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SECTION 23 00 00
BASIC MECHANICAL REQUIREMENTS

PART 1 GENERAL

1.01 SECTION INCLUDES

A. Basic Mechanical Requirements specifically applicable to Division 23 Sections, in addition to 
Division 01 - General Requirements.

1.02 RELATED DOCUMENTS:

A. THE UNIFORM GENERAL CONDITIONS, SUPPLEMENTARY GENERAL CONDITIONS, 
and DIVISION 01 of the Specifications apply to the work specified in this Section.

B. All work covered by this Section of these Specifications shall be accomplished in 
accordance with all applicable provisions of the Contract Documents and any addenda or 
directives which may be issued herewith, or otherwise.

1.03 GENERAL:

A. The Contractor shall execute all work hereinafter specified or indicated on accompanying 
Drawings.  Contractor shall provide all equipment necessary and usually furnished in 
connection with such work and systems whether or not mentioned specifically herein or on 
the Drawings.

B. The Contractor shall be responsible for fitting his material and apparatus into the building 
and shall carefully lay out his work at the site to conform to the structural conditions, to avoid 
all obstructions, to conform to the details of the installation and thereby to provide an 
integrated satisfactory operating installation.

C. The Mechanical, Electrical, and associated Drawings are necessarily diagrammatic by their 
nature, and are not intended to show every connection in detail or every pipe or conduit in its 
exact location.  These details are subject to the requirements of standards referenced 
elsewhere in these specifications, and structural and architectural conditions.  The 
Contractor shall carefully investigate structural and finish conditions and shall coordinate the 
separate trades in order to avoid interference between the various phases of work.  Work 
shall be organized and laid out so that it will be concealed in furred chases and suspended 
ceilings, etc., in finished portions of the building, unless specifically noted to be exposed.  All 
exposed work shall be installed parallel or perpendicular to the lines of the building unless 
otherwise noted.

D. When the mechanical and electrical Drawings do not give exact details as to the elevation of 
pipe, conduit and ducts, the Contractor shall physically arrange the systems to fit in the 
space available at the elevations intended with proper grades for the functioning of the 
system involved.  Piping, exposed conduit and the duct systems are generally intended to 
be installed true and square to the building construction, and located as high as possible 
against the structure in a neat and workmanlike manner.  The Drawings do not show all 
required offsets, control lines, pilot lines and other location details.  Work shall be concealed 
in all finished areas. 

1.04 DEFINITIONS:  (Note:  These definitions are included here to clarify the direction and intention of 
this specification.  The list given here is not by any means complete.  For further clarification as 
required, contractor shall contact the designated Owner’s representative.)
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A. CONCEALED / EXPOSED:  Concealed areas are those areas which cannot be seen by the 
building occupants.  Exposed areas are all areas which are exposed to view by the building 
occupants, including under counters, inside cabinets and closets, plus all mechanical rooms.

B. General Requirements:  The provisions of requirements of other Division 01 sections apply 
to entire work of contract and, where so indicated, to other elements which are included in 
project.  Basic contract definitions are included in the General Conditions.

C. Indicated:  The term "indicated" is a cross reference to graphic representations, notes or 
schedules on drawings, to other paragraphs or schedules in the Specifications, and to 
similar means of recording requirements on contract documents.  Where terms such as 
"shown", "noted", "scheduled", and "specified" are used in lieu of "indicated", it is for the 
purpose of helping reader locate the cross reference, and no limitation of location is 
intended except as specifically noted.

D. Directed, requested, etc.:  Where not otherwise explained, terms such as "directed", 
"requested", "authorized", "selected", "approved", "required", "accepted", and "permitted" 
mean directed by Architect/Engineer", "requested by Architect/Engineer" and similar 
phrases.  However, no such implied meaning will be interpreted to extend 
Architect's/Engineer's responsibility into Contractor's area of construction supervision and 
job safety.

E. And/Or:  Where "and/or" is used in these Specifications or on the Drawings, it shall mean 
"that situations exist where either one or both conditions occur or are required and shall not 
be interpreted to permit an option on the part of the Contractor.

F. Approve:  Where used in conjunction with Architect's/Engineer's response to submittals, 
requests, applications, inquiries, reports and claims by Contractor, the meaning of term 
"approved" will be held to limitations to Architect's/Engineer's responsibilities and duties as 
specified in General and Supplementary Conditions.  In no case will "approval" by 
Architect/Engineer be interpreted as a release of Contractor from responsibilities to fulfill 
requirements of contract documents or to extend Architect's/Engineer's responsibility into 
Contractor's area of construction supervision and job safety.

G. As required:  Where "as required" is used in these Specifications or on the drawings, it shall 
mean "that situations exist that are not necessarily described in detail or indicated that may 
cause the contractor certain complications in performing the work described or indicated. 
These complications entail the normal coordination activities expected of the Contractor 
where multiple trades are involved and new or existing construction causes deviations to 
otherwise simplistic approaches to the work to be performed.  The term shall not be 
interpreted to permit an option on the part of the Contractor to achieve the end result."

H. Furnish:

1. The term "furnish" is used to mean "supply and deliver to project site, ready for 
unloading, unpacking, assemble, installation, and similar operations."

2. Where "furnish" applies to work for which the installation is not otherwise specified, 
"furnish" in such case shall mean "furnish and install."

I. Install:  The term "install" is used to describe operations at project site including "unloading, 
unpacking, assembly, erection, placing, anchoring, applying, working to dimension, finishing, 
curing, protecting, cleaning and similar operation."
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J. Provide:  The term "provide" means "to furnish and install, complete and ready for intended 
use."

1.05 PERMITS, UTILITY CONNECTIONS AND INSPECTIONS:

A. General:  Refer to DIVISION 01 for construction phasing and time increments.

B. Fees and Costs:  Refer to Division 01 for payment requirements of fees and utility costs.

C. All work performed on this project is under the authority of the State of Texas, therefore no 
local construction fees or construction permits will be required except as may be required for 
new service taps, or new or modified connections to City controlled services.  If inspections 
by City personnel are specifically required by this document, refer to Division 01 for 
responsibility. 

D. Compliance:  The Contractor shall comply in every respect with all requirements of National 
Fire Protection Association, local Fire Department regulations and utility company 
requirements.  In no case does this relieve the Contractor of the responsibility of complying 
with these Specifications and Drawings where specified conditions are of higher quality than 
the requirements of the above-specified authorities.  Where requirements of the 
Specifications and Drawings are more lenient than the requirements of the above authorities 
having jurisdiction, the Contractor shall make installations in compliance with the 
requirements of the above authorities with no extra compensation.

1.06 CONTRACT DOCUMENTS: 

A. All dimensional information related to new structures shall be taken from the appropriate 
Drawings.  All dimensional information related to existing facilities shall be taken from actual 
measurements made by the Contractor on the site. 

B. The interrelation of the Specifications, the Drawings, and the schedules are as follows:  The 
Specifications determine the nature and setting of the several materials, the Drawings 
establish the quantities, dimensions and details, and the schedules give the performance 
characteristics.  If the Contractor requires additional clarification, he shall request it in 
writing, following the contractually prescribed information flow requirements. 

C. Should the Drawings or Specifications conflict within themselves, or with each other, the 
better quality, or greater size or quantity of work or materials shall be performed or 
furnished. 

1.10 FUTURE WORK

A. Provide for future work as noted below..

B. Areas of the project are designed for future build-out.

C. Piping, conduit, etc. that is installed in the shell & core shall be installed as noted on the 
drawings with the understanding that there will be build-out in these areas and routing shall 
be done in a manner to provide adequate clearance for those future utilities.

1.11 SUBMITTALS

A. Refer to Uniform General Conditions Article 8.
 

B. Proposed Products List: Include Products specified in the following Sections: 
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1. Section 22 11 23 – Plumbing Equipment

2. Section 22 05 33 – Heat Trace for Plumbing Piping.

3. Section 23 05 16 – Piping Expansion Compensation.

4. Section 23 05 29 – Sleves, Flashings, Supports and Anchors.

5. Section 23 25 00 – Water Treatment Systems.

6. Section 23 20 00.A - Piping, Valves and Fittings

7. Section 23 05 29 - Sleeves, Flashings, Supports and Anchors

8. Section 21 13 13 - Fire Protection Systems

9. Section 22 13 16 - Plumbing Piping

10. Section 22 13 16.A - Plumbing Specialties

11. Section 22 40 00 - Plumbing Fixtures

12. Section 22 63 13 - Compressed Gas System

13. Section 22 66 00 – Lab Waste System

14. Section 22 67 13 - Reverse Osmosis Water System

15. Section 23 05 13 - Motors

16. Section 23 05 48 - Vibration Isolation

17. Section 23 05 53 - Mechanical Identification

18. Section 23 06 20 - Hydronic Specialties

19. Section 23 07 13 - Ductwork Insulation

20. Section 23 07 16 - Equipment Insulation

21. Section 23 07 19 - Piping Insulation

22. Section 23 09 23 - Direct Digital Control Systems

23. Section 23 09 43 - Pneumatic Controls

24. Section 23 09 93 – Sequence of Operation 

25. Section 23 20 00 - HVAC Pumps

 26. Section 23 20 00.A - Piping, Valves and Fittings

27. Section 23 21 00 - Hydronic Piping
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28. Section 23 22 00 - Steam and Steam Condensate Piping

39. Section 23 22 00.A - Steam and Steam Condensate Specialties

30. Section 23 29 23 – Variable Speed Drives

31. Section 23 31 00 - Ductwork

32. Section 23 33 00 - Ductwork Accessories

33. Section 23 37 00 - Air Inlets and Outlets

34. Section 23 82 16 - Air Coils

35. Section 23 41 00 – Filters

36. Section 23 34 16 – Fans

37. Section 23 82 19 – Unit Heaters and Baseboard Heaters

38. Section 23 73 25 – Heat Recovery Units

39. Section 23 73 23 – Air Handling Units and Outside Air Handling Units

40. Section 23 73 00 – Fan Coil Units

C. Submit shop drawings and product data grouped to include complete submittals of related 
systems, products, and accessories in a single submittal.

D. Mark dimensions and values in units to match those specified.

E. Submit Fabrication Drawings whenever (1) equipment proposed varies in physical size and 
arrangement from that indicated on the Drawings, thus causing rearrangement of equipment 
space, (2) where tight spaces require extreme coordination between ductwork, piping, 
conduit, and other equipment, (3) where called for elsewhere in these Specifications; and (4) 
where specifically requested by the Architect/Engineer.  Fabrication Drawings shall be made 
at no additional charge to the Owner or the Architect/Engineer.

F. All required Fabrication Drawings, except as noted otherwise, shall be prepared at a scale of 
not less than 1/4" = 1'-0".  Fabrication Drawings for ductwork, air handling units, and 
sections in Mechanical Rooms shall be drawn at a minimum scale of 3/8" = 1'-0".  Submit 
three blueline prints of each Fabrication Drawing to the Architect/Engineer for review.  
Reproduction and submittal of the Construction Documents is not acceptable.  The 
Architect/Engineer will review the drawing and return one print with comments. 

1.12 SUBSTITUTION OF MATERIALS AND EQUIPMENT:

A. Refer to General Conditions for substitution of materials and equipment.

B. General:  Within thirty days after the date of contract award or work order, whichever is later, 
and before purchasing or starting installation of materials or equipment, the Contractor shall 
submit for review, a complete list of suppliers, contractors and manufacturers for all 
materials and equipment which will be submitted for incorporation into the project.  The list 
shall be arranged in accordance with the organization of the Specifications.  This initial list 
shall include the manufacturer's name and type or catalog number as required to identify the 
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quality of material or equipment proposed.  This list will be reviewed by the Engineer and the 
Owner and will be returned to the Contractor with comments as to which items are 
acceptable without further submittal data and which items will require detailed submittal data 
for further review and subsequent approval.  The initial list shall be submitted as herein 
specified.  Materials and equipment requiring detailed submittal data shall be submitted with 
sufficient data to indicate that all requirements of these Specifications have been met and 
samples shall be furnished when requested.  All manufacturer's data used as part of the 
submittal shall have all inapplicable features crossed out or deleted in a manner that will 
clearly indicate exactly what is to be furnished.

C. It is not the intent of the Drawings and/or Specifications to limit products to any particular 
manufacturer nor to discriminate against an "APPROVED EQUAL" product as produced by 
another manufacturer.  Some proprietary products are mentioned to set a definite standard 
for acceptance and to serve as a reference in comparison with other products.  When a 
manufacturer's name appears in these Specifications, it is not to be construed that the 
manufacturer is unconditionally acceptable as a provider of equipment for this project.  The 
successful manufacturer or supplier shall meet all of the provisions of the appropriate 
specification(s). 

D. The specified products have been used in preparing the Drawings and Specifications and 
thus establish minimum qualities with which substitutes must at least equal to be considered 
acceptable.  The burden of proof of equality rests with the Contractor.  The decision of the 
designer is final. 

E. When requested by the Architect/Engineer, the Contractor shall provide a sample of the 
proposed substitute item.  In some cases, samples of both the specified item and the 
proposed item shall be provided for comparison purposes.

F. Timeliness:  The burden of timeliness in the complete cycle of submittal data, shop 
Drawings, and sample processing is on the Contractor.  The Contractor shall allow a 
minimum of six (6) weeks time frame for review of each submission by the office of the 
design discipline involved after receipt of such submissions by that design discipline.  The 
Contractor is responsible for allowing sufficient time in the construction schedule to cover 
the aforementioned cycles of data processing, including time for all resubmittal cycles on 
unacceptable materials, equipment, etc. covered by the data submitted.  Construction 
delays and/or lack of timeliness in the above regard are the responsibility of the Contractor 
and will not be considered in any request for scheduled construction time extensions and/or 
additional costs to the Owner.

G. All equipment installed on this project shall have local representation, local factory 
authorized service, and a local stock of repair parts.

H. Acceptance of materials and equipment will be based on manufacturer's published data and 
will be tentative subject to the submission of complete shop Drawings indicating compliance 
with the contract documents and that adequate and acceptable clearances for entry, 
servicing, and maintenance will exist.  Acceptance of materials and equipment under this 
provision shall not be construed as authorizing any deviations from the Specifications, 
unless the attention of the Architect/Engineer has been directed in writing to the specific 
deviations.  Data submitted shall not contain unrelated information unless all pertinent 
information is properly identified. 

I. Certification:  The Contractor shall carefully examine all data forwarded for approval and 
shall sign a certificate to the effect that the data has been carefully checked and found to be 
correct with respect to dimensions and available space and that the equipment complies 
with all requirements of the Specifications. 
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J. Physical Size of Equipment:  Space is critical; therefore, equipment of larger sizes than 
shown, even though of specified manufacturer, will not be acceptable unless it can be 
demonstrated that ample space exists for proper installation, operation, and maintenance. 

K. Materials and Equipment Lists:  Eight (8) copies of the list of materials and equipment, the 
name of manufacturer, trade name, type, and catalog number shall be submitted to the 
Architect/Engineer.  The lists shall be accompanied by eight (8) sets of pictorial and 
descriptive data derived from the manufacturers' catalogs, sales literature, or incorporated in 
the Shop Drawings.  

L. Should a substitution be accepted, and should the substitute material prove defective, or 
otherwise unsatisfactory for the service intended within the guarantee period, this material or 
equipment shall be replaced with the material or equipment specified at no additional cost to 
the Owner.

1.13 MATERIALS AND WORKMANSHIP:

A. All materials, unless otherwise specified, shall be new, free from all defects, suitable for the 
intended use, and of the best quality of their respective kinds.  Materials and equipment 
shall be installed in accordance with the manufacturer's recommendations and the best 
standard practice for the type of work involved.  All work shall be executed by mechanics 
skilled in their respective trades, and the installations shall provide a neat, precise 
appearance.  Materials and/or equipment damaged in shipment or otherwise damaged prior 
to installation shall not be repaired at the job site but shall be replaced with new materials 
and/or equipment. 

B. The responsibility for the furnishing of the proper equipment and/or material and seeing that 
it is installed as intended by the manufacturer, rests entirely upon the Contractor who shall 
request advice and supervisory assistance from the representative of specific manufacturers 
during the installation. 

1.14 FLAME SPREAD PROPERTIES OF MATERIALS:

A. Materials and adhesives incorporated in this project to be installed within return air plenums 
shall conform to NFPA Standard 255, "Method of Test of Surface Burning Characteristics of 
Building Materials" and NFPA 90.  The classification shall not exceed a flame spread rating 
of 25 for all materials, adhesives, finishes, etc., specified for each system, and shall not 
exceed a smoke developed rating of 50.

1.15 REGULATORY REQUIREMENTS

A. The "Authority Having Jurisdiction" over the project described by these documents is the 
Owner, as an Agency of the State of Texas.  As such, it is required that the installation shall 
meet the minimum standards prescribed in the latest editions of the following listed codes 
and standards, which are made a part of these Specifications. All referenced codes and 
standards shall be those current at the date of issue of the design documents.

B. National Fire Protection Association Standards (NFPA): 

1. NFPA No. 13, Sprinkler System, Installation

2. NFPA No. 14, Standpipes and Hose Systems

3. NFPA No. 20, Centrifugal Fire Pumps
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4. NFPA No. 37, Stationary Combustion Engines & Gas Turbines

5. NFPA No. 45, Fire Protection for Laboratories Using Chemicals

6. NFPA No. 51, Welding & Cutting, Oxygen-Fuel Gas Systems

7. NFPA No. 54, Gas Appliances, Piping, National Fuel Gas Code

8. NFPA No. 70, National Electrical Code

9. NFPA No. 72D, Proprietary Signaling Systems

10. NFPA No. 78, Lightning Protection Code

11. NFPA No. 90A, Air Conditioning Systems

12. NFPA No. 91, Blower & Exhaust Systems

13. NFPA No. 99, Health Care Facilities

14 NFPA No. 101, Life Safety Code

15. NFPA No. 200, Series, Building Construction

16. NFPA No. 255, Method of Test of Surface Burning Characteristics of Building 
Materials

27. NFPA No. 258, Standard Research Test Method for Determining Smoke Generation 
of Solid Materials

C. American National Standards Institute (ANSI):

1. A40.8, National Plumbing Code

2. B31.1,  Power Piping

3. B9.1, Safety Code for Mechanical Refrigeration

D. American Gas Association Publications (AGA):  Directory of Approved Gas Appliances and 
Tested Accessories 

E. American Society of Mechanical Engineers (ASME):  Boiler and Pressure Vessel Codes 

F. Air Conditioning and Refrigeration Institute Standards (ARI):  All standards related to 
refrigeration and air conditioning equipment and piping furnished under these Specifications.

G. Sheet Metal and Air Conditioning Contractors National Association, Inc. (SMACNA):  All 
current editions of applicable manuals and standards (See Sections 23 31 00.UT and 23 33 
00.UT). 

H. Air Moving and Conditioning Association (AMCA):  All current editions of applicable manuals 
and standards.
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I. American Society of Testing Materials (ASTM):  All current editions of applicable manuals 
and standards.

J. American Water Works Association (AWWA):  All current editions of applicable manuals and 
standards.

K. National Electrical Manufacturers' Association (NEMA):  All current editions of applicable 
manuals and standards.

L. City of Houston, Fire Department as may be applicable to construction on this site.

M. International Building Code, (Includes the International Mechanical and International 
Plumbing Codes)

N. Texas Occupational Safety Act:  All applicable safety standards

O. Occupational Safety and Health Act (OSHA)

P. ADA and ANSI Standards:  All work shall be in accord with all regulations and requirements 
of the Standards and Specifications for Handicapped and Disabled for the Construction of 
Public Buildings and Facilities in the State of Texas Usable by Physically Handicapped and 
Disabled persons, ANSI Standards and the requirements of the American Disabilities Act.

Q. Texas State Fire Marshal Rules

R. State Energy Code – ASHRAE 90.1 – 2004.

S. Ventilation Standard – ASHRAE 62.1 – 2004.

T. Refer to Specification Sections hereinafter bound for additional Codes and Standards.

U. All materials and workmanship shall comply with all applicable state and national codes, 
Specifications, and industry standards.  In all cases where Underwriters' Laboratories, Inc. 
has established standards for a particular type material, such material shall comply with these 
standards.  Evidence of compliance shall be the UL "label" or "listing" under Re-Examination 
Service.

V. The Contract Documents are intended to comply with the aforementioned rules and 
regulations; however, some discrepancies may occur.  Where such discrepancies occur, the 
Contractor shall immediately notify the Architect/Engineer in writing of said discrepancies and 
apply for an interpretation.  Should the discovery and notification occur after the execution of 
a contract, any additional work required for compliance with said regulations shall be paid for 
as covered by Division 01 of these Contract Documents, providing no work of fabrication of 
materials has been accomplished in a manner of noncompliance.  Should the Contractor 
fabricate and/or install materials and/or workmanship in such a manner that does not comply 
with the applicable codes, rules and regulations, the Contractor who performed such work 
shall bear all costs arising in correcting these deficiencies to comply with said rules and 
regulations.

1.16 GENERAL MATERIALS AND EQUIPMENT REQUIREMENTS:

A. Storage at Site:  The Contractor shall not receive material or equipment at the job site until 
there is suitable space provided to properly protect equipment from rust, drip, humidity, and 
dust damage.
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B. Capacities shall be not less than those indicated but shall be such that no component or 
system becomes inoperative or is damaged because of startup or other overload conditions.

C. Conformance with Agency Requirements:  Where materials or equipment are specified to be 
approved, listed, tested, or labeled by the Underwriters' Laboratories, Inc., or constructed 
and/or tested in accordance with the standards of the American Society of Mechanical 
Engineers or the Air Moving and Conditioning Association, the Contractor shall submit proof 
that the items furnished under this Section of the Specifications conform to such 
requirements.  The label of the Underwriters Laboratories, Inc., applied to the item will be 
acceptable as sufficient evidence that the items conform to such requirements.  The ASME 
stamp or the AMCA label will be acceptable as sufficient evidence that the items conform to 
the respective requirements.

D. Nameplates:  Each major component of equipment shall have the manufacturer's name, 
address, and catalog number on a plate securely attached to the item of equipment.  All data 
on nameplates shall be legible at the time of Final Inspection.

E. Prevention of Rust:  Standard factory finish will be acceptable on equipment specified by 
model number; otherwise, surfaces of ferrous metal shall be given a rust inhibiting coating.  
The treatment shall withstand 200 hours in salt spray fog test, in accordance with Method 
6061 of Federal Standard No. 141.  Immediately after completion of the test, the specimen 
shall show no signs of wrinkling or cracking and no signs of rust creepage beyond 1/8" on 
either side of the scratch mark.  Where rust inhibitor coating is specified hereinafter, any 
treatment that will pass the above test is acceptable unless a specific coating is specified 
except that coal tar or asphalt type coating will not be acceptable unless so stated for a 
specific item.  Where steel is specified to be hot-dip galvanized, mill-galvanized sheet steel 
may be used provided all raw edges are painted with a zinc-pigmented paint conforming to 
Military Specification MIL-P-26915.

F. Protection from Moving Parts:  Belts, pulleys, chains, gears, couplings, projecting set 
screws, keys, and other rotating parts shall be fully enclosed or properly guarded for 
personnel protection.

G. Verification of Dimensions:  The Contractor shall be responsible for the coordination and 
proper relation of his work to the building structure and to the work of all trades.  The 
Contractor shall visit the premises and become thoroughly familiar with all details of the work 
and working conditions, to verify all dimensions in the field, and to advise the 
Architect/Engineer of any discrepancy before performing any work.  Adjustments to the work 
required in order to facilitate a coordinated installation shall be made at no additional cost to 
the Owner or the Architect/Engineer. 

 H. All mechanical and Plumbing equipment that is to be controlled or monitored by the building 
automation system shall be BACnet compatible.

1.17 WALL, FLOOR AND CEILING PLATES:

A. See Section 23 05 29.
 

1.18 SLEEVES, INSERTS, AND FASTENINGS:

A. See Section 23 05 29. 

1.19 PROJECT/SITE CONDITIONS

A. Install Work in locations shown on Drawings, unless prevented by Project conditions.
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B. Prepare drawings showing proposed rearrangement of Work to meet Project conditions, 
including changes to Work specified in other Sections.  Obtain permission of 
Architect/Engineer before proceeding. 

1.20 MANUFACTURER'S RECOMMENDATIONS

A. The manufacturer's published directions shall be followed in the delivery, storage, protection, 
installation, piping, and wiring of all equipment and material.  The Contractor shall promptly 
notify the Architect/Engineer, in writing, of any conflict between the requirements of the 
Contract Documents and the manufacturers' directions, and shall obtain the 
Architect/Engineer's instructions before proceeding with the work.  Should the Contractor 
perform any such work that does not comply with the manufacturers' directions or such 
instructions from the Architect/Engineer, he shall bear all costs arising in connection with the 
deficiencies.

1.21 SPACE AND EQUIPMENT ARRANGEMENT:

A. The size of mechanical and electrical equipment indicated on the Drawings is based on the 
dimensions of a particular manufacturer and a particular model.  While other manufacturers 
and models may be acceptable, it is the responsibility of the Contractor to determine if the 
equipment he proposes to furnish will fit in the space with all adequate clearances.  
Fabrication Drawings shall be prepared when required by the Architect/Engineer or Owner 
to indicate a suitable arrangement.

B. All equipment shall be installed in a manner to permit access to all surfaces.  All valves, 
motors, drives, filters, and other accessory items shall be installed in a position to allow 
removal for service without disassembly of another part.

1.22 LARGE APPARATUS:

A. Any large piece of apparatus which is to be installed in any space in the building, and which 
is too large to permit access through stairways, doorways, or shafts shall be brought to the 
job and placed in the space before the enclosing structure is completed.  Following 
placement in the space, such apparatus shall be thoroughly, completely protected from 
damage as hereinafter specified.

1.23 PROTECTION:

A. The Contractor shall at all times take such precautions as may be necessary to properly 
protect all materials and equipment from damage from the time of delivery until the 
completion of the work.  This shall include the erection of all required temporary shelters and 
supports to adequately protect any items stored in the open on the site from the weather, the 
ground and surrounding work; the cribbing of any items above the floor of the construction; 
and the covering of items in the incomplete building with tarpaulins or other protective 
covering; the installation of electric heaters in electrical switchgear and similar equipment to 
prevent moisture damage.  Failure on the part of the Contractor to comply with the above 
will be sufficient cause for the rejection of the items in question.

B. Take particular care not to damage the building structure in performing work.  All finished 
floors, step treads, and finished surfaces shall be covered to prevent any damage by 
workmen or their tools and equipment during the construction of the building.
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C. Equipment and materials shall be protected from rust both before and after installation.  Any 
equipment or materials found in a rusty condition at the time of final inspection must be 
cleaned of rust and repainted as specified elsewhere in these Specifications.

1.24 COOPERATION BETWEEN TRADES AND WITH OTHER CONTRACTORS:

A. Each trade, subcontractor, and/or Contractor must work in harmony with the various other 
trades (including Controls and Testing and Balancing), subcontractors and/or Contractors on 
the job as may be required to facilitate the progress to the best advantage of the job as a 
whole.  Each trade, subcontractor, and/or Contractor must pursue its work promptly and 
carefully so as not to delay the general progress of the job.  This Contractor shall work in 
harmony with Contractors working under other contracts on the premises.

1.25 ELECTRICAL WIRING OF MOTORS AND EQUIPMENT:

A. The Contractor shall note that the electrical design and Drawings are based on the 
equipment scheduled and indicated on the Drawings, and should any mechanical equipment 
be provided requiring changes to the electrical design, the required electrical changes shall 
be made at no cost to the Owner.

B. The Electrical Trades shall provide all interconnecting wiring for the installation of all power.  
The Electrical Trades shall provide all disconnect switches as required for proper operation, 
as indicated on the Drawings or required by applicable code.  All combination starters, 
individual starters, and other motor starting apparatus not specifically scheduled or specified 
as provided by the equipment manufacturer under the scope of Division 23, shall be 
provided under the scope of Division 26. 

C. The Mechanical Trades shall provide complete wiring diagrams indicating power wiring and 
interlock wiring.  Diagrams shall be submitted to the Architect/Engineer for review within 
thirty (30) days after the submittals for equipment have been reviewed.  Diagrams shall be 
based on accepted equipment and shall be complete full phase and interlock control 
Drawings, not a series of manufacturer's individual diagrams.  After these diagrams have 
been reviewed by the Architect/Engineer, copies shall be transmitted to the Electrical Trades 
by the Contractor.  They shall be followed in detail.  

1.26 SUPERVISION:

A. Each Contractor and subcontractor shall keep a competent superintendent or foreman on 
the job at all times.  (Refer to the Uniform General Conditions for additional information 
concerning supervision.) 

B. It shall be the responsibility of each superintendent to study all Drawings and familiarize 
himself with the work to be done by other trades.  He shall coordinate his work with other 
trades and before material is fabricated or installed, make sure that his work will not cause 
an interference with another trade.  Where interferences are encountered, they shall be 
resolved at the job site by the superintendents involved.  Where interferences cannot be 
resolved without major changes to the Drawings, the matter shall be referred to the A/E for 
ruling.

1.27 SITE OBSERVATION:

A. Site observation by the Architect/Engineer is for the express purpose of verifying compliance 
by the Contractor with the Contract Documents, and shall not be construed as construction 
supervision nor indication of approval of the manner or location in which the work is being 
performed as being a safe practice or place.
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1.28 PRECEDENCE OF MATERIALS

A. The specifications determine the nature and setting of materials and equipment.  The 
drawings establish quantities, dimensions and details. 

B. The installation precedence of materials shall be as follows.  Note that if an interference is 
encountered, this shall guide the contractor in the determination of which trade shall be 
given the "Right-of-Way". 

Building lines
Structural Members
Soil and Drain Piping
Condensate Drains
Vent Piping
Supply, Return, and Outside Air Ductwork
Exhaust Ductwork
HVAC Water and Steam Piping
Steam Condensate Piping
Fire Protection Piping
Natural Gas Piping
Domestic Water (Cold and Hot)
Refrigerant Piping
Electrical Conduit

1.29 CONNECTIONS FOR OTHERS:

A. The Mechanical Contractor shall rough in for and make all gas, water, steam, sewer, etc. 
connections to all fixtures, equipment, machinery, etc., provided by others in accordance 
with detailed roughing-in Drawings provided by the equipment suppliers, by actual 
measurements of the equipment connections, or as detailed.

B. After the equipment is set in place, this Contractor shall make all final connections and shall 
provide all required pipe, fittings, valves, traps, etc.

C. Provide all air gap fittings required, using materials hereinbefore specified.  In each service 
line connected to an item of equipment or piece of machinery, provide a shutoff valve.  On 
each drain not provided with a trap, provide a suitable trap.

D. All pipe fittings, valves, traps, etc., exposed in finished areas and connected to chrome 
plated lines provided by others shall be chrome plated to match.

E. Provide all sheet metal ductwork, transition pieces, etc., required for a complete installation 
of vent hoods, fume hoods, etc., provided by others.

1.30 INSTALLATION METHODS:

A. Where to Conceal:  All pipes, conduits, etc., shall be concealed in pipe chases, walls, furred 
spaces, or above the ceilings of the building unless otherwise indicated.

B. Where to Expose:  In mechanical rooms, janitor's closets tight against pan soffits in exposed 
"Tee" structures, or storage spaces, but only where necessary, piping may be run exposed.  
All exposed piping shall be run in the most aesthetic, inconspicuous manner, and parallel or 
perpendicular to the building lines.
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C. Support:  All piping, ducts and conduits shall be adequately and properly supported from the 
building structure by means of hanger rods or clamps to walls as herein specified.

D. Maintaining Clearance:  Where limited space is available above the ceilings below concrete 
beams or other deep projections, pipe and conduit shall be sleeved through the projection 
where it crosses, rather than hung below them in a manner to provide maximum above-floor 
clearance.  Sleeves shall be as herein specified.  Approval shall be obtained from the 
Architect/Engineer for each penetration.

E. All pipe, conduits, etc., shall be cut accurately to measurements established at the building 
and shall be worked into place without springing or forcing.  All ducts, pipes and conduits run 
exposed in machinery and equipment rooms shall be installed parallel to the building lines, 
except that piping shall be sloped to obtain the proper pitch.  Piping, ducts and conduits run 
in furred ceilings, etc., shall be similarly installed, except as otherwise shown.  Conduits in 
furred ceilings and in other concealed spaces shall be neatly grouped and racked indicating 
good workmanship.  All conduit and pipe openings shall be kept closed until the systems are 
closed with final connections.

1. All piping not directly buried in the ground shall be considered as "interior piping".

2. Prior to the installation of any ceiling material, gypsum, plaster, or acoustical board, 
the Contractor shall notify the construction inspector so that arrangement can be 
made for an inspection of the above-ceiling area about to be "sealed" off.  The 
Contractor shall give as much advance notice as possible no less than 10 working 
days.

3. All above-ceiling areas will be subject to a formal inspection before ceiling panels are 
installed, or installation is otherwise concealed from view.  All mechanical and 
electrical work at and above the ceiling, including items supported by the ceiling grid,  
such as air inlets or outlets and lighting fixtures, shall be complete and installed in 
accordance with contract requirements, including power to lighting fixtures, fans, and 
other powered items.  Adequate lighting shall be provided to permit thorough 
inspection of all above-ceiling items.  The inspection will include representatives of the 
following:  General Contractor and each Subcontractor having work above the ceiling, 
Architect/Engineer, Physical Plant, Resident Construction Manager's Construction 
Inspector(s), the Resident Construction  Manager and Office of Facilities Planning and 
Construction (OFPC).  Areas to be included and time of inspection shall be 
coordinated with the Construction Inspector.

4. The purpose of this inspection is to verify the completeness and quality of the 
installation of the air conditioning systems, the electrical systems, the plumbing 
systems, and any other special above ceiling systems such as pneumatic tube, 
vacuum systems, fire sprinkler piping and cable tray systems.  The ceiling supports 
(tee bar or lath) shall be in place so that access panel and light fixture locations are 
identifiable and so that clearances and access provisions may be evaluated.

5. No ceiling materials may be installed until the resulting deficiency list from this 
inspection is worked off and the Construction Inspector has given approval.

1.31 RECORDS FOR OWNER:

A. The Contractor shall maintain a set of "blueline" prints in the Field Office for the sole 
purpose of recording "installed" conditions.  Daily note all changes made in these Drawings 
in connection with the final installation including exact dimensioned locations of all new 
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underground utilities, services and systems and all uncovered existing active and inactive 
piping outside the building. 

B. At Contract completion the Contractor shall provide a set of reproducible revised drawings 
per Division 01.  The contractor shall transfer the information from the "blueline" prints 
maintained as described above, and turn over this neatly marked set of reproducible 
Drawings representing the "as installed" work to the Architect/Engineers for verification and 
subsequent transmittal to the Owner.  The Contractor shall refer to Division 01 of these 
Specifications, and to the Uniform General Conditions, for additional information.  These 
Drawings shall include as a minimum:

1. Addendum written drawing changes. 

2. Addendum supplementary drawings.

3. Accurate, dimensioned locations of all underground utilities, services and systems. 

4. Identification of equipment work shown on Alternates as to whether alternates were 
accepted and work actually installed. 

5. Change Order written drawing changes. 

6. Change Order supplementary drawings. 

C. In addition to the above, the Contractor shall accumulate during the progress of the job the 
following data, in duplicate, prepared in a neat brochure or packet folder and turn over to the 
Architect/Engineer for review, and subsequent delivery to the Owner. 

1. All warranties and guarantees and manufacturers' directions on equipment and 
material covered by the Contract. 

2. Two sets of operating instructions for heating and cooling and other mechanical and 
electrical systems.  Operating instructions shall also include recommended 
preventative maintenance and seasonal changeover procedures. 

3. Valve tag charts and diagrams specified herein. 

4. Approved wiring diagrams and control diagrams representing "as installed" conditions. 

5. Copies of approved Shop Drawings.

6. Any and all other data and/or drawings required as submittals during construction. 

7. Repair parts list of all major items and equipment including name, address and 
telephone number of local supplier or agent. 

F. All of the above data shall be submitted to the Architect/Engineer for approval, and shall be 
corrected as instructed by the Architect/Engineer. 

1.32 ROOF PENETRATIONS AND FLASHING:

A. Pipe, conduit and duct sleeves, pitch pockets, and flashings compatible with the roofing 
installation shall be provided and installed by a qualified contractor for all roof penetrations.  
This shall be the responsibility of the General Contractor. 
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1.33 EXCAVATION, TRENCHING AND BACKFILL:

A. Excavation (See Divisions 00 and 01 for special requirements related to excavation and 
trenching.): 

1. The Mechanical and Electrical subcontractors shall perform all excavations of every 
description, for their particular installations and of whatever substances encountered, 
to the depths indicated on the Drawings and/or required for the installation of piping, 
conduit, utility systems, etc.  All exterior lines shall be installed with a minimum cover 
of 24", unless otherwise indicated.  Generally, more cover shall be provided if grade 
will permit.  All excavation materials not required for backfill or fill shall be removed 
and wasted as acceptable to the Construction Inspector.  All excavations shall be 
made only by open cut.  The banks of trenches shall be kept as nearly vertical as 
possible and where required, shall be properly sheeted and braced.  Trenches shall 
be not less than 12" wider nor more than 16" wider than the outside edges of the pipe 
to be laid therein, and shall be excavated true to line so that a clear space not less 
than 6" nor more than 8" in width is provided on each side of the pipe.  For sewers, the 
maximum width of trench specified applies to the width at and below the level may be 
made as wide as necessary for sheeting and bracing, and the proper installation of the 
work.

2. The bottom of trenches shall be accurately graded to provide proper fall and uniform 
bearing and support for each section of the pipe on undisturbed soil or 2" of sand fill at 
every point along its entire length, except for portions of the pipe sections where it is 
necessary to excavate for bell holes and for the proper sealing of pipe joints.  Bell 
holes shall be dug after the trench bottom has been graded.  Where inverts are not 
shown, grading shall be determined by the National Plumbing Code for the service 
intended and the size used.  Bell holes for lead pipe joints shall be 12" in depth below 
the trench bottom and shall extend from a point 6" back of the face of the bell.  Such 
bell holes shall be of sufficient width to provide ample room for caulking.  Bell holes for 
sewer tile and water pipe shall be excavated only to an extent sufficient to permit 
accurate work in the making of the joints and to insure that the pipe, for a maximum of 
its length, will rest upon the prepared bottom of the trench.  Depressions for joints 
other than bell-and-spigot shall be made in accordance with the recommendations of 
the joint manufacturer for the particular type of joint used.  In general, grading for 
electrical ductbanks and conduits shall be from building to manhole, and from a high 
point between manholes to each manhole.  Special pipe beds shall be provided as 
specified hereinafter.

3. The lower 4" of the pipe trenches measuring from an overhead line set parallel to the 
grade line of the sewer shall be excavated only a few feet in advance to the pipe 
laying, by men especially skilled in this type of work.  Where damage is likely to result 
from withdrawing sheeting, the sheeting shall be left in place.  Except at locations 
where excavation of rock from the bottom of trenches is required, care shall be taken 
not to excavate below the depths required.  Where rock excavation is required, the 
rock shall be excavated to a minimum overdepth of 6" below the trench depths 
specified.  The overdepth rock excavation and all excess trench excavation shall be 
backfilled with sand.  Whenever wet or otherwise unstable soil is incapable of properly 
supporting the pipe is encountered in the trench bottom, such soil shall be removed to 
a depth and for the trench lengths required, and then backfilled to trench bottom 
grade, as hereinafter specified, with sand.

4. All grading in the vicinity of excavation shall be controlled to prevent surface ground 
water from flowing into the excavations.  Any water accumulated in the excavations 
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shall be removed by pumping or other acceptable method.  During excavation, 
material suitable for backfilling shall be stacked in an orderly manner a sufficient 
distance back from edges of trenches to avoid overloading and prevent slides or 
cave-ins.  Material unsuitable for backfilling shall be wasted and removed from the job 
site as directed by the Construction Inspector.

5. All shoring and sheeting required to perform and protect the excavations and to 
safeguard employees and/or adjacent structures shall be provided.

6. Excavate as required under the building in order that all piping, ductwork, etc., shall 
clear the ground a minimum of 12" for a distance of 24" on either side.  Edges of such 
excavations shall slope at an angle of not over 45 degrees with the horizontal unless 
otherwise approved by the Construction Inspector.  The bottom of such excavation 
shall be graded to drain in a manner acceptable to the Construction Inspector.

