
Bearings High-Load Multi-Rotational Fixed, Item SPV.0060.XXXX; 
Bearings High-Load Multi-Rotational Guided, Item SPV.0060.XXXX; Bearings High-Load Multi-Rotational Non-Guided, Item SPV.0060.XXXX.
A  Description

This special provision describes designing, manufacturing, furnishing, fabricating, and installing high-load multi-rotational bearing assemblies in accordance with the details shown on the plans, section 506 of the standard specifications, as directed by the engineer, and as hereinafter provided.  Define high-load multi-rotational bearings as pot or disc style bearings where called for on the plans.

This work includes providing complete pot or disc bearing assemblies including sole plate, piston, sealing rings, elastomeric pad, pot, masonry plate, intermediate load distribution plates, polyether urethane disc, shear resisting mechanism, structural bolts for connecting upper portion of bearing assembly to the superstructure member, anchor bolts and non-shrink grout for attaching the masonry plate to the concrete pedestal placed on the substructure beam seat.
A.1  Qualifications of the Manufacturer

Demonstrate a minimum of 5 years experience in the design and manufacture of high-load multi-rotational bearings of the type specified.  Be certified under the American Institute of Steel Construction Quality Certification Program – Simple Steel Bridges.

B  Materials

B.1  General

Used new and unused materials, with no reclaimed material incorporated into the finished bearings, that conform to the applicable provisions of section 506 of the standard specifications and to the following standards.  Any visual defects will be cause for rejection.

B.2  Bearing Types

Multi-Rotational Fixed bearings allow rotation in all directions but do not allow any horizontal movement.

Multi-Rotational Guided bearings allow rotation in all directions while allowing horizontal movement in only one direction as shown on the plans and resist horizontal forces in constrained directions.

Multi-Rotational Non-Guided bearings allow rotation and horizontal movement in all directions.  

B.3  Steel Plate

Use steel plate that conforms to the requirements of ASTM A709, Grade 36, Grade 50, or Grade 50W.

B.4  Stainless Steel

Use stainless steel that conforms to the requirements of ASTM A240, Type 304, Number 8 finish.

B.5  Brass

Use brass for sealing rings used in pot bearings that conforms to the requirements of ASTM B36, half-hard alloy 260.

B.6  Polytetrafluoroethylene (PTFE)

Manufacture PTFE from pure virgin unfilled TFE resin conforming to ASTM D4894 or D4895.  Provide PTFE material that is resistant to acids, alkalis and petroleum products, non-absorbing to water, stable from -360 degrees F to +500 degrees F, and non-flammable.  Meet the following test requirements:

Physical Property


ASTM Test Method

Requirement
Ultimate Tensile Strength, min.
D638



2800 psi

Ultimate Elongation, min.

D638



200%

Specific Gravity


D792



2.12

B.7  Adhesive

Use adhesive to bond sheet PTFE mad of an epoxy material stable from -100 degrees F to +250 degrees F.

B.8  Elastomer

Use an elastomeric rotational element in the construction of pot bearings containing only virgin crystallization-resistant polychloroprene (Neoprene) conforming to AASHTO M251 (ASTM D4014).  Use neoprene with physical properties that conform to the specifications above with modifications as follows:

Provide Shore A Durometer hardness of 50 +/- 10 points.

Use Type 2 die to prepare samples for compression set tests.

Use neoprene conforming to minimum low temperature property Grade 4.  An elastomer of a higher grade number may be used.  
B.9  Polyether Urethane Disc

Mold the disc bearing polyether urethane disc from a polyether urethane compound.  Construct it per AASHTO LRFD Bridge Construction Specifications, Section 18.3.2.8 and meet the following test requirements:

Physical Property


ASTM Test Method

Requirement

Hardness, Shore D Durometer

D2240



45 min.










65 max.

Tensile Stress



D412

At 100% Elongation, min.




1500 psi

At 200% Elongation, min.




2800 psi

Tensile Strength, min.


D412



4000 psi

Ultimate Elongation, min.

