SPECIFICATION 


Large Multi-Movement Expansion Joint System

for Bridge & Highway Applications


A.
General


The work shall consist of fabricating, testing, furnishing and installing a modular expansion joint system capable of simultaneously allowing movement in the longitudinal, transverse and vertical directions in accordance with the details shown on the plans and the requirements of the specification.

B.
Product

Provide a modular expansion joint system that is capable of accommodating the structures service and seismic movements.  Only a continuous full-length modular joint system will be acceptable, unless stage construction or excessive length prohibits monolithic fabrication. 

The structural support for the modular joint may be of the support bar or multiple support bar type.  A multiple support bar system is one in which each center beam has its own support bar, a single support bar system has one common support bar for all center beams.

The design of the modular expansion joint system shall consist of supporting elements, supports, sealing elements and anchorage elements. Supporting elements include edge beams, center beams and support bars. The center and edge rails shall be supported on support beams spanning over the expansion joint opening.  The support beams shall be supported on elastomeric springs and bearings. A single layer preformed elastomeric joint seal shall be mechanically held in place by steel edge and separation beams.  Each elastomeric sealing element shall be continuous and be limited to a maximum three inches of movement per seal during normal  (service level) operation. The modular joint system shall be equipped with a control system, which assures equal spacing of each center beam. 

The modular expansion joint manufacturer shall be a Wabo®X-cel Modular joint system by Watson Bowman Acme or equal.  The manufacturer shall have a minimum of 5 years in the design and fabrication of modular bridge expansion joints and have an AISC Simple Structure Category shop approval. 

Only manufacturer’s and modular joint designs successfully fatigue tested and documented such testing by an independent agency in accordance with NCHRP 402 Appendix A will be allowed to design, manufacturer and supply modular expansion joints as shown on the contract plans.
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C.
Working Drawings

The working drawings shall include complete details, information and drawings of the modular joint seal assembly and anchorage components including proposed materials.  Fabrication of the expansion joint shall not be started until the working drawings have been approved.  Working drawings shall include but are not limited to the following:

1. Plans, elevations and sections of the modular joint assembly for each movement rating and location as shown on the plans.  All dimensions shall be specified.

2. Complete details of all components of the expansion joint, showing all materials to be incorporated into the modular joint assembly.

3. AASHTO, ASTM or other designations of all material to be used in the modular joint assembly.

4. Details of corrosion protection system

5. Splice details and procedures for field splices of the center beam and edge beam 

6. Weld procedures and details of all welds

7. Recommended details of temporary supports for shipping and handling

8. Installation plans including methods, materials, equipment, sequence, lifting mechanism and locations, details of temporary anchorage during setting, temperature adjustment devices, temperature adjustment chart, installation details at curbs, seal installation details and other procedures that the Contractor proposes to use for installation of the modular joint seal assemblies.

D.       Design Submittal

The Contractor shall submit design calculations for the expansion joint for review and approval by the engineer at the time of working drawing submittal.  Fabrication of the modular joint assembly shall not be started until the design calculations have been approved.  The supplemental design submittal to the working drawings shall include but are not limited to the following:

Strength design calculations for all structural elements in accordance with AASHTO LRFD and these special provisions.

Fatigue design calculations for all structural elements in accordance with the fatigue limit state methodology outlined in NCHRP 402 Appendix A and these special provisions.
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Design calculations for the seismic load case for all structural elements in accordance with AASHTO LRFD and these special provisions.  Calculations shall identify peak seismic forces and verify structural integrity for all modular joint components.  The submittal shall also include engineering drawings showing the complete joint assembly in the displaced position for the following displacement load cases:

1.
Joint fully closed

2. Joint fully opened service level

3. Joint fully opened service level plus 
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4. Joint fully opened service level plus 
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5. Joint fully opened service level plus 
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6. Joint fully closed plus 
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7. Joint fully closed plus 
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8. Joint mid-position plus max seismic fan

Calculations and working drawings shall be stamped and signed by an engineer who is registered as a Professional Engineer (PE).