7. Trenches for cast iron drain, storm water and sewer lines inside the building shall be 
properly excavated, following, in general, the procedures set out for exterior lines.  
Where floors are to be poured over these lines, they shall be backfilled, tamped and 
settled with water.  Where no flooring is to cover the lines, they shall be backfilled to 
form a level grade.

8. All surplus materials removed in these trenching operations becomes the property of 
the contractor, and shall be disposed of at the expense of the contractor, at a legal 
disposal site, off of the campus.

B. Backfilling:

1. Trenches shall not be backfilled until all required tests are performed and until the 
piping, utilities systems, etc., as installed are certified by the Owner's inspector to 
conform to the requirements specified hereinafter.  The trenches shall be carefully 
backfilled with sand to a depth of 12 inches above the top of the pipe.  The next layer 
and subsequent layers of backfill may be excavated materials approved for backfilling, 
consisting of earth, loam, sandy clay, sand and gravel, soft shale, or other approved 
materials free from large clods of earth or stones larger than 1 1/2" in diameter, 
flooded until the pipe has cover of not less than one foot.  The remainder of the backfill 
material shall then be thrown into the trenches, moistened, and tamped or flooded in 
one foot layers.  Blasted rock, broken concrete or pavement, and large boulders shall 
not be used as backfill material.  Any trenches improperly backfilled, or where 
settlement occurs, shall be reopened to the depth required for proper compaction, 
then refilled and mounded over, and smoothed off.

2. Backfill under concrete slabs-on-fill shall be as specified above, shall be gravel, or 
shall be other such materials more suitable for the application.  Installation and 
compaction shall be as required for compatibility with adjacent materials.

C. Opening and Reclosing Pavement and Lawns:  Where excavation requires the opening of 
existing walks, streets, drives, other existing pavement, or lawns, such surfaces shall be cut 
as required to install new lines and to make new connections to existing lines.  The sizes of 
the cut shall be held to a minimum, consistent with the work to be accomplished.  After the 
installation of the new work is completed and the excavation has been backfilled and 
flooded, the area shall be patched, using materials to match those cut out.  The patches 
shall thoroughly bond with the original surfaces and shall be level with them, and shall meet 
all the requirements established by the authorities having jurisdiction over  such areas.
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D. Excavation in Vicinity of Trees:  All trees including low hanging limbs within the immediate 
area of construction shall be adequately protected to a height of at least 5 ft. to prevent 
damage from the construction operations and/or equipment.  All excavation within the 
outermost limb radius of all trees shall be accomplished with extreme care.  All roots located 
within this outermost limb radius shall be brought to the attention of the Construction 
Inspector before they are cut or damaged in any way.  The Construction Inspector will give 
immediate instructions for the disposition of same.  All stumps and roots encountered in the 
excavation, which are not within the outermost limb radius of existing trees, shall be cut back 
to a distance of not less than 18" from the outside of any concrete structure or pipeline.  No 
chips, parts of stumps, or loose rock shall be left in the excavation.  Where stumps and roots 
have been cut out of the excavation, clean compacted dry bank sand shall be backfilled and 
tamped.

1.34 ACCESS DOORS:

A. General:  This Contractor shall provide wall or ceiling access doors for unrestricted access 
to all concealed items of mechanical equipment or devices.

B. Doors:  Access doors mounted in painted surfaces shall be of Milcor (Inland-Ryerson 
Construction Products Company) manufacture, Style K for plastered surfaces and Style M or 
DW for non-plastered surfaces.  The Style K doors shall be set so that the finished surface 
of the door is even with the finished surface of the adjacent finishes.  Access doors mounted 
on tile surfaces shall be of similar construction as noted above, except they shall be of 
stainless steel materials.  Access doors shall be a minimum of 12" x 12" in size.

1.35 OPERATION PRIOR TO COMPLETION:

A. When any piece of mechanical equipment is operable and it is to the advantage of the 
Contractor to operate the equipment, he may do so, providing that he properly supervises 
the operation, and has the Construction Inspector's written permission to do so.  The 
warranty period shall, however, not commence until such time as the equipment is operated 
for the beneficial use of the Owner, or date of substantial completion, whichever occurs first.

B. Regardless of whether or not the equipment has or has not been operated, the Contractor 
shall properly clean the equipment, install clean filter media, properly adjust, and complete 
all deficiency list items before final acceptance by the Owner.  The date of acceptance and 
performance certification will be the same date.

1.36 CHECKING AND TESTING MATERIALS AND/OR EQUIPMENT:

A. Before the work is accepted, an authorized representative of the manufacturer of the 
installed materials and/or equipment shall personally inspect the installation and operation of 
his materials and/or equipment to determine that it is properly installed and in proper 
operating order.  The qualifications of the representative shall be appropriate to the technical 
requirements of the installation.  The qualifications of the representative shall be submitted 
to the owner for approval.  The decision of the owner concerning the appropriateness of the 
representative shall be final.  Testing and checking shall be accomplished during the course 
of the work where required by work being concealed, and at the completion of the work 
otherwise.  In addition, the Contractor shall submit to the Architect/Engineer a signed 
statement from each representative certifying as follows:  "I certify that the materials and/or 
equipment listed below have been personally inspected by the undersigned authorized 
manufacturer's representative and is properly installed and operating in accordance with the 
manufacturer's recommendations".
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B. Check inspections shall include plumbing equipment, heating, air conditioning, insulation, 
ventilating equipment, controls, mechanical equipment and such other items hereinafter 
specified or specifically designated by the Architect/Engineer.

1.37 TESTS:
 

A. The Contractor shall make, at no additional cost to the Owner, any tests deemed necessary 
by the inspection departments having jurisdiction, and in the National Fire Protection 
Association, ASTM, etc. Standards listed.  The Contractor shall provide all equipment, 
materials, and labor for making such tests.  Reasonable amounts of fuel and electrical 
energy costs for system tests will be paid by the Owner.  Fuel and electrical energy costs for 
system adjustment and tests which follow beneficial occupancy by the Owner will be borne 
by the Owner.

B. Additional tests specified hereinafter under the various Specification Sections shall be made.

C. The Construction Inspector shall be notified in writing at least 10 working days prior to each 
test and other Specification requirements requiring action on the part of the Construction 
Inspector.  All equipment shall be placed in operation and tested for proper automatic control 
requirements before the balancing agency starts their work.

D. Maintain Log of Tests as hereinafter specified.

E. See Specifications hereinafter for additional tests and requirements.

1.38 LOG OF TESTS:

A. All tests shall have pertinent data logged by the Contractor at the time of testing.  Data shall 
include date, time, personnel, description, and extent of system tested, test conditions, test 
results, specified results, and other pertinent data.  Data shall be delivered to the 
Architect/Engineer as specified under "Requirements for Final Acceptance".  All Test Log 
entries shall be legibly signed by the Project Contractor or his authorized job superintendent. 

1.39 COOPERATION AND CLEANUP:

A. It shall be the responsibility of each trade to cooperate fully with the other trades on the job 
to help keep the job site in a clean and safe condition.  At the end of each day's work, each 
trade shall properly store all of his tools, equipment and materials and shall clean his debris 
from the job.  Upon the completion of the job, each trade shall immediately remove all of his 
tools, equipment, any surplus materials and all debris caused by that portion of the work.

1.40 CLEANING AND PAINTING:

A. All equipment furnished and installed in exposed areas under Divisions 23 and 26 of these 
Specifications shall be cleaned, prepared, and painted according to the specification for the 
equipment.  

B. All purchased equipment furnished by the mechanical and electrical subcontractors shall be 
delivered to the job with a suitable factory protective finish with the colors hereinafter 
specified.  The following materials shall not be painted:  copper, galvanized metal, stainless 
steel, fiberglass, PVC, and PVDF. 

C. Before painting, materials and equipment surfaces shall be thoroughly cleaned of cement, 
plaster, and other foreign materials, and all oil and grease spots shall be removed.  Such 
surfaces shall be carefully wiped and all cracks and corners scraped out.  Exposed metal 
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work shall be carefully brushed down with the steel brushes to remove rust and other spots 
and left smooth and clean.

D. Color of finish painting noted shall be painted using Pratt and Lambert, Inc.'s "Effector" 
enamel, or approved equal.  Two coats shall be applied with a light tint first coat and deep 
color for final coat.  Colors shall be as follows:    

ITEM COLOR "P and L" PAINT NUMBER

Pump Couplings and Safety Yellow Y361M (Daisy Yellow)
Fuel Gas Piping

Fire Protection Safety Red R131R (Vibrant Red)
Equipment and Piping

 
Note that the paint specified above is included for purposes of establishing a quality which 
shall be used on this project.  The proposed paint shall be submitted, and alternatives will be 
considered using the submittal procedures specified in this document. 

E. Jacketing on insulation shall not be painted.

F. No nameplates on equipment shall be painted, and suitable protection shall be afforded to 
the plates to prevent their being rendered illegible due to the painting operation.

G. Scope of painting for Division 23 and 26 work in areas other than those defined as 
"exposed" is as follows:

1. All canvas finishes including those underfloor and in concealed spaces shall be 
painted with one sizing coat if not already sized, containing mildew resistant additive 
and Arabol adhesive prior to any other specified finish paint.

2. All fuel piping (natural gas, LPG, etc.) and all fire protection piping shall be painted 
whether concealed or exposed, in all areas of the project without exception.  Fuel 
piping shall be painted safety yellow, and fire protection piping shall be painted safety 
red.  These "safety" colors shall be as defined by OSHA. Primer and first color coat 
may be omitted on piping above ceilings.

3. If insulated, the piping shall be primed, only, prior to insulation, and the insulation 
jacketing shall be painted as specified for piping.  The requirements of this paragraph 
are "primary" and have priority over any conflicting specification or instruction, should 
a conflict in the Construction Documents exist. 

H. The surfaces to be finish painted shall first be prepared as follows:

1. On canvas finishes pretreat as specified above.  Insulated surfaces having vapor 
barrier jacket exposed to view shall first be painted with one (1) coat of sealer.

2. Galvanized and black steel surfaces shall first be painted with one (1) coat of P&L 
galvanized metal primer.  Primer may be eliminated on concealed fire and gas piping.

3. Aluminum surfaces shall first be painted with one (1) coat of P&L zinc chromate 
primer.  (See Section 1.51.5) 

4. Cast iron pipe shall first be primed with a "nonbleed" primer.
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5. The underside of all cast iron sinks not recessed in a cabinet are included as items to 
be painted in exposed areas.

I. Where factory applied finishes are damaged in transit, storage or installation, or before final 
acceptance, they shall be restored to factory fresh condition by competent refinishers using 
the spray process.

PART 2 PRODUCTS

NOT USED

PART 3 EXECUTION

3.01 PIPE PRESSURE TESTS:

A. The following lines shall be tested 1.5 times working pressure or at least at the following 
stated pressure for the length of time noted:

                                                                                  Testing
                                Testing              Pressure        Time in

Service Medium (PSIG)        Hours

Chilled Water Water 150 24

Steam M.P. & L.P. Water 150 24

Steam Condensate M.P. Water 150 24

Steam H.P. Water 300 24

Steam Condensate H.P. Water 300 24

Pumped Condensate Return Water 150 24

Domestic Hot & Cold Water Water 150 24

Sanitary & Storm Piping Water Fill to top 24

Compressed Air Air 150 24

Compressed Gases Nitrogen 150 24

Medical Vacuum Nitrogen 150 24

Natural Gas Air 100 24

Fire Protection Systems Water 150 24

B. Where leaks occur, the pipe shall be repaired and the tests repeated.  No leaks shall be 
corrected by peening.  Defective piping and joints shall be removed and replaced.

3.02 TRAINING REQUIREMENTS 
Hours of Training Required 

0 = Specific # not defined
Motors 0 Hours
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Plumbing Specialties 2 Hours

Plumbing Fixtures and Trim 0 Hours

Hydronic Specialties 0 Hours

Steam and Steam Condensate Specialties 4 Hours

HVAC Pumps 0 Hours

Fan Coil Units 2 Hours

Electronic Variable Speed Drives 4 Hours

Pneumatic Controls 8 Hours

DDC Building Controls 8 Hours

Sequence of Operation 8 Hours

END OF SECTION
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SECTION 23 05 13
MOTORS

PART 1 GENERAL

1.00 The following sections are to be included as if written herein:

A. Section 23 00 00 – Basic Mechanical Requirements

B. Section 23 05 29 – Sleeves, Flashings, Supports and Anchors

C. Section 23 05 53 – Mechanical Identification

1.01 SECTION INCLUDES

A. Single phase electric motors.

B. Three phase electric motors.

C. The Contractor shall provide all motors required for equipment supplied under this Division of 
the work. 

1.02 RELATED WORK

A. Section 23 73 23 - Air Handling Unit with Coils:  Fan motors

1.03 REFERENCES

A. AFBMA 9 - Load Ratings and Fatigue Life for Ball Bearings.

B. AFBMA 11 - Load Ratings and Fatigue Life for Roller Bearings.

C. ANSI/IEEE 112 - Test Procedure for Polyphase Induction Motors and Generators.

D. ANSI/NEMA MG 1 - Motors and Generators.

E. ANSI/NFPA 70 - National Electrical Code.

1.04 SUBMITTALS

A. Submit product data under provisions of Section  23 00 00.

B. Submit test results verifying nominal efficiency and power factor for motors 1 horsepower and 
larger.

C. Submit manufacturer's installation instructions under provisions of Section 23 00 00.

1.05 OPERATION AND MAINTENANCE DATA

A. Submit operation and maintenance data under provisions of Section 23 00 00.

B. Include assembly drawings, bearing data including replacement sizes, and lubrication 
instructions.

1.06 QUALIFICATIONS
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A. Manufacturer:  Company specializing in manufacture of electric motors for commercial use, and 

their accessories, with minimum three years documented product development, testing, and 
manufacturing experience.  Marathon motors shall not be accepted.

1.07 REGULATORY REQUIREMENTS

A. Conform to ANSI/NFPA 70.

1.08 DELIVERY, STORAGE, AND HANDLING

A. Deliver products to site under provisions of Section 23 00 00.

B. Store and protect products under provisions of Section 23 00 00.

C. Protect motors stored on site from weather and moisture by maintaining factory covers and 
suitable weather-proof covering.  For extended outdoor storage, remove motors from equipment 
and store separately.

1.09 WARRANTY

A. Provide five year manufacturer's warranty under provisions of Section 23 00 00.

B. Warranty:  Include coverage for motors 1 horsepower and larger.

PART 2 PRODUCTS

2.01 GENERAL CONSTRUCTION AND REQUIREMENTS

A. Electrical Service:  Refer to Drawing Schedules for required electrical characteristics.

B. All Motors:  Design for continuous operation in 40 degrees C environment, and for temperature 
rise in accordance with ANSI/NEMA MG 1 limits for insulation class, Service Factor, and motor 
enclosure type.

C. Totally Enclosed Motors:   Design for a service factor of 1.00 and an 80 degrees C maximum 
temperature rise in the same conditions.

D. Explosion-Proof Motors:  UL approved and labeled for hazard classification, with over 
temperature protection.

E. Visible Nameplate:  Indicating motor horsepower, voltage, phase, cycles, RPM, full load amps, 
locked rotor amps, frame size, manufacturer's name and model number, Service Factor, Power 
Factor, efficiency.

F. Electrical Connection:  Conduit connection boxes, threaded for conduit.  For fractional 
horsepower motors where connection is made directly, provide threaded conduit connection in 
end frame.

G. Motors shall be built in accordance with the latest ANSI, IEEE, and NEMA Standards, and shall 
be fully coordinated with the equipment served, shall be of sizes and electrical characteristics 
scheduled, and of approved manufacture as described herein  or of the same manufacture as 
the equipment which they serve.  All motors provided by the Contractor shall be of the same 
manufacture unless they are an integral part of the piece of equipment to which they are 
attached.  Nameplate rating of motors shall match the characteristics scheduled.
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H. All motors shall be designed for NEMA Design B starting torque unless the driven machine 
requires high starting torque and shall be selected for quiet operation, free from magnetic 
hum.

I. In addition, all motors shall be provided with adequately sized electrical connection box with 
threaded hub for attachment of flexible conduit, unless bus duct connection is indicated.  
Where motors are connected to driven equipment by the use of a V-belt drive, they shall be 
furnished with adjustable rails.

J. Dynamic Balance shall be no greater than the vibration limits of the driven equipment as 
defined in Section 23 34 16 for fans and Section 23 20 00 for pumps.

K. All motors shall be provided with all copper windings, terminal wiring, and copper or bronze 
lugs. AL/CU rated connectors are not allowed. 

L. All motors installed with direct-drive equipment shall be selected for rpm to match the rpm of 
the unit being served.

2.02 SINGLE PHASE POWER - SPLIT PHASE MOTORS

A. Starting Torque:  Less than 150 percent of full load torque.

B. Starting Current:  Up to seven times full load current.

C. Breakdown Torque:  Approximately 200 percent of full load torque.

D. Drip-proof Enclosure:  Class A (50 degrees C temperature rise) insulation, NEMA Service 
Factor, prelubricated sleeve or ball bearings.

E. Enclosed Motors:  Class A (50 degrees C temperature rise) insulation, 1.0 Service Factor, 
prelubricated ball bearings.

F. Single phase motors, in general, shall be less than 3/4 horsepower and shall be permanent split 
phase, capacitor start, induction run, 120 volt, 60 hertz motors with dripproof enclosures except 
as hereinafter specified.  These motors shall have built-in thermal overload protection with 
automatic reset, and shall be rated for temperature rise as hereinbefore specified for 3-phase 
motors.

2.03 SINGLE PHASE POWER - PERMANENT-SPLIT CAPACITOR MOTORS

A. Starting Torque:  Exceeding one fourth of full load torque.

B. Starting Current:  Up to six times full load current.

C. Multiple Speed:  Through tapped windings.

D. Open Drip-proof or Enclosed Air Over Enclosure:  Class A (50 degrees C temperature rise) 
insulation, minimum 1.0 Service Factor, prelubricated sleeve or ball bearings, automatic reset 
overload protector.

E. Single phase motors, in general, shall be less than 3/4 horsepower and shall be permanent split 
phase, capacitor start, induction run, 120 volt, 60 hertz motors.  These motors shall have built-in 
thermal overload protection with automatic reset, and shall be rated for temperature rise as 
hereinbefore specified for 3-phase motors.
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2.04 SINGLE PHASE POWER - CAPACITOR START MOTORS

A. Starting Torque:  Three times full load torque.

B. Starting Current:  Less than five times full load current.

C. Pull-up Torque:  Up to 350 percent of full load torque.

D. Breakdown Torque:  Approximately 250 percent of full load torque.

E. Motors:  Capacitor in series with starting winding; capacitor-start/capacitor-run motors shall have 
two capacitors in parallel with run capacitor remaining in circuit at operating speeds.

F. Enclosures shall be of the open drip-proof type with a service factor of 1.15 and Class B 
insulation rated at 90 degrees C temperature rise measured above 40 degrees C room ambient 
condition at full load, unless otherwise noted. 

G. Enclosed Motors:  Class A (50 degrees C temperature rise) insulation, 1.0 Service Factor, 
prelubricated ball bearings.

H. Single phase motors, in general, shall be less than 3/4 horsepower and shall be permanent split 
phase, capacitor start, induction run, 120 volt, 60 hertz motors.  These motors shall have built-in 
thermal overload protection with automatic reset, and shall be rated for temperature rise as 
hereinbefore specified for 3-phase motors.

2.05 THREE PHASE POWER - SQUIRREL CAGE MOTORS

A. Enclosures shall be of the open drip-proof type with a service factor of 1.15 and Class B 
insulation rated at 90 degrees C temperature rise measured above 40 degrees C room ambient 
condition at full load, unless otherwise noted. 

B. In general, all motors 3/4 horsepower and larger, unless smaller motors are indicated to be 
supplied as 3-phase, shall be 3-phase and shall be squirrel cage high efficiency induction type 
with standard NEMA frame sizes. 

C. Motors 1 HP and larger shall have integral frames. 

D. Starting Torque:  Between one and one and one-half times full load torque.

E. Starting Current:  Six times full load current.

F. Power Output, Locked Rotor Torque, Breakdown or Pullout Torque:  NEMA Design B 
characteristics.

G. Design, Construction, Testing, and Performance:  Conform to ANSI/NEMA MG 1 for Design B 
motors.

H. Insulation System:  NEMA Class B or better.

I. Testing Procedure:  In accordance with ANSI/IEEE 112, Test Method B.  Load test motors to 
determine freedom from electrical or mechanical defects and compliance with performance 
data. Test and balance motors to limits defined in 2.01J.

J. Motor Frames:  NEMA standard T-frames of steel, aluminum, or cast iron with end brackets of 
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cast iron or aluminum with steel inserts.

K. Bearings:  Ball or roller type, double shielded with continuous grease relief to accommodate 
excessive pressure caused by thermal expansion or over lubrication.  All motor bearings shall be 
factory prepacked with a nondetergent lubricant, and shall be provided with lubrication fitting 
arranged to provide easy access when installed on the driven apparatus except as noted 
hereinafter.  Permanently lubricated factory-sealed motors may be provided in fractional HP 
sizes only where they are an integral part of a piece of approved apparatus.  All bearings shall 
be designed for B-10, 200,000 hour minimum life hours of continuous service.  Calculate 
bearing load with NEMA minimum V- belt pulley with belt center line at end of NEMA standard 
shaft  extension.  Stamp bearing sizes on nameplate.

L. Sound Power Levels:  Refer to ANSI/NEMA MG 1.

M. Part Winding Start Where Indicated: Use part of winding to reduce locked rotor starting current 
to approximately 60 percent of full winding locked rotor current while providing approximately 50 
percent of full winding locked rotor torque.

N. Weatherproof Epoxy SealedMotors (Where Indicated):  Epoxy seal windings using vacuum and 
pressure with rotor and starter surfaces protected with epoxy enamel.  Bearings shall be double 
shielded with waterproof non-washing grease.

O. Nominal Efficiency:  Meet or exceed values per 23 05 13-3.03 at full load and rated voltage 
when tested in accordance with ANSI/IEEE 112.

P. Nominal Service Factor:  Meet or exceed values per 23 05 13-3.02 at full load and rated voltage 
when tested in accordance with ANSI/IEEE 112.

Q. Motors 1 HP and larger shall be provided with a copper frame grounding lug of hydraulic 
compression design, for installation by the electrical subcontractor.

R. Motors 10hp and larger shall be inverter duty rated and shall be provided with shaft grounding 
device.

2.06 STARTING EQUIPMENT:

A. Each motor shall be provided with proper starting equipment.  This equipment, unless 
hereinafter specified or scheduled to the contrary, shall be provided by the trade furnishing the 
motor.  All motor starting equipment provided by any one trade shall be of the same 
manufacture unless such starting equipment is an integral part of the equipment on which the 
motor is mounted.  The Mechanical Subcontractor shall furnish all starters for Division 23 work, 
except those starters scheduled to be provided in Division 26 Motor Control Centers. 

B. Motor starters shall conform to NEMA Standards for Industrial Control, #IC-1, latest issue, and 
shall be housed in NEMA Standard enclosures.  Control voltage in each starter shall be not 
more than 120 volts to ground, with an individual control transformer provided in each starter as 
required.  Manual starters for fractional horsepower single phase motors shall be on-off or snap 
switch type combined with thermal overload device.  The switch shall be so constructed so that it 
cannot be held closed under a sustained motor overload.

C. Magnetic starters shall have thermal overload protection in each of the ungrounded legs and 
shall be solenoid operated.  Provide the correct size heater element to protect motors exposed 
to exterior conditions and allow it to operate based on motor nameplate amperes and ambient 
temperatures anticipated for each individual motor. Each starter shall be provided with a control 
power transformer or 120v control power circuit. 
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D. Pushbuttons with or without pilot lights, hand-off-automatic switches and other scheduled 
apparatus shall be standard duty type mounted in NEMA enclosures or in cover of starter as 
specified or scheduled, and shall  be furnished by the trade furnishing the starter except as 
specifically indicated elsewhere.

E. Hand-Off-Automatic switches for equipment which could damage itself if left in the "hand" 
position (such as sump pumps), shall be spring return to "off" from the "hand" position.

PART 3 EXECUTION

3.01 APPLICATION

A. Motors drawing less than 250 Watts and intended for intermittent service may be germane to 
equipment manufacturer and need not conform to these specifications.

B. Motors shall be open drip-proof type, except where specifically noted otherwise.

C. Motors shall be energy efficient type.

D. Single phase motors for shaft mounted fans or blowers shall be permanent split capacitor type.

E. Single phase motors for fans and pumps shall be capacitor start, capacitor run type.

F. Motors located in exterior locations shall be totally enclosed weatherproof epoxy-sealed type.

3.02 NEMA OPEN MOTOR SERVICE FACTORS

HP 3600_RPM 1800_RPM 1200_RPM 900_RPM

1/6-1/3 1.35 1.35 1.35 1.35
1/2 1.25 1.25 1.25 1.15
3/4 1.25 1.25 1.15 1.15
1 1.25 1.15 1.15 1.15

1.5-150 1.15 1.15 1.15 1.15

3.03   Motor Efficiencies – Nominal, full load, three phase
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END OF SECTION

Open Drip-Proof (ODP) Totally Enclosed Fan-Cooled (TEFC)
1200 rpm 1800 rpm 3600 rpm 1200 rpm 1800 rpm 3600 rpm

1 82.5 85.5 80.0 82.5 85.5 78.5
1.5 86.5 86.5 85.5 87.5 86.5 85.5
2 87.5 86.5 86.5 88.5 86.5 86.5
3 89.5 89.5 86.5 89.5 89.5 88.5
5 89.5 89.5 89.5 89.5 89.5 89.5

7.5 91.7 91.0 89.5 91.7 91.7 91.0
10 91.7 91.7 90.2 91.7 91.7 91.7
15 92.4 93.0 91.0 92.4 92.4 91.7
20 92.4 93.0 92.4 92.4 93.0 92.4
25 93.0 93.6 93.0 93.0 93.6 93.0
30 93.6 94.1 93.0 93.6 93.6 93.0
40 94.1 94.1 93.6 94.1 94.1 93.6
50 94.1 94.5 93.6 94.1 94.5 94.1
60 95.0 95.0 94.1 94.5 95.0 94.1
75 95.0 95.0 94.5 95.0 95.4 94.5
100 95.0 95.4 94.5 95.4 95.4 94.5
125 95.4 95.4 95.0 95.4 95.4 95.0
150 95.8 95.8 95.4 95.8 95.8 95.4
200 95.4 95.8 95.4 95.8 96.2 95.8
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SECTION 23 05 29
SLEEVES, FLASHINGS, SUPPORTS AND ANCHORS

PART 1 GENERAL

1.00 The following sections are to be included as if written herein:

A. Section 23 00 00 – Basic Mechanical Requirements

B. Section 23 05 53 – Mechanical Identification

1.01 SECTION INCLUDES

A. Pipe and equipment hangers and supports

B. Equipment bases and supports

C. Sleeves and seals

D. Flashing and sealing equipment and pipe stacks

1.02 RELATED SECTIONS

A. Section 23 07 19 - Piping Insulation

B. Section 23 07 16 - Ductwork Insulation

C. Section 23 21 00 - Hydronic Piping

D. Section 23 22 00 - Steam and Steam Condensate Piping

1.03 REFERENCES

A. ASME B31.1 - Power Piping

B. ASME B31.2 - Fuel Gas Piping

C. ASME B31.5 - Refrigeration Piping

D. ASME B31.9 - Building Services Piping

E. ASTM F708 - Design and Installation of Rigid Pipe Hangers

F. MSS SP69 - Pipe Hangers and Supports - Materials, Design and Manufacturer

G. MSS SP89 - Pipe Hangers and Supports - Selection and Application

H. MSS SP89 - Pipe Hangers and Supports - Fabrication and Installation Practices

I. NFPA 13 - Installation of Sprinkler Systems

J. NFPA 14 - Installation of Standpipe and Hose Systems

K. UL 203 - Pipe Hanger Equipment for Fire Protection Service
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1.04 SUBMITTALS

A. Submit under provisions of Section 23 00 00.

B. Shop Drawings:  Indicate system layout with location and detail of trapeze hangers.
 

C. Product Data:  Provide manufacturers catalog data including load capacity.

D. Design Data:  Indicate load carrying capacity of trapeze, multiple pipe, and riser support 
hangers.

E. Manufacturer's Installation Instructions:  Indicate special procedures and assembly of 
components.

1.05 REGULATORY REQUIREMENTS

A. Conform to applicable code for support of plumbing, hydronic, steam and steam condensate 
piping.

B. Supports for Sprinkler Piping:  Shall be in conformance with NFPA 13.

C. Supports for Standpipes:  Shall be in conformance with NFPA 14.

PART 2 PRODUCTS

2.01 HANGERS AND SUPPORTS

A. Manufacturers:

1. Grinnell.

2. Kindorf

3. B-Line

4. Power Strut

5. Anvil International

B. Supports, hangers, anchors and guides shall be provided for all horizontal and vertical piping.  
Shop Drawings shall be provided, indicating locations and details of anchors, guides, expansion 
loops and joints, hangers, etc.  The hanger design shall conform to the ASME Code for 
Pressure Piping.

C. All auxiliary steel required for supports, anchors, guides, etc. shall be provided by the 
Mechanical Trades unless specifically indicated to be provided by others.

D. The supports, hangers, anchors, and guides for the chilled water supply and return piping, 
steam piping, condensate return piping, etc. of the Campus Loop System routed above covered 
walk shall be provided as indicated on the Drawings. 

E. Contractor shall review all Drawings, including Structural Drawings, for details regarding pipe 
supports, anchors, hangers, and guides.
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F. All Supports shall be of type and arrangement to prevent excessive deflection, to avoid 
excessive bending stresses between supports, and to eliminate transmission of vibration.

G. All rod sizes indicated in this Specification are minimum sizes only.  This trade shall be 
responsible for structural integrity of all supports, anchors, guides, etc.  All structural hanging 
materials shall have a minimum safety factor of 5 built in.

H. Anchor points as indicated on Drawings or as required shall be located and constructed to 
permit the piping system to take up its expansion and contraction freely in opposite directions 
away from the anchored points.

I. Guide points shall be located and constructed wherever required or indicated on Drawings and 
at each side of an expansion joint or loop, to permit free axial movement only.

 
J. Supports, hangers, anchors, and guides shall be fastened to the structure only at such points 

where the structure is capable of restraining the forces in the piping system.

K. Hangers supporting and contacting brass or copper lines 3" in size and smaller shall be Grinnell 
Fig. CT-99c, adjustable, copper plated, tubing ring.  Hangers supporting and contacting brass or 
copper lines 4" and larger shall be Grinnell Fig. 260, adjustable clevis, with a nut above and 
below the hanger, and approved neoprene isolating material between pipe (or tubing) and 
hanger on the support rod.  For insulated copper or brass domestic water lines, hangers for all 
sizes of pipe shall be Grinnell Fig. 300, adjustable clevis, with a nut above and below the 
hanger, and approved neoprene isolating material between pipe (or tubing) and hanger on the 
support rod.  Isolate all copper or brass lines from all ferrous materials with approved dielectric 
materials.  Hangers supporting and contacting plastic or glass piping shall be of equal design, 
but shall be padded with neoprene material or equal.  The padding material and the 
configuration of its installation shall be submitted for approval. 

L. Hangers supporting insulated lines where the outside diameter of the insulation is the equivalent 
of 8" diameter pipe or smaller in size and supporting all ferrous lines 6" and smaller in size shall 
be Grinnell Fig. 260, adjustable clevis, with a nut above and below the hanger on the support 
rod. 

M. Hangers supporting and contacting ferrous lines larger than 6" in size and outside of insulation 
on lines with the outside diameter equivalent to 10" diameter pipe shall be Grinnell Fig. 260, 
adjustable clevis, with a nut above and below the hanger on the support rod.

N. Other special type of hangers may be employed where so specified or indicated on the 
Drawings, or where required by the particular conditions.  In any case, all hangers must be 
acceptable to the owner.

O. Each hanger shall be properly sized to fit the supported pipe or fit the outside of the insulation on 
lines where specified.  Hangers for dual or low temperature insulation pipes shall bear on the 
outside of the insulation, which shall be protected by support shields as specified in Section 23 
07 19  - PIPING INSULATION.  Protect insulation from crushing by means of a section of rigid 
insulation to be installed at hanger points.  Hangers for high temperature insulated pipes and all 
insulated hot and cold domestic water pipes shall be encased in the insulation unless supported 
by trapezes in which case shield and rigid insulation shall be provided as specified above for low 
temperature insulated pipes.

P. Supports for vertical piping in concealed areas shall be double bolt riser clamps, Grinnell Fig. 
261, or other approved equal, with each end having equal bearing on the building structure, and 
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located at each floor.  Two-hole rigid pipe clamps at 4 ft. o.c. or Kindorf channels and Grinnell 
Fig. 261 riser clamps may be used to support pipe directly from vertical surfaces or members 
where lines are not subject to expansion and contraction.  When piping is subject to expansion 
and contraction, provide spring isolators (see Section 23 05 48 - Vibration Isolation).  Where 
brass or copper lines are supported on trapeze hangers or Kindorf channels the pipes shall be 
isolated from these supports with plastic tape with insulating qualities, or strut clamps as 
manufactured by Specialty Products Company, Stanton, California. 

Q. Supports for vertical piping in exposed areas (such as fire protection standpipe in stairwells) 
shall be attached to the underside of the building structure above the top of the riser, and the 
underside of the penetrated structure.  The contractor shall use a drilled anchor as specified 
above, and use a Grinnell No. 595 Socket Clamp with Grinnell No. 594 Socket Clamp Washers, 
as a riser clamp.  The top riser hanger shall consist of two (2) hanger rods (sized as specified) 
anchored to the underside of the building structure, supporting the pipe by means of the material 
specified.  Risers penetrating floors shall be supported from the underside of the penetrated 
floor as specified for the top of the riser. 

R. Pipe Supports in Chases and Partitions:  Horizontal and vertical piping in chases and partitions 
shall be supported by hangers or other suitable support.  Pipes serving plumbing fixtures and 
equipment shall be securely supported near the point where pipes penetrate the finish wall.  
Supports shall be steel plate, angles, or special channels such as Unistrut mounted in vertical or 
horizontal position.  Pipe clamps such as Unistrut P2426, P2008, P1109 or other approved 
clamps shall be attached to supports.  Supports shall be attached to wall or floor construction 
with clip angles, brackets, or other approved method.  Supports may be attached to cast iron 
pipe with pipe clamp, or other approved method.  All copper or brass lines shall be isolated from 
ferrous metals with dielectric materials to prevent electrolytic action.

S. All electrical conduits shall be run parallel or perpendicular to adjacent building lines.  Single 
conduits running horizontally shall be supported by "Caddy" or "Minerallac" type hangers from 
adequately sized rods (minimum 1/4") from the building structure.  Where multiple conduits are 
run horizontally, they shall be supported on trapeze of "Unistrut" type channel suspended on 
rods or bolted to vertical building members.  Conduit shall be secured to channel with galvanized 
"Unistrut" type conduit clamps or stainless steel "Unistrut" type "Uni-Clips.”  All hangers shall be 
fastened to the building structure in the same manner as specified above for pipe hangers.  
Spacing of hangers shall be adequate for the weight and rigidity of the conduits involved; in any 
case, no greater than 8' centers.  Where feasible, conduits may be fastened to the concrete by 
one-hole straps thoroughly anchored to the concrete in an approved manner.  Flexible conduit 
shall also be supported in an acceptable manner so as not to interfere with the maintenance of 
above-ceiling equipment, and to support it from touching the ceiling system.  Conduit shall be 
located so as not to inhibit removal of ceiling tiles. 

T. Vertical conduits shall be supported as often as necessary for rigidity by clamps resting on 
adjacent beams or floor slabs, using a minimum of one support per floor.

U. Perforated strap iron or wire will not, under any circumstances, be acceptable as hanger 
material.

V. Where specifically noted on the drawings that one material is to be hung from the support of 
another material due to space restrictions, the hangers shall be sized to properly cary the weight 
of all items to be supported by such.

W. Vibration Isolation:  Resilient hangers shall be provided on all piping connected to rotating 
equipment (pumps, etc.).  Piping or ductwork that may vibrate and create an audible noise shall 
also be isolated.  Spring hangers or supports shall be provided where indicated on the Drawings 
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and/or specified under Section 23 05 48.

X. Attachment:

1. The load and spacing on each hanger and/or insert shall not exceed the safe allowable load 
for any component of the support system, including the concrete which holds the inserts.  
Reinforcement at inserts shall be provided as required to develop the strength required.

2. Inserts shall be of a type which will not interfere with reinforcing as shown on the structural 
Drawings and which will not displace excessive amounts of structural concrete.

3. All supports shall be designed and installed to avoid interference with other piping, hangers, 
ducts, electrical conduit, supports, building structures, equipment, etc.  All piping shall be 
installed with due regard to expansion and contraction and the type of hanger method of 
support, location of support, etc. shall be governed in part by this Specification.

4. Hangers shall be attached to the structure as follows:

a) Poured In Place Concrete:  Where pipes and equipment are supported under 
poured in place  concrete construction, each hanger rod shall be fitted with a nut at 
its upper end, which nut shall be set into an Underwriters Laboratories, Inc. listed 
universal concrete insert placed in the form work before concrete is poured.  Where 
inserts are placed in the bottom faces of concrete joists which are too narrow to 
provide adequate strength of concrete to hold the insert properly or where a larger 
insert would require displacement of the bottom joist steel, the hanger rod shall be 
suspended from the center of a horizontal angle iron, channel iron, I-beam, etc. 
spanning across two adjacent joists.  The horizontal support shall be bolted to 
nonadjustable concrete inserts of the "spot" type, of physical size small enough to 
avoid the bottom joist steel.

b) Steel Bar Joists:  Where pipes and loads are supported under bar joists, hanger 
rods may be run through the space between the bottom angles and secured with a 
washer and two nuts.  Where larger lines are supported beneath bar joists, hanger 
rods shall be secured to angle irons of adequate size; each angle shall span across 
two or more joists as required to distribute the weight properly and shall be welded 
to the joists or otherwise permanently fixed thereto.

c) Steel Beams:  Where pipes and loads are supported under steel beams, approved 
type beam clamps shall be used.

d) Pre-Cast Tee Structural Concrete:  Hanger supports, anchors, etc. required for 
mechanical systems attached to the precast, double tee, structural concrete system 
are to be installed in accord with approved shop Drawings only.  Holes required for 
hanger rods shall be core drilled in the "flange" of the double tee only; impact type 
tools are not allowed under any circumstances.  Core drilling in the "stem" portions 
of the double tee is not allowed.  Holes core drilled through the "flange" for hanger 
rods shall be no greater than 1/4" larger than the diameter of the hanger rod.  
Hanger rods shall be supported by means of bearing plates of size and shape 
acceptable to the Architect/Engineer, with welded double nuts on the hanger rod 
above the bearing plate.  Cinch anchors, lead shields, expansion bolts, and studs 
driven by explosion charges are not allowed under any circumstances in the lower 
15" of each stem and in the "shadow" of the stem on the top side of the "double 
tees.”
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e) If it is necessary to install a method of fastening a hanger after the structure has 
been installed, then only clamps or drilled anchors shall be used. 

Power-actuated fasteners (shooting) will not be acceptable under any 
circumstances.

Note:  Under no circumstances will the use of plastic anchors or plastic 
expansion shields be permitted for any purpose whatsoever.

W. Trapezes:  Where multiple lines are run horizontally at the same elevation and grade, they may 
be supported on trapezes of Kindorf, Uni-Strut, Power Strut, or approved equal, 
channel-suspended on rods or pipes.  Trapeze members including suspension rods shall each 
be properly sized for the number, size, and loaded weight of the lines they are to support.

X. Finishes:  All hangers on piping including clevis hangers, rods, inserts, clamps, stanchions, and 
brackets, shall be dipped in Zinc Chromate Primer before installation.  Rods may be galvanized 
or cadmium plated after threading, in lieu of dipping zinc chromate.  Universal concrete inserts 
shall be cadmium plated.

Y. Trapezes:  Where multiple lines are run horizontally at the same elevation and grade, they may 
be supported on trapezes of Kindorf, Uni-Strut, Power Strut, or approved equal, 
channel-suspended on rods or pipes.  Trapeze members including suspension rods shall each 
be properly sized for the number, size, and loaded weight of the lines they are to support.

