SECTION 15140

PIPE HANGERS AND SUPPORTS

PART 1
GENERAL

1.01
SCOPE OF WORK

A.
Furnish all labor, materials, equipment and incidentals, and install a complete system of pipe hangers, supports, concrete inserts and anchor bolts including all metallic hanging and supporting devices for supporting non‑buried piping as shown on the Drawings and as specified herein.  All pipe hanger and support systems shall be designed and constructed to resist seismic forces as specified herein.

B.
Pipe supports and details are generally not shown on the Drawings.  The absence of pipe supports and details on the Drawings shall not relieve the Contractor of the responsibility for providing them.  Pipe supports indicated on the Drawings are shown only to convey the intent of the design for a particular location and are not intended to represent a complete system. 

1.02
RELATED WORK

A.
Concrete is included in Division 3.
B.
Miscellaneous metal is included in Section 05500.

C.
Field painting is included in Division 9.

D.
Pipe and fittings are included in respective sections of Divisions 13 and 15.

E.
Hangers and supports pertaining to Electrical, HVAC and Plumbing systems are included in their respective Sections.

1.03
SUBMITTALS

A.
Submit, in accordance with Section 01300, complete sets of shop drawings of all items to be furnished under this Section.  Submittals shall include complete layouts, schedules, location plans and complete total bill of materials for all pipe support systems.

B.
Submittals shall include a representative catalog cut for each different type of pipe hanger or support indicating the materials of construction, important dimensions and range of pipe sizes for which that hanger is suitable.  Where standard hangers and/or supports are not suitable, submit detailed drawings showing materials and details of construction for each type of special hanger and/or support.  Provide detailed information on anti-seize compound.

C.
Submittals shall include complete piping layout drawings for each piping system specified in Division 15. The piping layouts shall indicate type of hanger and/or support, location, pipe support reactions transmitted to the structure and type of anchor, guide and other pipe supporting appurtenances including structural fasteners. Pipe loads supported by the pipe supports will not be accepted in lieu of pipe support reactions. Submittals shall be made for complete piping systems only. Submittals of partial piping systems will be considered as nonconformance with these specifications and will be returned.
D.
Service conditions for each piping system, including service temperatures, and operating and test pressures, are tabulated in the piping sections.

E.
Submit complete design data for pipe support systems to show conformance with this Section.

F.
Certification
1.
The “Support Engineer” shall be solely responsible for the design of the pipe hangers and supports. Submit a P.E. Certification Form prepared, stamped and signed by an independent professional engineer registered in the Commonwealth of Massachusetts ordinarily engaged in the business of pipe support systems analysis verifying that his/her design and details meet the loading requirements and are in accordance with all applicable codes specified herein.
2.
Calculation prior to installation shall not be required. All layout and support detail submittals shall bear the stamp of the “Support Engineer”. 

3.
Stamped “Record” drawings and calculations shall be submitted after final installation for Project Records.

G.
Statement of Qualifications

1.
Submit experience record in design and fabrication of pipe hangers and supports a specified herein.

a. The Support Engineer” shall have not less than 3 years experience within the last 5 years in the analysis and design of pipe support design.

b. The fabricator of the pipe hangers and supports shall have not less than 5 years of current experience in the fabrication of pipe hangers and supports as specified.

H.
Description of surface preparation and shop painting including manufacture and dry film thicknesses.

1.04
REFERENCE STANDARDS

A.
Manufacturer's Standardization Society of the Valve and Fittings Industry (MSS)

1.
MSS SP‑58 ‑ Pipe Hangers and Supports ‑ Materials, Design and Manufacture.

2.
MSS SP‑69 ‑ Pipe Hangers and Supports ‑ Selection and Application.

B.
American Society for Testing and Materials (ASTM)

1.
ASTM A36 ‑ Standard Specification for Carbon Structural Steel.

2.
ASTM A307 ‑ Standard Specification for Carbon Steel Bolts and Studs, 60,000 PSI Tensile Strength. 

C.
American National Standards Institute (ANSI)

1.
ANSI B31.1 ‑ Power Piping.

D. Massachusetts State Building Code.

E. Where reference is made to one of the above standards, the revision in effect at the time of bid opening shall apply.

1.05
QUALITY ASSURANCE

A.
The Contractor shall engage the services of an independent professional engineer (“Support Engineer”) registered in the Commonwealth of Massachusetts, with specific experience specified under paragraph below in the structural design and configuration of pipe supporting systems, including any non-standard supports that need to be designed and certified.

