables supported by pipe posts set in either concrete footings or post pockets in the tops of retaining walls or other structures.
Pipe for posts and braces must be standard steel pipe or pipe that complies with section 80-2.02.
Truss rods, post tops, cable clamps, eye bolts, thimbles, and other required fittings must be commercial quality steel, malleable iron, or wrought iron. Post tops must be watertight. The eye of the eye bolts must be either drop forged or formed with a complete penetration weld. The eye must develop 100 percent of the bolt strength.
Turnbuckles must:
1.	Be commercial quality
2.	Have jaw or eye ends
3.	Have a minimum breaking strength of 2,700 lb
4.	Be steel pipe type or drop-forged steel

Crimped sleeve clamps and stop sleeve clamps must:
1.	Be nonferrous metal
2.	Develop the strength of the cable
3.	Be the color of the cable

Cable must:
1.	Be wire strand or rope
2.	Have a minimum diameter of 1/4 inch
3.	Have a minimum breaking strength of 1,800 lb

Galvanize cable under Federal Specification RR-W-410.
Tension cable to provide taut railings between posts.
Construct post footings of minor concrete.
[bookmark: _Toc286732017]83-1.02F  Concrete Railing
Concrete railing consists of either an all-reinforced concrete section or the reinforced concrete portion of composite railing sections with end and intermediate posts.
Concrete railing must comply with sections 51 and 52.
If ordered, adjust the height of the concrete railing to allow for the camber and dead load deflection of the superstructure. The amount of adjustment will be ordered before the concrete is placed.
[bookmark: _Toc286732018]83-1.02G  Metal Railing
[bookmark: _Toc286732019]83-1.02G(1)  General
Metal railing consists of metal elements mounted on concrete members.
[bookmark: _Toc286732020]83-1.02G(2)  Tubular Metal Railing
Tubular metal railing and tubular hand railing consists of tubular metal rails supported by metal posts, anchor bolts, hardware, and fittings.
Materials for tubular rails, posts, rods, bolts, and nuts must comply with the requirements shown in the following table:
	Material
	ASTM

	Tubular steel rails and tubular handrailing
	A 500, Grade B

	Steel posts, rolled bars, and plate washers
	A 36/A 36M

	Steel sleeves for tubular rails
	A 36/A 36M

	HS bolts
	A 325, A 325M, or A 449

	HS threaded rods
	A 449

	Nuts and washers for HS bolts and rods
	A 325 or A 325M



Stud bolts must comply with the specifications for stud connectors in section 55-1.02.
HS bolts or threaded rods furnished under ASTM A 449 must comply with the mechanical requirements specified in ASTM A 449 after galvanizing.
The metal railing posts to which the chain link railing attaches must fit the mounting brackets, pipe sleeves, and other connection fittings.
Install shims at posts and railings, where necessary, to provide uniform bearing and conformance with the horizontal lines and vertical grade lines. Shims at steel posts must be commercial quality, galvanized sheet steel.
For tubular hand railing mounted on Type 80 SW concrete barrier railing:
1.	Resin capsule anchors and threaded rods must comply with section 75-1.03A.
2.	Drilling and bonding threaded rods must comply with the specifications for drilling and bonding dowels in section 51-1.

If the horizontal radius of the railing is 30 feet or less, that portion of the tubular railing must be either shop bent or built up from 1/4-inch-thick structural steel plates. Structural steel plates must comply with ASTM A 36/A 36M. Built up tubular railing must match the seamless tubing in appearance.
The difference between out-to-out rail sleeve dimensions and the clear inside dimensions of the tubular steel rails must not exceed 3/16 inch after galvanizing.
Submit 2 sets of anchor bolt layouts before placing parapet or other structural support reinforcement.
Carefully handle materials to avoid bending, braking, abrading, or otherwise damaging the parts. Do not use manufacturing, handling, or installation methods that damage or distort the members or damage the galvanizing.
Before the railing parts are assembled, clean bearing surfaces and surfaces to be in permanent contact. The bases of posts must be true and flat to provide uniform bearing on the concrete portions of the railing.
Adjust the vertical position of the metal railing to allow for camber and dead load deflection of the superstructure. The amount of adjustment will be ordered before the metal railing is installed.
[bookmark: _Toc286732021]83-1.02G(3)  Pipe Handrailing
Pipe handrailing consists of handrailing elements supported by metal brackets or tubular steel posts.
Handrailing elements must be either structural tubing for tubular steel posts or commercial quality standard steel pipe. Tubular steel posts must be round, seamless or welded structural tubing complying with ASTM A 501 and have a wall thickness not less than that of standard steel pipe of the same nominal size.
Brackets, bolts, threaded studs, nuts, washers, and other fittings must be commercial quality structural steel, except that standard steel pipe fittings may be used where shown.
Mechanical expansion anchors for attaching the railing to supporting concrete members must comply with the specifications for concrete anchorage devices in section 75-1.03A.
Railing must be carefully erected true to line and grade. Posts must be vertical within a tolerance not to exceed 0.02 foot in 10 feet and set in sockets or on mortar pads.
[bookmark: _Toc286732022]83-1.02G(4)  Ornamental Railing
Reserved
[bookmark: _Toc286732023]83-1.02H  Reserved
[bookmark: _Toc286732024]83-1.02I  Chain Link Railing
Chain link railing consists of a metal frame covered with chain link fabric, including posts, horizontal members, post anchorages, stretcher bars, truss rods, tension wires, and other required hardware and fittings.
Posts and horizontal members must be standard steel pipe, structural steel tubing, or structural shapes, except where metal conduit is specified. Structural tubing steel must comply with ASTM A 500 or A 501.
Structural shapes, plates, bars, and bolts must comply with section 55-1.02.
Stretcher bars, truss rods, post tops, and other required fittings and hardware must be steel, malleable iron, or wrought iron. Post tops and other closures must be watertight. Fittings and hardware must fasten properly to the posts and other members.
Cable used in the frame must:
1.	Be wire rope
2.	Be 5/16 inch in diameter
3.	Have a minimum breaking strength of 5,000 lb
4.	Be galvanized under Federal Specification RR-W-410