Z. Miscellaneous:  Provide any other special foundations, hangers and supports indicated on the 
Drawings, specified elsewhere herein; or required by conditions at the site.  Hangers and 
supporting structures for suspended equipment shall be provided as required to support the load 
from the building structure in a manner acceptable to the Architect/Engineer.

AA. Miscellaneous:  Provide any other special foundations, hangers and supports indicated on the 
Drawings, specified elsewhere herein; or required by conditions at the site.  Hangers and 
supporting structures for suspended equipment shall be provided as required to support the load 
from the building structure in a manner acceptable to the Architect/Engineer.

BB. Ductwork supported from the floor:  Ductwork supported from the floor shall be done by the 
same means as that supported from above, but shall include a neoprene vibration isolation 
spcer to restrict vibration transmission to the structure below. 

CC. Fire Protection Systems:  All hangers and supports for fire standpipe systems and fire sprinkler 
systems shall be Factory Mutual and Underwriters Laboratories, Inc. listed and labeled.  
Construction of hangers shall be as described above for common piping, except for the above-
mentioned requirements. 

DD. Supports for piping on roofs shall consist of molded reinforced nylon support base with black 
neoprene support pad and 3/8” diameter stainless steel continuously threaded rods, and hard 
cast rubber roller for pipe support, adjustable in height. Support shall be secured to roof, per 
roof manufacturers recommendations. Manufactured by MAPA Products No. MS4L, or 
approved equal. 

2.03 ACCESSORIES
 

A. Hanger Rods:  Galvanized mild steel threaded both ends, galvanized threaded one end, or 
galvanized continuous threaded. 



UTHSC-Houston MSB AHU L-5 & L-6 Replacement 23 05 29, Page 7
Houston, TX SLEEVES, FLASHING, SUPPORTS & ANCHORS   

E&C Engineers & Consultants
E&C No. 3302.00

B. Inserts:  Malleable iron case of galvanized steel shell and expander plug for threaded connection 
with lateral adjustment, top slot for reinforcing rods, lugs for attaching to forms; size inserts to suit 
threaded hanger rods.  Suitable concrete inserts for pipe and equipment hangers shall be set 
and properly located for all pipe and equipment to be suspended from concrete construction.  If 
the inserts are later found not to be in the proper location for the placement of hangers, then 
drilled anchors shall be installed.  Drilled anchors in concrete or masonry shall be submitted for 
the approval by the Owner. 

2.04 FLASHING AND EQUIPMENT CURBS

A. Metal Flashing:  26 gauge galvanized (stainless steel) steel.

B. Metal Counterflashing:  22 gauge galvanized (stainless steel) steel.

C. Roofing Flashing:  See specifications for Roofing, elsewhere in these Specifications. 

D. Caps:  Steel, 22 gauge minimum; 16 gauge at fire resistant elements.

E. Curbs:  Welded 18 gauge galvanized steel shell and base, mitered 3 inch cant, variable step to 
match roof insulation, factory installed wood nailer.

F.      Concrete foundations for the support of equipment shall be provided by the General 
Contractor and are shown and detailed by the Architect.  Coordinate exact sized required with 
the GC.

2.05 WALL, FLOOR AND CEILING PLATES:

A. Except as otherwise noted, provide C.P. (Chrome plated) brass floor and ceiling plates around all 
pipes, conduits, etc., passing exposed through walls, floors, or ceilings, in any spaces except 
underfloor and attic spaces.  Plates shall be sized to fit snugly against the outside of the pipe or 
against the insulation on lines which are insulated and positively secured to such pipe or 
insulation.  Plates will not be required for piping where pipe sleeves extend 3/4" above finished 
floor.  All equipment rooms are classified as finished areas.  Round and rectangular ducts shall 
have closure plates (NOT chrome plated) made to fit accurately at all floor, wall and ceiling 
penetrations.  Floor penetrations in exposed (except in stair wells) areas shall be finished using 
'bell' fitting to fit pipe or insulation and sleeve and shall be painted to match the pipe.  
Penetrations in stairwells shall have flat floor plate painted to match pipe.

2.09 SLEEVES

A. General:  All openings through all floors, walls, and roofs, etc., regardless of material for the 
passage of piping, ductwork, conduit, cable trays, etc., shall be sleeved.  All penetrations must 
pass through sleeves.  Sleeves shall be set in new construction before concrete is poured, as 
cutting holes through any part of the concrete will not be permitted unless acceptable to the 
Architect/Engineer.  If a penetration is cored into an existing vertical solid concrete, masonry or 
stone structure, then the installation of a sleeve will not be necessary. 

1. Sleeve material for floors and exterior walls shall be Schedule 40 
galvanized steel with welded water stop rings.

2. Sleeves through interior walls to be galvanized sheetmetal with gauge as 
required by wall fire rating, 20 gauge minimum.
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B. The minimum clearance between horizontal penetrations including insulation where applicable, 
and sleeve shall be 1/4", except that the minimum clearance shall accommodate a Thunderline 
Link-seal closure where piping exits the building, or penetrates a wall below ground level.  
Contractor shall be responsible for the accurate location of penetrations in the slab for his pipe, 
duct, etc.  All penetrations shall be of ample size to accommodate the pipe, duct, etc., plus any 
specified insulation.  Void between sleeve and pipe in interior penetrations shall be filled with 
Nelson Flameseal Firestop or approved equal caulk or putty.

C. Floor sleeves shall extend above the finished floor as detailed on the drawings, except that floor 
sleeves in stairwells shall be flush with the finished floor.  Sleeves in walls shall be trimmed flush 
with wall surface.  Refer to the details on the project drawings.  Where the details differ from 
these specifications, the drawings take precedence. 

D. Sleeves for penetrations passing through walls or floors on or below grade shall be removed, if 
practical, and after the pipes have been installed, the void space around the pipe shall be 
caulked with a suitable material to effect a waterproof penetration.  Note that the practicality of 
the removal of the sleeve shall be the decision of the Construction Inspector.  The decision of the 
Inspector shall be final. 

E. Vermin proofing:  The open space around all ductwork, piping, etc., passing through the ground 
floor and/or exterior walls shall be vermin proofed in a manner acceptable to the 
Architect/Engineer.

F. Waterproofing:  The annular space between a pipe and its sleeve in interior floors shall be filled 
with polyurethane foam rods 50 percent greater in diameter than the space as backing and fill 
material and made watertight with a permanent elastic polysulfide compound.  Seal both surfaces 
of floor.

G. Air Plenums:  The space around piping, ductwork, etc., passing through air plenums shall be 
made airtight in a manner acceptable to the Architect/Engineer.

H. Fireproofing:  Seal all cable trays, pipe, conduit, duct, etc., penetrations through roof, fire rated 
walls and floors with a foam or sealant as described below, that will form a watertight, vermin 
tight barrier that is capable of containing smoke and fire up to 2000 F for two hours.  Sealing of 
cable trays and conduits that extend through rated walls from ends of cable tray shall be done 
after conductors have been installed.  For wet locations, the foam material shall be a silicone 
RTV foam or an approved equal.  For dry locations, a premixed putty equal to Nelson Flameseal 
Firestop putty may be used. 

PART 3EXECUTION

3.01 INSTALLATION

A. Install in accordance with manufacturer's instructions.

3.02 INSERTS

A. Provide inserts for placement in concrete formwork.

B. Provide inserts for suspending hangers from reinforced concrete slabs and sides of reinforced 
concrete beams.

C. Provide hooked rod to concrete reinforcement section for inserts carrying pipe over 4 inches.

D. Where concrete slabs form finished ceiling, locate inserts flush with slab surface.
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E. Where inserts are omitted, drill through concrete slab from below and provide through-bolt with 
recessed square steel plate and nut recessed into and grouted flush with slab.

 
3.03 PIPE HANGERS AND SUPPORTS

A. Support horizontal piping as scheduled.

B. Install hangers to provide minimum 1/2 inch space between finished covering and adjacent 
work.

C. Place hangers within 12 inches of each horizontal elbow.

D. Use hangers with 1-1/2 inch minimum vertical adjustment.

E. Support horizontal cast iron pipe adjacent to each hub, with 5 feet maximum spacing between 
hangers.

F. Support vertical piping at every floor.  Support vertical cast iron pipe at each floor at hub.

G. Where several pipes can be installed in parallel and at same elevation, provide multiple or 
trapeze hangers.

H. Support riser piping independently of connected horizontal piping.

I. Provide copper plated hangers and supports for copper piping.

J. Design hangers for pipe movement without disengagement of supported pipe.

K. Hanger Rods:  (NOTE:  All hanger rods shall be trimmed neatly so that no more than 1 inch of 
excess hanger rod protrudes beyond the hanger nut.  In the event a rod is intentionally but 
temporarily left excessively long (for sloped or insulated lines for example), the contractor shall 
take appropriate measures to protect the pipe or other materials from damage.)

3.04 FLASHING

A. Provide flexible flashing and metal counterflashing where piping and ductwork penetrate 
weather or waterproofed walls, floors, and roofs.

B. Flash vent and soil pipes projecting 3 inches minimum above finished roof surface with lead 
worked one inch minimum into hub, 8 inches minimum clear on sides with 24 x 24 inches sheet 
size.  For pipes through outside walls, turn flanges back into wall and caulk, metal counterflash, 
and seal.

C. Flash floor drains in floors with topping over finished areas with lead, 10 inches clear on sides 
with minimum 36 x 36 inch sheet size.  Fasten flashing to drain clamp device.

D. Seal floor drains, shower, mop sink, and trench drains watertight to adjacent materials.

E. Provide acoustical lead flashing around ducts and pipes penetrating equipment rooms, installed 
in accordance with manufacturer's instructions for sound control.

F. Provide curbs for mechanical roof installations 14 inches minimum high above roofing surface.  
Flash and counterflash with sheet metal; seal watertight.  Attach counterflashing mechanical 
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equipment and lap base flashing on roof curbs.  Flatten and solder joints.

G. Adjust storm collars tight to pipe with bolts; caulk around top edge.  Use storm collars above 
roof jacks.  Screw vertical flange section to face of curb.

 
3.05 SLEEVES

A. Set sleeves in position in formwork.  Provide reinforcing around sleeves.

B. Size sleeves large enough to allow for movement due to expansion and contraction.  Provide for 
continuous insulation wrapping.

C. Extend sleeves through floors (except in stairwells) two inches above finished floor level.  
Sleeves through floors shall have welded waterstop rings.  Sleeves shall be sealed watertight to 
floors and pipe. 

D. Where piping, ductwork or conduit penetrates floor, ceiling, or wall, close space between pipe or 
duct and adjacent work with fire stopping insulation and caulk airtight.  Provide close fitting metal 
collar or escutcheon covers, as appropriate, at both sides of penetration.

E. Install chrome plated steel or stainless steel escutcheons at finished surfaces.

3.06 PIPE SUPPORT SCHEDULES
HANGER ROD

STEEL PIPE SIZE MAX. HANGER SPACING DIAMETER
Inches Feet Inches

1/2 to 1-1/4 6.5 3/8

1-1/2 to 2 10 3/8

2-1/2 to 3 10 1/2

4 to 6 10 5/8

8 to 12 14 7/8

14 and Over 20 1

PP, PVDF, PVC, CPVC
 (All Sizes) 4 3/8

C.I. Bell and
Spigot (or No-Hub), 5 5/8

and at all Joints

Glass, 4 1/2
and at all Joints
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COPPER MAXIMUM HANGER MIN HANGER ROD
PIPE SIZE SPACING DIAMETER

Inches Feet Inches

1/2 to 1 5 3/8

1-1/4 to 1-1/2 7 3/8

2 and Over 10 1/2

3.07 LOW PRESSURE DUCT SUPPORT SCHEDULE:

A. All horizontal ducts up to and including 40 inches in their greater dimension shall be 
supported by means of No. 18 U.S. gauge band iron hangers attached to the ducts by 
means of screws, rivets, or clamps and fastened to above inserts with toggle bolts, beam 
clamps or other approved means.  Duct shall have at least one pair of supports 8' 0" on 
centers.  Clamps shall be used to fasten hangers to reinforcing on sealed ducts.

B. Horizontal ducts larger than 40 inches in their greatest dimension shall be supported by means 
of hanger rods bolted to angle iron trapeze hangers.  Duct shall have at least one pair of 
supports 8' 0" on centers according to the following:

Angle
Length Angle Rod Diameter

4’ 0" 1-1/2" x 1-1/2" x 1/8" 1/4"
6' 0" 1-1/2" x 1-1/2" x 1/8" 1/4"
8' 0" 2" x 2" x 1/8" 5/16"
10' 0" 3" x 3" x 1/8" 3/8"

C. Vertical ducts shall be supported where they pass through the floor lines with 1-1/2" x 1-1/2" x 
1/4" angles for ducts up to 60.”  Above 60", the angles must be increased in strength and sized 
on an individual basis considering space requirements. 

Angle
Length Angle Rod Dia.

4'-0" 1-1/2" x 1-1/2" x 1/8" 1/4"
6'-0" 1-1/2" x 1-1/2" x 1/8" 1/4"
8'-0" 2" x 2" x 1/8" 5/16"
10'-0" 3" x 3" x 1/8" 3/8"

D. Vertical ducts shall be supported where they pass through the floor lines with 1-1/2" x 1-1/2" x 
1/4" angles for ducts up to 60".  Above 60", the angles must be increased in strength and sized 
on an individual basis considering space requirements. 

3.08 MEDIUM PRESSURE DUCT SUPPORT SCHEDULE:

A. All horizontal rectangular ducts shall have duct hanger requirements as follows:
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Minimum Hanger Size

Max. Duct Steel Galv. Steel Max. Min.#
Dimen. Rod Strap Width Spacing Hngrs Trapeze Size

  0  through 18" -- 1" x 16 ga. 10' 2 --

19" through 36" -- 1" x 16 ga. 10' 2 --

37" through 60" 3/8" 1" x 16 ga. 8' 2 2" x 2" x 1/4"

 61" through 120" 3/8" 1-1/2" x 12 ga. 8' 2 2" x 2" x 1/4"

121" through 240" 3/8" -- 4' 3 2-1/2" x 2-1/2"
x 3/16"

B. All horizontal round ducts shall have ducts hangers spaced 10' 0" maximum with requirements as 
follows:

No.
Duct Diameter Min. Hanger Size Hangers Hanger Ring Size

Up through 18" 1" x 16 gauge 1 1" x 16 ga.
19" to 36" 1" x 12 gauge 1 1" X 12 ga.
37" to 50" 1-1/2" x 12 gauge 1 1-1/2" x 12 ga.
51" to 84" 1-1/2" x 12 gauge 2 Support Bracing Angle

3.09 DUCT HANGERS - GENERAL NOTES (all pressures)

A. Hanger straps on duct width of 60 inches and under shall lap under the duct a minimum of 1 
inch and have minimum of one fastening screw on the bottom and two on the side.

B. Hanger straps on duct widths over 60 inches shall be bolted to duct reinforcing with 3/8" bolts 
minimum.

C. Use 3/8" minimum bolts for securing duct hanger to band straps.

D. All round ducts shall be supported within 3 feet of all horizontal or vertical turns.

END OF SECTION
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SECTION 23 05 48

VIBRATION ISOLATION

PART 1 GENERAL

1.00 The following sections are to be included as if written herein:

A. 23 00 00 -- Basic Mechanical Requirements

B. 23 05 29 -- Sleeves, Flashings, Supports and Anchors

C. 23 05 53 -- Mechanical Identification

1.01 WORK INCLUDED

A. Inertia bases.

B. Vibration isolation.

1.02 SCOPE OF WORK:

A. Furnish and install all labor, materials, equipment tools and service and perform all operations 
required in connection with or properly incidental to the construction of complete system of 
vibration and noise control, as indicated on the Drawings, reasonably implied therefrom or as 
specified herein, unless specifically excluded.

1.03 REFERENCES

A. ASHRAE - Guide to Average Noise Criteria Curves.

1.04 QUALITY ASSURANCE

A. Maintain ASHRAE criteria for average noise criteria curves for all equipment at full load 
condition.

1.05 SUBMITTALS

A. Submit shop drawings and product data under provisions of Section 23 00 00.

B. Indicate inertia bases on shop drawings.

C. Indicate vibration isolator locations, with static and dynamic load on each, on shop drawings and 
described on product data.

D. Submit manufacturer's installation instructions under provisions of Section 23 00 00.

1.06 CERTIFICATES

A. Submit a certificate from the manufacturer that isolators are properly installed and properly 
adjusted to meet or exceed specified requirements.

1.07 INTENT OF RESPONSIBILITY:

A. It is the intent of this specification to provide for vibration isolation supports for all equipment, 
piping, and ductwork as set out below.  The transmission of perceptible vibration, structural 
borne noise, or objectionable air borne noise to occupied areas by equipment installed under 
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this contract will not be permitted.  The Contractor shall be held responsible for installing the 
vibration isolators as specified herein or shown on the drawings or otherwise required to prevent 
the transmission of vibration which would create objectionable noise levels in occupied areas.  
The isolation supplier must be a firm capable of dealing effectively with vibration and noise 
characteristics effects and criteria; and one which can provide facilities and capabilities for 
measuring and evaluating the aforementioned disturbances.

B. All vibration isolation devices, including auxiliary steel bases and pouring forms, shall be 
designed and furnished by a single manufacturer or supplier who will be responsible for 
adequate coordination of all phases of this work.  Inertia bases shall be included as part of 
mechanical work.  Pads under electrical gear shall be included as part of electrical work.  The 
concrete work shall meet the requirements specified in the General Contract Specifications.

C. The Contractor shall furnish complete submittal data, including Shop Drawings, which shall 
indicate the size, type, and deflection of each isolator; and the supported weight, disturbing 
frequency, and efficiency of each isolator proposed; and any other information as may be 
required for the Architects and Engineers to check the isolator selection for compliance with the 
specification.  All steel bases and concrete inertia bases shall be completely detailed, and shall 
show completely any reinforcing steel that may be required to provide a rigid base for the 
isolated equipment.  Further, the submittal data shall indicate, clearly, outlined procedures for 
installing and adjusting the isolators and bases mentioned above.

D. The vibration isolation manufacturer, or his qualified representative, shall be responsible for 
providing such supervision as may be required to assure correct and complete installation and 
adjustment of the isolators.  Upon completion of the installation and after the system is put into 
operation and before acceptance by the Owner, the isolation manufacturer or his qualified 
representative, in company with the Architect or his designated representative, shall make a final 
inspection and submit his report to the Architects and Engineers, in writing, certifying the 
correctness of the installation and compliance with approved submittal data.  Any discrepancies 
or maladjustments found shall be so noted in the report.  Should any noise or vibration be 
objectionable to the Owner, Architect or Engineer, a field instrumentation test and measurement 
must be made to determine the source, cause, and path of any such disturbance.  Any variation 
or noncompliance with these specification requirements is to be corrected by the installing 
contractor in an approved manner.

E. Vibration isolation devices shall be as manufactured by Mason, Amber/Booth Company, 
Consolidated Kinetics, Korfund Dynamics Corporation, or approved equal.

PART 2 PRODUCTS

2.01 GENERAL DESIGN FEATURES:

A. All vibration isolators and bases furnished by the Contractor shall be designed for and treated for 
resistance to corrosion.

B. Steel components shall be PVC coated or phosphated and painted with industrial grade enamel.  
All nuts, bolts and washers shall be zinc-electroplated or cad-plated.  Structural bases shall be 
thoroughly cleaned of welding slag and primed with zinc-chromate or metal etching primer.  A 
finish coat of industrial grade enamel shall be applied over the primer.

C. All isolators exposed to the weather shall have steel parts PVC coated, hot-dip galvanized or 
zinc-electroplated plus coating of Neoprene or Bitumastic paint.  Aluminum components for 
outdoor installation shall be etched and painted with industrial grade enamel.

D. Required spring deflections for isolators supporting various items of equipment are shown on 
the Drawings or tabulated elsewhere in these specifications, but in no case shall be less than 
one inch.  The springs shall be capable of 30% over-travel before becoming solid.
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E. Where height-saving brackets for side mounting of isolators are required, the height-saving 
brackets shall be designed to provide for an operating clearance of 2" under the isolated 
structure, and designed so that the isolators can be installed and removed when the operating 
clearance is 2" or less.  When used with spring isolators having a deflection of 2-1/2" or more, 
the height-saving brackets shall be of the pre-compression type to limit exposed bolt length 
between the top of the isolator and the underneath side of the bracket.

F. All isolators supporting a given piece of equipment shall limit the length of the exposed 
adjustment bolt between the top and base to a maximum range of 1" to 2". 

G. All isolators supporting a given piece of equipment shall be selected for approximately equal 
spring deflection.

H. Isolators for equipment installed out-of-doors shall be designed to provide adequate restraint 
due to normal wind conditions and to withstand wind load of 55 PSF (pounds per square foot) 
applied to any exposed surface of the equipment without failure.

2.02 ISOLATOR TYPES:  Isolator types and required deflections are specified under "Schedule of 
Isolated Equipment", paragraph 3.02.  The isolators shall comply with the following descriptions 
for each type required on the project:

A. Type 1 - An adjustable, free-standing, open-spring mounting with combination leveling bolt and 
equipment fastening bolt.  The spring(s) shall be rigidly attached to the mounting baseplate and 
to the spring compression plate.  The isolator shall be designed for a minimum Kx/Ky (horizontal 
to vertical spring rate) of 1.0.  A Neoprene pad having a minimum thickness of 1/4" shall be 
bonded to the baseplate.  Baseplates shall be sized to limit pad loading to 100 psi. 

B. Type 2 - An aluminum-housed, or cast iron housed, adjustable, spring mounting having 
telescoping top and bottom sections separated by resilient inserts of Neoprene or other suitable 
material to limit horizontal motion.  The inserts shall be permanently lubricated to minimize 
vertical friction.  Sheet or cast iron housings may be used if they are hot-dip galvanized after 
fabrication.  A Neoprene pad having a minimum thickness of 1/4" shall be bonded to the 
baseplate.

E. Type 5 - A spring hanger consisting of a rectangular steel box, coil springs, spring cups, 
Neoprene impregnated fabric washer, steel washer, and Neoprene insert designed to prevent 
metal to metal contact between the hanger rod and bottom of the hanger box.  The hanger box 
shall be capable of supporting a load of 200% of rated load without noticeable deformation or 
failure.

F. Type 6 - A spring hanger, as described in Type 5, with the addition of an elastomeric element at 
the top of the box for acoustic isolation.  The design shall be such to prevent metal - to metal 
contact between the hanger rod and the top of the hanger box.  The elastomeric element shall 
meet the design requirements for Type 3 mountings.

G. Type 7 - An elastomeric hanger, consisting of a rectangular steel box and an elastomeric 
isolation element, which shall be of Neoprene or high quality synthetic rubber with anti-ozone 
and anti-oxidant additive.  The elements shall be so designed for approximately 1/4" deflection 
and loaded so that deflection does not exceed 15% of the free height of the element.  The 
design shall be such as to prevent metal-to-metal contact between the hanger rod and the steel 
box.

H. Type 8 - 1/4" thick closed cell Neoprene ASTM Grade S.E.C. 44 in sheets cut to fit penetrations, 
as required.
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2.03 BASE TYPES:  Base types and required deflections are specified under "Schedule of Isolated 
Equipment", paragraph 7.8, or are indicated on the Drawings.  The bases shall comply with the 
following descriptions for each type required on the project.

A. Type B-1 - A structural steel fan and motor base with motor side rails and holes drilled to receive 
the fan and motor.  The steel members shall be adequately sized to prevent distortion and 
misalignment of the drive, and specifically shall be sized to limit deflection of the beam on the 
drive side to 0.05" due to starting torque.  Snubbers to prevent excessive motion on starting or 
stopping shall be furnished, if required; however, the snubbers shall not be engaged under 
steady running conditions.

B. Type B-2  - A concrete inertia base, consisting of a perimeter steel pouring forming, reinforcing 
bars welded in place, bolting templates, anchor bolts, and height-saving brackets for side 
mounting of the isolators.  The perimeter steel members shall be structural channels having a 
minimum depth of 1/12 of the longest span, but not less than 6" deep.  The inertia base for 
pumps shall be at least equal in weight to the pump with its driving motor and be sized for a 
minimum overlap of 4" around the base of the equipment.  Concrete inertia bases for pumps 
shall be sized to support the suction elbow of end suction pumps and both the suction and 
discharge elbows of horizontal split-case pumps.  The bases shall be T-shaped where 
necessary to conserve space.

PART 3 EXECUTION

3.01 GENERAL INSTALLATION REQUIREMENTS:

A. Install vibration isolators for motor driven equipment.

B. Set steel bases for one inch clearance between housekeeping pad and base.  Set concrete 
inertia bases for 2 inch clearance.  Adjust equipment level.

C. Provide spring isolators on piping connected to isolated equipment as follows: Up to 4 inch 
diameter, first three points of support; 5 to 8 inch diameter, first four points of support; 10 inch 
diameter and over, first six points of support.  Static deflection of first point shall be twice 
deflection of isolated equipment.

D. Pumps:

1. Each centrifugal pump and its driving motor shall be mounted on a common inertia base 
and the base, in turn, to be mounted on the scheduled vibration isolator type to prevent 
the transmission of vibration and noise to the building structure.

2. In general, all inertia bases shall be formed and poured in place onto a hard, flat surface 
from which the base can be separated when cured.  The base shall be shimmed, using 
flat material, to the intended final height prior to equipment mounting and piping 
connection. 

3. After the piping connections are made and the system filled with water and ready to put 
into service, the isolator adjustment bolts shall be extended until the shim blocks can be 
removed.  The isolators may then be backed down slightly to restore the intended height.  
The locknuts should then be tightened on the isolators.  Jack bolts shall be trimmed to a 
length which will allow no more than 1 inch of additional height adjustment.  After final 
adjustment, the inertia base shall not support any piping load. 

E. Piping:

1. Floor mounted supports shall have the same type of isolator or media as is used for the 
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nearest isolated equipment connected to the piping.

2. The pipe hanger system shall have provisions for all piping to be shimmed or blocked in 
place until all connections are made and the system filled with water; then, the isolators 
adjusted to support the weights, and the shim blocks removed.

3. The first three support points from a piece of isolated equipment shall be of the 
positioning type and provide not less than the static deflection of  the equipment isolators.

4. All springs supporting piping shall be capable of an additional 1/2" deflection prior to 
complete compression and springs supporting vertical risers shall have provisions for limit 
stops.

F. Resilient Sleeves:

1. Resilient sleeves shall be provided at all points where equipment room walls, floors, or 
ceilings are penetrated by ducts, piping, or refrigerant line, etc.

G. Fans and Air Handling Units:

1. Such units shall have electrical flexible connections not less than 36" long and the flexible 
duct connections with a free length of not less than 8".

3.02 SCHEDULE OF ISOLATED EQUIPMENT:

A. Tabulated below is a schedule of equipment on this project requiring vibration isolation and base 
isolators of the types listed above.  Any equipment, system, construction or condition that may 
be altered, added, or changed; or that is not specifically considered herein or on the plans shall 
be treated in a manner that is set out for similar equipment system or construction in order to 
comply with the above requirements heretofore cited.
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ISOLATOR ISOLATOR BASE
EQUIP.  ISOL.

EQUIPMENT TYPE DEFLECTION TYPE

1. Piping 5 1" ---

2. All piping and duct floor
penetrations in equipment
room 8 --- ---

3. Piping in Mechanical Rooms 5 1" ---

4. All piping and duct floor
penetrations 8 --- ---

5. All pipe and duct wall
penetrations 8 --- ---

6. AIR HANDLING UNITS internally isolated --- ---

END OF SECTION

- o 0 o -
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SECTION 23 05 53
MECHANICAL IDENTIFICATION

PART 1 GENERAL

1.00 The following sections are to be included as if written herein:

A. Section 23 00 00 – Basic Mechanical Requirements

B. Section 23 05 29 – Sleeves, Flashings, Supports and Anchors

1.01 SECTION INCLUDES

A. Nameplates.

B. Tags.

C. Stencils.

D. Pipe Markers.

1.02 PRODUCTS INSTALLED BUT NOT FURNISHED UNDER THIS SECTION

A. NONE

1.03 RELATED SECTIONS

A. Section 23 00 00 - Basic Mechanical Requirements. 

1.04 REFERENCES
 

A. ASME A13.1 - Scheme for the Identification of Piping Systems.

1.05 SUBMITTALS

A. Submit under provisions of Section 23 00 00.

B. Submit list of wording, symbols, letter size, and color coding for mechanical identification.

C. Submit valve chart and schedule, including valve tag number, location, function, and valve 
manufacturer's name and model number.

D. Product Data:  Provide manufacturers catalog literature for each product required.

E. Samples:  Submit two of each type of label, tag, etc., of the approximate size specified or 
implied in the specification.

F. Manufacturer's Installation Instructions:  Indicate special procedures, and installation.

1.06 PROJECT RECORD DOCUMENTS

A. Submit under provisions of Section 23 00 00.

B. Record actual locations of tagged valves.

PART 2 PRODUCTS
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2.01 NAMEPLATES

A. Manufacturers:

1. Seaton.

2. Other acceptable manufacturers offering equivalent products.

a. Brady

b. Bunting

c. EMED

B. Description:  Laminated three-layer plastic with engraved black letters on light contrasting 
background color.

2.02 TAGS

A. Manufacturers:

1.  Seaton

2. Other acceptable manufacturers offering equivalent products.

a. W.H. Brady

b. Bunting

A. Metal Tags: Brass with stamped letters; tag size minimum 1-1/2 inch (40 mm) diameter with 
smooth edges.

B. Chart:  Typewritten letter size list in anodized aluminum frame.

2.03 PIPE MARKERS

A. Manufacturers:

1. Seton

2. Other acceptable manufacturers offering equivalent products.

c. W.H. Brady

d. Bunting

e. EMED

B. Color: Conform to ASME A13.1.

C. Plastic Pipe Markers: Factory fabricated, flexible, semi- rigid plastic, preformed to fit around pipe 
or pipe covering; minimum information indicating flow direction arrow and identification of fluid 
being conveyed.

D. Plastic Tape Pipe Markers: Flexible, vinyl film tape with pressure sensitive adhesive backing and 
printed markings.

E. Underground Plastic Pipe Markers: Bright colored continuously printed plastic ribbon tape, 
minimum 6 inches (150 mm) wide by 4 mil (0.10 mm) thick, manufactured for direct burial 
service.

2.04 CEILING TACKS



UTHSC-Houston MSB AHU L-5 & L-6 Replacement 23 05 53, Page 3
Houston, TX MECHANICAL IDENTIFICAITON   

E&C Engineers & Consultants
E&C No. 3302.00

A. Manufacturers:

1. Seton

2. Other acceptable manufacturers offering equivalent products.

a. W.H. Brady

b. Bunting

c. EMED

B. Description:  Steel with 3/4 inch (20 mm) diameter color coded head.

C. Color code as follows:

1. Yellow - HVAC equipment

2. Red    - Fire dampers/smoke dampers

3. Green  - Plumbing valves

4. Blue   - Heating/cooling valves

2.05 General:  The Contractor shall make it possible for the personnel operating and maintaining the 
equipment and systems in this project to readily identify the various pieces of equipment, valves, 
piping, etc., by marking them.  All items of equipment such as fans, pumps, etc., shall be clearly 
marked using engraved nameplates as hereinafter specified.  The item of equipment shall 
indicate the same number as shown on the Drawings.  For example, pumps will be identified as 
3A, 3B, 3C, etc.; exhaust fans will be E-1, E-2, etc.; supply fans will be S-1, S-2, etc.

2.06 Mechanical:  All items of mechanical equipment shall be identified by the attachment of 
engraved nameplates constructed from laminated phenolic plastic, at least 1/16" thick, 3-ply, 
with black surfaces and white core.  Engraving shall be condensed Gothic, at least 1/2" high, 
appropriately spaced.  Nomenclature on the label shall include the name of the item, its mark 
number, area, space, or equipment served, and other pertinent information.  Equipment to be 
labeled shall include but not be limited to the following:

Pumps Exhaust Fans

Fan and Coil Units Zoning Boxes/Valves Fire/Smoke dampers

Air Conditioning Control Miscellaneous - similar

 Panels and Switches  and/or related items

2.07 Piping:  Pipe markers and arrow markers also shall be provided on but not limited to the 
piping of the following systems:

Primary Chilled Water Supply Pumped Steam Condensate Natural Gas

Primary Chilled Water Return High Pressure Steam Condensate Oxygen

Instrument (Pneumatic) Air RO Water

Atmospheric Relief Clean Steam Plumbing Piping
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 Systems

Low Pressure Steam Compressed Air Roof Drain

Heating Hot Water Supply Heating Hot Water Domestic Hot
 Return  Water Supply

Domestic Hot Domestic Cold Domestic Cold
 Water Return  Water Supply  Water Return

Medium Pressure Steam Lab Waste

2.08 Electrical:  Nameplates shall be 2 or 3 ply laminated plastic, a minimum of 3/32" thick, such that 
letters will be white on black background.  Letters shall be similar to Roman Gothic of a size that is 
legible and appropriate to the application.  Attachment of nameplates shall be by screws.  Rivets 
or adhesives are not acceptable. 

 
A. Electrical equipment to be identified includes:  All switchgear, distribution panels, transformers, 

motor control centers, panelboards, disconnect switches, starters, contactors and time switches. 

B. Nameplates on distribution panels, motor control centers and panelboards shall give voltage 
characteristics.

Example:
PANEL LA

120/208V, 3 PH, 4 W
served from       .

C. Individual circuit breakers in distribution panels, individual units in motor control centers, 
disconnecting means, and motor starters, shall have nameplates showing the load served. 

D. Branch circuit panelboards shall have neatly typed circuit directories behind clean plastic.  
Identify circuits by room numbers.  Room numbers shall be those finally selected by the Owner; 
not necessarily those given on contract Drawings.  If a circuit serves more than one room, list 
each room.  Spares and spaces shall be indicated with erasable pencil; not typed.

2.09 The Contractor shall prepare and install, in a suitable glazed frame, typewritten valve charts 
giving the number, location and function of each line valve installed under this Contract.  Each 
valve shall be numbered on these charts in accordance with the system of which it is a part of its 
location.  For example, valves in different systems would be designated as follows:

             HPS-1-3 High Pressure Steam               1st Level - Valve No. 3
CHS-2-4 Chilled Water Supply 2nd Level - Valve No. 4

2.10 Valve Tags: 

A. The Contractor shall provide and install identification tags lettered and numbered to 
correspond to the information shown on the charts described above.  These tags are to be 
affixed to all valves except simple service and drain valves located within 10' and within sight 
of the device or equipment served.  For example, it would not be expected that valves at a 
pressure reducing station in a machine room would be tagged.  These tags shall be 1/8" thick 
brass discs, 1 1/2" in diameter.  Each tag shall be attached to its valve with copper clad 
annealed iron wire or other approved material.

B. Valves at water headers and steam PRV stations, valves associated with condensate, gas, 
water meters, and other valves as specified shall also be tagged with standardized color 
coded plastic tags.  These tags shall be 2 1/2" wide by 1 1/2" high with these color codings:  
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Red = normally closed; Green = normally open; Blue = open in winter, closed in summer; and 
Yellow = closed in winter, open in summer.  Tags should be engraved on both sides. 

2.11 In addition, pipe runs throughout the building including those above lift out ceilings, under 
floor, and those exposed to view when access doors or access panels are opened shall be 
identified by means of Seton Setmark or Brady Mechanical Pipe Markers.  Concealed areas, 
for purposes of this identification section, are those areas which cannot be seen except by 
demolition of the building elements.  In addition to the pipe markers, arrow markers shall be 
used to indicate direction of flow.  The following specific instructions shall apply to the 
application of these markers:

A. Provide a pipe marker at each valve to indicate proper identification of pipe contents.  Where 
several valves exist on one header, it is necessary to mark only the header.

B. Provide an arrow marker with each pipe marker pointing away from the pipe marker to 
indicate direction of flow.

C. Provide a double ended arrow marker when flow can be in either or both directions.

D. Provide a pipe marker and an arrow marker at every point of pipe entry or exit where line 
goes through a wall or service column.

E. Provide pipe markers and arrow markers at intervals not exceeding 50 feet.

F. Markers shall be located on the two lower quarters of the pipe where view is unobstructed.

G. Use Seton Setmark Type SNA or Brady snap-on type identification for all piping systems, 
3/4" thru 6".  For piping systems larger than 6", use Seton or Brady strap on markers. 

H. Pipe Markers shall conform to ANSI A 13.1-1981 "Scheme for the Identification of Piping 
Systems".  Arrow markers must have same ANSI background colors as their companion pipe 
markers, or be incorporated into the pipe identification marker. 

I. Locate markers so as to be visible from floor.

2.12 Specials:  Refer to special requirements noted in the various sections hereinafter bound.

PART 3 EXECUTION

3.01 PREPARATION

A. Degrease and clean surfaces to receive adhesive for identification materials.

B. Prepare surfaces in accordance with Section 09 91 00 for stencil painting.

3.02 INSTALLATION

A. Install plastic nameplates with corrosive-resistant mechanical fasteners, or adhesive.  Apply with 
sufficient adhesive to ensure permanent adhesion and seal with clear lacquer.

B. Install tags with corrosion resistant chain.

C. Apply stencil painting in accordance with Section 09 91 00.

D. Install plastic pipe markers in accordance with manufacturer's instructions.

E. Install plastic tape pipe markers complete around pipe in accordance with manufacturer's 
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instructions.

F. Install underground plastic pipe markers 6 to 8 inches (150 to 200 mm) below finished grade, 
directly above buried pipe.

G. Identify air handling units, pumps, heat transfer equipment, tanks, and water treatment devices 
with plastic nameplates.  Small devices, such as in-line pumps, may be identified with tags.

H. Identify control panels and major control components outside panels with plastic nameplates.
 

I. Identify thermostats relating to terminal boxes or valves with nameplates.

J. Identify valves in main and branch piping with tags.

K. Identify air terminal units and radiator valves with numbered tags.

L. Tag automatic controls, instruments, and relays.  Key to control schematic.

M. Provide ceiling tacks to locate valves, dampers or other concealed equipment above T-bar type 
panel ceilings.  Locate in corner of panel closest to equipment.

END OF SECTION
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SECTION 23 05 93
SYSTEM TESTING, ADJUSTING AND BALANCING

PART 1 GENERAL

1.00 The following sections are to be included as if written herein:

A. 23 00 00 -- Basic Mechanical Requirements

B. 23 05 29 -- Sleeves, Flashings, Supports and Anchors

C. 23 05 53 -- Mechanical Identification

1.01 SUMMARY

A. Testing, adjusting and balancing (TAB) of the air conditioning systems and related ancillary 
equipment will be performed by an impartial technically qualified TAB firm selected and 
employed by the Owner, separate and apart from the construction contract.

B. The firm shall be capable of performing the services specified at the location of the facility 
described within the time specified, of preparing and submitting the detailed report of the 
actual field work performed, and following up the basic work as may be required.

1.02 QUALIFICATIONS

A. The Firm shall be one which is organized to provide professional services of this specified 
type in the State of Texas and as a minimum shall have one (1) professional engineer 
licensed in the State of Texas, with current registration, to perform such professional 
services.  This engineer shall be personally responsible for developing the job site data as 
required in the test procedures outlined in these Specifications.

B. The Firm shall have operated a minimum of five (5) years under its current Firm name, and 
shall be in good standing with the State of Texas, Franchise Tax Board.  The firm shall 
submit their full incorporated name, Charter Number and Taxpayer's I.D. Number for proper 
verification of the firm's status.

C. The Firm shall be capable of providing a performance bond, by a bonding company licensed 
to do business in the State of Texas, if determined by the Owner that such a bond is 
required.  The amount of the bond which may be required shall be equal to the cost of the 
proposal submitted, or in the case of more than one proposal, the sum of all such proposals 
and any awarded work in progress.

D. All personnel used on the job site shall be either professional engineers or engineering 
technicians, who shall have been permanent, full time employees of the firm for a minimum 
of six (6) months prior to the start of work for this specific project.

E. The TAB firm shall submit biographical data on the individual proposed to directly supervise 
the TAB work, as well as other personnel scheduled to perform the technical work under the 
contract.  It shall also submit a background record of at least five years of specialized 
experience in the field of air hydronic system balancing, and shall possess properly 
calibrated instrumentation.  The supervisory personnel for the TAB firm shall be registered 
engineers in the mechanical field and all of the employees used in the TAB firm shall be 
permanent, full-time employees of the firm.