B.
The “Support Engineer” shall have not less than 3 years experience within the last 5 years in the analysis and design of pipe supports.

C.
The “Support Engineer” shall be responsible for work within the design specifications and within the design configuration. Any construction-related deviations in criteria, materials or details within the design must be submitted to the Engineer. These submittals will be reviewed only for conformance to the specifications. 

D.
All hangers, supports and appurtenances shall conform to the latest applicable requirements of the Massachusetts State Building Code and ANSI B31.1, except as supplemented or modified by the requirements of this Section.

E.
All hanger, supports and appurtenances shall be of approved standard design where possible and shall be adequate to maintain the supported load in proper position under all operating conditions. The minimum working factor of safety for all supporting equipment, with the exception of springs, shall be one fifth the ultimate tensile strength of the material, assuming a minimum 10‑ft of waterfilled pipe being supported.

F.
All pipe and appurtenances connected to equipment shall be supported in such a manner as to prevent any strain being imposed on the equipment.  When manufacturers have indicated requirements that piping loads shall not be transmitted to their equipment, submit certification stating that such requirements have been complied with.

G.
Support arrangements shall be coordinated to eliminate interference with similar support systems to be installed by Plumbing, HVAC, Electrical, and pipe support drawings; to account for structural expansion joints with co-located piping expansion joints; and to maintain unhindered access to all equipment for both operation and removal. No material handling equipment supports shall be used for piping supports under any circumstances. Do not support form structural struts, or braces.

1.06
SEISMIC RESTRAINTS

A.
Provide seismic restraints for all piping systems including but not limited to free standing, suspended or wall mounted piping installed under this Section.  Seismic restraints shall be sized for Seismic Hazard Exposure Group II and Seismic Performance Category C.

B.
Use the restraints defined in the manual when the seismic criteria, and size of piping, are within the limits of the latest edition of the SMACNA Seismic Restraints Manual, at the time of bid opening.  Select restraints from the Tables that represent the highest seismic hazard class or level possible within the Commonwealth of Massachusetts in which the project resides.  Provide members of material of equal strength to those in the standards where materials other than carbon steel are specified.

C. 
Materials of construction for seismic restraints shall be same as those specified in PART 2 of this Section for the pipe hangers and supports.  All nuts, bolts and washers shall be stainless steel regardless of locations.
1.07
DELIVERY, STORAGE AND HANDLING

A.
All supports and hangers shall be crated, delivered and uncrated so as to protect against any damage.

B.
All parts shall be properly protected so that no damage or deterioration shall occur during a prolonged delay from the time of shipment until installation is completed.

C.
Finished metal surfaces not galvanized, that are not of stainless steel construction, or that are not coated, shall be grease coated, to prevent rust and corrosion.

PART 2
PRODUCTS

2.01
GENERAL

A.
All of the equipment specified herein is intended to support the various types of pipe and piping systems shown on the Drawings.  It shall be the responsibility of the Contractor to develop final details and any details associated with special conditions not already covered to meet the system conditions (in particular system temperatures and pressures) specified in the respective Division 13 and 15 Pipe Sections.

B.
Support all pipe and tubing shall to prevent significant stresses in the pipe or tubing material, valves, fittings and other pipe appurtenances and to support and secure the pipe in the intended position and alignment.  Design all supports to adequately secure the pipe against excessive dislocation due to thermal expansion and contraction, vibration due to fluid pulsation and/or equipment operation, internal flow forces and all probable external forces such as equipment, pipe and personnel contact and seismic forces.  Any structural steel members required to brace any piping from excessive dislocation shall conform to the applicable requirements of Sections 05500 and shall be furnished and installed under this Section.

C.
The Contractor may propose minor adjustments to the piping arrangements in order to simplify the supports, or in order to resolve minor conflicts in the work.  Such an adjustment might involve minor change to a pipe centerline elevation so that a single trapeze support may be used.