D412



220%

Compression Set After 22 Hours
D395 (Method B)

Temperature






158 degrees F

Compression set, max.





40%

B.10  Connecting Bolts

Use high strength bolts that conform to the requirements of section 506 of the standard specifications.  Use lock washers that are steel, regular, helical spring washers meeting ANSI B18.21.1.  Galvanize lock washers according to AASHTO M232.  Coordinate all bolted connections between the bearing manufacturer and the structural steel fabricator for the steel superstructure members.  Use bolts to connect the top plate of the bearing to the steel superstructure members using a “snug tight” connection as defined in American Association of State Highway Transportation Officials (AASHTO) LRFD Bridge Construction Specifications, Section 11.5.6.4.

B.11  Anchor Bolts
Provide anchor rods as shown on the plans and in accordance with ASTM F1554 (Grade 105) and hot-dip galvanize in accordance with AASHTO M232.  

B.12  Grout

Use non-metallic, non-corrosive, non-shrink grout for filling anchor bolt blockouts per ASTM C1107 with minimum 28-day compressive strength called for on the plans. 

B.13  Bearing Pads

Provide a 1/8” thick bearing pad the same size as the masonry plate conforming to 506.2.6..  

C  Construction

C.1  Design Requirements

C.1.1  General

Design bearings for the loads and movements given on the plans and in accordance with AASHTO LRFD Bridge Design Specifications, Section 14.  Include a minimum rotation of 0.02 radians or the design rotation, whichever is greater, in bearing designs.  In these rotations, include all applicable service loads and movements shown on the plans, maximum rotations caused by fabrication and installation tolerances, and allowance for uncertainty.  In the designs, assume that vertical and horizontal loads occur simultaneously.  Include all bearing components, load plates, sole plates, masonry plates, elastomeric pads, connection bolts, and concrete anchor bolts in the design.  

Meet the following additional design requirements for the bearings:

C.1.2  Pots

Machine the pot from a single piece of steel.  Provide the pot cavity with an inside diameter nominally equal to the diameter of the elastomeric pad.  Provide a pot deep enough to permit the seal and piston rim to remain in full contact with the vertical face of the pot wall under all design loads, movements, and rotations.  Do not permit contact between metal components preventing further displacements or rotation.  Provide pot walls designed to withstand both the internal pressures caused by the vertical loads (considering the elastomer to behave as a fluid) and the design lateral loads.

C.1.3  Pistons

Machine the piston from a single piece of steel.  Use a piston thickness sufficient to provide at least 0.125 inch vertical clearance between rotating and non-rotating components of the bearing assembly at maximum rotation.

Provide an outside diameter of the piston at least 0.04 inches less than the inside diameter of the pot.

For bearings carrying horizontal loads, design the piston and mating pot wall thickness to meet the requirements of AASHTO LRFD 14.7.4.7.

C.1.4  Sole and Masonry Plates
Design the sole and masonry plates to distribute the bearing loads into the surrounding substructure and/or superstructure.  Provide a sole or masonry plate thickness as shown on the plans but not be less than 0.75 inch.  Provide shim plates or thicker masonry and sole plates than are required due to strength considerations alone to meet service and installation considerations specified by the engineer, such as weldability and bearing height.  Provide the masonry plate with a machined recess sized to allow the snug placement of the piston, pot or lower bearing plates.

C.1.5  Upper and Lower Steel Plates

Apply, as appropriate, the provisions of AASHTO LRFD Bridge Design Specifications, Sections 3, 4, and 6 to the design of the upper and lower steel plates used in disc bearings.  Limit the thickness of each of the upper and lower steel plates to a minimum of 0.045 x disc diameter.

C.1.6  Guide Bars

When necessary, weld guide bars to the slide plates.  Design guide bars for the specified horizontal loads, but not less than 10 percent of the vertical capacity of the bearing.

Provide guided members with their contact area within the guide bars in all operating positions.  Provide a total clearance between guide bars and the guided member of 1/16 inch, +/- 1/32 inch.

C.1.7  Finish of Steel Components
Finish all steel surfaces in contact with elastomer, PTFE, or other steel surfaces, to a smoothness of 125 micro-inch (rms) or less.