1.03 REFERENCES
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A. AABC - National Standards for Testing and Balancing Heating, Ventilating, and Air 
Conditioning Systems, Sixth Edition 2002.

B. ASHRAE - 2007 HVAC Applications Chapter 37: Testing, Adjusting and Balancing.

C. ANSI/ASHRAE Standard 111-2008 - Practices for Measurement, Testing, Adjusting and 
Balancing of Buildings, Heating, Ventilation, Air Conditioning and Refrigeration Systems.

1.04 DOCUMENTS

A. The TAB firm shall, as a requirement of the TAB contract, arrange with the Architect to 
compile one set of mechanical specifications, all pertinent change orders, and the following:

1. One complete set of Drawings less the structural sheets.

2. One set of mechanical floor plans of the conditioned spaces.  These Drawings shall 
be ozalid type (blue or black on light background) reproductions to facilitate marking.

B. Approved submittal data on equipment installed, and related changes as required to 
accomplish the test procedures outlined in Paragraphs 1.06 through 1.10 of this 
Specification will be available through the Construction Inspector.

1.05 RESPONSIBILITIES OF THE TAB FIRM

A. The TAB personnel shall check, adjust, and balance the components of the air conditioning 
system which will result in optimal noise, temperature, and airflow conditions in the 
conditioned spaces of the building while the equipment of the system is operating 
economically.   This is intended to be accomplished after the system components are 
installed and operating as provided for in the contract documents.  It is the responsibility of 
the Mechanical Contractor to place the equipment into service.  Variable air volume systems 
shall be balanced in accordance with AABC 2002 Standard, Sixth Edition.

B. Liaison and Early Inspection:

1. The TAB firm personnel on the job shall act as liaison between the Owner, Architect 
and Contractor.  The following reviews (observations) and tests shall be performed 
by the TAB Agency:

a. During the design stage, before the documents are finalized, review the 
mechanical drawings and specifications for balanceability and provide 
commentary.

b. During construction, review all HVAC submittals such as control diagrams, 
air handling devices, etc., that pertain to commissioning work and 
balanceability.

c. Allow for a fixed number of trips to the project site, over and above those 
required for testing and balancing for inspection of installation of the 
mechanical piping systems, sheet metal work, temperature controls and 
other component parts of the heating, air conditioning and ventilating 
systems during the construction stage.  These inspections shall be made 
prior to and/or at the above ceiling inspection.  Commentary will be 
provided to the RCM of each observation.

d. Test one (1) 8" single duct terminal box for performance capability and 
leakage as described in Section 23 36 00..  The shipment of the box to the 
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TAB Agency's lab will be at the manufacturer's cost and the test period will 
be for three (3) weeks from receipt of the box.  Submittal data will not be 
approved until box testing passes.  If the sample box is rejected for any 
reason the second test will be at the Contractor's cost and the time allowed 
will restart when the box is received at the TAB Agency.

e. Test one (1) 8" fan powered box for performance capability and leakage as 
described in Section 23 36 00A..  The shipment of the box to the TAB 
Agency's lab will be at the manufacturer's cost and the test period will be for 
three (3) weeks from receipt of the box.  Submittal data will not be approved 
until box testing passes.  If the sample box is rejected for any reason the 
second test will be at the Contractor's cost and the time allowed will restart 
when the box is received by the TAB agency.

f. Test 10% of the single and dual duct boxes for casing and damper leakage 
when the shipment arrives at the project site.  All testing (except for the 
initial boxes) shall be performed on site.

Boxes requiring re-testing will be charged to the Contractor at the unit price 
provided to the Owner.

2. During the balancing process, as abnormalities and malfunctions of equipment or 
components are discovered by the TAB personnel, the Construction Inspector shall be 
advised in writing so that the condition can be corrected by the Mechanical Contractor.  The 
written document need not be formal, but must be understandable and legible.  Data from 
malfunctioning equipment shall not be recorded in the final TAB report.  The TAB firm shall 
not instruct or direct the Contractor in any of the work, but will make such reports as are 
necessary to the Owner.

1.06 FINAL AIR BALANCE

General:  When systems are complete and ready for operation, the TAB Consultant will perform a 
final air balance for all air systems and record the results.  The outside, supply, exhaust and return 
air volume for each air handling unit, supply fan and exhaust fan and the supply, exhaust or return air 
volume for each distribution device shall be adjusted to within +5% of the value shown on the 
drawings.  Air handling unit and fan volumes shall be adjusted by changing fan speed and adjusting 
volume dampers associated with the unit.  Air distribution device volume shall be adjusted using the 
spin-in tap damper for flexible duct connected devices and the device OBD for duct connected 
devices.  Air distribution devices shall be balanced with air patterns as specified.  Duct volume 
dampers shall be adjusted to provide air volume to branch ducts where such dampers are shown.  
The general scope of balancing by the TAB Consultant will include, but is not limited to, the following:

1. Filters:  Check air filters and filter media and balance only system with essentially clean 
filters and filter media.  The Division 23 Contractor shall install new filters and filter media 
prior to the final air balance.

2. Blower Speed:  Measure RPM at each fan or blower to design requirements.  Where a 
speed adjustment is required, the Division 23 Contractor shall make any required changes.

3. Ampere Readings:  Measure and record full load amperes for motors.

4. Static Pressure:  Static pressure gains or losses shall be measured across each supply fan, 
cooling coil, heating coil, return air fan, air handling unit filter and exhaust fan.  These 
readings shall be measured and recorded for this report at the furthest air device or terminal 
unit from the air handler supplying that device.  Static pressure readings shall also be 
provided for systems which do not perform as designed.



UTHSC-Houston MSB AHU L-5 & L-6 Replacement 23 05 93, Page 4
Houston, TX SYSTEM TESTING, ADJUSTMENT AND BALANCING   

E&C Engineers & Consultants
E&C No. 3302.00

5. Equipment Air Flow:  Adjust and record exhaust, return, outside and supply air CFM (s) and 
temperatures, as applicable, at each fan, blower and coil.

6. Coil Temperatures:  Set controls for full cooling and for full heating loads.  Read and record 
entering and leaving dry bulb and wet bulb temperatures (cooling only) at each cooling coil, 
heating coil and HVAC terminal unit.  At the time of reading record water flow and entering 
and leaving water temperatures (In variable flow systems adjust the water flow to design for 
all the above readings).

7. Zone Air Flow:  Adjust each zone of multizone units, each HVAC terminal unit and air 
handling unit for design CFM.

8. Outlet Air Flow:  Adjust each exhaust inlet and supply diffuser, register and grille to within 
+5% of design air CFM.  Include all terminal points of air supply and all points of exhaust.  
Note:  For Labs and Rooms that are negative exhaust air flow shall be set to design +10% 
and supply to design -5%.  Positive areas will have opposite tolerances.

9. Pitot Tube Traverses:  For use in future troubleshooting by maintenance personnel, all 
exhaust ducts, main supply ducts and return ducts shall have air velocity and volume 
measured and recorded by the traverse method.  Locations of these traverse test stations 
shall be described on the sheet containing the data.

10. Maximum and minimum air flow on terminal boxes.

1.07 FINAL CHILLED AND STEAM BALANCE

General:  When systems are completed and ready for operation, the TAB Consultant will perform a 
final water balance for each chilled and hot water system.  The general scope of balancing by the 
TAB Consultant will include, but not be limited to, the following:

1. Adjusted System Tests:  Adjust balancing valves at each coil and heat exchanger for design 
flow, +5%.  Adjust balancing valves at pumps to obtain design water flow.  Record pressure 
rise across pumps and GPM flow from pump curve.  Permanently mark the balanced 
position for each valve (Note:  If discharge valves on the pumps are used for balancing 
record the head being restricted by the valves).

2. Temperature Readings:  Read and record entering and leaving water temperature at each 
water coil, converter and heat exchanger.  Adjust as necessary to secure design and 
conditions.  Provide final readings at all thermometer well locations.

3. Pressure Readings:  Water pressure shall be recorded at all gauge connections.  Pressure 
readings at coils and pumps shall be related to coil and pump curves in terms of GPM flow 
through flow measuring status, if provided and installed, at each air handler.  The flow of 
water through all water coils shall be adjusted by manipulating valves until the rated 
pressure drops across each coil is obtained and total water flow is verified by flow measuring 
status.  For coils equipped with 3 way valves, the rated pressure drop shall first be adjusted 
through the coils.  The bypass valve shall then be adjusted on each coil until an equal 
pressure drop between supply and return connections is the same as with the flow through 
the coil.

4. Ampere Readings:  Reading and record full load amperes for each pump motor.

1.08 SOUND VIBRATION AND ALIGNMENT
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A. Sound:  Read and record sound levels at up to 15 locations in the building designated by the 
Engineer.  All measurements shall be made using an Octave Band Analyzer.  All tests shall 
be conducted when the building is quiet in the presence of the Engineer, if he so desires.

B. Vibration:  Read and record vibration for all water circulating pumps, air handling units, and 
fans which have motors larger than 10 HP.  Include equipment vibration, bearing housing 
vibration, foundation vibration, building structure vibration, and other tests as directed by the 
Engineer.  Readings will be made using portable IRD (or approved equal) equipment 
capable of filtering out various unwanted frequencies and standard reporting forms.  
Maximum vibration at any point listed above, or specified, shall not exceed 1 mil on fans and 
1 mil on pumps unless otherwise specified.  Equipment manufacturers shall rectify all 
systems exceeding vibration tolerances.

1.09 TESTING OF TEMPERATURE CONTROL SYSTEMS

A. In the process of performing the TAB work, the TAB Agency shall:

1. Work with the temperature control contractor to ensure the most effective total 
system operation within the design limitations, and to obtain mutual understanding 
of intended control performance.

2. Verify that all control devices are properly connected.

3. Verify that all dampers, valves and other controlled devices are operated by the 
intended controller.

4. Verify that all dampers and valves are in the position indicated by the controller 
(open, closed or modulating).

5. Verify the integrity of valves and dampers in terms of tightness of close-off and full-
open positions.  This includes dampers in multizone units, terminal boxes and 
fire/smoke dampers.

6. Observe that all valves are properly installed in the piping system in relation to 
direction of flow and location.

7. Observe the calibration of all controllers.

8. Verify the proper application of all normally opened and normally closed valves.

9. Observe the locations of all thermostats and humidistats for potential erratic 
operation from outside influences such as sunlight, drafts or cold walls.

10. Observe the locations of all sensors to determine whether their position will allow 
them to sense only the intended temperatures or pressures of the media.  Control 
Contractor will relocate as deemed necessary by the TAB Agency.

11. Verify that the sequence of operation for any control mode is in accordance with 
approved shop drawings and specifications.  Verify that no simultaneous heating 
and cooling occurs.

12. Verify that all controller setpoints meet the design intent.

13. Check all dampers for free travel.

14. Verify the operation of all interlock systems.
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15. Perform variable volume system verification to assure the system and its 
components track with changes from full flow to minimum flow.

16. Warm/cool adjust setting should be set to +/-0 by the TAB and JCI for owner 
manipulation in the future.  No calibration shall be necessary.

B. A systematic listing of the above testing and verification shall be included in the final TAB 
report.

1.10 STAIRWELL PRESSURIZATION SYSTEMS

A. With all doors closed, measure the door pull to determine that the opening force required is 
below 30 #/ft.

B. With all doors closed, measure the pressure differential across each door to verify the 
pressure differentials at each floor.

C. Measure the air flow in the stairwell with the maximum number of doors fully open by pitot 
tube traverse, if traverse locations are available.  If traverse locations are not available, 
measure air flow at each outlet.

D. Verify with smoke that the smoke detector in the stair pressurization fan inlet shuts the fan 
down.

1.11 REPORTS

A. The activities described in this section shall culminate in a report to be provided in a single 
(1) bound copy to the RCM and six (6) electronic versions on CD or USB drive..  Neatly type 
and arrange data.  Include with the data the date tested, personnel present, weather 
conditions, nameplate record of test instrument and list all measurements taken after all 
corrections are made to the system.  Record all failures and corrective action taken to 
remedy incorrect situation.  The intent of the final report is to provide a reference of actual 
operating conditions for the Owner's operations personnel.

B. All measurements and recorded readings (of air, water, electricity, etc.) that appear in the 
reports must have been made onsite by the permanently employed technicians or engineers 
of the firm.

C. At the option of the Construction Inspector, all data sheets tabulated each day by TAB 
personnel shall be submitted for initial by the Construction Inspector.  Those work sheets so 
initialed, or copies thereof, shall be presented as a supplement to the final TAB report.

D. Submit reports on forms approved by the Owner & Engineer which will include the following 
information as a minimum:

1. Title Page

a) Company Name
b) Company Address
c) Company telephone number
d) Project name
e) Project location
f) Project Manager
g) Project Engineer
h) Project Contractor
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i) Project Identification Number

2. Instrument List

a) Instrument
b) Manufacturer
c) Model
d) Serial Number
e) Range
f) Calibration date
g) What test instrument was used for

3. Fan Data (Supply and Exhaust)

a) Location
b) Manufacturer
c) Model
d) Air flow, specified and actual
e) Total static pressure (total external), specified and actual
f) Inlet pressure
g) Discharge pressure
h) Fan RPM

4. Return Air/Outside Air Data (If fans are used, same data as for 3 above)

a) Identification/location
b) Design return air flow
c) Actual return air flow
d) Design outside air flow
f) Return air temperature
g) Outside air temperature
h) Required mixed air temperature
i) Actual mixed air temperature

5. Electric Motors

a) Manufacturer
b) HP/BHP
c) Phase, voltage, amperage, nameplate, actual
d) RPM
e) Service factor
f) Starter size, heater elements, rating

6. V-Belt Drive

a) Identification/location
b) Required driven RPM
c) Driven sheave, diameter and RPM
d) Belt, size and quantity
e) Motor sheave, diameter and RPM
f) Center-to-center distance, maximum, minimum and actual

7. Duct Traverse

a) System zone/branch
b) Duct size
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c) Area
d) Design velocity
e) Design air flow
f) Test velocity
g) Test air flow
h) Duct static pressure
i) Air temperature
j) Air correction factor

8. Air Monitoring Station Data

a) Identification/location
b) System
c) Size
d) Area
e) Design velocity
f) Design air flow
g) Test velocity
h) Test air flow

9. Air Distribution Test Sheet

a) Air terminal number
b) Room number/location
c) Terminal type
d) Terminal size
e) Area factor
f) Design velocity
g) Design air flow
h) Test (final) velocity
i) Test (final) air flow

10. Pump Data

a) Identification/number
b) Manufacturer
c) Size/model
d) Impeller
e) Service
f) Design flow rate, pressure drop, BHP
g) Actual flow rate, pressure drop, BHP
h) Discharge pressure
i) Suction pressure
j) Total operating head pressure
k) Shut off, discharge and suction pressure
l) Shut off, total head pressure
m) Pressure differential settings

11. Cooling Coil Data

a) Identification/number
b) Location
c) Service
e) Manufacturer
f) Entering air DB temperature, design and actual
g) Entering air WB temperature, design and actual
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h) Leaving air DB temperature, design and actual
i) Leaving air WB temperature, design and actual
j) Water pressure flow, design and actual
k) Water pressure drop, design and actual
l) Entering water temperature, design and actual
m) Leaving water temperature, design and actual
n. Air pressure drop, design and actual

12. Heating Coil Data

a) Identification/number
b) Location
c) Service
d) Manufacturer
e) Air flow, design and actual
f) Water flow, design and actual
g) Water pressure drop, design and actual
h) Entering water or steam temperature, design and actual
i) Leaving water temperature, design and actual
j) Entering air temperature, design and actual
k) Leaving air temperature, design and actual
l) Air pressure drop, design and actual

13. Sound Level Report

a) Location (Location established by the design engineer)
b) NC curve for eight (8) bands - equipment off
c) NC curve for eight (8) bands - equipment on

14. Vibration Test on equipment having 10 HP motors or above

a) Location of points:

1) Fan bearing, drive end
2) Fan bearing, opposite end
3) Motor bearing, center (if applicable)
4) Motor bearing, drive end
5) Motor bearing, opposite end
6) Casing (bottom or top)
7) Casing (side)
8) Duct after flexible connection (discharge)
9) Duct after flexible connection (suction)

b) Test readings:

1) Horizontal, velocity and displacement
2) Vertical, velocity and displacement
3) Axial, velocity and displacement

c) Normally acceptable readings, velocity and acceleration

d) Unusual conditions at time of test

e) Vibration source (if non-complying)

15. Control verification indicating date performed and any abnormalities identified.
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a) Point Location/Description and verification back to graphics

b) EMS Readout (Setpoint and Actual)

c) Actual Readout

d) Interlocks

e) Safeties
1) VSD Normal Operation
2) VSD Bypass Operation

f) Alarms

g) Sequences of Operation

END OF SECTION
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SECTION 23 05 93.A
SYSTEM PREPARATION FOR

TESTING, ADJUSTING AND BALANCING

PART 1 GENERAL

1.00 The following sections are to be included as if written herein:

A. Section 23 00 00 – Basic Mechanical Requirements

B. Section 23 05 29 – Sleeves, Flashings, Supports and Anchors

C. Section 23 05 53 – Mechanical Identification

1.01 SUMMARY

A. Perform all work required to prepare the building HVAC systems for testing, adjusting and 
balancing indicated by the Contract Documents as follows:

1. Responsibilities of project contractor.

2. Preparation for balancing of air systems.

3. Preparation for balancing of hydronic and steam systems.

B. The scope of the TAB work as defined in Section 23 05 93 is indicated in order that the 
Contractor will be advised of the coordination, adjustment, and system modification which will 
be required under the project work in order to complete the Owner's requirements for final 
TAB.  The TAB firm will not have a contractual relationship with any Contractor referred to 
herein, but will be responsible to the Construction Inspector and the Owner for the 
satisfactory execution of the TAB work.  The Contractor in his original bid shall allow for the 
costs required to cover all work which may be required in the TAB phases as defined herein 
and as may be necessary for the completion of the TAB work as defined by the TAB firm.

1.02 RELATED SECTIONS

A. Section 23 00 00 - Basic Mechanical Requirements.

B. Section 23 06 20.13 - Hydronic Specialties.

C. Section 23 22 00.A - Steam and Steam Condensate Specialties.

D. Section 23 82 16 - Air Coils.

E. Section 23 73 23 - Air Handling Units

F. Section 23 31 00 - Ductwork.

G. Section 23 33 00 - Ductwork Accessories.

H. Section 23 09 23 - Direct Digital Control Systems.

I. Section 23 05 93 - System Testing, Adjusting & Balancing.

1.03 SCOPE OF WORK



UTHSC-Houston MSB AHU L-5 & L-6 Replacement 23 05 93.A, Page 2
Houston, TX SYSTEM PREPARATION FOR TAB   

E&C Engineers & Consultants
E&C No. 3302.00

A. Testing, adjusting, and balancing (TAB) of the air conditioning systems and related ancillary 
equipment will be performed by an impartial technically qualified TAB firm selected and 
employed directly by the Owner, separate and apart from the Construction Contract.  
However, the preparation for and corrections necessary for the Testing, Adjusting and 
Balancing of these systems, as described herein, are the responsibility of the Contractor.

B. As a part of this project Construction Contract, the Contractor shall make any changes or 
replacements to the sheaves, belts, dampers, valves, etc. required for correct balance as 
advised by the TAB firm, at no additional cost to the Owner.

C. The Contractor shall provide and coordinate the services of qualified, responsible 
Subcontractors, suppliers and personnel as required to correct, repair, and/or replace any 
and all deficient items or conditions found during the course of this project, including the 
testing, adjusting and balancing period.

D. In order that all systems may be properly tested, balanced, and adjusted as required herein 
by these Specifications, the Contractor shall operate said systems at his expense for the 
length of time necessary to properly verify their completion and readiness for TAB.  This 
length of time shall be subject to the approval of the Construction Inspector.

E. Project Contract completion schedules shall allow for sufficient time to permit the completion 
of TAB services prior to Owner occupancy.  The contractor shall allow adequate time for the 
testing and balancing activities of the owner provided services, during the construction 
period, and prior to Substantial Completion as defined in the Uniform General Conditions of 
this Construction Document.

F. The Drawings and Specifications indicate valves, dampers and miscellaneous adjustment 
devices for the purpose of adjustment to obtain optimum operating conditions, and it will be 
the responsibility of the Contractor to install these devices in a manner that will leave them 
accessible and readily adjustable.  Should any such device not be readily accessible, the 
Contractor shall provide access as requested by the TAB firm.  Also, any malfunction 
encountered by TAB personnel and reported to the Contractor or the Construction Inspector 
shall be corrected by the Contractor immediately so that the balancing work can proceed with 
the minimum of delays.

1.04 RESPONSIBILITIES OF THE PROJECT CONTRACTOR:

A. The Contractor shall:

1. Have the building and air conditioning systems in complete operational readiness for 
TAB work to begin.

2. The contractor shall allow sufficient time for the TAB firm to perform his contracted 
work within the construction schedule.  The contractor shall complete his work by 
systems or floors whichever is the most efficient for scheduling.  After awarding of 
the contract and the contractor has developed a construction schedule, a TAB 
coordination meeting shall be held at the RCM's office with the TAB agency, the 
general contractor and his primary subcontractors (i.e. mechanical, electrical, 
building automation etc.) to develop a testing schedule for the project.  The 
contractor shall submit copies of the proposed schedule two (2) weeks prior to this 
meeting to the RCM and TAB Agency.

The following are minimum time requirements:

TAB Agency will provide Engineer with tentative schedules for each area, floor 
and/or system to be included in this section.
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Note: The hot water and chilled water systems must be 100% complete to 
balance.  The air systems are pressure independent and can be balanced 
by floors, risers, systems, etc., but once the total system is complete the 
total flows and system tracking will require finalization.  Lab certification will 
be performed when the building is 100% operational and balanced.

3. Promptly correct deficiencies of materials and workmanship identified as delaying 
completion of TAB work.

4. Be responsible for any added costs to the Owner resulting from his failure to have 
the building and air conditioning systems ready for TAB when scheduled, or from his 
failure to correct deficiencies promptly.

B. Complete operational readiness of the building requires that construction status of the 
building shall permit the closing of doors, windows, ceilings installed, etc., to obtain simulated 
or projected operating conditions.

C. Complete operational readiness of the air conditioning systems also requires that the 
following be accomplished:

1. Air Distribution Systems:

a. Verify installation for conformity to design.  All supply, return and exhaust 
ducts terminated and pressure tested for leakage as required by the 
Specification.

b. All volume, smoke and fire/smoke dampers are properly located and 
functional. Dampers serving requirements of minimum and maximum 
outside, return and relief air shall provide tight closure and full opening, 
smooth and free operation.

c. All supply, return, exhaust and transfer grilles, registers, diffusers and 
terminal devices installed.

d. Air handling systems, units and associated apparatus, such as heating and 
cooling coils, filter sections, access doors, etc., shall be blanked and/or 
sealed to eliminate excessive bypass or leakage of air.

e. All fans (supply, return and exhaust) operating and verified for freedom from 
vibration, proper fan rotation  and belt tension; heater elements in motor 
starters to be of proper size and rating; record motor amperage and voltage 
on each phase at start-up and running, and verify they do not exceed 
nameplate ratings.

f. All single and/or double duct variable and constant volume terminal units 
("mixing boxes") shall be installed and functional (i.e. controls functioning).

2. Water Circulating Systems:
-

a. Check and verify pump alignment and rotation.

b. Open all valves to their full open position, close bypass stop valves.  Set 
mixing valves to full-flow through systems components.  After the system is 
flushed and checked for proper operation, remove and clean all strainers.  
The Contractor shall repeat the operation until circulating water is clean.
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c. Record each pump motor amperage on each phase and voltage after 
reaching rated speed.  Readings shall not exceed nameplate rating.

d. Verify that the electrical heater elements are of the proper size and rating.

e. In preparation of TAB all water circulating systems shall be full and free of 
air, expansion tanks shall be set for proper water level, and all air vents shall 
be installed at high points of systems and operating freely.  Systems shall 
be cleaned and flushed.  Chemicals shall be added to closed systems to 
treat piping and inhibit corrosion.

f. Check and set operating parameters of the heat exchangers and control 
devices to the design requirements.

3. Automatic Controls:

a. The Contractor shall schedule a meeting with the Engineer, Control 
Contractor, TAB firm and Owner's representative for a pre-submittal review 
to establish that their interpretations of the sequences of operation are 
correct.

b. Verify that all control components are installed in accordance with project 
requirements and are functional, including all electrical interlocks, dampers 
sequences, air and water resets, fire and freeze stats, high and low 
temperature thermostats, safeties, etc.

c. Verify that all controlling instruments are calibrated and set for design 
operating conditions with the exception of room thermostats or sensors, 
which shall be calibrated at the completion of TAB services with cooperation 
between the TAB firm and Control Contractor.

d. The Automatic Temperature Control Contractor and/or Energy 
Management System Contractor shall thoroughly check all controls, 
sensors, operators, sequences, etc. before notifying the TAB agency that 
the Automatic Temperature Controls and Energy Management System are 
operational.  The Automatic Temperature Contractor and/or Energy 
Management System Contractor shall provide technical support 
(technicians and necessary computers) to the TAB agency for a complete 
check of these systems.

4. Tabulated Data:  The motor amperages, voltages shall be recorded showing "actual" 
and "nameplate" voltage and amperage and submitted and actual RPM.  This 
applies to each piece of electrically driven air conditioning equipment in the system 
including supply and exhaust fans, fans of fractional horsepower, pumps, etc.

D. Notification of System Readiness:

1. After completion of the work in Paragraph 1.05 A through C above, the Contractor 
shall notify the Owner in writing, certifying that the work has been accomplished and 
that the building and the air conditioning systems are in operational readiness for 
testing, adjusting, and balancing.  He shall include a copy of the tabulated data of 
Paragraph 1.04C.4 above.
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2. The Owner will, in turn, notify the TAB firm of the readiness for balancing and 
forward copies of the Contractor's certification and the tabulated voltages and 
currents.

3. Should the TAB firm be notified as described above, and the TAB work commenced 
and the systems are found NOT to be in readiness or a dispute occurs as to the 
readiness of the systems, the Contractor shall request an inspection be made by 
duly appointed representative of the Owner, Architect, TAB firm and the Contractor.  
This inspection will establish to the satisfaction of the represented parties whether or 
not the systems meet the basic requirements for TAB services.  Should the 
inspection reveal the TAB services notification to have been premature, all cost of 
the inspection and wasted work accomplished by the TAB firm shall be reimbursed 
to the appropriated parties by the Project Contractor.

1.05 RESPONSIBILITIES OF THE TAB FIRM

A. Refer to Section 23 05 93 entitled "System Testing, Adjusting and Balancing".

END OF SECTION
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SECTION 23 06 20
HYDRONIC SPECIALTIES

PART 1GENERAL

1.00 The following sections are to be included as if written herein:

A. Section 23 00 00 – Basic Mechanical Requirements

B. Section 23 05 29 – Sleeves, Flashings, Supports and Anchors

C. Section 23 05 53 – Mechanical Identification

1.01 WORK INCLUDED

A. Expansion tanks.

B. Air vents.

C. Strainers.

D. Pump suction fittings.

E. Relief valves.

F. Water flow measuring and balancing system.

1.02 RELATED WORK

A. Section 23 00 00 - Basic Mechanical Requirements.

B. Section 23 21 00 - Hydronic Piping.

1.03 REFERENCES

A. ANSI/ASME - Boilers and Pressure Vessels Code.

1.04 REGULATORY REQUIREMENTS

A. Conform to ANSI/ASME Boilers and Pressure Vessels Code Section 8D for manufacture of 
tanks.

1.05 QUALITY ASSURANCE

A. Manufacturer: For each product specified, provide components by same manufacturer 
throughout.

1.06 SUBMITTALS

A. Submit shop drawings and product data under provisions of Section 23 00 00.

B. Submit shop drawings and product data for manufactured products and assemblies required 
for this project.

C. Submit manufacturer's installation instructions under provisions of Section 23 00 00.
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1.07 OPERATION AND MAINTENANCE DATA

A. Submit operation and maintenance data under provisions of Section 23 00 00.

B. Include installation instruction, assembly views, lubrication instructions, and replacement 
parts list.

1.08 DELIVERY, STORAGE, AND HANDLING

A. Deliver products to site under provisions of Section 23 00 00.

B. Store and protect products under provisions of Section 23 00 00.

PART 2PRODUCTS

2.01 AUTOMATIC AIR VENTS: 

A. Provide at the highest points of the chilled water system and on the chilled water coils as 
shown on the Drawings, an automatic air vent, Armstrong No. 21AR or approved equal, with 
a pressure rating of 250 psig.  Provide shut-off valve to facilitate maintenance of air vent.  
Locate all air vents and their discharge lines in accessible locations, preferably clustered. 

2.02 STRAINERS:

A. Each control valve for chilled water and heating water, and each pressure reducing valve 
assembly regardless of its size shall be preceded by a sediment strainer.  The arrangement 
of these sediment strainers shall be such that the screens may be removed for cleaning with 
ease through a gasketed plug.  Monel or stainless steel shall be used to fabricate the 
noncollapsible, lapped screens, which shall contain no soldered joints.

B. Sediment strainers shall be placed in piping systems wherever shown on the Drawings and 
at such other points as may be required for the removal of foreign material from the piping 
systems.

C. Strainers for water piping 2-1/2" and larger shall be Crane No. 989-1/2 Sediment Separators 
or approved equal.  In piping two inches (2") and smaller, they shall be Crane No. 988-1/2, or 
approved equal.

D. Strainers, 2" and smaller, bronze body, screwed ends, No. 10 mesh strainer, screwed cap 
with bronze blow-off valve (size to be determined by standard tap size in cap).  Cast iron 
body, 2 1/2" and larger, isolating type flanged ends where installed in copper lines, No. 7 
perforated monel strainer, flanged cap with bronze ball blow-off valve (size of blow-off valve 
shall be determined by standard tap size in cap).  Special Note:  All strainers 6" and larger 
shall have studs
mounted in the body flange in lieu of bolts for removal of cap.  Baskets for strainers 6" and 
larger shall have stainless steel reinforcing bands at ends to prevent collapsing. 

E. Full sized blow off valves shall be installed on all strainers in steam, condensate, chilled and 
hot water lines and a drain shall be installed from each valve to the nearest floor drain.

2.03 GAUGES AND GAUGE CONNECTIONS:

A. Furnish and install Ashcroft No. 1279A Duragauges on both suction and discharge sides of 
pumps, complete with Ashcroft No. 1095 lever handle shut-off cocks, and Ashcroft No. 
1106B pulsation piston type dampeners, or approved equal. Porous type will not be 
accepted.  See pump Specifications.  Gauges shall have stainless steel movement and 1/2 
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of 1% accuracy. Gauges shall have back connection when used on a panel; otherwise they 
shall have bottom connections. The graduation of the dials and the arrangement of the 
mechanisms shall conform to the pressure range details shown on the Drawings.

B. Combination pressure or vacuum gauges shall be Ashcroft Duragauges No. 1279AC, or 
approved equal.  The accessories for these gauges shall conform to those prescribed for 
pressure gauges.

C. Furnish and install, where noted or indicated on the accompanying Drawings or called 
for elsewhere in these Specifications, gauge connections complete with Ashcroft No. 
1095 lever handle union shutoff cocks, or approved equal.  All gauge connections 
shall be made up with brass pipe, nipples and brass screw fittings.

2.04 THERMOMETER AND THERMOMETER WELLS:

A. Furnish and install thermometers of not less than 9" scale complete with brass separable 
sockets with extension neck to allow for insulation of piping.  These thermometers shall be 
mercury red reading type in one piece glass tubes extending from top of scale to sensor, and 
shall be located so that they may be easily read.  Field adjustable angle thermometers are 
acceptable.  Thermometers shall in all cases be installed upright or at the proper angle to be 
read while standing on the floor.  The wells for thermometers shall be located in vertical pipes 
where possible and when necessary in horizontal pipes they shall be installed in the side and 
not on the top of the pipe.  They shall be Weksler Industrial Thermometers, or approved 
equal, with range of 0 to 100 degrees F. for chilled water, and 0 to 220 degrees F for hot 
water. 

B. Thermometer wells and thermometers shall be located where noted on the accompanying 
Drawings and where called for in other sections of the Specifications. Thermometer test 
wells only shall be installed in a vertical position in horizontal lines and at 45 degrees, in 
vertical lines to hold a fluid in the well.

C. Thermometer test wells shall be 3/4" Weksler Thermal Wells, brass with stem of minimum 
length to extend beyond the mid-diameter of the pipe, 2-1/2" extension neck, and brass 
screw plug.  Wells shall be suitable for use of industrial type thermometers.

D. Indicating thermometers shall be placed in lines wherever shown on the Drawings.  These 
thermometers shall be Weksler Industrial Thermometers having stainless steel separable 
sockets and scales of the range shown on the Drawings.

2.05 WATER RELIEF VALVES:

A. The pressure relief valves installed for the protection of the water circulating circuits shall be 
McAlear No. 307 single seated diaphragm and spring type valves with screwed connections 
or approved equal.  They shall be 3/4" size of bronze construction with bronze seat, 
composition shut-off disc and rubber diaphragm.

PART 3EXECUTION

3.01 INSTALLATION AND APPLICATION

A. Install specialties in accordance with manufacturer's instructions to permit intended 
performance.

B. Support tanks inside building from building structure in accordance with manufacturer's 
instructions.



UTHSC-Houston MSB AHU L-5 & L-6 Replacement 23 06 20, Page 4
Houston, TX HYDRONIC SPECIALTIES   

E&C Engineers & Consultants
E&C No. 3302.00

C. Provide manual air vents at system high points and as indicated.

D. Provide manual air vents at entrance to all heating hot water coils, with a "cane" shaped 
discharge tube, positioned to permit draining to a portable receptacle.

E. For automatic air vents in ceiling spaces or other concealed locations, extend vent tubing to 
nearest drain.

F. Provide pump suction fitting on suction side of base mounted centrifugal pumps.  Remove 
temporary strainers after cleaning systems.  Clean all permanent strainers after circulating 
systems for a minimum of 48 hours at full capacity. 

G. Support pump fittings with floor mounted pipe and flange supports.

H. Provide relief valves on pressure tanks, low pressure side of reducing valves, heat 
exchangers, and expansion tanks.

I. Select system relief valve capacity so that it is greater than make-up pressure reducing valve 
capacity.  Select equipment relief valve capacity to exceed rating of connected equipment.

J. Pipe relief valve outlet to nearest floor drain.

K. Where one line vents several relief valves, make cross sectional area equal to sum of 
individual vent areas.

L. Heating water branch lines serving reheat coils shall have a balancing valve with memory 
stop and flow measuring station located upstream of the shut-off valve on the return side 
similar to Tour and Anderson.

M. Provide pressure/temperature test port in a straight run of pipe adjacent to each temperature or 
pressure sensor installed in the hydronic piping and at the inlet and outlet of each pump and coil 
to facilitate proper calibration and maintenance.

N. Provide to the owner, one portable flow meter equivalent to Omega FDT-81.

END OF SECTION
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SECTION 23 07 13
DUCTWORK INSULATION

PART 1 GENERAL

1.00 The following sections are to be included as if written herein:

A. Section 23 00 00 – Basic Mechanical Requirements

B. Section 23 05 29 – Sleeves, Flashings, Supports and Anchors

C. Section 23 05 53 – Mechanical Identification

1.01 SECTION INCLUDES

A. Ductwork insulation.

B. Insulation jackets.

1.02 RELATED SECTIONS

A. Section 09 91 00 - Painting: Painting insulation jackets.

B. Section 23 00 00- General Mechanical Requirements.

C. Section 23 05 53 - Mechanical Identification.

D. Section 23 31 00 - Ductwork:  Duct liner.

E. Section 23 33 00 - Ductwork Accessories:  Duct liner.

1.03 REFERENCES

A. ASTM B209 - Aluminum and Aluminum-Alloy Sheet and Plate.

B. ASTM C518 - Steady-State Heat Flux Measurements and Thermal Transmission Properties by 
Means of the Heat Flow Meter Apparatus.

C. ASTM C553 - Mineral Fiber Blanket and Felt Insulation.

D. ASTM C612 - Mineral Fiber Block and Board Thermal Insulation.

E. ASTM E84 - Surface Burning Characteristics of Building Materials.

F. ASTM E96 - Water Vapor Transmission of Materials.

G. NFPA 255 - Surface Burning Characteristics of Building Materials.

H. SMACNA - HVAC Duct Construction Standards - Metal and Flexible.

I. UL 723 - Surface Burning Characteristics of Building Materials.

1.04 SUBMITTALS

A. Submit under provisions of Section 23 00 00.
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B. Product Data:  Provide product description, list of materials and thickness for each service, and 
locations.

C. Samples:  Submit two samples of any representative size illustrating each insulation type.

D. Manufacturer's Installation Instructions:  Indicate procedures which ensure acceptable 
workmanship and installation standards will be achieved.

1.05 QUALITY ASSURANCE

A. Materials: Flame spread/smoke developed rating of 25/50 in accordance with NFPA 255.

1.06 QUALIFICATIONS

A. Applicator:  Company specializing in performing the work of this section with minimum three 
years experience.

1.07 DELIVERY, STORAGE, AND HANDLING

A. Deliver, store, protect and handle products to site under provisions of Section 23 00 00.

B. Deliver materials to site in original factory packaging, labeled with manufacturer's density and 
thickness.

C. Store insulation in original wrapping and protect from weather and construction traffic.

D. Protect insulation against dirt, water, chemical, and mechanical damage.

1.08 ENVIRONMENTAL REQUIREMENTS

A. Maintain ambient temperatures and conditions required by manufacturers of adhesives, mastics, 
and insulation cements.

B. Maintain temperature during and after installation for minimum period of 24 hours.

PART 2 PRODUCTS

2.01 Insulation A:

A. Four pound per cubic foot minimum density glass fiber semi-rigid board insulation with fiber 
perpendicular to the surface and with factory applied white foil reinforced vapor barrier jacket 
(ASJ).  Insulation shall be equal to E.O. Woods Company "Rigid-Wrap".  The insulation shall be 
directly in contact with the duct, no air gap shall be allowed between the insulation and the metal.

B. The insulation shall be secured to the ducts with mechanical fasteners; "Stick-clips", Graham 
Pins or Speed Clips, and shall be spaced approximately 12" on center on bottom of duct and 
where required elsewhere to hold insulation securely against the duct as noted in the published 
recommendations of the Insulation Manufacturer.

C. After insulation is in place, all joints and seams shall be sealed with vapor barrier water based 
emulsion applied over a 3" wide strip of Duramesh Glass Fabric.  All protrusions through the 
vapor barrier shall be thoroughly sealed.
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D. On ducts that are reinforced with standing seams or angle iron stiffeners 1" and over in height, 
the Contractor shall apply a strip of fiberglass board (insulation A type) 1" thick by 6" wide, 
sealing same to the other insulation with glass fabric with water based emulsion as noted in 
2.01C.

2.02 Insulation B:

A. Three pound per cubic foot minimum density glass fiber rigid board insulation with factory 
applied white foil reinforced All Service Jacket (ASJ).

B. Insulation B shall be applied as specified for Insulation A.

C. Contractor at his option may substitute Insulation A where Insulation B is called for.

2.03 Insulation C: 

A. Blanket insulation similar in construction to Owens-Corning Fiberglass Series or Johns Manville 
Microlite, one pound per cubic foot minimum density with foil reinforced Kraft (FRK) vapor barrier 
facing.  Insulation shall be wrapped on the ductwork in accordance to manufacturer’s stretched-
out criteria, with all circumferential joints butted and longitudinal joints overlapped a minimum of 
2".  Adhere insulation to metal with 4" strips of insulation bonding adhesive at 8" on center.  On 
circumferential and longitudinal joints, the 2" flange of the facing shall be secured using 9/16" 
flare door staples applied 6" on center and taped with 4" wide fiberglass tape embedded in vapor 
barrier Emulsion and covered with vapor barrier emulsion until the tape is completely covered.  
All penetrations or punctures in facing shall also be taped.  Vapor sealing of joints is not required 
on hot duct application where concealed.

2.04 Vapor Seal Emulsion – Where specified herein, joint and seam vapor sealant shall be water 
based materials equal to Foster 30-35, Hardcast “Flex-Grip” 550 (sprayed to 20 mil thickness), 
or Childers Chil-Perm WB CP-35.