D.
Where flexible couplings are required at equipment, tanks, etc, the end opposite to the piece of equipment, tank, etc, shall be rigidly supported, to prevent transfer of force systems to the equipment.  No fixed or restraining supports shall be installed between a flexible coupling and the piece of equipment.

E.
Support all pipe and appurtenances connected to the equipment in a manner to prevent any strain from being imposed on the equipment or piping system.

F.
Furnish all rods, clamps, hangers, inserts, anchor bolts, brackets and components for interior pipe supports per the schedule on the G-sheets and a minimum of 304L stainless steel  Supports for copper pipe shall be copper plated or shall be 304L stainless steel.  All rods, clamps, hangers, inserts, anchor bolts, brackets and components for exterior pipe, submerged pipe, Lime Slurry piping, Alum piping, Polymer piping, interior pipe within chemical containment areas, pipe within outdoor structures and tanks, and interior pipe within manholes, and exterior pipe within channels shall be of Type 316 stainless steel.

G.
Supports shall be sufficiently close together such that the sag of the pipe is within limits that will permit drainage and avoid excessive bending stresses from concentrated loads between supports.

H.
All uninsulated non‑metallic piping such as PVC, CPVC, etc, shall be protected from local stress concentrations at each support point.  Protection shall be provided by 304L stainless steel protection shields or other method as approved by the Engineer.  Where pipes are bottom supported 180 degrees, arc shields shall be furnished.  Where 360 degree arc support is required, such as U bolts, protection shields shall be provided for the entire pipe circumference. Protection shields shall have an 18 gauge minimum thickness, not be less than 12‑in in length and be securely fastened to pipe with stainless steel straps not less than 1/2‑in wide.

I.
All insulated pipe shall be furnished with a rigid foam insulating saddle at each pipe support location as specified under respective pipe insulation.  Provide protection shields as specified in at each support location.

J.
Where pipe hangers and supports come in contact with copper piping provide protection from galvanic corrosion by; wrapping pipe with 1/16‑in thick neoprene sheet material and stainless steel protection shield; isolators similar to Elcen, Figure No. 228; or copper plated or 304L stainless steel hangers and supports.  All stainless steel piping shall be isolated from all ferrous materials, including galvanized steel by use of neoprene sheet material and protection shields, similar to above methods.

K.
Pipe supports shall be provided as follows:

1.
Cast iron and ductile iron, steel and stainless steel piping shall be supported at a maximum support spacing of 10-ft with a minimum of one support per pipe section at the joints.

2.
Insofar as is possible, floor supports shall be given preference.  Typical concrete supports are shown on the structural drawings.  Base elbow and base tees shall be used where possible.

3.
Support spacing for steel and stainless steel piping 2-in and smaller diameter and copper tubing shall not exceed 5-ft.

4.
For all stainless steel piping, provide neoprene isolators between the pipe and support components for fixed supports and Teflon for guide supports.

5.
Supports for multiple and single PVC plastic piping shall be continuous wherever possible. Individually supported PVC pipes shall be supported as recommended by the manufacturer except that support‑spacing shall not exceed 3-ft.  Multiple, suspended, horizontal plastic PVC pipe runs, where possible, shall be supported by V-troughs or ladder type cable trays such as the Electray Ladder by Husky‑Burndy; the Globetray by the Metal Products, a Division of United States Gypsum, B-Line Cable Tray Systems by B-Line Systems, Inc. or equal.  Ladder shall be of a minimum of 403L stainless steel construction.  Rung spacing shall be 12‑in.  Tray width shall be approximately 6‑in for single runs and 12‑in for double runs.  Ladder type cable trays shall be furnished complete with all hanger rods, rod couplings, concrete inserts, hanger clips, etc, required for a complete support system.  Individual plastic pipes shall be secured to the rungs of the cable tray by strap clamps or fasteners similar to Globe, Model M‑CAC; Husky‑Burndy, Model SCR or equal.  Spacing between clamps shall not exceed 9‑ft.  The cable trays shall provide continuous support along the length of the pipe. Individual clamps, hangers and supports in contact with plastic PVC pipe shall provide firm support but not so firm as to prevent longitudinal movement due to thermal expansion and contraction.

6.
All vertical pipes shall be supported at each floor or at intervals of not more than 6-ft by approved pipe collars, clamps, brackets, or wall rests and at all points necessary to insure rigid construction.  All vertical pipes passing through pipe sleeves shall be secured using a pipe collar.