E. Quality Control Program

Manufacturer shall be ISO-9001:2015 certified and shall provide written confirmation that a formal Quality management System and Quality Processes have been adopted in the areas of, (but not limited to) Engineering, Manufacturing, Quality Control and Customer Service for all processes, products, and their components. Alternate manufacturers will be considered provided they submit written proof that they are ISO 9001:2015 certified prior to the project bid date.  

The contractor shall submit a written Quality Control program, for review and approval by the engineer.  Fabrication of the expansion joint shall not be started until the quality control program has been approved.  The Quality Control program shall include but is not limited to the following:

1. Quality control procedures manual for the manufacturer’s in house quality control group including manufacturing expansion joint dimensions and alignment.

2. Quality assurance inspection plan for an independent testing laboratory including test procedures and test frequency by the independent testing laboratory

3. Methods and equipment for handling and transporting modular joint assemblies prior to final installation.
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F. Test Reports

After the working drawings have been approved, the Contractor shall submit the following test reports for review and approval by the engineer.  Installation of the modular joint assembly shall not commence until the test reports have been approved.

1. Certified mill test reports showing conformance of all materials to the standards reference in the special provisions

2. Certified test reports for  the coefficient of friction of all sliding surfaces

3. Welding procedure tests and welder qualification tests certifying compliance with the requirements of AWS D1.5-95

4. Report of the modular joint assembly fatigue and prototype testing 

G. Certificate of Compliance

A Certificate of Compliance shall accompany each shipment of modular joint seal assembly in conformance with the standard specifications and supplemental special provisions.  The certificate shall state that the materials and fabrication involved comply in all respects to the specifications and data submitted in obtaining approval.

In addition to the requirements of the Standard Specifications and special provisions, the Contractor shall submit for approval a manufacturer's Certificate of Compliance with the AISC Quality Certification Program (AISC Simple Structure Category shop approval).

The Contractor shall also submit certification that welding inspection personnel are qualified and certified as welding inspectors under the provisions in AWS QC1, "Standard Qualification and Certification of Welding Inspectors".

H.
Component and Materials

The material utilized to produce load carrying beams (edge beam, center beam, support bar etc.) of the modular joint seal assembly shall be ASTM A709 Grade 50W steel.

Steel shape profiles shall have a minimum thickness of ¼” as measured from the internal locking mechanism cavity to the top surface of the steel shape and shall be capable of accommodating the loading designated in the special provisions. 

The edge beam, which retains the neoprene joint seal located at the outside frame of the modular system location, shall consist of a steel monolithic shape with machined retainer cavity or a monolithic single piece extruded steel shape with a seal retainer cavity. Multiple components welded steel shapes and rolled steel, which is bent or crimped to achieve final shape, or seal retainer cavity will not be permitted.
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The center beam shall consist of a steel monolithic shape with machined retainer cavity or a monolithic single piece extruded steel shape with a seal retainer cavity. Multiple components, welded steel shapes and rolled steel, which is bent or crimped to achieve final shape, or seal retainer cavity will not be permitted. 

All miscellaneous steel plates for support box construction, fasteners or closure plates must be a minimum 3/8"”thickness.  All steel plates utilized to form the support boxes must be continuously welded together forming the support box.  Caulking will not be permitted.

The support bars shall incorporate stainless steel sliding surfaces and conform to ASTM 240, Type 304.  Bolts, nuts and washers shall conform to the requirements of ASTM Designation:  A 325 or A 325M.  

The design of the elastomeric seal shall be a strip seal type, which provides the movements as specified in the contract plans.  Material shall be a flexible, non-reinforced extruded neoprene compound exhibiting the physical properties listed in the table below.  All elastomeric seals shall incorporate a unique locking lug that mechanically snaps into a corresponding extrusion or machined shape cavity to ensure watertightness and proper joint performance.  

The elastomeric seal shall be supplied and installed in one continuous length.