C.1.8  Stainless Steel Sheet

Use stainless steel sheets of 16 gauge minimum thickness when the maximum dimension of the surface is less than or equal to 12.0 inches or use a minimum of 13 gauge when the maximum dimension is larger than 12.0 inches.  Attach the stainless steel sheets to their backing plates by continuous fillet welding along their edges.  Do no bond and/or mechanically fasten any of the stainless steel sheets.  Design and attach the stainless steel sheets to their backing plates with a connection capable of resisting the frictional force set up in the bearing.  Weld in accordance with AWS D1.6.  Extend the backing plates beyond the edge of the stainless steel sheets to accommodate the welds and do not protrude the welds above the stainless steel sheets.  It is essential that stainless steel sheets remain in contact with base metal throughout their service life such that interface corrosion does not occur.

Face the stainless steel sheets downward and completely cover the PTFE sheets in all operating positions, plus one additional inch in the direction of movement.  Finish the surfaces in contact with the PTFE to a smoothness of 20 micro-inch (rms) or less.

C.1.9  Brass Sealing Rings

Use flat brass sealing rings with a minimum width of 0.375 inch and a minimum thickness of 0.09375 inch.  Use a minimum number of 3 and a maximum number of 4 rings, depending upon the design load of the bearings.  Finish the rings to a smoothness of 63 micro-inch (rms) or less.

Do not exceed 0.01 inch between the ring and the wall.  Provide one vertical cut at 45 degrees to the tangent with a maximum gap of 0.05 inch on each ring.  Stagger the gaps a minimum of 90 degrees relative to one another when the rings are in place.

C.1.10  PTFE Sheets

Provide PTFE sheets with a minimum thickness of 0.125 inch, and bond with epoxy into a square-edged recess of a depth equal to one-half the PTFE sheet thickness.  Make the shoulders of the recesses sharp and square.  Provide smooth PTFE surfaces free from blisters and bubbles.  Design the PTFE sheets in accordance with AASHTO LRFD Bridge Design Specifications, Section 14.7.2.

C.1.11  Elastomeric Disc

Individually mold, in one piece, all elastomeric discs.  Do not layer or stack the discs.  Cuts, gouges, or nicks from machine cutting or flash trimming are cause for rejection.

Mold the sealing groove integrally.  Provide elastomeric discs square to the pad top surface and of the same nominal dimension as the brass sealing rings.

Design the discs for an average stress on the elastomer at the service limit state not to exceed 3500 psi.  

C.1.12  Polyether Urethane Disc

At the service limit state, design the disc so that its instantaneous deflection under total load does not exceed 10% of the thickness of the unstressed disc, and the additional deflection due to creep does not exceed 8% of the thickness of the unstressed disc.

Design the components of the bearing as not to lift off each other at any location at the service limit state.

Do not exceed an average stress on the disc at the service limit state of 5000 psi.  If the outer surface of the disc is not vertical, compute the stress using the smallest plan area of the disc.

C.1.13  Translation Capacity

Provide the translation capability for both guided and non-guided bearings by means of a polished stainless steel sliding plate that bears on a PTFE sheet or other approved material.

C.1.14  Geometric Limitations

Limit the horizontal dimensions to the available bearing seat area of the concrete and the bottom flanges as detailed on the plans.  Submit any modifications required to accommodate the bearings chosen to the engineer for approval prior to ordering materials.  Prepare any modifications required at no additional cost to the department.

C.1.15  Future Maintenance

Design and manufacture bearings so that future maintenance of the bearings can be performed.  Demonstrate in writing how individual components of the bearings or entire assemblies could be replaced.  Restrict vertical upward movement of the superstructure and structural steel, due to jacking, to less than 0.5 inch.  Prepare procedures for future replacements of individual components for approval by the engineer prior to the manufacture of any bearings for this project.