7.
Pipe supports shall not induce point loadings but shall distribute pipe loads evenly along the pipe circumference.

8.
Supports shall be provided at changes in direction and elsewhere as shown in the Drawings or as specified herein.  No piping shall be supported from other piping or from metal stairs, ladders and walkways, unless specifically directed or authorized by the Engineer.

9.
Pipe supports shall be provided to minimize lateral forces through valves, both sides of split type couplings and sleeve type couplings and to minimize all pipe forces on pump housings. Pump housings shall not be utilized to support connecting pipes.
10.
Effects of thermal expansion and contraction of the pipe shall be accounted for in the pipe support selection and installation.

11.
Sufficient lateral bracing shall be provided to minimize horizontal motion and vibration of piping due to fluid pulsation and/or equipment vibration to less than 1/8 inch peak-to-peak throughout the range of routine operating conditions. Special attention shall be paid to lateral bracing on non-ridged piping systems such as grooved-end.

L.
Unless otherwise specified herein, pipe hangers and supports shall be standard catalogued components, conforming to the requirements of MSS-SP-58 and -69; and shall be as manufactured by Grinnell Co., Inc., Providence, RI; Carpenter & Patterson, Inc., Woburn, MA; F&S Central, Brooklyn NY; PHD Manufacturing, Inc., Columbiana, OH or equal.  Any reference to a specific figure number of a specific manufacturer is for the purpose of establishing a type and quality of product and shall not be considered as proprietary.

M.
Any required pipe supports for which the standard supports specified in this Section are not applicable shall be fabricated or constructed from standard structural steel shapes, concrete and anchor hardware similar to items previously specified herein and shall be subject to the approval of the Engineer.

N.
Expansion anchors for wall and floor pipe supports and appurtenances shall be equal to Hilti Kwik‑Bolt II; Simpson Strong-Tie Wedge-All; Powers Power-Stud, or equal.  The length of expansion bolts shall be sufficient to place the wedge portion of the bolt a minimum of 1‑in behind the steel reinforcement. Concrete anchors for ceiling mounted pipe support and appurtenances shall be adhesive type.
O.
Hanger rods shall be hot rolled stainless steel, machine threaded.  The strength of the rod shall be based on its root diameter.  Hanger rods shall be attached to concrete structures using concrete inserts similar to F&S, Figures 180, 571 or 150; or continuous concrete inserts per F&S.  Inserts shall be stainless steel.  Beam clamps, C clamps or welded beam attachments shall be used for attaching hanger rods to structural steel members.  Where necessary and as approved by the Engineer, expansion anchors may be used for attaching to concrete structures.

2.02
SINGLE PIPE HANGERS

A.
Single pipes shall be supported by hangers suspended by hanger rods from structural steel members, concrete ceilings, bottom of trapeze hangers and wall mounted steel angle brackets.

B.
Except as otherwise specified herein, pipe hangers shall be stainless steel, of the adjustable clevis type similar to Grinnell, Figure No. 65, 260 and 590 as required.

C.
Where pipes are near walls, beams, columns, etc, and located an excessive distance from ceilings or underside of beams, welded steel wall brackets similar to Carpenter and Patterson, Figure No. 69‑68, 84 or 139 shall be used for hanging pipe.  Where single pipes rest on top of bracket pipe supports, attachments shall meet requirements as specified under multiple pipe hangers.

2.03
MULTIPLE PIPE HANGERS

A.
Suspended multiple pipes, running parallel in the same horizontal plane, which are adjacent to each other shall be suspended by trapeze type hangers or wall brackets.  Trapeze hangers shall consist of 304L or 316 stainless steel channel supported from stainless steel threaded rod or attached to concrete walls, columns or structural steel support members as required to meet the intent of this Section.  Channel shall be similar to F&S, Figure 710, rods, concrete inserts, "C" clamps, beam clamps, welded beam attachments and expansion shields shall be as specified in Paragraph 2.02 above.

B.
Except as otherwise specified herein pipe anchors used for attaching pipe to trapeze or multiple pipe wall brackets shall be anchor or pipe chairs similar to F&S, Figures 158, 419, 160A, 160B as required.  Material of construction shall be stainless steel.  Chair "U" bolts shall be tightened to allow freedom of movement for normal expansion and contraction except where pipe must be anchored to control direction of movement or act as a thrust anchor.