PHYSICAL PROPERTIES

TEST METHOD

REQUIREMENT

Tensile Strength


ASTM D412


2000 psi, 

Elongation @ break


ASTM D412


250%, min

Hardness, Type A Durometer

ASTM D2240 Modified
55  +/-5 points

Oven Aging 70 hrs @ 212°F

ASTM D573

    Tensile Strength






20% loss max

    Elongation







20% loss max

    Hardness







0 to +10 points

Oil Swell, 70 hrs @ 104°F

ASTM D471


45%

Ozone Resistance, 70 hrs @ 104°F
ASTM D1149 Method B
No Cracks

    20% strain, 300 pphm, in air

Low Temperature Stiffening

ASTM D2240


0 to +15 points

    7 days @ 14°F

    Hardness (Type A durometer)

Compression Set, 70 hrs @ 212°F
ASTM D395 Method B
40%
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I.
General Design Requirements

The modular joint seal assembly shall be designed to meet the performance criteria listed on the plans and contained in the special provisions.  

Each modular joint seal assembly shall extend continuously across the full width of the roadway and up into the traffic barriers as shown. 

The design of the expansion joint shall consider the effects of the longitudinal, transverse and vertical movement demands shown on the plans.  The effects of rotation about vertical and transverse axes shall also be considered. 

The modular joint seal assembly shall be designed to be functional after seismic excitation producing longitudinal and vertical movements within the joint movement rating.  The design of the modular joint seal assembly shall consider that the movement demands on the joint are dynamic in nature and subject to concurrent longitudinal, transverse and vertical movements

The design of the joint shall comply with the AASHTO LRFD strength design requirements and NCHRP 402 Appendix A Fatigue Limit States methodology.  Per NCHRP 402, the fatigue criteria for beams and connections is:
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where 
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 is the calculated stress range of the detail in question, and 
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 is the fatigue threshold established through fatigue testing.


The sealing elements shall not extrude above the top of the modular joint seal assembly.  


The modular joint seal assembly shall be watertight

The modular joint seal assembly shall be designed with adequate access to all internal components in order to assure the feasibility of inspection and maintenance activities.


The maximum gap opening for service conditions is 76 mm.
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J.      Structural Analysis

Structural integrity for the modular expansion joint shall be substantiated with a continuous beam analysis on the center beam.  Design loads shall be applied to the center beam simultaneously in the vertical and horizontal directions.  The entire length of the beam (less upturns) shall be used in the analysis.

Two critical truck locations shall be identified for fatigue failure mode analyses of each CDC (critical design component) . One critical truck location shall be identified for strength failure mode analysis for each CDC.  

At a minimum, the joint’s CDCs shall be:

1) Center Beams

2) Support Bars

3) Yoke/Stirrups

4) Bearings

Shear and moment diagrams, along with calculations verifying joint equilibrium for the entire separation beam shall be submitted for each CDC.

Support bar analyses for single support bar systems shall include the effects of multiple separation beam loads.  

K.       Design Loading

Critical design components (CDC) shall be designed for the simultaneous application of vertical and horizontal loads from a tandem axle.  For strength design, the joint configuration to be studied shall be when the joint is fully open.  Factored wheel loads may be reduced depending upon the width “b” of the center beam, as listed below.
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Single support bar systems shall include an additional tandem axle load case with a tire patch width of 510 mm and length, L, based upon an average tire pressure of 860 kPa.  No 
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factor reduction shall be applied, but instead the vertical load shall be distributed uniformly over the beam areas supporting the footprint, i.e. 
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The factored wheel load 
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 shall be distributed among adjacent center beams such that the worst case loading on the support bar is produced. 
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 is the length (in the direction of traffic) of the portion of beam 
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 supporting the tire footprint overlay.