2.05 All ductwork in the building and in the crawl spaces except exhaust and return ducts shall be 
insulated externally unless specifically excluded.  Only sound attenuated return ducting may be 
insulated internally, if specifically designated as such. 

2.06 Where ducts are lined internally, (see Drawings for Scope) no exterior insulation will be required, 
except where specifically stated otherwise.  Where internal and external insulation join, they 
shall lap at least 24 inches.

2.07 Low pressure supply duct taps to ceiling diffusers shall be externally insulated including top of 
ceiling diffuser.

2.08 Flexible round ducts are specified in Section 23 31 00 as factory insulated.

PART 3 EXECUTION

3.01 EXAMINATION

A. Verify that ductwork has been tested before applying insulation materials.

B. Verify that surfaces are clean, foreign material removed, and dry.

3.02 INSTALLATION

A. Install materials in accordance with manufacturer's instructions.
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B. Insulated ductwork conveying air below ambient temperature:

1. Provide insulation with vapor barrier jackets.

2. Finish with tape and vapor barrier jacket.

3. Continue insulation through walls, sleeves, hangers, and other duct penetrations.

4. Insulate entire system including fittings, joints, flanges, fire dampers, flexible connections, 
and expansion joints.

C. Insulated ductwork conveying air above ambient temperature:

1. Provide with or without standard vapor barrier jacket.

2. Insulate fittings and joints.  Where service access is required, bevel and seal ends of 
insulation.

D. For ductwork exposed in mechanical equipment rooms or in finished spaces, finish with 
aluminum jacket up to 8’0” above finished floor.

E. For exterior applications, provide insulation with vapor barrier jacket.  Cover with caulked 
aluminum jacket with seams located on bottom side of horizontal duct section.

F. External Duct Insulation Application:

1. Secure insulation without vapor barrier with staples, tape, or wires.

2. Install without sag on underside of ductwork.  Use adhesive or mechanical fasteners 
where necessary to prevent sagging. Lift ductwork off trapeze hangers and insert 
spacers.

 
3. Seal vapor barrier penetrations by mechanical fasteners with fiberglass tape embedded in 

vapor barrier Emulsion and covered with vapor barrier emulsion until the tape is 
completely covered as specified above.

4. Stop and point insulation around access doors and damper operators to allow operation 
without disturbing wrapping.

G. Duct and Plenum Liner Application:

1. Adhere insulation with adhesive for 100 percent coverage.

2. Secure insulation with mechanical liner fasteners.  Refer to SMACNA Standards for 
spacing.

3. Seal and smooth joints.

4. Seal liner surface penetrations with adhesive.

5. Duct dimensions indicated are net inside dimensions required for air flow.  Increase duct 
size to allow for insulation thickness.
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3.03 All piping, equipment, ductwork, all plenums including metal and masonry construction, fans, 
etc., shall be insulated as indicated on the Drawings, as specified herein, and as required for a 
complete system.  In each case, the insulation shall be equal to that specified and materials 
applied and finished as described in these Specifications.

3.04 All insulation shall be applied by mechanics skilled in this particular work and regularly engaged 
in such occupation.  All insulation shall be applied in strict accordance with these Specifications 
and with factory printed recommendations on items not herein mentioned.  Unsightly, 
inadequate, or sloppy work will not be acceptable, and all such work shall be removed and 
replaced as many times as necessary to achieve an acceptable installation.

3.05 All insulation, jacket, adhesives, mastics, sealers, etc., utilized in the fabrication of these 
systems shall meet NFPA for fire resistant ratings (maximum of 25 flame spread and 50 smoke 
developed ratings) and shall be approved by the insulation manufacturer for guaranteed 
performances when incorporated into their insulation system, unless a specific product is 
specified for a specific application, and is stated as an exception to this requirement.  
Certificates to this effect shall be submitted along with Contractor's submittal data for this section 
of the Specifications.  No material may be used that, when tested by the ASTM E84-89 test 
method, is found to melt, drip or delaminate to such a degree that the continuity of the flame 
front is destroyed, thereby resulting in an artificially low flame spread rating. 

3.06 All surfaces to be insulated shall be clean and dry before applying the insulation.  Where an 
insulation covering is applied, it shall lap the adjoining section of insulation by at least three 
inches (3").  Where insulation terminates, it shall be neatly beveled and finished.  No insulation 
shall be applied until the pipe, duct, etc., have been pressure tested and found tight.  Flexible 
connections on duct shall not be covered.  All materials used shall be fire retardant or 
nonflammable..

3.07 Where vapor barriers are required, the vapor barrier shall be on the outside.  Extreme care shall 
be taken that the vapor barrier is unbroken.  Joints, etc., shall all be sealed.  Where insulation 
with a vapor barrier terminates, it shall be sealed off with the vapor barrier being continuous to 
the surface being insulated.  Ends shall not be left raw.

3.08 Extreme care shall be taken in covering high and medium pressure (high and medium pressure 
ductwork shall be all ductwork between the fan discharge and all mixing boxes) ductwork to 
insure the duct is not pierced with sheet metal screws or other fasteners.  All high and medium 
pressure ducts in these specifications are classified as high velocity ductwork.

3.09 Where canvas finish is specified, use Arabol lagging adhesive to prevent mildew in securing 
canvas.  Do not use wheat paste.  In addition, cover all canvas insulation with a fire retardant 
coating.

3.10 For purpose of definition in this Specification:  "concealed" areas are those areas which cannot 
be seen by the building occupants, and "exposed" areas are all areas which are exposed to view 
by the building occupants, including under counter and inside cabinet areas, plus all mechanical 
rooms.

3.11 The handling and installation of all insulation materials shall be performed in strict accordance 
with the manufacturer’s recommendations. 

3.12 TOLERANCE

A. Substituted insulation materials shall provide thermal resistance within 10 percent at normal 
conditions, as materials indicated.
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3.13 DUCT INSULATION SCHEDULE:

Duct Type Insulation Type

Medium Pressure Rectangular Supply Duct In Mechanical Rooms 1 1/2" Insulation B
8’ AFF and below

Outside Air Duct 1 1/2" Insulation A
Medium & Low Pressure Supply Duct 2" Insulation C

Other than noted above (including tops of diffusers)

END OF SECTION
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SECTION 23 07 16
EQUIPMENT INSULATION

PART 1 GENERAL

1.00 The following sections are to be included as if written herein:

A. Section 23 00 00 – Basic Mechanical Requirements

B. Section 23 05 29 – Sleeves, Flashings, Supports and Anchors

C. Section 23 05 53 – Mechanical Identification

1.01 SECTION INCLUDES

A. Equipment insulation.

B. Covering.

C. Breaching insulation.

1.02 RELATED SECTIONS

A. Section 09 91 00 - Painting: Painting insulation covering.

B. Section 23 00 00 - General Mechanical Requirements.

C. Section 23 05 53 - Mechanical Identification.

1.03 REFERENCES

A. ASTM B209 - Aluminum and Aluminum-Alloy Sheet and Plate.

B. ASTM C177 - Steady-State Heat Flux Measurements and Thermal Transmission Properties by 
Means of the Guarded-  Hot-Plate Apparatus.

C. ASTM C195 - Mineral Fiber Thermal Insulation Cement.

D. ASTM C335 - Steady-State Heat Transfer Properties of Horizontal Pipe Insulation.

E. ASTM C449 - Mineral Fiber Hydraulic-setting Thermal Insulating and Finishing Cement.

F. ASTM C518 - Steady-State Heat Flux Measurements and Thermal Transmission Properties by 
Means of the Heat Flow Meter Apparatus.

G. ASTM C533 - Calcium Silicate Block and Pipe Thermal Insulation.

H. ASTM C534 - Preformed Flexible Elastomeric Cellular Thermal Insulation in Sheet and Tubular 
Form.

I. ASTM C552 - Cellular Glass Block and Pipe Thermal Insulation.

J. ASTM C553 - Mineral Fiber Blanket and Felt Insulation.

K. ASTM C612 - Mineral Fiber Block and Board Thermal Insulation.

L. ASTM C640 - Corkboard and Cork Pipe Thermal Insulation.
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M. ASTM C921 - Properties of Jacketing Materials for Thermal Insulation.

N. ASTM D1056 - Flexible Cellular Materials - Sponge or Expanded Rubber.

O. ASTM E84 - Surface Burning Characteristics of Building Materials.

P. ASTM E96 - Water Vapor Transmission of Materials.

Q. NFPA 255 - Surface Burning Characteristics of Building Materials.

R. UL 723 - Surface Burning Characteristics of Building Materials.

1.04 SUBMITTALS

A. Submit under provisions of Section 23 00 00.

B. Product Data:  Provide product description, list of materials and thickness for equipment 
scheduled.

C. Samples:  Submit two samples of any representative size illustrating each insulation type.

D. Manufacturer's Installation Instructions:  Indicate procedures which ensure acceptable 
workmanship and installation standards will be achieved.

1.05 QUALITY ASSURANCE
 

A. Materials: Flame spread/smoke developed rating of 25/50 in accordance with NFPA 255.

1.06 QUALIFICATIONS

A. Applicator:  Company specializing in performing the work of this section with minimum three 
years experience.

1.07 DELIVERY, STORAGE, AND HANDLING

A. Deliver, store, protect and handle products to site under provisions of Section 23 00 00.

B. Deliver materials to site in original factory packaging, labeled with manufacturer's density and 
thickness.

C. Store insulation in original wrapping and protect from weather and construction traffic.

D. Protect insulation against dirt, water, chemical, and mechanical damage.

1.08 ENVIRONMENTAL REQUIREMENTS

A. Maintain ambient temperatures and conditions required by manufacturers of adhesives, mastics, 
and insulation cements.

B. Maintain temperature during and after installation for minimum period of 24 hours.
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PART 2 PRODUCTS

2.02 CONDENSATE RECIEVER

A. Receivers of the condensate shall be insulated with 6 lb. (minimum) density fiberglass board 
or rigid wrap insulation with a factory applied All Service Jacket.  All joints shall be filled with 
insulating cement and covered with All Service Jacket material stapled in place and sealed 
with adhesive. Thickness shall be 1 ½” and provide a vapor barrier similar to chilled water 
piping.

PART 3 EXECUTION

3.01 EXAMINATION

A. Verify that equipment has been tested before applying insulation materials.

B. Verify that surfaces are clean, foreign material removed, and dry.

3.02 INSTALLATION

A. Install materials in accordance with manufacturer's instructions.
 

B. Do not insulate factory insulated equipment.

C. On exposed equipment, locate insulation and cover seams in least visible locations.

D. Apply insulation close to equipment by grooving, scoring, and bevelling insulation.  Secure 
insulation to equipment with studs, pins, clips, adhesive, wires, or bands.

E. Fill joints, cracks, seams, and depressions with bedding compound to form smooth surface.  On 
cold equipment, use vapor barrier cement.

F. Insulated dual temperature equipment or cold equipment containing fluids below ambient 
temperature:

1. Provide vapor barrier jackets, factory applied or field applied.

2. Finish with glass cloth and vapor barrier adhesive.

3. Insulate entire system.

G. For insulated equipment containing fluids above ambient temperature:

1. Provide standard jackets, with or without vapor barrier, factory applied or field applied.

2. Finish with glass cloth and adhesive.

3. For hot equipment containing fluids 140 degrees F or less, do not insulate flanges and 
unions, but bevel and seal ends of insulation.

4. For hot piping conveying fluids over 140 degrees F, insulate flanges and unions, including 
those at equipment, but label the insulation to indicate a concealed flange or union.

H. Inserts and Shields:

1. Application:  Equipment 2 inches diameter or larger.
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2. Shields:  Galvanized steel between hangers and inserts.

3. Insert location:  Between support shield and equipment and under the finish jacket.

4. Insert configuration:  Minimum 6 inches (150 mm) long, of same thickness and contour 
as adjoining insulation; may be factory fabricated.

5. Insert material:  Heavy density insulating material suitable for the planned temperature 
range.

I. Finish insulation at supports, protrusions, and interruptions.

J. For equipment in mechanical equipment rooms or in finished spaces, finish with aluminum 
jacket.

K. For exterior applications, provide vapor barrier jacket or finish with glass mesh reinforced vapor 
barrier cement.  Cover with aluminum jacket with seams located on bottom side of horizontal 
equipment.

L. Cover cellular glass and cellular foam insulation with aluminum jacket.

M. Do not insulate over any nameplate or ASME stamps.  Bevel and seal insulation around such.

N. Install insulation for equipment requiring access for maintenance, repair, or cleaning, in such a 
manner that it can be easily removed and replaced without damage.

O. All piping, equipment, ductwork, all plenums including metal and masonry construction, fans, 
etc., shall be insulated as indicated on the Drawings, as specified herein, and as required for a 
complete system.  In each case, the insulation shall be equal to that specified and materials 
applied and finished as described in these Specifications.

P. All insulation shall be applied by mechanics skilled in this particular work and regularly engaged 
in such occupation.  All insulation shall be applied in strict accordance with these Specifications 
and with factory printed recommendations on items not herein mentioned.  Unsightly, 
inadequate, or sloppy work will not be acceptable, and all such work shall be removed and 
replaced as many times as necessary to achieve an acceptable installation.

Q. All insulation, jacket, adhesives, mastics, sealers, etc., utilized in the fabrication of these 
systems shall meet NFPA for fire resistant ratings (maximum of 25 flame spread and 50 smoke 
developed ratings) and shall be approved by the insulation manufacturer for guaranteed 
performances when incorporated into their insulation system, unless a specific product is 
specified for a specific application, and is stated as an exception to this requirement.  
Certificates to this effect shall be submitted along with Contractor's submittal data for this section 
of the Specifications.  No material may be used that, when tested by the ASTM E84-89 test 
method, is found to melt, drip or delaminate to such a degree that the continuity of the flame 
front is destroyed, thereby resulting in an artificially low flame spread rating. 

R. All surfaces to be insulated shall be clean and dry before applying the insulation.  Where an 
insulation covering is applied, it shall lap the adjoining section of insulation by at least three 
inches (3").  Where insulation terminates, it shall be neatly beveled and finished.  No insulation 
shall be applied until the pipe, duct, etc., have been pressure tested and found tight.  All 
materials used shall be fire retardant or nonflammable.  

S. Where vapor barriers are required, the vapor barrier shall be on the outside.  Extreme care shall 
be taken that the vapor barrier is unbroken.  Joints, etc., shall all be sealed.  Where insulation 
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with a vapor barrier terminates, it shall be sealed off with the vapor barrier being continuous to 
the surface being insulated.  Ends shall not be left raw.

T. Extreme Care shall be taken in covering high and medium pressure (high and medium pressure 
ductwork shall be all ductwork between the fan discharge and mixing boxes) ductwork to insure 
the duct is not pierced with sheetmetal screws or fasteners.  All high and medium pressure 
ducts in these specifications are classified as high velocity ductwork.

U. Where specified, aluminum bands shall be used on piping insulation.  The bands shall be 
applied 3 to a section of pipe.  Fitings, valves, etc., shall have bands on each side.

V. Where canvas finish is specified, use Arabol lagging adhesive to prevent mildew in securing 
canvas.  Do not use wheat paste.  In addition, cover all canvas insulation with a fire retardant 
coating.

W. For purpose of definition in this Specification:  "concealed" areas are those areas which cannot 
be seen by the building occupants, and "exposed" areas are all areas which are exposed to view 
by the building occupants, including under counter and inside cabinet areas, plus all mechanical 
rooms.

X. The handling and installation of all insulation materials shall be performed in strict accordance 
with the manufacturer’s recommendations. 

END OF SECTION
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SECTION 23 07 19
PIPING INSULATION

PART 1 GENERAL

1.00. The following sections are to be included as if written herein:

A. 23 00 00 -- Basic Mechanical Requirements

B. 23 05 29 -- Sleeves, Flashings, Supports and Anchors

C. 23 05 53 -- Mechanical Identification

1.01. SECTION INCLUDES

A. Piping insulation.

B. Jackets and accessories.

1.02. PRODUCTS FURNISHED BUT NOT INSTALLED UNDER THIS SECTION

C. Section 23 21 00 - Hydronic Piping:  Placement of hangers and hanger inserts.

D. Section 23 22 00 - Steam Piping:  Placement of hangers and hanger inserts.

1.03. RELATED SECTIONS

A. Section 09 91 00 - Painting: Painting pipe and insulation jacket.

B. Section 23 00 00 - General Mechanical Requirements.

C. Section 23 05 53 - Mechanical Identification. 

1.04. REFERENCES

A. ASTM B209 - Aluminum and Aluminum-Alloy Sheet and Plate.

B. ASTM C177 - Steady-State Heat Flux Measurements and Thermal Transmission Properties by 
Means of the Guarded-  Hot-Plate Apparatus.

C. ASTM C195 - Mineral Fiber Thermal Insulation Cement.

D. ASTM C335 - Steady-State Heat Transfer Properties of Horizontal Pipe Insulation.

E. ASTM C449 - Mineral Fiber Hydraulic-setting Thermal

F. ASTM C518 - Steady-State Heat Flux Measurements and Thermal Transmission Properties by 
Means of the Heat Flow Meter Apparatus.

G. ASTM C533 - Calcium Silicate Block and Pipe Thermal Insulation.

H. ASTM C534 - Preformed Flexible Elastomeric Cellular Thermal Insulation in Sheet and 
Tubular Form.

I. ASTM C547 - Mineral Fiber Preformed Pipe Insulation.
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J. ASTM C552 - Cellular Glass Block and Pipe Thermal Insulation.

K. ASTM C578 - Preformed, Block Type Cellular Polystyrene Thermal Insulation.

L. ASTM C585 - Inner and Outer Diameters of Rigid Thermal Insulation for Nominal Sizes of Pipe 
and Tubing (NPS System).

M. ASTM C591 - Rigid Preformed Cellular Urethane Thermal Insulation.

N. ASTM C610 - Expanded Perlite Block and Pipe Thermal Insulation.

O. ASTM C640 - Corkboard and Cork Pipe Thermal Insulation.

P. ASTM C921 - Properties of Jacketing Materials for Thermal Insulation.

Q. ASTM D1056 - Flexible Cellular Materials - Sponge or Expanded Rubber.

R. ASTM D1667 - Flexible Cellular Materials - Vinyl Chloride Polymers and Copolymers (Closed 
Cell Foam).

S. ASTM D2842 - Water Absorption of Rigid Cellular Plastics.

T. ASTM E84 - Surface Burning Characteristics of Building Materials.

U. ASTM E96 - Water Vapor Transmission of Materials.

V. NFPA 255 - Surface Burning Characteristics of Building Materials.

W. UL 723 - Surface Burning Characteristics of Building Materials. 

1.05. SUBMITTALS

A. Submit under provisions of Section 23 00 00.

B. Product Data:  Provide product description, list of materials ‘k’ value, ‘R’ value, mean 
temperature rating, and thickness for each service, and locations.

C. Samples:  When requested, submit two samples of any representative size illustrating each 
insulation type.

D. Manufacturer’s Installation Instructions:  Submit the manufacturer’s published installation 
documents for installation details, support and anchor methods, sealing, installation 
procedures and installation environment.  Indicate procedures which ensure acceptable 
workmanship and installation standards will be achieved.

1.06. QUALITY ASSURANCE

A. All insulation, jacket, adhesives, mastics, sealers, etc., utilized in the fabrication of these 
systems shall meet NFPA for fire resistant ratings (maximum of 25 flame spread and 50 
smoke developed ratings) and shall be approved by the insulation manufacturer for 
guaranteed performances when incorporated into their insulation system, unless a specific 
product is specified for a specific application, and is stated as an exception to this 
requirement.  Certificates to this effect shall be submitted along with Contractor’s submittal 
data for this section of the Specifications.  No material may be used that, when tested by the 
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ASTM E84-89 test method, is found to melt, drip or delaminate to such a degree that the 
continuity of the flame front is destroyed, thereby resulting in an artificially low flame spread 
rating. 

B. All surfaces to be insulated shall be clean and dry before applying the insulation.  All 
sections of molded pipe covering shall be firmly butted together without voids.  A mastic filler 
is not acceptable to fill voids.  Where an insulation covering is applied, it shall lap the 
adjoining section of insulation by at least three inches (3”) on end sections and the 
longitudinal tape shall be 4” on jackets.  Where insulation terminates, it shall be neatly 
beveled and finished moisture proof.  No insulation shall be applied until the pipe, duct, etc., 
have been pressure tested and found tight.  Piping, flexible connections, flanges, valves, 
strainers, and unions shall be covered unless specifically noted otherwise.  Flexible 
connections on duct shall not be covered.  All materials used shall be fire retardant or 
nonflammable.  Refer to Section 23 00 00.

C. No insulation material shall be installed in combination with or contiguous to other types of 
insulation in a manner which could adversely impact the performance of either insulation 
material.

D. All piping, equipment, ductwork, all plenums including metal and masonry construction, fans, 
etc., shall be insulated as indicated on the Drawings, as specified herein, and as required for 
a complete system.  In each case, the insulation shall be equal to that specified and 
materials applied and finished as described in these Specifications.

E. The manufacturer’s representative for the insulation shall visit the site a minimum of 4 times 
to review the installation practices, confer with the installer and prepare a field observation 
report that notes variations from manufacturer’s recommendations or recommendations to 
improve the installations.

F   To be considered, alternate materials shall have equivalent thermal, permability, water 
absorption and moisture resistance of the specified materials.

1.07. QUALIFICATIONS

A. All insulation shall be applied by mechanics skilled in this particular work and regularly 
engaged in such occupation.  

B. All insulation shall be applied in strict accordance with these Specifications and with factory 
printed recommendations on items not herein mentioned.  Unsightly, inadequate, or sloppy 
work and torn vapor jackets will not be acceptable and all such work shall be removed and 
replaced as many times as necessary to achieve an acceptable installation. The company 
performing the work of this section shall have a minimum of three years experience 
specializing in the trade.

1.08. DELIVERY, STORAGE, AND HANDLING

A. Deliver, store, protect, and handle products to site under provisions of Section 23 00 00.

B. Deliver materials to site in original factory packaging, labeled with manufacturer’s 
identification, including product thermal ratings and thickness.

C. Store insulation in original wrapping and protect from weather and construction traffic. 
Protect insulation against dirt, water, chemical, and mechanical damage.

1.09. ENVIRONMENTAL REQUIREMENTS
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A. Maintain ambient temperatures and conditions required by manufacturers of adhesives, 
mastics, and insulation cements.

B. Maintain temperature during and after installation for minimum period of 24 hours.

C. All insulation materials to be asbestos free. 

PART 2 PRODUCTS

2.03 STEAM AND CONDENSATE PIPING:

A. Steam and condensate piping in the main loop system and up to and including PRV’s and in 
the building shall be insulated with Manville’s Thermo-12 or Owens/Corning  “Kaylo” calcium 
silicate insulation with a factory applied aluminum cover .016” thick (Metal-On).  If metal-on 
factory applied cover is not available, provide a manufacturer’s written letter and provide for a 
filed-installed aluminum jacket as specified herein.  Joints shall be sealed with aluminum 
snap straps provided, fastened in place with ¾” wide x .020” stainless steel bands.  Fittings 
and valves shall be insulated with the same thickness as that applied to the adjacent pipe 
and shall have an outer removable covering of aluminum as manufactured by Premetco.

B. Consideration will be given to the use of Manville’s Thermo-12 or Owens/Corning “Kaylo” 
with an outer covering of Premetco smooth finish, pre-cut, pre-rolled, Kraft paper lined 
aluminum Jacketing with zee type closure and 1-3/4” wide snap strap with permanent sealant 
in lieu of “Metal-On”.  Thickness of this jacketing shall be .016” on pipe sizes 8” and smaller 
and .020” on 10” pipe and larger.

C. If Premetco jacketing is used, it shall be aluminum banding (.020N thick) using three section 
of covering

D. Pipe insulation shall be firmly wired in place by the use of no less than six (6) loops of No. 16 
annealed copper clad iron wire per three foot section of insulation. These sections shall be 
staggered.  The ends of these loops shall be twisted together tightly and bent over and 
hammered into the insulation so as to leave no projection. Bands shall be .020” thick, ¾” 
wide, 3 bands per section of insulation. Fittings, valves, etc., shall have bands on each side.

E. All fittings on pipe 4” and larger shall be covered with the same material as the pipe, mitered 
and smoothed, and securely wired to the pipe.

F. Fittings and valves for pipe smaller than 4” shall be insulated with Manville’s No. 301 
hydraulic setting cement and each application shall be in layers not thicker than ½”.  Each 
layer shall be allowed to dry before the next layer is applied.

G. All cracks and voids in this insulation shall be filled carefully with Manville’s Cement No. 301 
so that the resulting surface is smooth and continuous.

H. At all pipe flanges, the insulation shall be beveled in such a manner that access may be had 
to the bolt studs and nuts without injuring the insulation where removable covers have been 
specified.

I. A layer of 40 pound rosin-size paper or ¾ pound deadening felt shall be wrapped around the 
insulation before an 8 ounce canvas jacket is pasted in place.  This canvas jacket shall be 
pasted onto the covered pipe valves and fittings (where insulated) in a neat and workmanlike 
fashion, using Arabol adhesive.
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J. All flanges, valves, pressure regulating valves, strainers, and any other hot surfaces shall be 
covered with a built-up removable covering made of Thermo-12 or “Kaylo” Pipe Covering 
with a finishing coat of Ryder hydraulic setting cement.  This removable covering shall be 
banded on the valve or joint in such a fashion that it can readily be removed and replaced; it 
shall be of the same thickness as the insulation on the adjoining pipe.

K. Piping insulated with calcium silicate pipe insulation and finished with canvas outer jacket 
shall be properly labeled.

L. Refer to Section 23 05 53 for Mechanical Identification requirements.

2.04. CHILLED WATER PIPING:

A. Chilled Water Piping - “FOAMGLAS” as manufactured by the Pittsburgh Corning Corporation 
Insulation and shall be installed on chilled water lines in tunnels and in buildings.  The 
“FOAMGLAS” “StrataFab System” may also be installed on larger pipe sizes as appropriate.  
Prior to application of any insulation, all metal surfaces shall be thoroughly cleaned.  The 
metal shall then be primed with an asphaltic primer consisting of one (1) coat of Foster No. 
60-26 Primer or Pittcote 300 Primer.  Cleaning and priming specified in this paragraph is not 
included in requirements for “Cleaning and Painting” specified in other sections of the 
Specifications.  Regular “FOAMGLAS” insulation shall be applied to the piping with butt joints 
staggered and all joints tightly butted and sealed with a ¼” bead of joint sealer ½” from 
outside edge.  Hold in place with 14 ga. copper clad wire 9” o.c.  After insulation has been 
wired in place, a 1/16” minimum thick, 3” wide band of asphaltic vapor seal mastic shall be 
brushed or trowelled on the outside of the “FOAMGLAS” insulation at the approximate 
location of the aluminum bands.  (Note that the asphaltic material specified in this paragraph 
is intended to be an exception to the flame spread and smoke generation limitations found 
elsewhere in this specification.)  Any voids in “”the completed installation of the insulation 
shall not be filled with vapor seal coating but shall be eliminated by refitting or replacing 
insulation.

B. Chilled Water Piping Alternate: Insul-Phen as manufactured by Reolco or “KOOLPHEN K” 
as manufactured by Kooltherm.  These materials shall be installed in strict compliance with 
the more stringent of these specifications or the manufacturer’s published installation 
manual which shall be available on site at all times.  For cold water pipe all horizontal and 
circumferential joints shall be sealed with a very thin coat of vapor barrier mastic prior to 
closing the joints.  All joints shall be staggered.  The vapor barrier jacket shall be equal to 
Venture Wrap 1555W/U 3.4 mil, “0” perm cleanable material with 4” seam tape overlap and 
6” joint tape or equal.  Refer to the foamglass above for the method of insulating valves, 
fittings, etc.  If Insulphen or Koolphen are used, an aluminum jacketing 0.016” thickness 
equal to Premetco precast will be required, pre rolled Z-lock Kraft paper lined pipe covering 
with zee type closure and ¾” wide snap straps with permanent sealant shall then be fitted to 
O.D. of insulation and applied over the insulated pipe with 4” end and side caps secured with 
aluminum bands on 12” centers.  Longitudinal joint of aluminum jacketing shall be placed 
with overlap directed to bottom of pipe.  

C. For cold water pipe, seal the ends of insulation and provide vapor dams at each end location 
or every 18’, which ever is shorter.  Provide vapor dams between pipe and insulation at each 
flange, valve, change to vertical and end of insulation at equipment.

D.  “FOAMGLAS”, “Insul-Phen” or “KOOLPHEN K” insulation on flanges, valves and other 
fitting shall consist of prefabricated fitting covers of the same thickness as specified for 
adjoining pipe insulation per the manufacturer’s published installation instructions.
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C. Fitting covers shall be applied in same manner as pipe application except that 16 ga. 
aluminum wire may be used to secure fitting covers.  Protruding metal parts (such as valve 
stems) shall be completely sealed off.   Fitting cover jacketing shall be equal to Gasco, 
Papco or RPR Metals prefabricated fitting covers of 0.016” paper coated aluminum, secured 
as recommended by the manufacturer.

D. The insulation thickness shall be as scheduled.

E. “FOAMGLAS” , Insul-Phen, or “KOOLPHEN K” installed inside the building (where ambient 
conditions are typically below 76°F and humidities are below 60% RH) shall be installed with 
factory applied Class I, Fire Rated, Kraft-Aluminum jacketing on heating water and “0” perm 
jackets on cold water pipe, with 4” longitudinal laps and 6” joint tape.  It shall be applied in 
strict accordance with the manufacturer’s recommendations after the pipe has been primed 
with one (1) coat of Foster No. 60-26 Primer or Pittcoat 300 Primer.  (Note that the asphaltic 
material specified in this paragraph is intended to be an exception to the flame spread and 
smoke generation limitations found elsewhere in this specification.)  It will be necessary to 
include expansion joints at regular intervals on dual temperature service.  Thickness shall be 
as scheduled.

F. Fitting covers shall be built up of shaped segments of “FOAMGLAS”, Insul-Phen or 
“KOOLPHEN K”.  These fitting covers shall be adhered in place using “Foster No. 30-35 80” 
water based vapor seals, then smoothly covered by a one-quarter inch (1/4”) thick 
application of one coat white insulating cement.  All this piping and fittings shall be finished 
with an eight ounce canvas jacket neatly applied using Arabol adhesive.

G. Valves, fittings, etc., in congested areas around coil and heat exchanger equipment, etc., 
shall be insulated by building up fitting segments and premolded sections, plus white vapor 
seal mastic, plus Manville No. 301 finishing cement to smooth surfaces, plus canvas applied 
and sized for painting with fire resistant adhesive.  In addition, all manufactured vapor barrier 
jacketing in mechanical rooms and finished spaces shall be finished with canvas applied and 
sized for painting with fire resistant adhesive.

H. No chilled water pipe supporting structures shall pierce the insulation except as anchor 
points as shown on the Drawings.  At these points, the anchor member shall occur on the 
bottom of the piping to allow condensation to drain.

I. The application of the protective shields at rack and guide points in tunnels and in central 
chilling stations shall be as detailed on the accompanying Drawings.  Heavy density 
insulation shall be installed at every hanger and supported by pipe saddles as scheduled 
herein.

2.05. PROTECTIVE JACKETING:

A. Provide protective jacketing as described elsewhere.

B. Jacketing and fitting covers shall be .016 aluminum smooth as manufactured by Premetco 
or Childers.  The jacket shall be pre-cut, pre-rolled, and lapped a minimum of two inches (2”) 
In all directions to shed water.  The metal shall be secured at each joint with a minimum of 
one each (1 ea.) ¾” wide .020 aluminum or stainless steel band and seal. The metal 
jacketing and fitting covers shall be fabricated of 0.016” aluminum or stainless steel with a 
smooth finish.

PART 3  EXECUTION

3.01 EXAMINATION
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A. Verify that piping has been tested before applying insulation materials.

B. Verify that surfaces are clean, foreign material removed, and dry.

3.02 INSTALLATION

A. Install materials in accordance with manufacturer’s instructions in the absence of more 
restrictive requirements or specific instruction herein.

B. For domestic cold water pipe, seal the ends of fiberglass insulation and provide vapor dams 
at each end location or every 18’, which ever is shorter.  Provide vapor dams between pipe 
and insulation on elastomeric insulation at each section end location or every 20’ which ever 
is shorter.

C. For cold water pipe, seal the ends of insulation and provide vapor dams at each end location 
or every 18’ which ever is shorter.  Provide vapor dams between pipe and insulation on 
elastomeric insulation at each section end location or every 18’ which ever is shorter.

D. On exposed piping, locate insulation and cover seams in least visible locations, but not 
higher than at the side of the pipe at the “90°” position, with the seam lapped such that the 
lap is directed down.

D. Insulated dual temperature pipes or cold pipes conveying fluids below ambient temperature: 
Vapor barriers are required. The vapor barrier shall be on the outside.  Extreme care shall be 
taken that the vapor barrier is unbroken.  Joints, etc., shall be sealed.  Where insulation with 
a vapor barrier terminates, it shall be sealed off with the vapor barrier being continuous to the 
surface being insulated.  Ends shall not be left raw.

1. Provide vapor barrier jackets, factory applied or field applied.  Vapor barrier jacket 
shall be equal to a Venture Wrap 3.4 mil, “0” perm, cleanable surface vapor jacket 
with 4” overlap tape strip.

2. Insulate fittings, joints, and valves with molded insulation of like material and thickness 
as adjacent pipe.

3. Finish with glass cloth and vapor barrier adhesive.

E. Continue insulation through walls, sleeves, pipe hangers, and other pipe penetrations.

F. For insulated pipes conveying fluids above ambient temperature:

1. Provide standard jackets, with or without vapor barrier, factory applied or field applied.

2. Insulate fittings, joints, and valves with insulation of like material and thickness as 
adjoining pipe.

G. If PVC fitting covers are used they shall have 25/50 rating.

H. For hot piping conveying fluids 140F or less, do not insulate flanges and unions at 
equipment, but bevel and seal ends of insulation.

I. For hot piping conveying fluids over 140F, insulate flanges and unions, including those at 
equipment, but label the insulation to indicate a concealed flange or union. See 2.04K.
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3.03 INSERTS, SUPPORTS and SHIELDS:

A. Application:  Piping 2 inches diameter or larger for all systems except direct buried.

B. Shields:  Install between pipe hangers or pipe hanger rolls and inserts. Hangers shall be on 
the outside of the insulation and shall not be in contact with the pipe.  Curved metal shields 
shall be used between the hangers or support points and the bottom of the insulated pipe for 
Insulated pipes 2” and larger.  Curved metal shields shall be designed to limit the bearing 
stress on the insulation to 35 psi, shall be curved to fit up to mid-perimeter of the insulated 
pipe and to prevent sharp corners from contacting the jacket.  Shields shall be made of 
galvanized iron, or black iron painted on both sides with two coats of aluminum paint. 
Required metal shield sizes are as follows:

    Lengths
Nominal IPS Metal Thickness of Shield
up thru 2” 14 gauge     12”
thru 6” 12 gauge     16”
and above 10 gauge     20”

C. Insert Location:  Between support shield and piping and under the finish jacket.

D. Insert Configuration:  Minimum 2” inches longer than length of shield, of same thickness and 
contour as adjoining insulation; may be factory fabricated.

E. Insert Material:  Heavy density insulating material suitable for the planned temperature range, 
and the weight of the pipe.

F. The shields at support points shall be secured with ½” x 0.016” stainless steel bands and 
seals.

G. Finish insulation at supports, protrusions, and interruptions.

H. The application of the protective shields at rack and guide points in tunnels and in central 
chilling stations shall be as detailed on the accompanying Drawings.

I. In lieu of the above the following system of support may be used:

1. At the pipe support positions, the insulation and vapor barrier shall be continuous and 
shall not be punctured by the support. The insulation at the support shall be the full 
circumference of 5lbs/ft3 Phenolic Foam material to withstand the bearing loads 
transmitted from the pipe to the support, it shall extend for at least 1" on either side of 
the support to allow sealing of the joints with the pipe insulation jacket. 

2. The load bearing insulation at the support shall be capable of withstanding the 
maximum static compressive loads generated by pipe supported at the centers 
shown in Table 1.

Variations: Pipe loads greater than those generated at the support centers shown in 
Table 1 shall be referred to the manufacturer to establish the length and density of the 
insulated support block. The support centers are based on the weight of Sch 80 pipe filled 
with water and covered with 1" thickness of 2.2 lbs/ft3 standard insulation including 
FSK/ASJ vapor barrier.

Table 1 K Block Support Centers
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Nominal Pipe Size 3/4 1 1 
1/4

2 2 
1/2

3 4 6 8 10 12 14 16 18 20 24

Max support centers 
(feet) 

Sch 80 pipe filled with  
water covered with 1" 
of Standard Insulation

6.5 6.5 6.5 10 10 10 10 10 14 14 14 20 20 20 20 20

Metal Saddle Gauge
(Galvanized Steel)

22 22 22 20 20 20 16 14 14 14 14 14 114 14 14 14

Length of K Block
(inches)

6 6 6 6 6 6 6 9 9 9 9 9 9 12 12 12

1. The Insulation at supports shall be a equal to Kooltherm K Block. K Blocks shall be 
faced with factory applied vapor barrier and fitted with a galvanized steel 1800 saddle 
bonded to the bottom section of the K Block, for all pipe sizes 1 1/2"  and larger.

2. The vapor barrier shall be completed by the use of a vapor barrier jacket 4” overlap 
and factory applied self-seal lap tape and sealed with vapor barrier adhesive.

3. At all support positions, other than those where the insulated pipe support block is 
surrounded by a clip or saddle in direct contact with the block, a block designed to 
accept the loads generated by the pipe shall be presented to the engineer for 
approval. e.g. Of the type Kooltherm Insulation products K Block. Ref:- Kooltherm 
sketch 106/2c for use with Roller or flat beam support.

4. In all cases where roller supports are used the length of the insulation and the 
wearing plate where fitted shall extend beyond the limits of the pipe movement.

C. Where canvas finish is specified, use Arabol lagging adhesive to prevent mildew in securing 
canvas. Do not use wheat paste.  In addition, cover all canvas insulation with a fire retardant 
coating.

D.  For purpose of definition in this Specification:  “concealed” areas are those areas which 
cannot be seen by the building occupants, and “exposed” areas are all areas which are 
exposed to view by the building occupants, including under counter and inside cabinet areas, 
plus all mechanical rooms.

E.  Self Sealing Lap and butt joints will not be acceptable as the only seal on piping insulation 
joints. Self Sealing Lap and butt joints may be utilized only if the joints are additionally secured 
with field applied vapor barrier adhesive (on piping Systems requiring vapor barriers) or 
staples and field applied adhesive (on piping system which do not require a vapor barrier 
jacket). Mechanical fasteners shall be used whenever possible to assure permanent 
installation.

F.  Insulation minimum thickness shall be as scheduled; however, additional thickness shall be 
provided to prevent condensation on the cold surfaces and to provide a maximum exterior 
insulation surface of 140F on the hot surfaces.

G.  Special Protection: All insulated piping in the mechanical rooms within 8’-0” of the floor shall 
be encased in a protective jacket, and where applicable, finish at top with nickel-plated brass 
flange plate with set screws or end joint sealing butt strips.
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H. Interior or conditioned areas are those where ambient conditions are typically below 76°F and 
humidities are below 60% RH.  All other areas shall be considered exterior or exposed to 
outside conditions.  Where enclosed and not conditioned but subject to high humidities the 
insulation shall be designed to prevent condensation at 80°F and humidities are at 90% RH.

I.  All exposed outdoor piping shall have metal jacket.

J. Fitting insulation shall be applied in same manner as pipe application. Protruding metal parts 
(such as valve stems) shall be completely sealed off.  Fitting cover jacketing shall be equal to 
Gasco, Pabco or RPR Metals prefabricated fitting covers of 0.016” paper coated aluminum, 
secured as recommended by the manufacturer.

K.  Valves, fittings, etc., in congested areas around coil and heat exchanger equipment, etc., 
shall be insulated by building up fitting segments and premolded sections as necessary.

L. No pipe supporting device (other than guides or anchors attached directly to the pipe) shall 
penetrate the insulation.