C.2  Structural Steel Coordination

Coordinate all connections and fit up between the bearing manufacturer and the structural steel fabricator.  Submit any modifications from details shown in the plans required to accommodate the bearings chosen to the engineer for approval prior to ordering materials. Prepare any modifications required at no additional cost to the department.  

C.3  Submittals

Sumbit the following items to the engineer for review and approval prior to fabrication of the bearing assemblies:

· Shop drawings for all components and assemblies, including general arrangements and large scale details.  Include with the shop drawings tables showing load capacity and movement rating, if applicable, of each bearing, including initial offset required at various ambient temperatures.  Include the manufacturer’s instructions for proper installation of the bearing assemblies in the shop drawings.  Shop drawings which lack manufacturer’s installation instructions will be returned without approval.

· Calculations showing conformance of the bearings to the design loadings, movements and other specified requirements.

· Welding procedures.  Use qualification procedures of AWS D1.5 and D1.6 for all shop welders, welding operators, welding equipment, and welding procedures.

· Drawings indicating surfaces to be painted or zinc metalized in accordance with section C.7 of this special provision and type of coating used.

C.4  Responsibility

Review and approval of the manufacturer’s calculations and shop drawings by the engineer does not relieve the manufacturer of complete responsibility for their accuracy and completeness.

C.5  Shop Inspection

The engineer reserves the right to visit the manufacturer’s fabrication shop for purposes of inspecting the manufacturing, assembly, testing, and painting of the bearings.  Allow the inspectors free access to the necessary parts of the manufacturer’s plant.  Notify the engineer at least two weeks in advance of manufacturing.

C.6  Fabrication Requirements

C.6.1  Tolerances

Provide fabrication and tolerances in accordance with the requirements of the AASHTO LRFD Bridge Construction Specifications, and as herein specified.

C.6.2  Determination of Flatness

Use the following method to determine the flatness of bearings after welding and fabrication:

· Place a precision straightedge that is longer than the nominal dimension to be measured in contact with the plate surface to be measured.

· Select a feeler gage with a thickness corresponding to the flatness tolerances of the AASHTO code cited above and having a tolerance of +/-0.001 inch, and attempt to insert it under the straightedge.

· Flatness is acceptable if the feeler does not pass under the straightedge.

C.7  Painting or Metalizing

Paint or zinc metalize the bearing assemblies in accordance with AWS C2.18-93 and AWS C2.23:2003.  Do not galvanize.  Do not paint or metalize the pot cavity and all surfaces covered by stainless steel or PTFE sheet.  Mask off tapped holes during painting or metalizing.

C.8  Sampling, Testing, and Inspection

Sample in accordance with the AASHTO LRFD Bridge Construction Specifications, the standard specifications, or as determined by the engineer.

Perform all testing in the presence of a representative of the department or its designated inspection agency.

Perform three separate tests.  Conduct the first test on all bearing types with the bearing loaded to 150% of the vertical design capacity at the specified design rotation, but not less than 0.02 radians.  Maintain uniform contact on all rotational elements during the test.  Maintain the test load for at least 30 minutes.

Conduct the second test to measure the coefficient of friction on a representative sliding bearing.  During this test, load the bearing to 100% of the vertical design capacity while measuring the coefficient of friction.  Measure the coefficient of friction at the bearing design capacity on the 5th, 15th, and 100th cycles at a speed of 1-inch/minute.  Run a total of 100 cycles.  Calculate the sliding coefficient of friction as the horizontal load required to maintain continuous sliding at a given speed divided by the bearing’s design capacity vertical load.  Prior to testing, apply the vertical load continuously for a minimum of one hour.  Do not exceed a measured sliding coefficient of friction of 0.03 at 68 degrees F, except when approved by the engineer.

Conduct the third test on fixed and guided bearing assemblies to verify the horizontal load carrying capacity.  During this test, load the bearing to 100% of the vertical design capacity while applying a horizontal load equal to 150% of the horizontal design load capacity.

Replace any bearing showing failure of the sealing rings or other component parts during or after these load tests at no additional cost to the department.

Do not allow the following during testing:

· Binding of bearing components or other movement restrictions under design displacements and/or rotations.     