Crimped sleeve clamps and stud socket assemblies must:
1.	Be metal
2.	Develop the strength of the cable
3.	Be the color of the cable

Frame members carrying electrical conductors must be rigid metal conduit manufactured of mild steel complying with UL 6, Electrical Rigid Metal Conduit - Steel. Zinc coat the interior and exterior surfaces of the rigid metallic conduit by hot-dip galvanizing.
Tension wires must be at least 7-gage coil spring steel.
Post clips must be at least 9-gage steel.
Wire ties or hog rings must be 9-gage, commercial quality, steel wire. Wire ties must be given at least 1 complete turn.
Galvanize tension wires, post clips, wire ties, and hog rings under ASTM A 116, Coating Type Z, Class 3.
Six-gage (0.192-inch minimum diameter) aluminum wire ties complying with ASTM B 211 or B 211M, Alloy 1100-H18, or 6-gage (0.192-inch minimum diameter) aluminum hog rings complying with ASTM B 211 or B 211M, Alloy 6061-T94 or Alloy 5052-H38 may be substituted for steel wire ties or hog rings.
Bend ends of wire ties away from pedestrian traffic.
Chain link fabric must be 11 gage and must comply with one of the following:
1.	AASHTO M 181, Type I, Class C
2.	AASHTO M 181, Type IV, Class A
3.	ASTM F 1345, Class 2

The color of vinyl-coated chain link fabric must be either medium green or dark green.
The railings pertaining to a structure must all be the same color.
Chain link fabric must be woven into approximately 1-inch mesh.
Tighten truss rods and cables with turnbuckles or other fittings.
Stretch and fasten the fabric securely to the posts, other members, and tension wires. Stretch tension wires tightly.
Wherever necessary to conform to curvature, either horizontal or vertical, rework and fit the fabric to present a smooth, neat, and workmanlike appearance.
Provide openings in the fabric as required by other facilities. Reinforce openings with not less than 1 turn of 6-gage wire.
Attach pipe handrailing to chain link railing where shown. Handrailing must comply with section 83-1.02G(3).
[bookmark: _Toc286732025]83-1.02J  Pedestrian Barricade
Install pedestrian barricade as shown.
[bookmark: _Toc286732026]83-1.03  PAYMENT
Metal beam guard railingMidwest guardrail system is measured along the face of the rail element from end post to end post of the completed railing. The point of measurement at the end post is the center of the bolt attaching the rail element to the end post. If metal beam guard railingIf midewest guardrail system is connected to a structure, barrier, wall, or abutment, where the railing connects is considered the end post and the point of measurement is the midpoint between the 2 bolts attaching the rail element at the connection.
Double metal beam guard railingmidwest guardrail system is measured from end post to end post along the center line of the installed barrier.
All other railing is measured along the face of the railing, including end and intermediate posts, and with no deductions for gaps in the railing for lighting and sign supports.
Railing is measured without allowance for overlap at rail splices.
Payment for excavation and backfill is included in the railing work that requires it.
Payment for drilling anchor plate bolt holes in rail elements and driving steel foundation tubes is included in the payment for end anchor or rail tensioning assembly.
An end anchor assembly (Type CA) with 2 cables attached to 1 concrete anchor is measured as 1 end anchor assembly (Type CA).
The length of metal beam guard railingmidwest guardrail system includes buried post anchors.
Temporary metal beam guard railingmidwest guardrail system, temporary terminal system end treatments, temporary Type SFT and Type CA end anchor assemblies, and temporary return and end caps are measured as specified for the corresponding items for permanent metal beam guard railingmidwest guardrail system work.