An HS20-44 truck per AASHTO LRFD 3.6.1.2.2 shall be used for strength failure mode analyses.  The unfactored wheel load, P, shall be 71 kN per LRFD 3.6.1.2.5.  A dynamic load allowance (IM) of 0.75P shall be added to this wheel load per LRFD Table 3.6.2.1-1.  Horizontal forces are 20% of vertical forces.  A load factor of 1.75 per LRFD Table 3.4.1-1 shall be applied to the wheel load, i.e.
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An HS20-44 tandem axle truck per AASHTO LRFD 3.6.1.2.3 shall be used for fatigue failure mode analyses.  The unfactored wheel load, P, shall be 56 kN per LRFD 3.6.1.2.5.  A dynamic load allowance (IM) of 0.75P shall be added to this wheel load per LRFD Table 3.6.2.1-1.  Horizontal forces are 20% of vertical forces.  A load factor of 0.75 per LRFD Table 3.4.1-1 shall be applied to the wheel load, i.e.
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Fatigue analysis methodology as outlined in NCHRP-402 shall be used to determine system adequacy.
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L.       Seismic Movements

             Seismic longitudinal and transverse movements (+/-) shall be:
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             where the 1 and 2 subscripts denote adjacent structure segments, L and T the longitudinal   

            directions respectfully.  Unless otherwise noted, the design displacement, 
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(mm) of each 

            segment shall be:
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             For superstructures supported on isolation bearings, unless otherwise noted, the design 

                                  displacement, 
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(mm), of each segment shall be:
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Design displacements shall be defined for movements in both the longitudinal and transverse directions (referenced to the joint).  In no case shall 
[image: image28.wmf]d

 be taken as less than 25 mm.

The joint shall be designed to accommodate a vertical rotation of 
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 radians, at joint closure, smoothly, without damage.  
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 shall not be less than 0.050 radians.  With 
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 as the edge beam to edge beam distance at joint closure, the vertical offset is the edge beam to edge beam vertical offset:
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The joint shall be designed to accommodate a minimum of a 0.015-radian horizontal rotation (fanning) smoothly without damage.
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            The design frequency for the joint is defined as;
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where 
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 and 
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 are the fundamental frequencies for adjacent structure segments.
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           The joint shall be designed to accommodate a design velocity and design acceleration of:
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In no case shall the design velocity be less than 125 mm per second, nor the design acceleration less than 0.1g.  Design forces dependent upon velocities and accelerations shall be calculated using the design joint velocities and design joint accelerations.

           The maximum seal gap opening for the seismic load case shall be less than 125 mm.
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M.    
Prototype Testing

     
Prototype testing of the modular joint seal assemblies shall be performed on a full-scale  

     
prototype unit to verify the performance of the modular joint seal assembly during a seismic 

event.  The test specimen shall be similar in size and construction to that joint with the  largest   movement rating (500 mm max) on the project.   The prototype unit shall be 6 meters in length, and include all components excluding the seal.
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The Contractor shall notify the Engineer, in writing, at least fourteen days prior to the start of  the fabrication and testing of the prototype unit.

Design of the test unit shall be identical to the proposed production units (except overall length), including all details, parts, components and methods of manufacture and shall comply with the project specifications.

The test unit may, at the Contractor's option, be incorporated in the final work provided no damage to any component has occurred during testing.

Instrumentation shall be installed to the test specimen and the test fixture to continuously monitor transverse and longitudinal joint displacements, and actuator forces.

The test frequency for tests 2-16 shall be the seismic joint frequency, 
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.  Tests 1-17 consist of 5 complete cycles at the displacements listed below.
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Tests 2-5

.25, 0.50, 0.75, and 1.00 times 
[image: image43.wmf]JL

d


Tests 6-9

.25, 0.50, 0.75, and 1.00 times 
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Tests 10-13
.25, 0.50, 0.75, and 1.00 times both 
[image: image45.wmf]JL

d

 and 
[image: image46.wmf]JT

d


Test 14
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Test 15
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Test 16
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Test 17

1.00 times 
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Test 18

Fan joint (non-cyclic)


The initial joint opening shall be the maximum service level opening.