· “Lift-off” or separation between plates and PTFE or elastomer under rotation

· The measured static and dynamic coefficient of friction exceeds 3%.

· Cracks or permanent deformation of the PTFE, stainless steel, other components, or welds.

· Extrusion of the elastomer or signs of cold flow of the PTFE.

· Instantaneous compression deflection under total load exceed 10% of the thickness of the unstressed disc for disc bearings.

Furnish the engineer with certified copies of the test reports on the physical properties of the component materials for the furnished bearings and a certification by the bearing manufacturer stating the furnished bearing assemblies conform to all the requirements shown on the plans and specifications contained herein.

Furnish the engineer random samples of component materials used in the bearings for testing by the department.  The department reserves the right to have the manufacturer perform the specified load tests on one or more of the furnished bearings.  A furnished bearing is defined as a high-load multi-rotational bearing assembly that has been delivered to the site.  Replace the tested bearing, if it shows failure, at no additional cost to the department.  Load test the remaining bearings for acceptance at the manufacturer’s expense.

C.9  Identification, Storage, and Handling

Fully assemble each bearing at the manufacturing plant and deliver to the construction site as complete units.  Submit copies of all delivery tickets to the engineer.

Stamp each sole plate, intermediate load plate, and masonry plate on their edge faces with the manufacturer’s name, bearing type or model number, structure number, bearing number as shown on the plans, the installed location, bearing orientation, centerlines for alignment in the field, upstation direction, and top surface location.  

Stamp the sole plate of each bearing assembly by the bearing manufacturer prior to shipping of the sole plates to the steel fabricator or construction site.  Place the stamp on a surface visible after installation so it remains clearly visible after storage, painting, shipment to the fabricator, and delivery to the project field site.  

Store each bearing in the fabrication shop or at an independent warehouse in a clean, dry, and covered facility until required at the project construction site.  Transport and deliver the bearings to the project site when required for installation by others under a separate construction and erection contract.  While in storage, keep the bearings banded, wrapped, and secured in a condition suitable for shipment.  Store and ship the bearings in moisture-proof and dust-proof covers.  Wrapping material is subject to the engineer’s approval.  Do not stack the bearings.  Hold the bearings together with removable restraints so sliding surfaces are not damaged.  

Do not disassemble the bearing devices prior to installation without the knowledge and consent of the engineer and manufacturer.

Repair or replacement of damaged bearing assemblies, in part or in whole, will be at the discretion of the engineer with no additional cost to the department.

C.10  Installation

Install the bearings in strict accordance to the manufacturer’s instructions as approved by the engineer.  Furnish technical assistance to the contractor and the engineer through the personal services of a technical representative who is a full time employee of the manufacturer during installation of the bearings.  The manufacturer’s technical representative is required to be present for the placement of the first bearing.  At the option of the engineer or contractor, the technical representative may be required to be present for the placement of any number of additional bearings.  Take measures to limit bearing rotation to 0.02 radians during construction.

D  Measurement 

The department will measure Bearings High-Load Multi-Rotational Fixed, Bearings High-Load Multi-Rotational Guided, and Bearings High-Load Multi-Rotational Non-Guided by the unit for each bearing acceptably completed in accordance with the contract.

E  Payment

The department will pay for measured quantities at the contract unit price under the following bid items:

	ITEM NUMBER
	DESCRIPTION
	UNIT

	SPV.0060.xx

SPV.0060.xx

SPV.0060.xx
	Bearings High-Load Multi-Rotational Fixed

Bearings High-Load Multi-Rotational Guided

Bearings High-Load Multi-Rotational Non-Guided
	Each

Each

Each



	
	
	


Payment is full compensation for designing, manufacturing, fabricating, galvanizing, metalizing, painting, testing, storing, furnishing, transporting, and installing acceptable bearings – including sole plate, bearing assembly, masonry plate, bearing pad,  connection bolts, anchor bolts and non-shrink grout; for preparing shop drawings; for providing technical assistance at the project site; and for furnishing all labor, tools, equipment, materials, and incidentals necessary to complete the work.