3.04   INSULATION TABLE:

Insulation ‘R’ Value Schedule   (R = thickness / k)

Oper ‘k’ @ Min. R value for each Pipe Size
Temp Mean 1” 1-1/4” 2-1/2” 5” & 8” &

Service F Temp F & less to 2” to 4” 6” over

Hot(1) 350+ .33 @ 250 7.5 7.5 10.0 12.0 13.0
Hot(2) 251-350 .30 @ 200 6.5 8.5 8.5 11.5 12.5
Hot(3) 201-250 .29 @ 150 5.2 5.2 6.9 6.9 12.1
Hot(4) 141-200 .27 @ 125 5.6 5.6 5.6 5.6 5.6
Hot(5) 105-140 .26 @ 100 3.8 3.8 5.8 5.8 5.8

Cold(6) 40-55 .25 @ 75 2.0 3.0 4.0 4.0 4.0
Cold(7) below 40 .25 @ 75 4.0 6.0 6.0 6.0 6.0

(1) HTHW; Steam @ over 120#
(2) HTHW; Steam @ 16# to120#; med & hp condensate; water and fire line freeze protection
(3) HTHW; Steam @ 0# to 15#; LP Condensate
(4) HW
(5) HW
(6) Ch. Wtr; Dom. cold wtr; Storm; Cold condensate
(7) Ch. Wtr; Brine; Refrig lines

Minimum ‘R’ does not consider water vapor transmission and condensation. Additional insulation 
and/or vapor retarders may be required to limit water vapor transmission and condensation under 
extreme conditions.

A minus 15 percent tolerance, on the insulation performance listed shall be permitted for 
manufacturers' standard insulation systems

No chilled or heating water, steam or condensate insulation shall be less than 2” thickness.  No chilled 
water pipe insulation in unconditioned space shall be less than three inch thickness.

Insulation may be ½” less inside the AHU downstream of the coils.
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END OF SECTION





UTHSC-Houston MSB AHU L-5 & L-6 Replacement 23 09 23, Page 1
Houston, TX DDC CONTROLS SYSTEMS   

E&C Engineers & Consultants
E&C No. 3302.00

SECTION 23 09 23
DIRECT DIGITAL CONTROL SYSTEMS

PART 1 GENERAL

1.00 THE FOLLOWING SECTIONS ARE TO BE INCLUDED AS IF WRITTEN HEREIN:

A. Section 23 00 00 – Basic Mechanical Requirements

B. Section 23 05 29 – Sleeves, Flashings, Supports and Anchors

C. Section 23 05 53 – Mechanical Identification

1.01 SECTION INCLUDES

A. Control equipment.

B. Software.

1.02 PRODUCTS FURNISHED BUT NOT INSTALLED UNDER THIS SECTION

A. Section 23 21 00 - Hydronic Piping:  Installation of control valves, flow switches, temperature 
sensor sockets, gage taps, flow meters.

B. Section 23 22 00 - Steam and Steam Condensate Piping:  Installation of control valves, flow 
switches, temperature sensor sockets, gage taps, flow meters.

C. Section 23 33 00 - Ductwork Accessories:  Installation of automatic dampers, smoke detectors.  
Connection of damper end switches.

1.04 RELATED SECTIONS

A. Section 23 09 43 - Pneumatic Control Systems.

B. Section 23 09 93. - Sequence of Operation.

C. Section 26 05 00 - Equipment Wiring Systems.

1.05 REFERENCES

A. ASHRAE 85 - Automatic Control Terminology for Heating, Ventilating, Air Conditioning.

B. ASME MC85.1 - Terminology for Automatic Control.

C. NEMA EMC1 - Energy Management Systems Definitions.

1.06 DEFINITIONS

A. Ensure terminology used in submittals conforms to ASHRAE 85.

1.07 SYSTEM DESCRIPTION

A. Automatic temperature control field monitoring and control system using field programmable 
micro-processor based units with communications to the existing Metasys Campus Building 
Management System.

B. Central and remote hardware, software, and interconnecting wire and conduit.
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C. Terminal unit controls for variable air volume terminals, radiation, reheat coils, unit heaters, fan 
coils, pneumatic or electric unless indicated otherwise.

D. Damper Motors and Valve Operators:  Pneumatic & Electronic.

E. The DDC systems shall be installed by JCI under a direct contract with the General 
Contractor.  JCI shall provide “open-book” pricing to the General Contractor and OFPC 
per the existing UTHSC-H/JCI agreement.

F. All sensors that are installed in insulated pipe or ductwork shall be installed with 
standoffs to allow proper insulation of all materials and continuation of vapor barriers.

G. NOTE ALL CONTROL CONDUIT SHALL BE COLOR CODED BLUE.

1.08 SUBMITTALS

A. Submit under provisions of Section 01 33 00.

B. Shop Drawings:

1. Trunk cable schematic showing programmable control unit locations, and trunk data 
conductors.

2. List of connected data points, including connected control unit and input device.

3. System graphics indicating monitored systems, data (connected and calculated) point 
addresses, and operator notations.

4. System configuration with peripheral devices, batteries, power supplies, diagrams, 
modems, and interconnections.

5. Descriptive data and sequence of operation of operating, user, and application software.

6. Provide one additional submittal above that which is asked for in Division 1 to be 
distributed by UTHSC-H to the IT department for verification.

C. Product Data:  Provide data for each system component and software module.

D. Manufacturer's Installation Instructions:  Include for all manufactured components.

1.09 PROJECT RECORD DOCUMENTS

A. Submit under provisions of Section 01 77 00.

B. Accurately record actual location of control components, including panels, thermostats, and 
sensors.

C. Revise shop drawings to reflect actual installation and operating sequences.

D. Include data specified in "Submittals" in final "Record Documents" form.

1.10 OPERATION AND MAINTENANCE DATA

A. Submit under provisions of Section 01 77 00.
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B. Include interconnection wiring diagrams complete field installed system with identified and 
numbered, system components and devices.

C. Include keyboard illustrations and step-by-step procedures indexed for each operator function.

D. Include graphics of the controlled system as they appear on the system graphics with variable, 
adjustable and fixed pints with showing identified and numbered systems, system components 
and devices.

E. Include inspection period, cleaning methods, cleaning materials recommended, and calibration 
tolerances.

1.11 QUALIFICATIONS

A. Manufacturer:  JCI controls.

B. Installer:  JCI controls

C. Design system software under direct supervision of a Professional Engineer experienced in 
design of this work and licensed in the State of Texas.

D. Watchdog system shall be supplied and installed by approved manufacturers listed within 
description below.

1.12 PRE-INSTALLATION CONFERENCE

A. Convene a conference one week prior to commencing work of this Section, under provisions of 
Section 01200.

B. Require attendance of parties directly affecting the work of this Section.

1.13 COORDINATION

A. Coordinate work under provisions of Section 00 10 05.

B. Ensure installation of components is complementary to installation of similar components in 
other systems.

C. Coordinate installation of system components with installation of mechanical systems equipment 
such as air handling units and air terminal units.

D. Coordinate the startup and control sequence verification with the test and balance agent.

E. Ensure system is completed and commissioned.

1.14 WARRANTY

A. Provide five year warranty under provisions of the Owners Special Conditions.

B. Warranty:  Include coverage for field programmable micro-processor based units.

1.16 EXTRA MATERIALS

A. Submit maintenance materials under provisions of Section 01 77 00.

B. Provide two of each type of exposed sensor under provisions of Section 01 77 00.



UTHSC-Houston MSB AHU L-5 & L-6 Replacement 23 09 23, Page 4
Houston, TX DDC CONTROLS SYSTEMS   

E&C Engineers & Consultants
E&C No. 3302.00

C. Provide spare controllers/hardware equal to the greatest of 5% or 2 units.  The controllers 
include, but are not limited to the NAE, FEC(X610), VMA, IOM(X710) and BTCTV.

1.17 PROTECTION OF SOFTWARE RIGHTS

A. Prior to delivery of software, the Owner and the party providing the software will enter into a 
software license agreement with provisions for the following:

1. Limiting use of software to equipment provided under these specifications.

2. Limiting copying.

3. Preserving confidentiality.

4. Prohibiting transfer to a third party.

PART 2 PRODUCTS

2.00 MANUFACTURERS OF CONTROLS

A JCI (other than Watchdog system)

2.01 GENERAL DESCRIPTION

A The Building Management System (BMS) shall use an open architecture and fully support a 
multi-vendor environment.  To accomplish this effectively, the BMS shall support open 
communication protocol standards and integrate a wide variety of third-party devices and 
applications.  The system shall be designed for use on the Internet, or intranets using off the 
shelf, industry standard technology compatible with other owner provided networks.  Prior to 
submittal update equipment to the latest technology and coordinate with the Engineer.

B The Building Management System shall consist of the following:

1 Standalone Network Automation Engine(s)

2 Field Equipment Controller(s) 

3 Input/Output Module(s)

4 Local Display Device(s)

5 Portable Operator's Terminal(s)

6 Distributed User Interface(s)

7 Network processing, data storage and communications equipment 

8 Other components required for a complete and working BMS

C The system shall be modular in nature, and shall permit expansion of both capacity and 
functionality through the addition of sensors, actuators, controllers and operator devices, while 
re-using existing controls equipment.

D System architectural design shall eliminate dependence upon any single device for alarm 
reporting and control execution.  

1 The failure of any single component or network connection shall not interrupt the 
execution of control strategies at other operational devices.

2 The System shall maintain all settings and overrides through a system reboot.
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3 System architectural design shall eliminate dependence upon any single device for 
alarm reporting and control execution.   

2.02 BMS ARCHITECTURE 

A Automation Network

1 The automation network shall be based on a PC industry standard of Ethernet TCP/IP.  
Where used, LAN controller cards shall be standard “off the shelf” products available 
through normal PC vendor channels.

2 The BMS shall network multiple user interface clients, automation engines, system 
controllers and application-specific controllers. Provide application and data server(s) 
as required for systems operation.

3 The automation network shall be capable of operating at a communication speed of 100 
Mbps, with full peer-to-peer network communication. 

4 Network Automation Engines (NAE) shall reside on the automation network.

5 The automation network will be compatible with other enterprise-wide networks. Where 
indicated, the automation network shall be connected to the enterprise network and 
share resources with it by way of standard networking devices and practices.  

B Control Network

1 Network Automation Engines (NAE) shall provide supervisory control over the control 
network and shall support all three (3) of the following communication protocols:

(a) BACnet Standard MS/TP Bus Protocol ASHRAE SSPC-135, Clause 9

(i) The NAE shall be BACnet Testing Labs (BTL) certified and carry the BTL 
Label.

(ii) The NAE shall be tested and certified as a BACnet Building Controller (B-
BC).

(b) LonWorks enabled devices using the Free Topology Transceiver (FTT-10a).

(c) The Johnson Controls N2 Field Bus.

2 Control networks shall provide either “Peer-to-Peer,” Master-Slave, or Supervised 
Token Passing communications, and shall operate at a minimum communication speed 
of 9600 baud.

3 DDC Controllers shall reside on the control network.

4 Control network communication protocol shall be BACnet Standard MS/TP Bus 
Protocol ASHRAE SSPC-135.

5 A BACnet Protocol Implementation Conformance Statement (PICS) shall be provided 
for each controller device (master or slave) that will communicate on the BACnet 
MS/TP Bus.  

6 The PICS shall be submitted 10 days prior to bidding.

C Integration

1 BACnet Protocol Integration - BACnet
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(a) The neutral protocol used between systems will be BACnet over Ethernet and 
comply with the ASHRAE BACnet standard 135-2003.

(b) A complete Protocol Implementation Conformance Statement (PICS) shall be 
provided for all BACnet system devices.

(c) The ability to command, share point object data, change of state (COS) data and 
schedules between the host and BACnet systems shall be provided.

2.03 USER INTERFACE 

A Dedicated Web Based User Interface

B Operating System Software

1 Windows XP Professional or Windows Vista.  Verify operating system with the user to 
ensure the system will be compatible with the current systems.

2 Where user interface is not provided via browser, provide complete operator 
workstation software package, including any hardware or software keys. Include the 
original installation disks and licenses for all included software, device drivers, and 
peripherals.

3 Provide software registration cards to the Owner for all included software.

4 Upgrade the Metasys server software to the latest version.

2.04 DISTRIBUTED WEB BASED USER INTERFACE 

A All features and functions of the dedicated user interface previously defined in this document 
shall be available on any computer connected directly or via a wide area or virtual private 
network (WAN/VPN) to the automation network and conforming to the following 
specifications.

B The software shall run on the Microsoft Internet Explorer (6.0 or higher) browser.

C Laptop minimum hardware requirements:

1 256 MB RAM 

2 2.0 GHz Clock Speed Pentium 4 Microprocessor

3 40.0 GB Hard Drive.

4 1 Keyboard with 83 keys (minimum).

5 SVGA 1024x768 resolution display with 64K colors and 16 bit color depth

6 Mouse or other pointing device

2.05 USER INTERFACE APPLICATION COMPONENTS

A Operator Interface

1 An integrated browser based client application shall be used as the user operator 
interface program. 

2 The System shall employ an event-driven rather than a device polling methodology to 
dynamically capture and present new data to the user.
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3 All Inputs, Outputs, Setpoints, and all other parameters as defined within Part 3, shown 
on the design drawings, or required as part of the system software, shall be displayed 
for operator viewing and modification from the operator interface software.

4 The user interface software shall provide help menus and instructions for each 
operation and/or application.  

5 The system shall support customization of the UI configuration and a home page 
display for each operator.  

6 The system shall support user preferences in the following screen presentations:

(a) Alarm

(b) Trend 

(c) Display

(d) Applications

7 All controller software operating parameters shall be displayed for the operator to 
view/modify from the user interface. These include: setpoints, alarm limits, time delays, 
PID tuning constants, run-times, point statistics, schedules, and so forth.

8 The Operator Interface shall incorporate comprehensive support for functions including, 
but not necessarily limited to, the following:

(a) User access for selective information retrieval and control command execution

(b) Monitoring and reporting

(c) Alarm, non-normal, and return to normal condition annunciation

(d) Selective operator override and other control actions

(e) Information archiving, manipulation, formatting, display and reporting

(f) FMS internal performance supervision and diagnostics

(g) On-line access to user HELP menus

(h) On-line access to current FMS as-built records and documentation

(i) Means for the controlled re-programming, re-configuration of FMS operation and 
for the manipulation of FMS database information in compliance with the 
prevailing codes, approvals and regulations for individual FMS applications  

9 The system shall support a list of application programs configured by the users that are 
called up by the following means:  

(a) The Tools Menu 

(b) Hyperlinks within the graphics displays 

(c) Key sequences

10 The operation of the control system shall be independent of the user interface, which 
shall be used for operator communications only. Systems that rely on an operator 
workstation to provide supervisory control over controller execution of the sequences of 
operations or system communications shall not be acceptable.
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B Navigation Trees

1 The system will have the capability to display multiple navigation trees that will aid the 
operator in navigating throughout all systems and points connected.  At minimum 
provide a tree that identifies all systems on the networks.

2 Provide the ability for the operator to add custom trees.  The operator will be able to 
define any logical grouping of systems or points and arrange them on the tree in any 
order.  It shall be possible to nest groups within other groups.  Provide at minimum 5 
levels of nesting.

3 The navigation trees shall be “dockable” to other displays in the user interface such as 
graphics.  This means that the trees will appear as part of the display, but can be 
detached and then minimized to the Windows task bar or closed altogether.  A simple 
keystroke will reattach the navigation to the primary display of the user interface.

C Alarms

1 Alarms shall be routed directly from Network Automation Engines to PCs and servers.  
It shall be possible for specific alarms from specific points to be routed to specific PCs 
and servers.  The alarm management portion of the user interface shall, at the 
minimum, provide the following functions:

(a) Log date and time of alarm occurrence.

(b) Generate a “Pop-Up” window, with audible alarm, informing a user that an alarm 
has been received.

(c) Allow a user, with the appropriate security level, to acknowledge, temporarily 
silence, or discard an alarm.

(d) Provide an audit trail on hard drive for alarms by recording user acknowledgment, 
deletion, or disabling of an alarm. The audit trail shall include the name of the 
user, the alarm, the action taken on the alarm, and a time/date stamp.

(e) Provide the ability to direct alarms to an e-mail address or alphanumeric pager.  
This must be provided in addition to the pop up window described above.  
Systems that use e-mail and pagers as the exclusive means of annunciating 
alarms are not acceptable.

(f) Any attribute of any object in the system may be designated to report an alarm. 

2 The FMS shall annunciate diagnostic alarms indicating system failures and non-normal 
operating conditions.

3 The FMS shall allow a minimum of 4 categories of alarm sounds customizable through 
user defined wav.files.

4 The FMS shall annunciate application alarms at minimum, as required by Part 3.

D Reports and Summaries

1 Reports and Summaries shall be generated and directed to the user interface displays, 
with subsequent assignment to printers, or disk. As a minimum, the system shall 
provide the following reports:

(a) All points in the BMS

(b) All points in each BMS application
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(c) All points in a specific controller

(d) All points in a user-defined group of points

(e) All points currently in alarm

(f) All points locked out 

(g) All BMS schedules

(h) All user defined and adjustable variables, schedules, interlocks and the like.

2 Summaries and Reports shall be accessible via standard UI functions and not 
dependent upon custom programming or user defined HTML pages.

3 Selection of a single menu item, tool bar item, or tool bar button shall print any 
displayed report or summary on the system printer for use as a building management 
and diagnostics tool. 

4 The system shall allow for the creation of custom reports and queries via a standard 
web services XML interface and commercial off-the-shelf software such as Microsoft 
Access, Microsoft Excel, or Crystal Reports. 

E Schedules

1 A graphical display for time-of-day scheduling and override scheduling of building 
operations shall be provided. At a minimum, the following functions shall be provided:

(a) Weekly schedules

(b) Exception Schedules

(c) Monthly calendars

2 Weekly schedules shall be provided for each group of equipment with a specific time 
use schedule. 

3 It shall be possible to define one or more exception schedules for each schedule 
including references to calendars

4 Monthly calendars shall be provided that allow for simplified scheduling of holidays and 
special days for a minimum of five years in advance. Holidays and special days shall be 
user-selected with the pointing device or keyboard, and shall automatically reschedule 
equipment operation as previously defined on the exception schedules.

5 Changes to schedules made from the User Interface shall directly modify the Network 
Automation Engine schedule database. 

6 Schedules and Calendars shall comply with ASHRAE SP135/2003 BACnet Standard.

7 Selection of a single menu item or tool bar button shall print any displayed schedule on 
the system printer for use as a building management and diagnostics tool.

F Password

1 Multiple-level password access protection shall be provided to allow the user/manager 
to user interface control, display, and database manipulation capabilities deemed 
appropriate for each user, based on an assigned password.

2 Each user shall have the following: a user name (24 characters minimum), a password 
(12 characters minimum), and access levels.
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3 The system shall allow each user to change his or her password at will.

4 When entering or editing passwords, the system shall not echo the actual characters for 
display on the monitor.

5 A minimum of five levels of access shall be supported individually or in any combination 
as follows:

(a) Level 1 = View Data

(b) Level 2 = Command 

(c) Level 3 = Operator Overrides

(d) Level 4 = Database Modification

(e) Level 5 = Database Configuration

(f) Level 6 = All privileges, including Password Add/Modify

6 A minimum of 100 unique passwords shall be supported.

7 Operators shall be able to perform only those commands available for their respective 
passwords. Display of menu selections shall be limited to only those items defined for 
the access level of the password used to log-on.

8 The system shall automatically generate a report of log-on/log-off and system activity 
for each user. Any action that results in a change in the operation or configuration of the 
control system shall be recorded, including: modification of point values, schedules or 
history collection parameters, and all changes to the alarm management system, 
including the acknowledgment and deletion of alarms.

G Screen Manager 

1 The User Interface shall be provided with screen management capabilities that allow 
the user to activate, close, and simultaneously manipulate a minimum of 4 active 
display windows plus a network or user defined navigation tree.

H Dynamic Color Graphics

1 The graphics application program shall be supplied as an integral part of the User 
Interface. Browser or Workstation applications that rely only upon HTML pages shall not 
be acceptable.

2 The graphics applications shall include a create/edit function and a runtime function. 
The system architecture shall support an unlimited number of graphics documents 
(graphic definition files) to be generated and executed.

(a) The graphics shall be able to display and provide animation based on real-time 
data that is acquired, derived, or entered. 

3 Graphics runtime functions – A maximum of 16 graphic applications shall be able to 
execute at any one time on a user interface or workstation with 4 visible to the user. 
Each graphic application shall be capable of the following functions:

(a) All graphics shall be fully scalable 

(b) The graphics shall support a maintained aspect ratio.

(c) Multiple fonts shall be supported.
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(d) Unique background shall be assignable on a per graphic basis. 

(e) The color of all animations and values on displays shall indicate if the status of 
the object attribute.

4 Operation from graphics – It shall be possible to change values (setpoints) and states in 
system controlled equipment by using drop-down windows accessible via the pointing 
device 

5 Graphic editing tool – A graphic editing tool shall be provided that allows for the creation 
and editing of graphic files. The graphic editor shall be capable of performing/defining 
all animations, and defining all runtime binding.

(a) The graphic editing tool shall in general provide for the creation and positioning of 
point objects by dragging from tool bars or drop-downs and positioning where 
required.

(b) In addition, the graphic editing tool shall be able to add additional content to any 
graphic by importing backgrounds in the SVG, BMP or JPG file formats.

6 Aliasing – Many graphic displays representing part of a building and various building 
components are exact duplicates, with the exception that the various variables are 
bound to different field values. Consequently, it shall be possible to bind the value of a 
graphic display to aliases, as opposed to the physical field tags. 

7 The graphics shall be submitted for review no later than one month prior to the 
beginning of testing and balancing.  Coordinate with the Mechanical and General 
Contractor.

I Historical trending and data collection

1 Each Automation Engine shall store trend and point history data for all analog and 
digital inputs and outputs, as follows:

(a) Any point, physical or calculated, may be designated for trending. Three methods 
of collection shall be allowed:

Defined time interval
Upon a change of value

(b) Each Automation Engine shall have the capability to store multiple samples for 
each physical point and software variable based upon available memory, 
including an individual sample time/date stamp. Points may be assigned to 
multiple history trends with different collection parameters.

2 Trend and change of value data shall be stored within the engine and uploaded to a 
dedicated trend database or exported in a selectable data format via a provided data 
export utility. Uploads to a dedicated database shall occur based upon one of the 
following: user-defined interval, manual command, or when the trend buffers are full. 
Exports shall be as requested by the user or on a time scheduled basis.

3 The system shall provide a configurable data storage subsystem for the collection of 
historical data. Data can be stored in either Microsoft Access or SQL database format.

J Trend data viewing and analysis

1 Provide a trend viewing utility that shall have access to all database points.

2 It shall be possible to retrieve any historical database point for use in displays and 
reports by specifying the point name and associated trend name.
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3 The trend viewing utility shall have the capability to define trend study displays to 
include multiple trends

4 Displays shall be able to be single or stacked graphs with on-line selectable display 
characteristics, such as ranging, color, and plot style.

5 Display magnitude and units shall both be selectable by the operator at any time without 
reconfiguring the processing or collection of data. This is a zoom capability.

6 Display magnitude shall automatically be scaled to show full graphic resolution of the 
data being displayed. 

7 Trend studies shall be capable of calculating and displaying calculated variables 
including highest value, lowest value and time based accumulation.  

8 The Display shall support the user’s ability to change colors, sample sizes, and types of 
markers. 

K Database Management

1 The System shall provide a Database Manager that separates the database monitoring 
and managing functions by supporting two separate windows.  

2 Database secure access shall be accomplished using standard SQL authentication 
including the ability to access data for use outside of the Building Automation 
application.

3 The database managing function shall include summarized information on trend, alarm, 
event, and audit for the following database management actions:

(a) Backup

(b) Purge

(c) Restore  

4 The Database Manager shall support four tabs:

(a) Statistics – shall display Database Server information and Trend, Alarm (Event), 
and Audit information on the Metasys Databases.

(b) Maintenance – shall provide an easy method of purging records from the Metasys 
Server trend, alarm (event), and audit databases by supporting separate screens 
for creating a backup prior to purging, selecting the database, and allowing for 
the retention of a selected number of day’s data.

(c) Backup – Shall provide the means to create a database backup file and select a 
storage location.

(d) Restore – shall provide a restricted means of restoring a database by requiring 
the user to log into an Expert Mode in order to view the Restore screen.

5 The Status Bar shall appear at the bottom of all Metasys Database Manager Tabs and 
shall provide information on the current database activity.  The following icons shall be 
provided:

(a) Ready

(b) Purging Record from a database

(c) Action Failed
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(d) Refreshing Statistics

(e) Restoring database

(f) Shrinking a database

(g) Backing up a database

(h) Resetting internet information Services

(i) Starting the Metasys Device Manager

(j) Shutting down the Metasys Device Manager

(k) Action successful

6 The Database Manager monitoring functions shall be accessed through the Monitoring 
Settings window and shall continuously read database information once the user has 
logged in.

7  The System shall provide user notification via taskbar icons and e-mail messages 
when a database value has exceeded a warning or alarm limit. 

8 The Monitoring Settings window shall have the following sections:

(a) General – Shall allow the user to set and review scan intervals and start times.

(b) Email – Shall allow the user to create and review e-mail and phone text 
messages to be delivered when a Warning or Alarm is generated.

(c) Warning – shall allow the user to define the Warning limit parameters, set the 
Reminder Frequency, and link the e-mail message.

(d) Alarm – shall allow the user to define the Alarm limit parameters, set the 
Reminder Frequency, and link the e-mail message.

(e) Database login – Shall protect the system from unauthorized database 
manipulation by creating a Read Access and a Write Access for each of the 
Trend, Alarm (Event) and Audit databases as well as an Expert Mode required to 
restore a database.

9 The Monitoring Settings Taskbar shall provide the following informational icons:

(a) Normal – Indicates by color and size that all databases are within their limits.

(b) Warning - Indicates by color and size that one or more databases have exceeded 
their Warning limit.

(c) Alarm - Indicates by color and size that one or more databases have exceeded 
their Alarm limit.

10 The System shall provide user notification via Taskbar icons and e-mail messages 
when a database value has exceeded a warning or alarm limit. 

L Demand Limiting and Load Rolling

1 The System shall provide a Demand Limiting and Load Rolling program for the purpose 
of limiting peak energy usage and reducing overall energy consumption.

2 The System shall support both Sliding Window and Fixed Window methods of 
predicting demand.
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3 The System shall support three levels of sensitivity in the Sliding Window demand 
calculations for fine tuning the system.  

(a) Low Setting – Sheds loads later and over the shortest amount of time.  
Maximizes the time the equipment is on.

(b) Medium Setting – Sheds loads earlier over a longer amount of time than the Low 
Setting.  Increases the time the equipment is on and decreases the probability of 
exceeding the Tariff Target over the Low Setting.

(c) High Setting – Sheds loads earlier over a longer amount of time than the Medium 
Setting.  Minimizes the probability of exceeding the Tariff Target.

4 The System shall have both a Shed Mode and a Monitor Only Mode of operation.  

(a) When the Shed Mode is engaged, the System shall actively control the Demand.  

(b) When the Monitor Mode is engaged, the System will simulate the shedding action 
but will not take any action.

5 The Demand Limiting program shall monitor the energy consumption rate and compare 
it to a user defined Tariff Target.  The system shall maintain consumption below the 
target by selectively shedding loads based upon a user defined strategy.

6 The Demand Limiting program shall be capable of supporting a minimum of 10 
separate Load Priorities.  Each load shall be user assigned to a Load Priority.

7  The Demand Limiting program shall be capable of supporting a minimum of 12 
separate Tariff Targets defining the maximum allowed average power during the 
current interval. 

8 The System shall support a Maximum Shed Time for each load as determined by the 
user.  The system shall restore the load before the Maximum Shed time has expired.

9 The System shall support a Minimum Shed Time for each load as determined by the 
user.  The system shall not restore the load sooner than the Minimum Shed Time has 
expired.

10 The System shall support a Minimum Release Time for each load as determined by the 
user.  The System shall not shed the load until it has been off for the Minimum Release 
time.

11 The System shall support three user defined options if the meter goes unreliable. 

(a) Shedding – The currently shed loads will be released as their Maximum shed 
Times expire.

(b) Maintain the Current Shed Rate – The System will use the Demand Limiting shed 
rate that was present when the meter went unreliable.

(c) Use Unreliable Meter Shed Rate – the system will control to a user defined 
Unreliable Shed Rate target.

12 The Load Rolling program shall sum the loads currently shed and compare it to a user 
defined Load Rolling Target.  The system shall maintain consumption below the target 
by selectively shedding loads based upon a user defined Load Priority.

13 The Load Rolling program shall be capable of supporting a minimum of 10 separate 
Load Priorities.  Each load shall be user assigned to a Load Priority.
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14 The Load Rolling program shall be capable of supporting a minimum of 12 separate 
Tariff Targets defining the amount of power by which the demand must be reduced.  

15 The System shall provide the user with a Load Tab that displays all of the Demand 
Limiting and Load Rolling parameters for any selected load.

16 The System shall provide the user with a Load Summary that displays all of the loads 
associated with the Demand Limiting and Load Rolling programs.  Status Icons for each 
load shall indicate:

(a) Load is Offline 

(b) Load is Disabled 

(c) Load is Shed

(d) Load is Locked

(e) Load is in Comfort Override

17 The Load Summary shall include a Load Summary Runtime view listing the following 
load conditions:

(a) Load Priority

(b) Shed Strategy

(c) Load Rating

(d) Present Value

(e) Ineligibility Status

(f) Active Timer

(g) Time Remaining

(h) Last Shed Time

2.06 PORTABLE OPERATOR TERMINAL 

A For systems that do not provide full access to systems configuration and definition via the 
Browser Based user interface the BMS Contractor shall provide a portable operator terminal 
for programming purposes. The terminal shall be configured as follows:

1 Laptop Computer Manufacturer – Dell, Compaq or HP latest technology at the time of 
submittal

2 1 GB RAM (minimum) – Windows 2000 or XP Professional

3 1.8 GHz Clock Speed Pentium 4 Microprocessor (800 MHz minimum)

4 80 GB Hard Drive (minimum)

5 (1) CD-ROM Drive CD/RW, 32x speed

6 (1) Serial (1) Parallel (2) USB ports

7 1 Keyboard with 83 keys (minimum).

8 Integral touch pad and cordless mouse.
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9 10” SVGA 1024x768 resolution color display 

10 Two PCMCIA Type II or one Type III card slot

11 Complete operator workstation software package, including any hardware or software.

12 Original printed manuals for all software and peripherals.

13 Original installation disks or CD for all software, device drivers, and peripherals

14 Software registration cards for all included software shall be provided to the Owner.

15 Carrying case

16 Spare battery.

17 External power supply/battery charger

B Software

1 Portable operator terminals shall support all controllers within the system on a direct-
connect communications basis.

2 When used to access First or Second Tier controllers, the portable operator terminal 
shall utilize the standard operator workstation software, as previously defined.

3 When used to access Application Specific Controllers, the portable operator terminal 
shall utilize either the standard operator workstation software, as previously defined, or 
controller-specific utility software.

2.07 NETWORK AUTOMATION ENGINES (NAE)

A Network Automation Engine 

1 The Network Automation Engine (NAE) shall be a fully user-programmable, supervisory 
controller.  The NAE shall monitor the network of distributed application-specific 
controllers, provide global strategy and direction, and communicate on a peer-to-peer 
basis with other Network Automation Engines.

2 Automation network – The NAE shall reside on the automation network and shall 
support a subnet of system controllers.

(a) The NAE shall have the capability to communicate directly with the Johnson 
Control N2 Field Bus devices through the automation network via a Serial to 
Ethernet Converter (SECVT).  

3 User Interface – Each NAE shall have the ability to deliver a web based User Interface 
(UI) as previously described. All computers connected physically or virtually to the 
automation network shall have access to the web based UI.  

(a) The web based UI software shall be imbedded in the NAE.  Systems that require 
a local copy of the system database on the user’s personal computer are not 
acceptable.

(b) The NAE shall support up a minimum of four (4) concurrent users.

(c) The web based user shall have the capability to access all system data through 
one NAE.  

(d) Remote users connected to the network through an Internet Service Provider 
(ISP) or telephone dial up shall also have total system access through one NAE. 
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(e) Systems that require the user to address more than one NAE to access all 
system information are not acceptable.

(f) The NAE shall have the capability of generating web based UI graphics.  The 
graphics capability shall be imbedded in the NAE.  

(g) Systems that support UI Graphics from a central database or require the graphics 
to reside on the user’s personal computer are not acceptable.

(h) The web based UI shall support the following functions using a standard version 
of Microsoft Internet Explorer:

(i) Configuration

(ii) Commissioning

(iii) Data Archiving

(iv) Monitoring

(v) Commanding

(vi) System Diagnostics

(i) Systems that require workstation software or modified web browsers are not 
acceptable.

(j) The NAE shall allow temporary use of portable devices without interrupting the 
normal operation of permanently connected modems.

4 Processor – The NAE shall be microprocessor-based with a minimum word size of 32 
bits. The NAE shall be a multi-tasking, multi-user, and real-time digital control 
processor. Standard operating systems shall be employed. NAE size and capability 
shall be sufficient to fully meet the requirements of this Specification.

5 Memory – Each NAE shall have sufficient memory to support its own operating system, 
databases, and control programs, and to provide supervisory control for all control level 
devices.  

6 Hardware Real Time Clock – The NAE shall include an integrated, hardware-based, 
real-time clock.

7 The NAE shall include troubleshooting LED indicators to identify the following 
conditions:

(a) Power - On/Off

(b) Ethernet Traffic – Ethernet Traffic/No Ethernet Traffic

(c) Ethernet Connection Speed – 10 Mbps/100 Mbps

(d) FC Bus A – Normal Communications/No Field Communications

(e) FC Bus B – Normal Communications/No Field Communications

(f) Peer Communication – Data Traffic between NAE Devices

(g) Run – NAE Running/NAE in Startup/NAE Shutting Down/Software Not Running

(h) Bat Fault – Battery Defective, Data Protection Battery Not Installed
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(i) 24 VAC – 24 VAC Present/Loss Of 24VAC

(j) Fault – General Fault

(k) Modem RX – NAE Modem Receiving Data

(l) Modem TX – NAE Modem Transmitting Data

8 Communications Ports – The NAE shall provide the following ports for operation of 
operator Input/Output (I/O) devices, such as industry-standard computers, modems, 
and portable operator’s terminals.

(a) Two (2) USB port

(b) Two (2) URS-232 serial data communication port

(c) Two (2) RS-485 port

(d) One (1) Ethernet port 

9 Diagnostics – The NAE shall continuously perform self-diagnostics, communication 
diagnosis, and diagnosis of all panel components. The Network Automation Engine 
shall provide both local and remote annunciation of any detected component failures, 
low battery conditions, or repeated failures to establish communication.

10 Power Failure – In the event of the loss of normal power, The NAE shall continue to 
operate for a user adjustable period of up to 10 minutes after which there shall be an 
orderly shutdown of all programs to prevent the loss of database or operating system 
software. 

(a) During a loss of normal power, the control sequences shall go to the normal 
system shutdown conditions.  All critical configuration data shall be saved into 
Flash memory.

(b) Upon restoration of normal power and after a minimum off-time delay, the 
controller shall automatically resume full operation without manual intervention 
through a normal soft-start sequence.

11 Certification – The NAE shall be listed by Underwriters Laboratories (UL).

12 Controller network – The NAE shall support the following communication protocols on 
the controller network:

(a) The NAE shall support BACnet Standard MS/TP Bus Protocol ASHRAE SSPC-
135, Clause 9 on the controller network.

(i) The NAE shall be BACnet Testing Labs (BTL) certified and carry the BTL 
Label.

(ii) The NAE shall be tested and certified as a BACnet Building Controller (B-
BC).

(iii) A BACnet Protocol Implementation Conformance Statement shall be 
provided for the NAE.  

(iv) The Conformance Statements shall be submitted 10 days prior to bidding.

(v) The NAE shall support a minimum of 100 control devices. 

(b) The NAE shall support LonWorks enabled devices using the Free Topology 
Transceiver FTT10.
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(i) All LonWorks controls devices shall be LonMark certified.

(ii) The NAE shall support a minimum of 255 LonWorks enabled control 
devices. 

(c) The NAE shall support the Johnson Controls N2 Field Bus.

(i) The NAE shall support a minimum of 100 N2 control devices.

(ii) The Bus shall conform to Electronic Industry Alliance (EIA) Standard RS-
485.

(iii) The Bus shall employ a master/slave protocol where the NAE is the 
master.

(iv) The Bus shall employ a four (4) level priority system for polling frequency.

(v) The Bus shall be optically isolated from the NAE.

(vi) The Bus shall support the Metasys Integrator System.

13 User Interface – Each NAE shall have the ability to deliver a web based User Interface 
(UI) as previously described. All computers connected physically or virtually to the 
automation network shall have access to the web based UI.  

(a) The web based UI software shall be imbedded in the NAE.  Systems that require 
a local copy of the system database on the user’s personal computer are not 
acceptable.

(b) The NAE shall support a minimum of two (2) concurrent users.

(c) The web based user shall have the capability to access all system data through 
one NAE.  

(d) Remote users connected to the network through an Internet Service Provider 
(ISP) or telephone dial up shall also have total system access through one NAE. 

(e) Systems that require the user to address more than one NAE to access all 
system information are not acceptable.

(f) The NAE shall have the capability of generating web based UI graphics.  The 
graphics capability shall be imbedded in the NAE.  

(g) Systems that support UI Graphics from a central data base or require the 
graphics to reside on the user’s personal computer are not acceptable.

(h) The web based UI shall support the following functions using a standard version 
of Microsoft Internet Explorer:

(i) Configuration

(ii) Commissioning

(iii) Data Archiving

(iv) Monitoring

(v) Commanding

(vi) System Diagnostics
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(i) Systems that require workstation software or modified web browsers are not 
acceptable. 

2.08 DDC SYSTEM CONTROLLERS

A Field Equipment Controller (FEC X610)

1 The Field Equipment Controller (FEC) shall be a fully user-programmable, digital 
controller that communicates via BACnet MS/TP protocol.

(a) The FEC shall support BACnet Standard MS/TP Bus Protocol ASHRAE SSPC-
135, Clause 9 on the controller network.

(i) The FEC shall be BACnet Testing Labs (BTL) certified and carry the BTL 
Label.

(ii) The FEC shall be tested and certified as a BACnet Application Specific 
Controller (B-ASC).

(iii) A BACnet Protocol Implementation Conformance Statement shall be 
provided for the FEC.  

(iv) The Conformance Statement shall be submitted 10 days prior to bidding.

2 The FEC shall employ a finite state control engine to eliminate unnecessary conflicts 
between control functions at crossover points in their operational sequences.  Suppliers 
using non-state based DDC shall provide separate control strategy diagrams for all 
controlled functions in their submittals.

3 Controllers shall be factory programmed with a continuous adaptive tuning algorithm 
that senses changes in the physical environment and continually adjusts loop tuning 
parameters appropriately.  Controllers that require manual tuning of loops or perform 
automatic tuning on command only shall not be acceptable.

4 The FEC shall be assembled in a plenum-rated plastic housing with flammability rated 
to UL94-5VB.

5 The FEC shall include a removable base to allow pre-wiring without the controller.

6 The FEC shall include troubleshooting LED indicators to identify the following 
conditions:

(a) Power On

(b) Power Off

(c) Download or Startup in progress, not ready for normal operation

(d) No Faults

(e) Device Fault

(f) Field Controller Bus - Normal Data Transmission

(g) Field Controller Bus - No Data Transmission

(h) Field Controller Bus - No Communication

(i) Sensor-Actuator Bus - Normal Data Transmission

(j) Sensor-Actuator Bus - No Data Transmission
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(k) Sensor-Actuator Bus - No Communication

7 The FEC shall accommodate the direct wiring of analog and binary I/O field points.

8 The FEC shall support the following types of inputs and outputs:  

(a) Universal Inputs - shall be configured to monitor any of the following:

(i) Analog Input, Voltage Mode

(ii) Analog Input, Current Mode

(iii) Analog Input, Resistive Mode

(iv) Binary Input, Dry Contact Maintained Mode

(v) Binary Input, Pulse Counter Mode

(b) Binary Inputs - shall be configured to monitor either of the following:

(i) Dry Contact Maintained Mode

(ii) Pulse Counter Mode 

(c) Analog Outputs - shall be configured to output either of the following

(i) Analog Output, Voltage Mode

(ii) Analog Output, current Mode

(d) Binary Outputs - shall output the following:

(i) 24 VAC Triac

(e) Configurable Outputs - shall be capable of the following: 

(i) Analog Output, Voltage Mode

(ii) Binary Output Mode

9 The FEC shall have the ability to reside on a Field Controller Bus (FC Bus).

(a) The FC Bus shall be a Master-Slave/Token-Passing (MS/TP) Bus supporting 
BACnet Standard protocol SSPC-135, Clause 9.

