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Specifications for Disc Bearings

• High Load Multi Rotational (HLMR) Bearings

• Provisions of Disc Bearings are not adequately 
developed

• Relevant Specifications
• AASHTO LRFD Bridge Design Specifications (BDS)

• AASHTO LRFD Construction Specifications (BCS)

• AASHTO Material Specifications

• ASTM Specifications



Objective

• Develop/Elaborate the design, construction and 
material specification for Disc Bearings

• Review all relevant specifications and propose 
modifications to rectify any inconsistencies and 
other shortcomings



Tasks

• Review specifications

• Literature search

• Review industry documents/proposal

• Identify areas requiring change

• Develop proposals for change

• Discuss with T-2

• Discuss with industry 

• Incorporate changes

Goal: Potential ballot items at the COBS Meeting, 2019



Progress

• Reviewed AASHTO LRFD BDS

• Reviewed AASHTO LRFD BCS

• Reviewed/Reviewing othe relevant specifications

• Reviewed/Reviewing published literature

• Reviewing comments/proposals received from 
industry   



Specifications
• AASHTO LRFD BDS Article 14.7.8

• AASHTO LRFD BCS Section 18, Relevant Articles

• AASHTO M251-06 – Elastomeric Bearings

• ASTM D4014 – Elastomeric Bearings

• ASTM D395 –Compression Set 

• ASTM D412 –Tension 

• ASTM D429 –Adhesion to Substrate

• ASTM D746 –Brittleness Temperature

• ASTM D2240 –Durometer Hardness

• ASTM D2990 – Creep

• Others…



Material (Elastomeric Disc)

• Polyehter urethane
• Stiff for vertical deflection

• Flexible for rotation without liftoff

• Creep should be taken into account

• Virgin material
• Hardness 45-65 Shore D 
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AASHTO LRFD BDS - Elastomeric 
Disc
• Service Limit State

• Δ𝑖 ≤ 0.1ℎ

• Δ𝑐𝑟 ≤ 0.08ℎ

• No lift off

• 𝜎𝑐,𝑎𝑣𝑔 ≤ 5.0 𝑘𝑠𝑖

• Strength Limit State
• Design for 𝛿𝑢, 𝜃𝑢



AASHTO LRFD BCS 



AASHTO LRFD BCS

• Elaborate on PU disc Fabrication?
• Surface finish of PU disc?
• Clarification on surface coating?



Fabrication Tolerance



QC and QA

• 18.3.4.2 Material Certification and Performance 
Testing by Manufacturer
• Minimum 2 bearings

• Minimum 2 individual bearing components

• 18.3.4.3 Quality Assurance Testing by the Engineer
• Only if required by the contract (random sampling)

• At least one set of material property tests per lot



18.3.4.4.1 Material Certification 
Testing



Dimension Check and Clearance 
Test

• Gap between disc and retaining pin?
• Gap between pin and plate?



Long Term Deterioration Test

• Elaborate acceptance criteria?



Example



Review Comments of RJW 
Proposal – Stress Limits

• First develop specifications for 𝜎𝑐 ≤ 5 𝑘𝑠𝑖

• Concern about uniformity of material production and 
performance

• Concern about long term performance and creep 
deformation



Hardness (Durometer)

RJW

AASHTO

• Too relaxed hardness limits
• Retain AASHTO limits

https://gallaghercorp.com/thermoset-urethane-vs-thermoplastic-urethane/



Modulus of Elasticity – 𝐸 and 𝐸𝑐

• 𝐸: Actual modulus of elasticity 
• can be obtained from stress-strain response of material

• 𝐸𝑐: Apparent modulus of elasticity 
• Including the effect of shape factor, S, and boundary 

conditions of the loaded surface

• 𝐸𝑐 = 𝐸(𝑎 + 𝑏𝑆2)
• 𝑎, 𝑏 to be determined from experiments and depends 

on boundary conditions (friction) of the loaded surface



Recommended 𝐸𝑐 (RJW)

• 𝐸𝑐 = 𝐸 1 + 𝑆2

• Assumes 𝑎 = 1, 𝑏 = 1

• Only valid for high friction and practically no slip at the 
loaded surface
• Not always the case

• Test data did not correlate well due to significant 
nonlinear stiffening response

• Slip reduces apparent stiffness, results increased 
deflection

• Concerns with retainer pin touching the base plate and 
affecting bearing performance 



Test Result

Disc Design Method B, PBEng, Dr. Paul Bradford



Friction

• Not measured in RJW tests

• Important for performance 

• Needs to be verified for conformance with design 
by proof testing

• It would be desirable also to check Poisson Ratio
• Probably close to 0.48



Low Friction – Axial Compression



High Friction – Axial Compression



Low Friction - Shear



High Friction - Shear



Shear Stress at Top Plate Interface



Axial Stress at Top Plate Interface



Surface Finish and Friction



Shape Factor, S

• 𝑆 =
𝐿𝑜𝑎𝑑𝑒𝑑 𝐴𝑟𝑒𝑎

𝐴𝑟𝑒𝑎 𝐹𝑟𝑒𝑒 𝑡𝑜 𝐵𝑢𝑙𝑔𝑒

• For a circular disc
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• Thinner disc, i.e., larger  
𝐷

ℎ
=> larger stiffness and 

larger stress carrying capacity (smaller strain)

• Thicker disc, i.e., smaller 
𝐷

ℎ
=> smaller stiffness and 

larger strain (smaller stress)



Annular Disc (Donut Shape)
• If inside free to bulge
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• For Disc Bearings, 0.2 ≤ 𝛽 ≤ 0.5
• If inside free to bulge: 0.5𝑆𝑜 ≤ 𝑆 ≤ 0.8𝑆𝑜
• If inside constrained : 0.75So ≤ S ≤ 0.96𝑆𝑜

• For Disc Bearings, 𝑆≈2



Suggested Design Specification

• Based on existing design practice (RJW)
• 𝜎𝑐 ≤ 5.0 𝑘𝑠𝑖

• 𝜖𝑐 ≤ 0.1

• 𝛼𝑚𝑖𝑛 ≥ 0.013 𝑟𝑎𝑑 (scaled from 0.02 radians at 150% of 
the specified rated capacity for proof load test)

• Limit on 𝜎𝑐𝜖𝑐?

• Shear strain limit?



Shear Strain – Circular Disc

𝛾𝑐~6𝑆𝜖𝑐 − 36𝑆3
𝐺

𝐾
𝜖𝑐

For small S (<4)
𝛾𝑐~6𝑆𝜖𝑐

Constantinou et al. (1992)



Shear Strain – Annular Disc

Constantinou et al. (1992)



Compression Modulus

Constantinou et al. (1992)



Clearances

• Between PU disc and retaining pin

• Between plate and retaining pin



Required Specification Changes
• Material properties of Polyether Urethane

• Clarification of PU (elastomer?)
• Specification of Polyether Urethane – ASTM?

• Shear strength and modulus
• Creep 
• Low temperature performance

• Fabrication
• Casting (what about extrusion?)

• Any special requirements or QC?

• Surface Finish for PU 

• Clarification on surface coating for Steel Plates

• Clarification on acceptance criteria after surface deterioration test

• Testing for
• Shear strength and modulus
• Creep
• Friction between PU and Steel Plate



Groove Shape

• Angular – 45, 60 degrees?

• Parabolic?



Additional Suggestions, 
Comments, Questions, Criticisms?

Input from all stake holders are welcome



Thank You