2.04
SINGLE AND MULTIPLE PIPE SUPPORTS

A.
Single pipes located in a horizontal plane close to the floor shall be supported by one of the methods as shown on the Drawings and as specified herein.

B.
Pipes 3‑in in diameter and larger shall be supported by adjustable stanchions similar to F&S, Figure 427.  Stanchions shall provide at least 4‑in adjustment and be flange mounted to floor.

C.
Pipes less than 3‑in in diameter shall be held in position by supports fabricated from stainless steel "C" channel, welded post base similar to Unistrut, Figure P2072A and pipe clamps similar to Unistrut, Figures P1109 thru P1126.  Where required to assure adequate support, fabricate supports using two vertical members and post bases connected together by horizontal member of sufficient load capacity to support pipe.  Wherever possible supports shall be anchored to nearby walls or other structural member to provide horizontal rigidity.  More than one pipe may be supported from a common fabricated support.

D.
Where shown on the Drawings, pipe shall be anchored using concrete anchor posts or pedestals.  Pipe shall be securely fastened to the posts or pedestals as indicated on the Drawings.

2.05
WALL SUPPORTED PIPES

A.
Single or multiple pipes located adjacent to walls, columns or other structural members, whenever deemed necessary, shall be supported using welded stainless steel wall brackets similar to Carpenter and Patterson, Figure No. 69‑78, 84, or 134; or "C" channel with steel brackets similar to Unistrut pipe clamps.  All members shall be securely fastened to wall, column, etc, using double expansion shields or other method as approved by the Engineer.  Additional wall bearing plates shall be provided where required.

B.
Pipe shall be attached to supports using methods specified herein to meet the intent of this Section.

2.06
BASE ANCHOR SUPPORT

A.
Where pipes change direction from horizontal to vertical via a bend, a welded or cast base bend support shall be installed at the bend to carry the load.  The base bend shall be anchored to the floor, pipe stanchion, or concrete pedestal using expansion anchors or other method as approved by the Engineer.

B.
Where shown on the Drawings, pipe bends shall be anchored using concrete anchor posts.  Pipes shall be securely fastened to the concrete supports with suitable metal bands as required and approved by the Engineer.  A felt insert shall be used to isolate the piping from the poured concrete.
2.07
VERTICAL PIPE SUPPORTS

A.
Where vertical pipes are not supported by a Unistrut system as specified in Paragraph 2.08 below, they shall be supported in one of the following methods.

1.
For pipes 1/4‑in to 2‑in in diameter, an extension hanger ring shall be provided with an extension rod and hanger flange.  The rod diameter shall be as recommended by the manufacturer for the type of pipe to be supported.  The hanger ring shall be stainless steel.  The hanger ring shall be equal to Carpenter & Paterson, Figure No. 81 or 81CT.  The anchor flange shall be stainless steel similar to Carpenter and Patterson, Figure No. 85.

2.
For pipes equal to or greater than 2‑in in diameter extended pipe clamps similar to Carpenter and Patterson, Figure No. 267 may be used.  The hanger shall be attached to concrete structures using double expansion shields, or to stainless steel support members using welding lugs similar to Carpenter and Patterson, Figure No. 220.

3.
Pipe riser clamps shall be used to support all vertical pipes extending through floor slabs.  Riser clamps shall be stainless steel similar to Carpenter and Patterson, Figure No. 126.  Copper clad or stainless steel clamps shall be used on copper pipes.  Insulation shall be removed from insulated pipes prior to installing riser clamps.  Insulation shall not be damaged by clamp installation.

4.
Unless otherwise specified, shown, or specifically approved by the Engineer, vertical runs exceeding 6-ft shall be supported by base elbows/tees, clamps, brackets, wall rests and pipe collars, all located as required to ensure a rigid installation.

2.08
SUPPORTS FOR PLASTIC PIPING 3-INCHES AND SMALLER

A.
Pipe supports shall be provided for closely spaced vertical piping systems required to provide a rigid installation.  The interval of vertical support spacing shall be as specified, but in no case shall vertical interval exceed 6-ft.  The support system shall consist of a framework suitably anchored to floors, ceilings or roofs.