(b) The FC Bus shall support communications between the FECs and the NAE.

(c) The FC Bus shall also support Input/Output Module (IOM) communications with 
the FEC and with the NAE.

(d) The FC Bus shall support a minimum of 100 IOMs and FECs in any combination.

(e) The FC Bus shall operate at a maximum distance of 15,000 Ft. between the FEC 
and the furthest connected device.

10  The FEC shall have the ability to monitor and control a network of sensors and 
actuators over a Sensor-Actuator Bus (SA Bus).

(a) The SA Bus shall be a Master-Slave/Token-Passing (MS/TP) Bus supporting 
BACnet Standard Protocol SSPC-135, Clause 9.

(b) The SA Bus shall support a minimum of 10 devices per trunk.
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(c) The SA Bus shall operate at a maximum distance of 1,200 Ft. between the FEC 
and the furthest connected device.

11 The FEC shall have the capability to execute complex control sequences involving 
direct wired I/O points as well as input and output devices communicating over the FC 
Bus or the SA Bus. 

12 The FEC shall support, but not be limited to, the following:

(a) Hot water, chilled water/central plant applications

(b) Built-up air handling units for special applications

(c) Terminal units

(d) Special programs as required for systems control

13 The FEC shall support a Local Controller Display (DIS1710) either as an integral part of 
the FEC or as a remote device communicating over the SA Bus.

(a) The Display shall use a BACnet Standard SSPC-135, clause 9 Master-
Slave/Token-Passing protocol.

(b) The Display shall allow the user to view monitored points without logging into the 
system.

(c) The Display shall allow the user to view and change setpoints, modes of 
operation, and parameters.  

(d) The Display shall provide password protection with user adjustable password 
timeout.  

(e) The Display shall be menu driven with separate paths for:

(i) Input/Output

(ii) Parameter/Setpoint

(iii) Overrides

(f) The Display shall use easy-to-read English text messages.  

(g) The Display shall allow the user to select the points to be shown and in what 
order.

(h) The Display shall support a back lit Liquid Crystal Display (LCD) with adjustable 
contrast and brightens and automatic backlight brightening during user 
interaction.

(i) The display shall be a minimum of 4 lines and a minimum of 20 characters per 
line 

(j) The Display shall have a keypad with no more than 6 keys.

(k) The Display shall be panel mountable. 

2.09 FIELD DEVICES

A Input/Output Module (IOM X710)
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1 The Input/Output Module (IOM) provides additional inputs and outputs for use in the 
FEC.

2 The IOM shall communicate with the FEC over the FC Bus or the SA Bus.

3 The IOM shall support BACnet Standard MS/TP Bus Protocol ASHRAE SSPC-135, 
Clause 9 on the controller network.

(a) The IOM shall be BACnet Testing Labs (BTL) certified and carry the BTL Label.

(b)  The IOM shall be tested and certified as a BACnet Application Specific Controller 
(B-ASC).

(c) A BACnet Protocol Implementation Conformance Statement shall be provided for 
the FEC.

(d) The Conformance Statement shall be submitted 10 days prior to bidding.

4 The IOM shall be assembled in a plenum-rated plastic housing with flammability rated 
to UL94-5VB.

5 The IOM shall have a minimum of 4 points to a maximum of 17 points.

6 The IOM shall support the following types of inputs and outputs:  

(a) Universal Inputs - shall be configured to monitor any of the following:

(i) Analog Input, Voltage Mode

(ii) Analog Input, Current Mode

(iii) Analog Input, Resistive Mode

(iv) Binary Input, Dry Contact Maintained Mode

(v) Binary Input, Pulse Counter Mode

(b) Binary Inputs - shall be configured to monitor either of the following:

(i) Dry Contact Maintained Mode

(ii) Pulse Counter Mode 

(c) Analog Outputs - shall be configured to output either of the following

(i) Analog Output, Voltage Mode

(ii) Analog Output, current Mode

(d) Binary Outputs - shall output the following:

(i) 24 VAC Triac

(e) Configurable Outputs - shall be capable of the following: 

(i) Analog Output, Voltage Mode

(ii) Binary Output Mode

7 The IOM shall include troubleshooting LED indicators to identify the following 
conditions:



UTHSC-Houston MSB AHU L-5 & L-6 Replacement 23 09 23, Page 24
Houston, TX DDC CONTROLS SYSTEMS   

E&C Engineers & Consultants
E&C No. 3302.00

(a) Power On

(b) Power Off

(c) Download or Startup in progress, not ready for normal operation

(d) No Faults

(e) Device Fault

(f) Normal Data Transmission

(g) No Data Transmission

(h) No Communication

B Network Sensors (NS-XXX700X)

1 The Network Sensors (NS) shall have the ability to monitor the following variables as 
required by the systems sequence of operations:

(a) Zone Temperature

(b) Zone Humidity

(c) Zone Setpoint 

(d) Discharge Air Temperature

2 The NS shall transmit the information back to the controller on the Sensor-Actuator Bus 
(SA Bus) using BACnet Standard protocol SSPC-135, Clause 9.

3 The NS shall be BACnet Testing Labs (BTL) certified and carry the BTL Label.

(a) The NS shall be tested and certified as a BACnet Smart Sensors (B-SS).

(b) A BACnet Protocol Implementation Conformance Statement shall be provided for 
the NS.

(c) The Conformance Statement shall be submitted 10 days prior to bidding.

4 The Network Zone Sensors shall include the following items:

(a) A backlit Liquid Crystal Display (LCD) to indicate the Temperature, Humidity and 
Setpoint

(b) An LED to indicate the status of the Override feature

(c) A button to toggle the temperature display between Fahrenheit and Celsius

(d) A button to initiate a timed override command

(e) Available in either surface mount or wall mount

(f) Available with either screw terminals or phone jack  

5 The Network Discharge Air Sensors shall include the following: 

(a) 4 inch or 8 inch duct insertion probe  

(b) 10 foot pigtail lead 
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(c) Dip Switches for programmable address selection 

(d) Ability to provide an averaging temperature from multiple locations

(e) Ability to provide a selectable temperature from multiple locations 

2.10 SYSTEM TOOLS

A General:  The control contractor shall provide the TAB Agent a means to manipulate the 
control systems.  The control contractor will provide hardwire interfacing and all software to 
allow communication to stand alone controllers and the ability to globally command valves, 
terminal boxes, temperature settings, dampers, turn systems on and off, and will perminantly 
store daily all coefficients established.  If the schedule demands more teams, the control 
contractor will supply the TAB agency with multiple hardware interfaces and the appropriate 
software.

B System Configuration Tool (SCT)

1 The Configuration Tool shall be a software package enabling a computer platform to be 
used as a stand-alone engineering configuration tool for a Network Automation Engine 
(NAE) or a Network Integration Engine (NAE).

2 The configuration tool shall provide an archive database for the configuration and 
application data.

3 The configuration tool shall have the same look-and-feel at the User Interface (UI) 
regardless of whether the configuration is being done online or offline.

4 The configuration tool shall include the following features:

(a) Basic system navigation tree for connected networks

(b) Integration of Metasys N1, LonWorks, and BACnet enabled devices

(c) Customized user navigation trees

(d) Point naming operating parameter setting

(e) Graphic diagram configuration

(f) Alarm and event message routing

(g) Graphical logic connector tool for custom programming

(h) Downloading, uploading, and archiving databases

5 The configuration tool shall have the capability to automatically discover field devices on 
connected buses and networks.  Automatic discovery shall be available for the following 
field devices:

(a) BACnet Devices

(b) LonWorks devices

(c) N2 Bus devices

(d) Metasys N1 networks

6 The configuration tool shall be capable of programming the Field Equipment 
Controllers.
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(a) The configuration tool shall provide the capability to configure, simulate, and 
commission the Field Equipment Controllers.

(b) The configuration tool shall allow the FECs to be run in Simulation Mode to verify 
the applications.

(c) The configuration tool shall contain a library of standard applications to be used 
for configuration.

7 The configuration tool shall be capable of programming the field devices.

(a) The configuration tool shall provide the capability to configure, simulate, and 
commission the field devices.

(b) The configuration tool shall allow the field devices to be run in Simulation Mode to 
verify the applications.

(c) The configuration tool shall contain a library of standard applications to be used 
for configuration

8 A wireless access point shall allow a wireless enabled portable PC to make a temporary 
Ethernet connection to the automation network.

(a) The wireless connection shall allow the PC to access configuration tool through 
the web browser using the User Interface (UI).

(b) The wireless use of configuration tool shall be the same as a wired connection in 
every respect.

(c) The wireless connection shall use the Bluetooth Wireless Technology.

C Wireless MS/TP Converter (BTCVT)

1 The converter shall provide a temporary wireless connection between the SA or FC Bus 
and a wireless enabled portable PC.

2 The converter shall support downloading and troubleshooting FEC and field devices 
from the PC over the wireless connection.

3 The converter shall employ Bluetooth Wireless Technology.

4 The converter shall be powered through a connection to either the Sensor-Actuator 
(SA) or the Field Controller (FC) Bus.

5 The converter shall operate over a minimum of thirty three (33) feet within a building.

6 The converter shall have LED indicators to provide information regarding the following 
conditions:

(a) Power - On/Off

(b) Fault – Fault/No Fault 

(c) SA/FC Bus – Bus Activity/ No Bus Activity

(d) Blue – Bluetooth Communication Established/ Bluetooth Communication Not 
Established

7 The SWCVT shall comply with FCC Part 15.247 regulations for low-power unlicensed 
transmitters.



UTHSC-Houston MSB AHU L-5 & L-6 Replacement 23 09 23, Page 27
Houston, TX DDC CONTROLS SYSTEMS   

E&C Engineers & Consultants
E&C No. 3302.00

D Handheld VAV Balancing Sensor (ATV7003)

1 The sensor shall be a light weight portable device of dimensions not more than 3.2 x 
3.2 x 1.0 inches.

2 The sensor shall be capable of displaying data and setting balancing parameters for 
VAV control applications.

3 The sensor shall be powered through a connection to either the Sensor-Actuator (SA) 
or the Field Controller (FC) Bus.

4 The sensor shall be a menu driven device that shall modify itself automatically 
depending upon what type of application resides in the controller.

5 The sensor shall contain a dial and two buttons to navigate through the menu and to set 
balancing parameters.

6 The sensor shall provide an adjustable time-out parameter that will return the controller 
to normal operation if the balancing operation is aborted or abandoned.

7 The sensor shall include the following

(a) 5 foot retractable cable

(b) Laminated user guide

(c) Nylon caring case

8 The sensor shall be Underwriters Laboratory UL 916 listed and CSA certified C22.2 N. 
205, CFR47 and be available for the TAB contractor to properly test the balancing of 
the system.

2.11 INPUT DEVICES

A General Requirements

1 Installation, testing, and calibration of all sensors, transmitters, and other input devices 
shall be provided to meet the system requirements.

B Temperature Sensors

1 General Requirements:

(a) Sensors and transmitters shall be provided, as outlined in the input/output 
summary and sequence of operations.

(b) The temperature sensor shall be of the resistance type, and shall be either two-
wire 1000 ohm nickel RTD, or two-wire 1000 ohm platinum RTD.

(c) The following point types (and the accuracy of each) are required, and their 
associated accuracy values include errors associated with the sensor, lead wire, 
and A to D conversion:

Point Type Accuracy

Chilled Water + .5F.

Duct Temperature + .5F.

All Others + .75F.
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2 Thermo wells

(a) When thermo wells are required, the sensor and well shall be supplied as a 
complete assembly, including wellhead and Greenfield fitting.

(b) Thermo wells shall be pressure rated and constructed in accordance with the 
system working pressure.

(c) Thermo wells and sensors shall be mounted in a threadolet or 1/2” NFT saddle 
and allow easy access to the sensor for repair or replacement.

(d) Thermo wells shall be constructed of 316 stainless steel.

3 Outside Air Sensors

(a) Outside air sensors shall be designed to withstand the environmental conditions 
to which they will be exposed. They shall also be provided with a solar shield.

(b) Sensors exposed to wind velocity pressures shall be shielded by a perforated 
plate that surrounds the sensor element.

(c) Temperature transmitters shall be of NEMA 3R construction and rated for 
ambient temperatures.

4 Duct Mount Sensors

(a) Duct mount sensors shall mount in an electrical box through a hole in the duct, 
and be positioned so as to be easily accessible for repair or replacement.  
Sensors shall be installed so that the box sits on the outside of the duct 
insulation.

(b) Duct sensors shall be insertion type and constructed as a complete assembly, 
including lock nut and mounting plate.

(c) For outdoor air duct applications, a weatherproof mounting box with weatherproof 
cover and gasket shall be used.

5 Averaging Sensors

(a) For ductwork greater in any dimension that 48 inches and/or where air 
temperature stratification exists, an averaging sensor with multiple sensing points 
shall be used.

(b) For plenum applications, such as mixed air temperature measurements, a string 
of sensors mounted across the plenum shall be used to account for stratification 
and/or air turbulence. The averaging string shall have a minimum of 4 sensing 
points per 12-foot long segment.

(c) Capillary supports at the sides of the duct shall be provided to support the 
sensing string.

(d) Only platinum sensors shall be used.

C Humidity Sensors

1 The sensor shall be a solid-state type, relative humidity sensor of the Bulk Polymer 
Design. The sensor element shall resist service contamination.

2 The humidity transmitter shall be equipped with non-interactive span and zero 
adjustments, a 2-wire isolated loop powered, 0-10 V, 0-100% linear proportional output.
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3 The humidity transmitter shall meet the following overall accuracy, including lead loss 
and Analog to Digital conversion. 2% for general applications and 1% for process 
control between 20% and 80% RH @ 77 Deg F unless specified elsewhere.

4 Outside air relative humidity sensors shall be installed with a rain proof, perforated 
cover. The transmitter shall be installed in a NEMA 3R enclosure with sealtite fittings 
and stainless steel bushings.

5 A single point humidity calibrator shall be provided, if required, for field calibration. 
Transmitters shall be shipped factory pre-calibrated.

6 Duct type sensing probes shall be constructed of 304 stainless steel, and shall be 
equipped with a neoprene grommet, bushings, and a mounting bracket.

7 Acceptable Manufacturers: Johnson Controls, Veris Industries, and Mamac.

D Dew Point Sensors

1 The sensor shall be a solid-state type, dew point sensor. The sensor element shall 
resist service contamination.

2 The dew point transmitter shall be equipped with non-interactive span and zero 
adjustments, a 2-wire isolated loop powered, 0-10 V, 0-100% linear proportional output.

3 The humidity transmitter shall meet the following overall accuracy of 2 degrees, 
including lead loss and Analog to Digital conversion.

4 Outside air relative dew point sensors shall be installed with a rain proof, perforated 
cover. The transmitter shall be installed in a NEMA 3R enclosure with sealtite fittings 
and stainless steel bushings.

5 Transmitters shall be shipped factory pre-calibrated.

6 Duct type sensing probes shall be constructed of 304 stainless steel, and shall be 
equipped with a neoprene grommet, bushings, and a mounting bracket.

7 Acceptable Manufacturers: Johnson Controls, Veris Industries, and Mamac.

E Differential Pressure Transmitters

1 Provide digital displays to all DP transmitters.

2 General Air and Water Pressure Transmitter Requirements:

(a) Pressure transmitters shall be constructed to withstand 100% pressure over-
range without damage, and to hold calibrated accuracy when subject to a 
momentary 40% over-range input.

(b) Pressure transmitters shall transmit a 0 to 5 VDC, 0 to 10 VDC, or 4 to 20 mA 
output signal.

(c) Differential pressure transmitters used for flow measurement shall be sized to the 
flow sensing device, and shall be supplied with Tee fittings and shut-off valves in 
the high and low sensing pick-up lines to allow the balancing Contractor and 
Owner permanent, easy-to-use connection.

(d) A minimum of a NEMA 1 housing shall be provided for the transmitter. 
Transmitters shall be located in accessible local control panels wherever 
possible.

3 Low Differential Water Pressure Applications (0” - 20” w.c.)
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(a) The differential pressure transmitter shall be of industrial quality and transmit a 
linear, 4 to 20 mA output in response to variation of flow meter differential 
pressure or water pressure sensing points.

(b) The differential pressure transmitter shall have non-interactive zero and span 
adjustments that are adjustable from the outside cover and meet the following 
performance specifications:

(i) .01-20” w.c. input differential pressure range.

(ii) 4-20 mA output.

(iii) Maintain accuracy up to 20 to 1 ratio turndown.

(iv) Reference Accuracy: +0.2% of full span.

(c) Acceptable Manufacturers: Setra and Mamac.

4 Medium to High Differential Water Pressure Applications (Over 21” w.c.)

(a) The differential pressure transmitter shall meet the low pressure transmitter 
specifications with the following exceptions:

(i) Differential pressure range 10” w.c. to 300 PSI.

(ii) Reference Accuracy: +1% of full span (includes non-linearity, hysteresis, 
and repeatability).

(b) Standalone pressure transmitters shall be mounted in a bypass valve assembly 
panel. The panel shall be constructed to NEMA 1 standards. The transmitter shall 
be installed in the panel with high and low connections piped and valved. Air 
bleed units, bypass valves, and compression fittings shall be provided.

(c) Acceptable Manufacturers: Setra and Mamac.

5 Building Differential Air Pressure Applications (-1” to +1” w.c.)

(a) The differential pressure transmitter shall be of industrial quality and transmit a 
linear, 4 to 20 mA output in response to variation of differential pressure or air 
pressure sensing points.

(b) The differential pressure transmitter shall have non-interactive zero and span 
adjustments that are adjustable from the outside cover and meet the following 
performance specifications:

(i) -1.00 to +1.00 w.c. input differential pressure ranges. (Select range 
appropriate for system application)

(ii) 4-20 mA output.

(iii) Maintain accuracy up to 20 to 1 ratio turndown.

(iv) Reference Accuracy: +0.2% of full span.

(c) Acceptable Manufacturers: Johnson Controls and Setra.

6 Low Differential Air Pressure Applications (0” to 5” w.c.)

(a) The differential pressure transmitter shall be of industrial quality and transmit a 
linear, 4 to 20 mA output in response to variation of differential pressure or air 
pressure sensing points.
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(b) The differential pressure transmitter shall have non-interactive zero and span 
adjustments that are adjustable from the outside cover and meet the following 
performance specifications:

(i) (0.00 - 1.00” to 5.00”) w.c. input differential pressure ranges. (Select range 
appropriate for system application.)

(ii) 4-20 mA output.

(iii) Maintain accuracy up to 20 to 1 ratio turndown.

(iv) Reference Accuracy: +0.2% of full span.

(c) Acceptable Manufacturers: Johnson Controls and Setra.

7 Medium Differential Air Pressure Applications (5” to 21” w.c.)

(a) The pressure transmitter shall be similar to the Low Air Pressure Transmitter, 
except that the performance specifications are not as severe. Differential 
pressure transmitters shall be provided that meet the following performance 
requirements:

(i) Zero & span: (c/o F.S./Deg. F): .04% including linearity, hysteresis and 
repeatability.

(ii) Accuracy: 1% F.S. (best straight line) Static Pressure Effect: 0.5% F.S. (to 
100 PSIG.

(iii) Thermal Effects: <+.033 F.S./Deg. F. over 40F. to 100F. (calibrated at 
70F.).

(b) Standalone pressure transmitters shall be mounted in a bypass valve assembly 
panel. The panel shall be constructed to NEMA 1 standards. The transmitter shall 
be installed in the panel with high and low connections piped and valved. Air 
bleed units, bypass valves, and compression fittings shall be provided.

(c) Acceptable manufacturers: Johnson Controls and Setra.

F Flow Monitoring

1 Air Flow Monitoring

(a) Static Pressure Traverse Probe

(i) Duct static traverse probes shall be provided where required to monitor 
duct static pressure. The probe shall contain multiple static pressure 
sensors located along exterior surface of the cylindrical probe.

(ii) Acceptable manufacturers: Cleveland Controls

(b) Shielded Static Air Probe

(i) A shielded static pressure probe shall be provided at each end of the 
building. The probe shall have multiple sensing ports, an impulse 
suppression chamber, and airflow shielding. A suitable probe for indoor and 
outdoor locations shall be provided.

2 Water Flow Monitoring
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(a) Water flow meters are specified under Hydronic Specialties 23 06 20 and are 
required to be able to be monitored by the JCI Metasys system.  Provide a 
monitoring point and alarm for each Onicon meter provided.

G Power Monitoring Devices

1 Current Measurement (Amps)

(a) Current measurement shall be by a combination current transformer and a 
current transducer. The current transformer shall be sized to reduce the full 
amperage of the monitored circuit to a maximum 5 Amp signal, which will be 
converted to a 4-20 mA DDC compatible signal for use by the Facility 
Management System.

(b) Current Transformer – A split core current transformer shall be provided to 
monitor motor amps.

(i) Operating frequency – 50 - 400 Hz.

(ii) Insulation – 0.6 Kv class 10Kv BIL.

(iii) UL recognized.

(iv) Five amp secondary.

(v) Select current ration as appropriate for application.

(vi) Acceptable manufacturers: Veris Industries

(c) Current Transducer – A current to voltage or current to mA transducer shall be 
provided. The current transducer shall include:

(i) 6X input over amp rating for AC inrushes of up to 120 amps.

(ii) Manufactured to UL 1244.

(iii) Accuracy: +.5%, Ripple +1%.

(iv) Minimum load resistance 30kOhm.

(v) Input 0-20 Amps.

(vi) Output 4-20 mA.

(vii) Transducer shall be powered by a 24VDC regulated power supply (24 VDC 
+5%).

(viii) Acceptable manufacturers: Veris Industries

H Smoke Detectors

1 Ionization type air duct detectors shall be furnished as specified elsewhere in Division 
16 for installation under Division 15. All wiring for air duct detectors shall be provided 
under Division 16, Fire Alarm System.

I Status and Safety Switches

1 General Requirements

(a) Switches shall be provided to monitor equipment status, safety conditions, and 
generate alarms at the BMS when a failure or abnormal condition occurs. Safety 



UTHSC-Houston MSB AHU L-5 & L-6 Replacement 23 09 23, Page 33
Houston, TX DDC CONTROLS SYSTEMS   

E&C Engineers & Consultants
E&C No. 3302.00

switches shall be provided with two sets of contacts and shall be interlock wired 
to shut down respective equipment.

2 Current Sensing Switches

(a) The current sensing switch shall have adjustable thresholds and be self-powered 
with solid-state circuitry and a dry contact output. It shall consist of a current 
transformer, a solid state current sensing circuit, adjustable trip point, solid state 
switch, SPDT relay, and an LED indicating the on or off status. A conductor of the 
load shall be passed through the window of the device. It shall accept over-
current up to twice its trip point range.

(b) Current sensing switches shall be used for run status for fans, pumps, and other 
miscellaneous motor loads.

(c) Current sensing switches shall be calibrated to show a positive run status only 
when the motor is operating under load. A motor running with a broken belt or 
coupling shall indicate a negative run status.

(d) Acceptable manufacturers: Veris Industries

3 Air Filter Status Switches

(a) Differential pressure switches used to monitor air filter status shall be of the 
automatic reset type with SPDT contacts rated for 2 amps at 120VAC.

(b) A complete installation kit shall be provided, including: static pressure tops, 
tubing, fittings, and air filters.

(c) Provide appropriate scale range and differential adjustment for intended service.

(d) Acceptable manufacturers: Johnson Controls, Cleveland Controls

4 Air Flow Switches

(a) Differential pressure flow switches shall be bellows actuated mercury switches or 
snap acting micro-switches with appropriate scale range and differential 
adjustment for intended service.

(b) Acceptable manufacturers: Johnson Controls, Cleveland Controls

5 Air Pressure Safety Switches

(a) Air pressure safety switches shall be of the manual reset type with SPDT contacts 
rated for 2 amps at 120VAC.

(b) Pressure range shall be adjustable with appropriate scale range and differential 
adjustment for intended service.

(c) Acceptable manufacturers: Johnson Controls, Cleveland Controls

6 Water Flow Switches

(a) Water flow switches shall be equal to the Johnson Controls P74.

7 Low Temperature Limit Switches

(a) The low temperature limit switch shall be of the manual reset type with Double 
Pole/Single Throw snap acting contacts rated for 16 amps at 120VAC.
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(b) The sensing element shall be a minimum of 15 feet in length and shall react to 
the coldest 18-inch section. Element shall be mounted horizontally across duct in 
accordance with manufacturers recommended installation procedures.

(c) For large duct areas where the sensing element does not provide full coverage of 
the air stream, additional switches shall be provided as required to provide full 
protection of the air stream.

(d) The low temperature limit switch shall be equal to Johnson Controls A70.

8 Pressure transducers on Glycol heat recovery system

(a) Pressure transducers shall have LCD display.

2.12 OUTPUT DEVICES

A Actuators

1 General Requirements

(a) Damper and valve actuators shall be electronic and/or pneumatic, as specified in 
the System Description section.

2 Electronic Damper Actuators

(a) Electronic damper actuators shall be direct shaft mount.

(b) Modulating and two-position actuators shall be provided as required by the 
sequence of operations. Damper sections shall be sized Based on actuator 
manufacturer’s recommendations for face velocity, differential pressure and 
damper type. The actuator mounting arrangement and spring return feature shall 
permit normally open or normally closed positions of the dampers, as required. 
All actuators (except terminal units) shall be furnished with mechanical spring 
return unless otherwise specified in the sequences of operations. All actuators 
shall have external adjustable stops to limit the travel in either direction, and a 
gear release to allow manual positioning.

(c) Modulating actuators shall accept 24 VAC or VDC power supply, consume no 
more than 15 VA, and be UL listed. The control signal shall be 2-10 VDC or 4-20 
mA, and the actuator shall provide a clamp position feedback signal of 2-10 VDC. 
The feedback signal shall be independent of the input signal and may be used to 
parallel other actuators and provide true position indication. The feedback signal 
of one damper actuator for each separately controlled damper shall be wired 
back to a terminal strip in the control panel for trouble-shooting purposes.

(d) Two-position or open/closed actuators shall accept 24 or 120 VAC power supply 
and be UL listed. Isolation, smoke, exhaust fan, and other dampers, as specified 
in the sequence of operations, shall be furnished with adjustable end switches to 
indicate open/closed position or be hard wired to start/stop associated fan. Two-
position actuators, as specified in sequences of operations as “quick acting,” 
shall move full stroke within 20 seconds. All smoke damper actuators shall be 
quick acting.

(e) Acceptable manufacturers: Johnson Controls, Mamac.

3 Electronic Valve Actuators

(a) Electronic valve actuators shall be manufactured by the valve manufacturer. 
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(b) Each actuator shall have current limiting circuitry incorporated in its design to 
prevent damage to the actuator.

(c) Modulating and two-position actuators shall be provided as required by the 
sequence of operations. Actuators shall provide the minimum torque required for 
proper valve close-off against the system pressure for the required application. 
The valve actuator shall be sized Based on valve manufacturer’s 
recommendations for flow and pressure differential. All actuators shall fail in the 
last position unless specified with mechanical spring return in the sequence of 
operations. The spring return feature shall permit normally open or normally 
closed positions of the valves, as required. All direct shaft mount rotational 
actuators shall have external adjustable stops to limit the travel in either direction.

(d) Modulating Actuators shall accept 24 VAC or VDC and 120 VAC power supply 
and be UL listed. The control signal shall be 2-10 VDC or 4-20 mA and the 
actuator shall provide a clamp position feedback signal of 2-10 VDC. The 
feedback signal shall be independent of the input signal, and may be used to 
parallel other actuators and provide true position indication. The feedback signal 
of each valve actuator (except terminal valves) shall be wired back to a terminal 
strip in the control panel for trouble-shooting purposes.

(e) Two-position or open/closed actuators shall accept 24 or 120 VAC power supply 
and be UL listed. Butterfly isolation and other valves, as specified in the 
sequence of operations, shall be furnished with adjustable end switches to 
indicate open/closed position or be hard wired to start/stop the associated pump 
or chiller.

(f) Acceptable manufacturers: Johnson Controls

B Control Dampers

1 The BMS Contractor shall furnish all automatic dampers. All automatic dampers shall 
be sized for the application by the BMS Contractor or as specifically indicated on the 
Drawings.

2 All dampers used for throttling airflow shall be of the opposed blade type arranged for 
normally open or normally closed operation, as required. The damper is to be sized so 
that, when wide open, the pressure drop is a sufficient amount of its close-off pressure 
drop to shift the characteristic curve to near linear.

3 All dampers used for two-position, open/close control shall be parallel blade type 
arranged for normally open or closed operation, as required.

4 Damper frames and blades shall be constructed of either galvanized steel or aluminum. 
Maximum blade length in any section shall be 60”. Damper blades shall be 16-gauge 
minimum and shall not exceed eight (8) inches in width. Damper frames shall be 16-
gauge minimum hat channel type with corner bracing. All damper bearings shall be 
made of reinforced nylon, stainless steel or oil-impregnated bronze. Dampers shall be 
tight closing, low leakage type, with synthetic elastomer seals on the blade edges and 
flexible stainless steel side seals. Dampers of 48”x48” size shall not leak in excess of 
8.0 cfm per square foot when closed against 4” w.g. static pressure when tested in 
accordance with AMCA Std. 500.

5 Airfoil blade dampers of double skin construction with linkage out of the air stream shall 
be used whenever the damper face velocity exceeds 1500 FPM or system pressure 
exceeds 2.5” w.g., but no more than 4000 FPM or 6” w.g. Acceptable manufacturers 
are Johnson Controls D-7250 D-1250 or D-1300, Ruskin CD50, and Vent Products 
5650.
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6 One piece rolled blade dampers with exposed or concealed linkage may be used with 
face velocities of 1500 FPM or below. Acceptable manufacturers are: Johnson Controls 
D-1600, Ruskin CD36, and Vent Products 5800.

7 Multiple section dampers may be jack-shafted to allow mounting of piston pneumatic 
actuators and direct connect electronic actuators. Each end of the jackshaft shall 
receive at least one actuator to reduce jackshaft twist.

C Control Relays

1 Control Pilot Relays

(a) Control pilot relays shall be of a modular plug-in design with retaining springs or 
clips.

(b) Mounting Bases shall be snap-mount.

(c) DPDT, 3PDT, or 4PDT relays shall be provided, as appropriate for application.

(d) Contacts shall be rated for 10 amps at 120VAC.

(e) Relays shall have an integral indicator light and check button.

(f) Acceptable manufacturers: Johnson Controls, Lectro

2 Lighting Control Relays

(a) Lighting control relays shall be latching with integral status contacts.

(b) Contacts shall be rated for 20 amps at 277 VAC.

(c) The coil shall be a split low-voltage coil that moves the line voltage contact 
armature to the ON or OFF latched position.

(d) Lighting control relays shall be controlled by:

(i) Pulsed Tri-state Output – Preferred method.

(ii) Pulsed Paired Binary Outputs.

(iii) A Binary Input to the Facility Management System shall monitor integral 
status contacts on the lighting control relay. Relay status contacts shall be 
of the “dry-contact” type.

(e) The relay shall be designed so that power outages do not result in a change-of-
state, and so that multiple same state commands will simply maintain the 
commanded state. Example: Multiple OFF command pulses shall simply keep 
the contacts in the OFF position.

D Control Valves

1 All automatic control valves shall be fully proportioning and provide near linear heat 
transfer control. The valves shall be quiet in operation and fail-safe open, closed, or in 
their last position. All valves shall operate in sequence with another valve when required 
by the sequence of operations. All control valves shall be sized by the control 
manufacturer, and shall be guaranteed to meet the heating and cooling loads, as 
specified. All control valves shall be suitable for the system flow conditions and close 
against the differential pressures involved. Body pressure rating and connection type 
(sweat, screwed, or flanged) shall conform to the pipe schedule elsewhere in this 
Specification.
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2 Chilled water control valves shall be modulating plug, ball, and/or butterfly, as required 
by the specific application.  Valves up to 4” shall be modulating characterized ball 
valves only.   Modulating water valves shall be sized per manufacturer’s 
recommendations for the given application. In general, valves (2 or 3-way) serving 
variable flow air handling unit coils shall be sized for a pressure drop equal to the 
actual coil pressure drop, but no less than 5 PSI. Valves (3-way) serving constant flow 
air handling unit coils with secondary circuit pumps shall be sized for a pressure drop 
equal to 25% the actual coil pressure drop, but no less than 2 PSI. Mixing valves (3-
way) serving secondary water circuits shall be sized for a pressure drop of no less than 
5 PSI. Valves for terminal reheat coils shall be sized for a 2 PSIG pressure drop, but no 
more than a 5 PSI drop. 

3 Valves 5” and larger shall be Neles Segment Control Valves with flanged body, face to 
face acc to ISA S75.04 and DIN/IEC Part 3-2 ANSI 150.  Standard construction with 
drive shaft with ANSI Keyway to Actuator ASTM A216 Gr WCB Body, SS+Cobalt Hard 
Facing, PTFE Vrings, live loaded.  Provide Valvcon LADCW 1000U2Y-UP-
Weathertight, 1000Torque (inlbs), Universal Power and H23415 Linkage Kit.

4 Ball valves shall be characterized and used for hot and chilled water applications, water 
terminal reheat coils, radiant panels, unit heaters, package air conditioning units, and 
fan coil units except those described hereinafter. 

5 Modulating plug water valves of the single-seat type with equal percentage flow 
characteristics shall be used for all special applications as indicated on the valve 
schedule. Valve discs shall be composition type. Valve stems shall be stainless steel.

6 Butterfly valves shall be acceptable for modulating large flow applications greater than 
modulating plug valves, and for all two-position, open/close applications. In-line and/or 
three-way butterfly valves shall be heavy-duty pattern with a body rating comparable to 
the pipe rating, replaceable lining suitable for temperature of system, and a stainless 
steel vane. Valves for modulating service shall be sized and travel limited to 50 degrees 
of full open. Valves for isolation service shall be the same as the pipe. Valves in the 
closed position shall be bubble-tight.

7 Acceptable manufacturers: Johnson Controls, Bray.

E Electronic Signal Isolation Transducers

1 A signal isolation transducer shall be provided whenever an analog output signal from 
the BMS is to be connected to an external control system as an input (such as a chiller 
control panel), or is to receive as an input signal from a remote system.

2 The signal isolation transducer shall provide ground plane isolation between systems.

3 Signals shall provide optical isolation between systems.

4 Acceptable manufacturers: Advanced Control Technologies

F External Manual Override Stations

1 External manual override stations shall provide the following:

(a) An integral HAND/OFF/AUTO switch shall override the controlled device pilot 
relay.

(b) A status input to the Facility Management System shall indicate whenever the 
switch is not in the automatic position.

(c) A Status LED shall illuminate whenever the output is ON.
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(d) An Override LED shall illuminate whenever the HOA switch is in either the HAND 
or OFF position.

(e) Contacts shall be rated for a minimum of 1 amp at 24 VAC.

G Electronic/Pneumatic Transducers

1 Electronic to Pneumatic transducers shall provide:

(a) Output: 3-15 PSIG.

(b) Input: 4-20 mA or 0-10 VDC.

(c) Manual output adjustment.

(d) Pressure gauge.

(e) External replaceable supply air filter.

(f) Acceptable manufacturers: Johnson Controls, Mamac

2.13 MISCELLANEOUS DEVICES

A Local Control Panels

1 All control panels shall be factory constructed, incorporating the BMS manufacturer’s 
standard designs and layouts. All control panels shall be UL inspected and listed as an 
assembly and carry a UL 508 label listing compliance. Control panels shall be fully 
enclosed, with perforated sub-panel, hinged door, and slotted flush latch.

2 In general, the control panels shall consist of the DDC controller(s), display module as 
specified and indicated on the plans, and I/O devices—such as relays, transducers, and 
so forth—that are not required to be located external to the control panel due to 
function. Where specified the display module shall be flush mounted in the panel face 
unless otherwise noted.

3 All I/O connections on the DDC controller shall be provide via removable or fixed screw 
terminals. 

4 Low and line voltage wiring shall be segregated. All provided terminal strips and wiring 
shall be UL listed, 300-volt service and provide adequate clearance for field wiring.

5 All wiring shall be neatly installed in plastic trays or tie-wrapped.

6 A convenience 120 VAC duplex receptacle shall be provided in each enclosure, fused 
on/off power switch, and required transformers.

7 Label control panels as required by section 23 05 29.

B Power Supplies

1 DC power supplies shall be sized for the connected device load. Total rated load shall 
not exceed 75% of the rated capacity of the power supply.

2 Input: 120 VAC +10%, 60Hz.

3 Output: 24 VDC.

4 Line Regulation: +0.05% for 10% line change.

5 Load Regulation: +0.05% for 50% load change.
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6 Ripple and Noise: 1 mV rms, 5 mV peak to peak.

7 An appropriately sized fuse and fuse block shall be provided and located next to the 
power supply.

8 A power disconnect switch shall be provided next to the power supply.

C Thermostats

1 Electric room thermostats of the heavy-duty type shall be provided for unit heaters, 
cabinet unit heaters, and ventilation fans, where required. All these items shall be 
provided with concealed adjustment. Finish of covers for all room-type instruments shall 
match and, unless otherwise indicated or specified, covers shall be manufacturer’s 
standard finish.

2 Actuation / Control Type

3 Primary Equipment

(a) Controls shall be provided by equipment manufacturer as specified herein.

(b) All damper and valve actuation shall be electric.

4 Air Handling Equipment

(a) All air handers shall be controlled with a HVAC-DDC Controller

(b) All damper and valve actuation shall be electric.

5 Terminal Equipment: 

(a) Terminal Units (VAV, UV, etc.) shall have electric damper and valve actuation.

(b) All Terminal Units shall be controlled with HVAC-DDC Controller)
PART 3 EXECUTION

3.01 TRAINING

A. The contractor shall provide 10 days or 80 hours of off-site digital controls classroom 
training.  Dates to be coordinated with UTHSC-H personnel.

END OF SECTION
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SECTION 23 20 00.A
PIPING, VALVES AND FITTINGS

PART 1 GENERAL

1.00 The following sections are to be included as if written herein:

A. Section 23 00 00 – Basic Mechanical Requirements

B. Section 23 05 29 – Sleeves, Flashings, Supports and Anchors

C. Section 23 05 53 – Mechanical Identification

1.01 SECTION INCLUDES

A. Pipe and pipe fittings.

B. Valves.

1.02 RELATED SECTIONS

A. Section 23 00 00 - Basic Mechanical Requirements.

B. Section 23 05 29 - Sleeves, Supports and Anchors.

C. Section 23 05 53 - Mechanical Identification.

D. Section 23 05 48 - Vibration Isolation.

E. Section 23 07 19 - Piping Insulation.

1.03 REFERENCES

A. AGA - American Gas Association.

B. ANSI B31.1 - Power Piping.

C. ANSI B31.9 - Building Service Piping.

D. ASME Sec. 9 - Welding and Brazing Qualifications.

E. ASME B16.1 - Cast Iron Pipe Flanges and Flanged Fittings Class 25, 125, 250 and 800.

F. ASME B16.3 - Malleable Iron Threaded Fittings.

G. ASME B16.4 - Cast Iron Threaded Fittings Class 125 and 250.

H. ASME B16.18 - Cast Bronze Solder-Joint Pressure fittings.

I. ASME B16.22 - Wrought Copper and Bronze Solder-Joint Pressure Fittings

J. ASME B16.23 - Cast Copper Alloy Solder-Joint Drainage Fittings - DWV.

K. ASME B16.26 - Cast Bronze Fittings for Flared Copper Tubes.



UTHSC-Houston MSB AHU L-5 & L-6 Replacement 23 20 00.A, Page 2
Houston, TX PIPING, VALVES AND FITTINGS   

E&C Engineers & Consultants
E&C No. 3302.00

L. ASME B16.29 - Wrought Copper and Wrought Copper Alloy Solder Joint Drainage Fittings - 
DWV.

M. ASME B16.32 - Cast Copper Alloy Solder-Joint Fittings for Solvent Drainage Systems.

N. ASTM A47 - Ferric Malleable Iron Castings.

O. ASTM A135 - Pipe, Steel, Black and Hot-Dipped Zinc Coated, Welded and Seamless.
 
P. ASTM A74 - Cast Iron Soil Pipe and Fittings.

Q. ASTM A234 - Pipe Fittings of Wrought Carbon Steel and Alloy Steel for Moderate and Elevated 
Temperatures.

R. ASTM B32 - Solder Metal.

S. ASTM B42 - Seamless Copper Pipe.

T. ASTM B43 - Seamless Red Brass Pipe.

U. ASTM B75 - Seamless Copper Tube.

V. ASTM B88 - Seamless Copper Water Tube.

W. ASTM B251 - Wrought Seamless Copper and Copper-Alloy Tube.

X. ASTM B302 - Threadless Copper Pipe (TP).

Y. ASTM B306 - Copper Drainage Tube (DWV).

Z. ASTM C14 - Concrete Sewer, Storm Drain, and Culvert Pipe.

AA. ASTM C425 - Compression Joints for Vitrified Clay Pipe and Fittings.