Tests shall be run in the same sequence listed above.  It is permissible to exercise (i.e. run-in) the joint prior to prototype testing.  The joint test specimen will be inspected after testing to identify any damage, which may have occurred to the joint components. No visible signs of physical deterioration or degradation in performance shall be observed in the bearing devices, the equalizing devices during or after these tests. There shall also be no signs of binding or interference between the various components of the joint units.
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All seal gaps shall be measured after tests 4, 8, 12, and 15 near the two opposing ends of the joint (two measurements per seal gap). 

The results of the prototype modular joint seal assembly test shall be submitted to the Engineer within seven calendar days after the completion of testing.  The final report shall be submitted within fourteen (14) calendar days after completion of the testing. 

Results are to be evaluated by the Engineer for maximum forces, reliability, and equidistance criteria (section O.)

N. Proof Testing

One complete joint of each type (less the seals) on the project shall be proof tested. Joint types are differentiated by skew and movement rating.  Joints in excess of 20 meters in length may be test using a 20-meter long section of the joint.  Proof testing shall consist of tests 1-5 of the Prototype Testing section in this specification.  The proof test frequency shall be;



[image: image56.wmf]2

P

P

J

v

f

d

p

³


 MACROBUTTON MTPlaceRef \* MERGEFORMAT (1.19)



[image: image57.wmf]mm

25 

s

P

v

³


 MACROBUTTON MTPlaceRef \* MERGEFORMAT (1.20)

      
where 
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v

is the minimum proof test velocity defined by equipment limitations.   

Results are to be evaluated by the Engineer for maximum forces, reliability, and equidistance   criteria (section O). 
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O.       Equidistance

      
Gap difference is defined as:
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Gap deviation is defined as:
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where 
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 is the average measured gap size and 
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is a gap measurement of a single seal, or a system of seals, depending upon which is being evaluated.  A single seal or system of seals is said to be equidistant if:
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For seismic evaluations:
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P.      Fabrication

The modular joint seal assemblies shall be fabricated in accordance with the dimensions, shapes, designs and details shown in the approved working drawings and in conformance with the plans, standard specifications and the special provisions.  

The modular joint seal assemblies shall be fabricated at facilities owned and operated by the manufacturer.  The manufacturer is the entity that designs, fabricates and advises the Contractor on the installation of the joints. Fabrication shop shall be certified as a fabricator of AISC Simple Structure Category shop approval under the AISC Quality Certification Program. 

The entire modular joint seal assembly, including anchorages, but excluding stainless steel components, shall be galvanized in accordance with the Standard Specifications, or at the Contractor's option, cleaning and painting of all new metal surfaces of the modular joint seal assembly, except stainless steel and anchorages embedded in concrete, may be substituted for galvanizing.  
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Q.      Inspection

During fabrication of the structural steel components, the manufacturer shall provide full time quality control inspection to ensure that the materials and workmanship meet or exceed the requirements of the contract. Quality assurance inspection shall be performed at each stage in the manufacturing process.

No kinks or bends are allowed in the joint seal assemblies, except those necessary to match the roadway grades.

The production units will be inspected by the engineer upon arrival at the project site, prior to and after installation.

R.       Installation

The modular joint seal assembly shall not be installed until the engineer has reviewed and approved in writing, the working drawings, the results of testing and the inspection of the assemblies to be used.

A qualified installation technician shall bet at the job site to assure proper installation of each modular joint seal assembly.  Each modular joint seal assembly shall be installed in accordance with the approved working drawings and supplement and the recommendations of the manufacturer’s installation technician.  each modular joint seal assembly shall match the finished roadway profile and grades.

S.
Payment

The accepted quantity of modular joint seal assembly will be paid for at the contract unit price per lineal foot.  Measurement of the modular joint seal assembly will be taken horizontally and vertically along the centerline of the joint system between the outer limits indicated on the contract plans.  Payment will be made under:

PAY ITEM





PAY UNIT
Modular Joint Seal Assembly 


Lineal Foot

Payment will be full compensation for all work necessary to complete the items including furnishing and installing the modular expansion joint system.

Last Update:  7-28-03
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