B.
Vertical and horizontal supporting members shall be U shaped channels similar to Unistrut, Series P1000.  The assemblies shall be furnished complete with all nuts, bolts and fittings required for a complete assembly including end caps for all unistrut members.  Vertical piping shall be secured to the horizontal members by pipe clamps or pipe straps.  For support of exterior pipe, submerged pipe, pipe within outdoor structures and interior pipe within channels and chemical containment areas, all components shall be Type 316 stainless steel.  In all other areas, all components shall be of 304L stainless steel.

C.
The framework shall be as manufactured by the Unistrut Corporation; Globe-Strut as manufactured by the Metal Products Division of U.S. Gypsum; Power Strut; B-Line Systems or equal.  

D.
The design of each individual framing system shall be the responsibility of the Contractor.  Shop drawings, as specified above shall be submitted and shall show all details of the installation, including dimensions and types of supports.  In all instances the completed frame shall be adequately braced to provide a complete rigid structure when all the piping has been attached.

E.
Supports not otherwise described in this Section shall be fabricated or constructed from standard stainless steel shapes in accordance with applicable provisions of Sections 05500, or unistrut-type frame; have anchor hardware similar to items previously specified herein, shall meet the minimum requirements listed below and be subject to the approval of the Engineer.

1.
Pipe support systems shall meet all requirements of this Section and all related Sections.

2.
Complete design details of the pipe support system and system components shall be submitted for review and approval as specified in PART 1.  No hanger or support shall be installed without the written approval of the Engineer.

3.
The pipe support system shall not impose loads on the supporting structures in excess of the loads for which the supporting structure is designed.

2.09
SURFACE PREPARATION AND SHOP PRIME PAINTING

A.
All surfaces, except stainless steel surfaces, shall be prepared and shop prime painted as part of the work of this Section.  Surface preparation and shop prime painting shall be as specified in Section 09901.

PART 3
EXECUTION

3.01
INSTALLATION

A.
Proceed with the installation of piping and supports only after any building structural work has been completed and new concrete has reached its specified design strength.

B.
The installation of pipe support systems shall in no way interfere with the operation of monorails, access hatches, etc.

C.
The installed systems shall not interfere with maintenance and operational access to any equipment installed under this Section, or any other related Section.

D.
All pipes, horizontal and vertical, requiring rigid support shall be supported from the building structure by methods specified under PART 2.  Supports shall be provided at changes in direction and elsewhere as shown in the Drawings or as specified herein.  No piping shall be supported from existing precast concrete tees, metal stairs, ladders and walkways unless specifically directed or authorized by the Engineer.

E.
All pipe supports shall be designed with liberal strength and stiffness to support the respective pipes under the maximum combination of peak loading conditions to include pipe weight, liquid weight, liquid movement and pressure forces, thermal expansion and contraction, vibrations and all probable externally applied forces including seismic forces.  Prior to installation, all pipe supports shall be approved by the Engineer.

F.
Pipe supports shall be provided to minimize lateral forces through valves, both sides of split type couplings and sleeve type couplings (within four pipe diameters) and to minimize all pipe forces on pump housings and other equipment.  Pump housings and other equipment shall not be utilized to support connecting pipes.

G.
Inserts for pipe hangers and supports shall be installed on forms before concrete is placed.  Before setting these items, all Drawings and figures shall be checked which have a direct bearing on the pipe location.  Responsibility for the proper location of pipe supports is included under this Section.

H.
Continuous metal inserts shall be embedded flush with the concrete surface.

I.
Apply anti-seize compound to all nuts and bolts.  Supports installed without the approved compound shall be dismantled and correctly installed, at no additional cost to the Owner.

J.
All sharp edges and corners within 7 feet of the floor or walking surface shall be ground down and/or protected with plastic protective covers.

K.
After startup of equipment and piping systems, provide additional lateral bracing if horizontal vibration exceeds limits stated in Part 2.

3.02
TESTING

A.
All pipe support systems shall be tested for compliance with this Section.  After installation, each pipe support system shall be tested in conjunction with the respective piping pressure tests. If any part of the pipe support system proves to be defective or inadequate, it shall be repaired or augmented under this Section to the satisfaction of the Engineer.
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