BB. ASTM C443 - Joints for Circular Concrete Sewer and Culvert Pipe, Using Rubber Gaskets.

CC. ASTM C564 - Rubber Gaskets for Cast Iron Soil Pipe and Fittings.

DD. ASTM C700 - Vitrified Clay Pipe, Extra Strength, Standard Strength, and Perforated.

EE. ASTM D1785 - Poly (Vinyl Chloride) (PVC) Plastic Pipe, Schedules 40, 80, and 120.

FF. ASTM D2235 - Solvent Cement for Acrylonitrile - Butadiene - Styrene (ABS) Plastic Pipe and 
Fittings.

GG. ASTM D2241 - Poly (Vinyl Chloride) (PVC) Plastic Pipe (SDR-PR).

HH. ASTM D2466 - Poly (Vinyl Chloride) (PVC) Plastic Pipe Fittings, Schedule 40.

II. ASTM D2564 - Solvent Cements for Poly (Vinyl Chloride) (PVC) Plastic Pipe and Fittings.

JJ. ASTM D2680 - Acrylonitrile-Butadiene-Styrene (ABS) Composite-Sewer Piping.

KK. ASTM D2683 - Socket-Type Polyethylene Fillings for Outside Diameter-Controlled Polyethylene 
Pipe.
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LL. ASTM D2729 - Poly (Vinyl Chloride) (PVC) Sewer Pipe and Fittings.

MM. ASTM D2751 - Acrylonitrile-Butadiene-Styrene (ABS) Sewer Pipe and Fittings.

NN. ASTM D2846 - Chlorinated Polyvinyl Chloride (CPVC) Pipe, Fittings, Solvent Cements and 
Adhesives for Potable Hot Water Systems.

OO. ASTM D2855 - Making Solvent-Cemented Joints with Poly (Vinyl Chloride) (PVC) Pipe and 
Fittings.

PP. ASTM D3033 - Type PSP Poly (Vinyl Chloride) (PVC) Sewer Pipe and Fittings.

QQ. ASTM D3034 - Type PSM Poly (Vinyl Chloride) (PVC) Sewer Pipe and Fittings.

RR.ASTM D3309 - Polybutylene (PB) Plastic Hot Water Distribution System.

SS. ASTM F477 - Elastomeric Seals (Gaskets) for Joining Plastic Pipe.
 
TT. ASTM F493 - Solvent Cements for Chlorinated Poly (Vinyl Chloride) (CPVC) Plastic Pipe and 

Fittings.

UU. ASTM F845 - Plastic Insert Fittings for Polybutylene (PB) Pipe.

VV.AWS A5.8 - Brazing Filler Metal.  BA. AWWA C105 - Polyethylene Encasement for Ductile Iron 
Piping for Water and Other Liquids.

WW.AWWA C110 - Ductile - Iron and Gray - Iron Fittings 3 in. through 48 in., for Water and Other 
Liquids.

XX.AWWA C111- Rubber-Gasket Joints for Ductile Iron and Gray-Iron Pressure Pipe and Fittings.

YY.AWWA C151 - Ductile-Iron Pipe, Centrifugally Cast in Metal Molds or Sand-Lined Molds, for Water 
or Other Liquids.

ZZ.AWWA C651 - Disinfecting Water Mains.

AAA. CISPI 301 - Cast Iron Soil Pipe and Fittings for Hubless Cast Iron Sanitary Systems.

BBB.CISPI 310 - Joints for Hubless Cast Iron Sanitary Systems.

CCC.CAN-3 B281 - Aluminum Drain, Waste, and Vent Pipe and Components.

DDD. NCPWB - Procedure Specifications for Pipe Welding.

EEE.TDH - Texas Department of Health, Water System Regulations

1.04 SUBMITTALS

A.  Submit under provisions of Section 23 00 00.

B. Product Data:  Provide data on pipe materials, pipe fittings, valves, and accessories.  Provide 
manufacturers catalog information.  Indicate valve data and ratings.

1.05 PROJECT RECORD DOCUMENTS

A. Submit under provisions of Section 23 00 00.
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B. Record actual locations of valves, etc. and prepare valve charts.

1.06 OPERATION AND MAINTENANCE DATA

A. Submit under provisions of Section 23 00 00.

B. Maintenance Data:  Include installation instructions, spare parts lists, exploded assembly views.

1.07 QUALITY ASSURANCE

A. Valves:  Manufacturer's name and pressure rating marked on valve body.

B. Welding Materials and Procedures:  Conform to ASME Code and applicable state labor 
regulations.

C. Welders Certification:  In accordance with ASME Sec. 9. Submit welder’s certifications prior to any 
shop or field fabrication. Welder’s certifications shall be current within six months of submission. 

D. Maintain one copy of each document on site.

1.08 QUALIFICATIONS

A. Manufacturer:  Company specializing in manufacturing the Products specified in this section with 
minimum three years documented experience.

B. Installer:  Company specializing in performing the work of this section with minimum of three 
years documented experience.

1.09 DELIVERY, STORAGE, AND HANDLING

A. Deliver, store, protect and handle products to site under provisions of Section 23 00 00.

B. Accept valves on site in shipping containers with labeling in place.  Inspect for damage.

C. Provide temporary protective coating on cast iron and steel valves.

D. Provide temporary end caps and closures on piping and fittings.  Maintain in place until 
installation.

E. Protect piping systems from entry of foreign materials by temporary covers, completing sections 
of the work, and isolating parts of completed system.

1.10 ENVIRONMENTAL REQUIREMENTS

A. Do not install underground piping when bedding are wet or frozen.

1.11 EXTRA MATERIALS

A. Furnish under provisions of Section 23 00 00.

B. Provide two repacking kits for each size valve.
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PART 2 PRODUCTS

2.01 STEEL PIPING:

A. Scope:  This section applies to all piping systems providing for welded piping, fittings, and other 
appurtenances.  Specific systems requiring welded piping include, but are not limited to:  chilled 
water, hot water, steam, steam condensate, and fire protection systems. 

B. Pipe: Unless otherwise indicated, chiller and boiler plants piping shall be Schedule 40, and 
underground and building piping shall be Standard weight, Grade A or B, seamless black steel 
pipe conforming in all details to Standard ASTM Designation A135, A106, and A53, latest 
revisions. Steam condensate shall be Schedule 80.  All piping shall be domestic made.

C. Fittings:

1. All weld fittings shall be domestic made wrought carbon steel butt-welding fittings 
conforming to ASTM A234 and ASME/ANSI B16.9, latest edition, as made by Weld Bend, 
Tube Turn, Hackney, or Ladish Company. Attach to only pipe with a hole for the entire 
length. Each fitting shall be stamped as specified by ASME/ANSI B16.9 and, in addition, 
shall have the laboratory control number metal stenciled on each fitting for ready reference 
as to physical properties required for any fittings selected at random.  Fittings which have 
been machined, remarked, printed or otherwise  produced domestically from non-domestic 
forgings or materials will not be acceptable.  Each fitting to be marked in accordance with 
MSS SP-25.  Markings shall be placed on the fittings at the farthest point from the edge to 
be welded to prevent disfiguring from the welding process.  Submittal data for these fittings 
shall include a letter signed by an official of the manufacturing firm certifying compliance 
with these specifications.

2. All screwed pattern fittings specifically called for shall be Class 150 malleable iron fittings 
of Grinnell Company, Crane Company or Walworth Company manufacture (300 lb. for 
unions).

D. FABRICATION: 

1. Welded piping and fittings in chiller and boiler plants and distribution systems shall be 
fabricated in accordance with ASME/ANSI the latest editions of Standard B31.1 
Downstream of building PRV station Standard B31.3 shall be used for Steam and 
Condensate systems.  Standard B31.9 –Building Services Piping may be used within 
buildings for non-steam and condensate systems. Machine beveling in shop is preferred.  
Field beveling may be done by flame cutting to recognized standards. 

2. Ensure complete penetration of deposited metal with base metal.  Contractor shall provide 
filler metal suitable for use with base metal.  Contractor shall keep inside of fittings free 
from globules of weld metal.  All welded pipe joints shall be made by the fusion welding 
process, employing a metallic arc or gas welding process.  All pipe shall have the ends 
beveled 37-1/2 degrees and all joints shall be aligned true before welding.  Except as 
specified otherwise, all changes in direction, intersection of lines, reduction in pipe size and 
the like shall be made with factory-fabricated welding fittings.  Mitering of pipe to form 
elbows, notching of straight runs to form tees, or any similar construction will not be 
permitted. 

3. Align piping and equipment so that no part is offset more than 1/16 inch.  Set all fittings 
and joints square and true, and preserve alignment during welding operation.  Use of 
alignment rods inside pipe is prohibited. 
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4. Do not permit any weld to project within the pipe so as to restrict it.  Tack welds, if used, 
must be of the same material and made by the same procedure as the completed weld.  
Otherwise, remove tack welds during welding operation. 

5. Do not split, bend, flatten or otherwise damage piping before, during or after installation.

6. Remove dirt, scale and other foreign matter from the inside of piping, by swabbing or 
flushing, prior to the connection of other piping sections, fittings, valves or equipment. 

7. In no cases shall Schedule 40 pipe be welded with less than three passes including one 
stringer/root, one filler and one lacer.  Schedule 80 pipe shall be welded with not less than 
four passes including one stringer/root, two filler and one lacer.  In all cases, however, the 
weld must be filled before the cap weld is added. 

8. Procedure of Assembling Screw Pipe Fittings:  All screw joints shall be made with taper 
threads, properly cut.  Joints shall be made tight with Teflon applied to the pipe threads 
only and not to fittings.  When threads are cut on pipes, the ends shall be carefully reamed 
to remove any burrs.  Before installing pipe that has been cut and threaded, the lengths of 
pipe shall be upended and hammered to remove all shavings and foreign material.

 E. WELD TESTING:
 
1. All welds are subject to inspection, visual and/or X-ray, for compliance with specifications.  

The owner will, at the owners option, provide employees or employ a testing laboratory for 
the purposes of performing said inspections and/or X-ray testing.  Initial visual and X-ray 
inspections will be provided by the owner.  The contractor shall be responsible for all labor, 
material and travel expenses involved in the reinspection and retesting of any welds found 
to be unacceptable.  In addition, the contractor shall be responsible for the costs involved 
in any and all additional testing required or recommended by ASME/ANSI Standards 
B31.1, B31.9 and B31.3 due to the discovery of poor, unacceptable or rejected welds. For 
every failed x-ray, contractor shall be liable to provide five additional joint x-rays. 

2. Welds lacking penetration, containing excessive porosity or cracks, or are found to be 
unacceptable for any reason, must be removed and replaced with an original quality weld 
as specified herein.  All qualifying tests, welding and stress relieving procedures shall, 
moreover, be in accord with Standard Qualification for Welding Procedures, Welders and 
Welding Operators Code, current edition.

2.02 CAST IRON PIPING:

A. PIPE & FITTINGS:

1. Service weight cast iron soil pipe conforming to ASTM Specification A-74 and CISPI 
Standard 301, hub and spigot for pipe ten inch (10") and larger and hubless for eight inch 
(8") and smaller.  Each piece of pipe and each fitting shall be coated at the factory with 
asphaltum or coal tar pitch and with the manufacturer's mark or name cast on it.

2. All joints in hub and spigot cast iron pipe shall be made water and gas tight with Tyseal 
neoprene gaskets.  Lead and Oakum may be used only under special conditions, with prior 
written permission from the Resident Construction Manager.  Joints in hubless cast iron 
soil pipe and fittings shall be made by the use of a neoprene sleeve and 24 gage, Type 
304 Stainless Steel shield made tight with a torque wrench and torqued to a minimum of 
100 inch-pounds.  Each clamp shall consist of a neoprene gasket with a stainless steel 
outer band which effectively captures the gasket material.  Each clamp shall bear the FM 
and UPC stamp, shall be approved to Class I of Factory Mutual Standard #1680, and shall 
be Clamp-All or approved equal.  All elbows and tees shall be braced against thrust loads 
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which might result in joint separation due to static pressure or dynamic forces caused by 
sudden, heavy impulse loading (water hammer) conditions. Hubless piping systems shall 
not be used in a directly buried, underground application. 

2.03 DUCTILE IRON PIPING

A. Pipe:  All pipe used for underground water piping mains shall be Class 52 centrifugally cast, close 
grained cast iron pipe or Class 50 DUCTILE iron pipe arranged with bell and spigot mechanical 
joints and shall conform in every detail to Federal Specifications WW-P-421, E-4, Type II for 
CAST IRON PIPE CENTRIFUGALLY CAST IN SAND LINED MOLDS.  This pipe shall be 
provided in laying lengths of sixteen feet (16').  Each length of pipe shall be plainly marked in such 
a fashion as to indicate the name or trademark of the manufacturer and the year in which the pipe 
was cast.  Exterior surfaces shall be completely coated with coal tar pitch varnish to which 
sufficient oil has been added to effect a smooth coating, tough and tenacious when cold, not 
"tacky" and not brittle.

B. Fittings: 

1. All fittings used for underground water piping mains shall be Class D bell and spigot 
mechanical joint fittings made in strict conformity with the Specifications of the American 
Water Works Association  A.W.W.A.-C100-08.  All dimensions and weights of such fittings 
shall conform to the dimensions and weights shown in tables included in the latest edition 
HANDBOOK OF CAST IRON PIPE published by Cast Iron Pipe Research Association.  All 
fittings shall be coated outside with the same coal tar pitch varnish used on cast iron pipe.

2. All mechanical joints shall be for cast iron pressure pipe made by pit cast or by centrifugal 
methods and cast iron pressure fittings.  Mechanical joints shall be of the stuffing box type 
and shall consist of a bell cast integrally with the pipe or fitting and provided with an exterior 
flange having cored or drilled bolt holes and interior annular recesses for the sealing gasket 
and the spigot of the pipe or fitting; a pipe or fitting spigot; a sealing gasket; a separate cast 
iron follower gland having cored or drilled bolt holes.  The joint shall be designed to permit 
normal expansion, contraction, and deflection of the pipe line.

3. Bolts shall be high strength, heat treated cast iron tee-head bolts with hexagon nuts.

4. Gaskets shall be made of a vulcanized crude rubber compound and, unless otherwise 
specified, the rubber shall be first grade plantation rubber.  The joint, gaskets, bolts, and nuts 
shall meet the latest requirements of ANSI 21.11 for Mechanical Joints for Cast Pressure Pipe 
and Fittings.

5. All underground cast iron or ductile iron pipe shall be encased in black 8-mil thick, 
polyethylene plastic sheet, per ANSI/AWWA, C105/A21.5-82,  Method C.

6. Tie rods and retaining bolts shall be all stainless steel construction.

C. Valves:  All valves used in underground water piping systems shall be A.W.W.A., iron body, 
mechanical joint, double hump, double disc, parallel seats, brass trimmed nonrising stem gate 
valves.

2.04 CONCRETE PIPING:

A. Precast concrete sewer pipe conforming to ASTM Specification C-14 in sizes up to and  including 
eight inches (8") and shall be precast reinforced concrete sewer pipe conforming to ASTM 
Specification C-76 in size twelve inches (12") and larger. Bell and spigot fittings with elastomeric 
seal joints.
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2.05 GALVANIZED STEEL PIPE

A. Pipe: Schedule 40 and shall conform in every detail to ASTM Standard Specifications for BLACK 
AND HOT-DIPPED ZINC-COATED GALVANIZED WELDED AND SEAMLESS STEEL PIPE 
ASTM Designation A-135, latest revision.  This threaded pipe shall be supplied with thread 
protectors on each end.  All steel water pipe shall be hot-dipped galvanized pipe zinc coated both 
inside and outside.

B. Fittings: All fittings for six inch (6") and larger water lines shall be 125 lb., cast iron, flanged pattern 
fittings.  These fittings shall be hot-dipped galvanized, after all machining operations have been 
completed.  These fittings shall be of Crane Company, or approved equal, manufacture and their 
flanges shall be dimensioned, faced drilled and spot faced to conform to the Class 150 American 
Standard for Steel Pipe Flanges and Flanged Fittings.

2.06 COPPER PIPE

A. Copper Pipe: Piping four inches (4") and smaller shall be fabricated of Type K, hard drawn, copper 
pipe made of deoxidized copper (99.9% pure).  This Type K copper pipe shall conform in every 
detail to ASTM Standard Specifications for COPPER WATER TUBE, Serial Designation B-88-66, 
and it shall be provided in 20 foot straight lengths.  Copper pipe 4” and smaller may only be joined 
using non-lead-bearing solder, such as 95-5 silver or antimony solder (95 percent tin, and 5 percent 
silver or antimony). Copper pipe 4” and larger may be joined using roll grooved fittings.   

(Note:  For U.T. Austin, substitute the following sentence for the previous two sentences:  "Copper pipe 
may only be joined using "Silvabrite" solder.  No other solders may be used.")

B. Fittings: All fittings for four inch (4") and smaller water lines shall be Streamline Solder Fittings 
manufactured by Streamline Pipe and Fittings Division, Mueller Brass Company, or approved 
equal.  These wrought copper fittings shall be rigid and strong with openings machined to 
accurate capillary fit for the pipe.

C. Lead:  It is forbidden that lead in any form be used in any water system other than waste.  If lead 
is used in the fabrication or installation of any water system other than waste, then ALL of the 
installed equipment and material, which may have come in contact with the lead, shall be marked 
with bright red or orange spray paint, and shall be removed from the project site.  The system(s) 
shall then be restored and reinstalled using ALL NEW MATERIALS. 

2.07 VALVES:

A. All valves shall be located such that the removal of their bonnets is possible.  All flanged valves 
shown in horizontal lines with the valve stem in a horizontal position shall be positioned so that the 
valve stem is inclined one bolt hole above the horizontal position.  Screw pattern valves placed in 
horizontal lines shall be installed with their valve stems inclined at an angle of a minimum of 30 
degrees above the horizontal position.  All valves must be true and straight at the time the system 
is tested and inspected for final acceptance.  Valves shall be installed as nearly as possible to the 
locations indicated in the Construction Drawings.  Any change in valve location must be so 
indicated on the Record Drawings.  All valves must be of threaded or flanged type.  No solder 
connected or grooved fitting valves shall be used on this project.  All bronze and iron body gate 
and globe valves shall be the product of one manufacture for each project.  Manufacturers of 
other types may not be mixed on the same project; i.e., all butterfly valves shall be of the same 
manufacture, all ball valves shall be of the same manufacture, etc.

B. All valves used in circulating systems, plumbing and steam systems (low and medium pressure) 
shall be Class 150 SWP.  Class 300 valves shall be constructed of all ASTM B-61 composition.  
All gate, globe and angle valves shall be union bonnet design.  Metal used in the stems of all 



UTHSC-Houston MSB AHU L-5 & L-6 Replacement 23 20 00.A, Page 9
Houston, TX PIPING, VALVES AND FITTINGS   

E&C Engineers & Consultants
E&C No. 3302.00

bronze gate, globe and angle valves shall conform to ASTM B371 Alloy 694, ASTM B99 Alloy 651, 
or other corrosion resistant equivalents.  Written approvals must be secured for the use of 
alternative materials. Alloys used in all bronze ball, gate, globe, chackcheck,, or angle valves shall 
contain no more than 15% zinc. No yellow brass valves will be allowed.

C. All iron body valves shall have the pressure containing parts constructed of ASTM designated of 
126 class B iron.  Stem material shall meet ASTM B16 Alloy 360 or ASTM 371 Alloy 876 silicon 
bronze or its equivalent.  Gates and globes shall be bolted bonnet with OS&Y (outside screw and 
yoke) and rising stem design.  A lubrication fitting is preferred on yoke cap for maintenance 
lubrication of the yoke bushing.

D. All cast steel body valves shall have the pressure containing parts constructed of ASTM 
designation A-216-GR-WCB carbon steel.  Gate and globe valves shall be bolted bonnet outside 
and screw and yoke design with pressure-temperature rating conforming to ANSI B16-34-1977.  
Stems shall meet ASTM designation A-186-F6  chromium stainless steel.  Wedge (gate valves) 
may be solid or flexible type and shall meet ASTM A-182-F6 chromium stainless steel on valves 
from 2" to 6".  Sizes 8" and larger may be A-216-WCB with forged rings or overlay equal to 
182-F6.  Seat ring shall be hard faced carbon steel or 13% chromium A-182-F6 stainless.  
Handwheels shall be A47 Grade 35018 malleable iron or Ductile Iron ASTM A536.

E. All forged steel body valves shall have the pressure containing parts constructed of ASTM 105, 
Grade 2 forged carbon steel.  Seat and wedges shall meet ASTM A-182-F6 chromium stainless 
steel.  Seat rings shall be hard faced.  Valves shall conform to ANSI B16-34 pressure-temperature 
rating.

F. All valves shall be repackable, under pressure, with the valve in the full open position.  All gate 
valves, globe valves, angle valves and shutoff valves of every character shall have malleable iron 
hand wheels, except iron body valves 2-1/2" and larger which may have either malleable iron or 
ASTM A-126 Class B, gray iron hand wheels.

G. Packing for all valves shall be free of asbestos fibers and selected for the pressure-temperature 
service of the valve.  It is incumbent upon the manufacturer to select the best quality, standard 
packing for the intended valve service.  At the end of one year, period spot checks will be made, 
and should the packing show signs of hardening or causing stem corrosion then all valves 
supplied by the manufacturer shall be repacked by the Contractor, at no expense to the Owner, 
with a packing material selected by the Owner.

H. Valves 12" and larger located with stem in horizontal position shall be drilled and tapped in 
accordance with MSS-SP-45 to accommodate a drain valve and equalizing by-pass valve 
assembly.

I. Balancing and/or Shutoff Valves for Hot Water Systems:  Two inches and smaller, three piece full 
port bronze body ball valve, stainless steel ball and stem. Teflon seats, packing and gasket, 
bronze gland follower, adjustable stuffing box, steel lever type handle, with plastic sheathed 
operating handle, adjustable memory stops, and shall be class 150 SWP/600 WOG, screwed 
pattern.  Manufacturer shall certify ball valves for use in throttling service.  Stem extensions shall 
be furnished for use in insulated lines.  Cold water service valves shall be as above, except two 
piece construction. All valves 2 1/2" and larger shall be tapped full lug butterfly valves with 
aluminum bronze discs of ASTM B148 Alloy C955 and 316, 416, or 420 stainless steel shafts.  
Design must incorporate bushing between shafts and body of material suitable to provide a 
bearing surface to eliminate seizing or galling.  Valve must be capable of providing a bubble tight 
seal at 200 psi for valves up to 12" (150 psi for larger valves) when used for end of line service 
without requiring the installation of a blind flange on the downstream side.  Liners shall be resilient 
material suitable for 225 °F temperature and bodies of ductile iron.  Butterfly valves 8" and larger 
and butterfly valves used for balancing service, regardless of size,  shall have heavy duty weather 
proof encased gear operators, with malleable iron handwheel or crank.  Valves 2 1/2" through 6" 
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shall have lever handles which can be set in interim positions between full open and full closed.  
All butterfly valves shall be absolutely tight against a pressure differential of 150 psi. 

J. Check Valves for Water Systems:  Bronze body, 2" and smaller, bronze body regrinding disc and 
seat with screw-in cap.  Iron body, 2 1/2" and larger, bronze disc and seat or non slam wafer type 
with stainless pins and springs, and bronze plate.  Forged steel lift check valves, 2" and smaller 
shall be bolted cap and body, screwed end connections and conform to ANSI B16.34 and 
pressure temperature rating.

K. Valves for Fire Protection Service:  2" and smaller, bronze body ball valve as above, Underwriters' 
Laboratories Listed and Factory Mutual Approved, screw pattern.  2 1/2" and larger, Underwriters 
Laboratories Listed and Factory Mutual Approved butterfly valves with tapped full lug body and 
gear operated with malleable iron hand-wheel and position indicator. All valves to be furnished 
with two factory mounted internal supervisory switches. 

Gate valves 2 1/2” and larger shall have approved rating of 175 psi WWP or greater. 
Iron body with resilient rubber encapsulated wedge, epoxy-coated interior, pre-grooved
stem for supervisory switch. 

L. Check Valves Fire Protection System:  Iron body, swing-check, bronze disc, seat ring and hinge 
pin, 300 psi rated working pressure, Underwriters' Laboratories and Factory Mutual approved.  
Complete with ball drip assembly.

M. All underground direct-burried valves shall be ductile-iron butterfly with a Pratt “Ground Hog” 
gear box.  Valves shall be flanged with stainless steel rim. 
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N. Standards of Quality for Valves: 

Standard of Quality for Valves: 
       Stockham

or as
Class Milwaukee Nibco noted

2" &
smaller Gate Valve L.P. Steam 150 1151 T-134 B-105

2-1/2" & Gate Valve L.P. Steam 125 F-2885 F-617-0 G-623
larger

*2" &Ball Valve Domestic 150 Apollo
smaller for shut-off Cold --     T-585-70 77-100 

Water Plbg.
Systems
Recirculating
Chilled Water

Requires extended stems in insulated lines with adjustable memory stop.

Nibco Apollo
*2” &Ball Valve Domestic 150 -- T-595-Y-66 77-140

Hot Water   
Plumbing
Systems &
Recirculating
Hot Water

Requires extended stems in insulated lines with adjustable memory stop.

2" & Globe, Angle Chilled Water, 150 590T T-235 B-22
smaller & Balancing L.P. Steam
 Valve

2-1/2" & Globe, Angle Plumbing, 125 F-2981 F-718-B       G-514-T
larger & Balancing Chilled Water,

Valve L.P. Steam

2-1/2" & Butterfly Domestic 150 NE-C,NF LD2000         DeZurik
larger Valve for Hot & Cold                     632,L,D,

shutoff Water Plbg. RS66,6
Systems
Recirculating
Chilled and
Heating Water

Valves 8” and larger, and valves used for balancing service regardless of size shall have a 
heavy duty weatherproof encased operator.
 
2" & Ball Valve Fire 300 BB_SC T-505-4--
smaller (UL,FM) Protection

2-1/2" & Butterfly Valve Fire 175 -- LD3510-8    LG72UF
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larger Protection

2-1/2" & Gate Valve Fire 175 -- F-607-RW G-610
larger OS&Y Protection

2-1/2" & Check Valve  ***Fire 175 -- F-908-W G-940
larger Protection

2" & Check Valve All Water 150 510T-433 B-345
smaller Systems

2-1/2" & Check Valve All Water 150 1400 W-920-W   Stockham
larger Systems Series               ‘Duo-Check’

1-1/2" & Gate Valve High Pressure300 -- -- --
smaller Steam

2" & Gate Valve High Pressure300 -- --      Stockham
larger Steam 30-OF

2" to 12" Hub End (AWWA) 150 -- --                   Mueller
(below ground) 2380-5

1-1/2" & Lubricated Medical, 150 BB2-100         Rockwell
smaller Gas Cock Lab gases &     1796 & 142

Natural Gas   With 
Wrench

2" & Lubricated Medical, 150 --         Rockwell
larger Gas Cock Lab gases &     143 & 1797

Natural Gas   With 
Wrench

2" & Isolation Medical, 150 Spirax 
smaller Ball Valve Lab gases, & Sarco

Natural Gas        Model 60

  * Requires extended stem in insulated lines.

 ** Valves 8" and larger, and valves used for balancing service regardless of size, shall have 
heavy duty weather proof encased gear operators.

*** Requires ball drip assembly. 

**** All modulating ball valves shall be characterized. 

2.08 UNIONS:

A. Provide and install unions at proper points to permit removal of pipe and various equipment and 
machinery items without injury to other parts of the system.  No unions will be required in welded 
lines or lines assembled with solder joint fittings except at equipment items, machinery items and 
other special pieces of apparatus.  Unions in 2" and smaller in ferrous lines shall be Class 300 
AAR malleable iron unions with iron to brass seats, and 2 1/2" and larger shall be ground flange 
unions.  Unions in copper lines shall be Class 125 ground joint brass unions or Class 150 brass 
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flanges if required by the mating item of equipment.  Companion flanges on lines at various items 
of equipment, machines and pieces of apparatus shall serve as unions to permit removal of the 
particular items.  See particular Specifications for special fittings and pressure.

B. Unions connecting ferrous pipe to copper or brass pipe shall be dielectric type equal to Epco.

C. In all water lines where the material of the pipe is changed from ferrous to copper or brass, a 
dielectric coupling shall be used at the transition.

2.09 FLANGES:

A. All 150 lb. and 300 lb. ANSI flanges shall be weld neck and shall be domestically manufactured, 
forged carbon steel, conforming to ANSI B16.5 and ASTM A-181 Grade I or II or A-105-71 as 
made by Tube Turn, Hackney or Ladish Company.  Slip on flanges shall not be used.  Each fitting 
shall be stamped as specified by ANSI B16.9 and, in addition, shall have the laboratory control 
number stenciled on each fitting for ready reference as to physical properties and chemical 
composition of the  material.  Complete test reports may be required for any fitting selected at 
random.  Flanges which have been machined, remarked, painted or otherwise produced 
domestically from imported forges will not be acceptable.  Flanges shall have the manufacturer's 
trademark permanently identified in accordance with MSS SP-25.  Contractor shall submit data for 
firm certifying compliance with these Specifications.  Bolts used shall be carbon steel bolts with 
semi-finished hexagon nuts of American Standard Heavy dimensions. Allthread rods will not be an 
acceptable for flange bolts. Steam system flange bolts shall have a tensile strength of 105,000 psi 
and an elastic limit of 81,000 psi and rated at least ANSI Grade V. Other bolts shall have a tensile 
strength of 80,000 psi and an elastic limit of 36,000 psi and rated at least ANSI Grade I.

B. Flat faced flanges shall be furnished to match 125 lb cast iron flanges on pumps, check valves, 
strainers, etc. with full flange gaskets. Bolting of raised face flanges to flat faced flanges is not 
allowed.

C. FLANGE GASKETS

1. Gaskets shall be placed between the flanges of all flanged joints.

2. Gaskets for steam piping - All steam flange joints shall use Flexitallic Class 150 spiral wound 
for low pressure applications and Flexitallic Class 300 spiral wound gaskets for medium or 
high pressure applications. Raised and flat face flange gaskets shall be Flexitallic 
compression gauge (CG) style. External ring shall be Type 304 stainless steel and color 
coded yellow. Filler material shall be Flexite Super and color coded with pink stripe. 
Equivalents may be submitted with all design data so that an evaluation of the gasket can be 
made.

3. Gaskets for all other applications: Gaskets shall be ring form gaskets fitting within the bolt 
circle of their respective flanges.  Gaskets shall be 1/16” thick asbestos free material 
recommended for service by Anchor, Garlock, or John Crane. The inside diameter of such 
gaskets shall conform to the nominal pipe size and the outside diameter shall be such that the 
gasket extends outward to the studs or bolts employed in the flanged joint.

4. Spares - Contractor shall provide ten spares for every flange size and rating.
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D. Flange Bolt Installation:

1. Bolt Lubrication: Bolts shall be well lubricated with a heavy graphite and oil mixture.

2. Torque Requirements - Bolts shall be stressed to 45,000 psi.

Nominal Torque
Bolt Dia.
(Inch) (Ft-Lbs)
.25 6
.3125 12
.375 18
.4375 30
.5 45
.5625 68
.625 90
.75 150
.875 240
1.0 368
1.125 533
1.25 750
1.375 1020
1.5 1200

3. Torque shall be checked with a calibrated breaking action torque wrench on the final torque 
round. Bolts shall be cold and hot torqued.

4. Torque Pattern - Shall be a cross or star pattern with at least four passes. Limit each pass to 
30% of full torque increases.

5. Hot Torque - Re-torque  the flange bolts with system at normal operating pressure and 
temperature for at least four hours.

6. Inspection - Owner shall verify hot torquing of all medium and high pressure steam flange 
bolts.

PART 3 EXECUTION

Refer to other Sections for service specific requirements.

3.01 EXAMINATION

A. Verify excavations under provisions of Section 23 00 00.

B. Verify that excavations are to required grade, dry, and not over-excavated.

3.02 PREPARATION

A. Ream pipe and tube ends. Remove burrs.  Bevel plain end ferrous pipe.

B. Remove scale and dirt, on inside and outside, before assembly.

C. Prepare piping connections to equipment with flanges or unions.

3.03 INSTALLATION
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A. Provide non-conducting dielectric connections wherever jointing dissimilar metals.

B. Route piping in orderly manner and maintain gradient.

C. Install piping to conserve building space and not interfere with use of space.

D. Group piping whenever practical at common elevations.

E. Install piping to allow for expansion and contraction without stressing pipe, joints, or connected 
equipment.

F. Provide clearance for installation of insulation and access to valves and fittings.

G. Provide access where valves and fittings are not exposed.  Coordinate access door location with 
architectural features.

H. Establish elevations of buried piping outside the building to ensure a minimum of cover.  Refer to 
Section 23 00 00.

I. Where pipe support members are welded to structural building framing, scrape, brush clean, and 
apply one coat of zinc rich primer to welding.

J. Provide support for utility meters in accordance with requirements of utility companies.

K. Prepare pipe, fittings, supports, and accessories not prefinished, ready for finish painting. Refer to 
Division 09.

L. Excavate in accordance with Section 23 00 00 for work of this Section.

M. Backfill in accordance with Section 23 00 00 for work of this Section.

N. Install bell and spigot pipe with bell end upstream.

O. Install valves with stems upright or horizontal, not inverted.

3.04 ERECTION TOLERANCES

A. Establish invert elevations, slopes for drainage to 1/8 inch per foot (one percent) minimum.  
Maintain gradients through each joint of pipe and throughout system.

B. Slope water piping and arrange to drain at low points.

END OF SECTION
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SECTION 23 21 00
HYDRONIC PIPING

PART 1 GENERAL

1.00 The following sections are to be included as if written herein:

A. Section 23 00 00 – Basic Mechanical Requirements

B. Section 23 05 29 – Sleeves, Flashings, Supports and Anchors

C. Section 23 05 53 – Mechanical Identification

1.01 WORK INCLUDED

A. Pipe and pipe fittings.

B. Valves.

C. Chilled water piping system.

1.02 SCOPE OF WORK:  Furnish and install all labor, materials, equipment, tools and 
services and perform all operations required in connection with, or properly incidental to, 
the construction of complete HVAC piping and accessories systems as indicated on the 
Drawings, reasonably implied therefrom, or as specified herein unless specifically 
excluded.

1.03 RELATED WORK

A. Section 08 31 13 - Access Doors.

B. Section 09 91 00 - Painting.

C. Section 23 00 00 - Basic Mechanical Requirements

D. Section 23 20 00.A - Piping, Valves and Fittings

E. Section 21 05 29 - Sleeves, Flashings, Supports and Anchors.

F. Section 23 05 53 - Mechanical Identification.

G. Section 23 07 19 - Piping Insulation.

H. Section 23 06 20 - Hydronic Specialties.

1.04 REFERENCES

A. ANSI/ASME - Boiler and Pressure Vessel Code.

B. ANSI/ASME Sec 9 - Welding and Brazing Qualifications.

C. ANSI/ASME B16.3 - Malleable Iron Threaded Fittings Class 150 and 300.

D. ANSI/ASME B16.23 - Cast Copper Alloy Solder Joint Drainage Fittings - DWV.
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E. ANSI/ASME B16.29 - Wrought Copper and Wrought Copper Alloy Solder Joint Drainage 
Fittings - DWV.

F. ANSI/ASME B31.9 - Building Services Piping.

G. ANSI/ASTM D2466 - Poly (Vinyl Chloride) (PVC) Plastic Pipe Fittings, Schedule 40.

H. ANSI/AWS A5.8 - Brazing Filler Metal.

I. ANSI/AWS D1.1 - Structural Welding Code.

J. ANSI/AWWA C105 - Polyethylene Encasement for Ductile Iron Piping for Water and 
Other Liquids.

K. ANSI/AWWA C110 - Ductile - Iron and Gray - Iron Fittings 3 in. through 48 in., for Water 
and Other Liquids.

L. ANSI/AWWA C111 - Rubber-Gasket Joints for Ductile Iron and Gray-Iron Pressure Pipe 
and Fittings.

M.  ANSI/AWWA C151 - Ductile-Iron Pipe, Centrifugally Cast in Metal Molds or Sand-Lined 
Molds, for Water or Other Liquids.

 
N.   ASTM A135 - Pipe, Steel, Black and Hot-Dipped Zinc Coated, Welded and Seamless.

O. ASTM A234 - Pipe Fittings of Wrought Carbon Steel and Alloy Steel for Moderate and 
Elevated Temperatures.
P. ASTM B32 - Solder Metal.

Q. ASTM B88 - Seamless Copper Water Tube.

R. ASTM D1785 - Poly (Vinyl Chloride) (PVC) Plastic Pipe, Schedules 40, 80, and 120.

S. ASTM D2235 - Solvent Cement for Acrylonitrile-Butadiene-Styrene (ABS) Plastic Pipe 
and Fittings.

T. ASTM D2241 - Poly (Vinyl Chloride) (PVC) Plastic Pipe (SDR-PR).

U. ASTM D2310 - Machine-Made Reinforced Thermosetting Resin Pipe.

V. ASTM D2466 - Socket-Type PVC Plastic Type Fittings, Schedule 40.

W. ASTM D2467 - Socket-Type PVC Plastic Type Fittings, Schedule 80.

X. ASTM D2680 - Acrylonitrile-Butadiene-Styrene (ABS) Composite-Sewer Piping.

Y.  ASTM D2683 - Socket-Type Polyethylene Fittings for Outside Diameter-Controlled 
Polyethylene Pipe and Tubing.

Z. ASTM D2751 - Acrylonitrile-Butadiene-Styrene (ABS) Sewer Pipe and Fittings.

AA.  ASTM D2855 - Making Solvent-Cemented Joints with PVC Pipe and Fittings.

BB.  ASTM F477 - Elastomeric Seals (Gaskets) for Joining Plastic Pipe.
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1.05 REGULATORY REQUIREMENTS

A. Conform to ANSI/ASME B31.9.

1.06 QUALITY ASSURANCE

A. Valves: Manufacturer's name and pressure rating marked on valve body.

B. Welding Materials and Procedures: Conform to ANSI/ASME SEC. 9, and applicable state 
labor regulations.

C. Welders Certification: In accordance with ANSI/AWS D1.1.

1.07 SUBMITTALS

A. Submit product data under provisions of Section 23 00 00.

B. Include data on pipe materials, pipe fittings, valves, and accessories.

C. Include welders certification of compliance with ANSI/AWS D1.1.

1.08 DELIVERY, STORAGE, AND HANDLING

A. Deliver products to site under provisions of Section 23 00 00.

B. Store and protect products under provisions of Section 23 00 00.

C. Deliver and store valves in shipping containers with labeling in place.

PART 2 PRODUCTS

2.01 WALL, FLOOR AND CEILING PLATES:

A. See Section 23 05 29.

2.02 SLEEVES, INSERTS, AND FASTENINGS:

A. See Section 23 05 29.

2.05 CHILLED WATER PIPING - ABOVE GROUND:

A. See Section 23 20 00.A and 23 06 20.  

1. All piping shall be Standard Weight black steel pipe.

2. All unions: Class 300.

3. Low Zone (0' to 150' elevation)
a. Fittings on piping 2-1/2" and larger shall be standard weight butt welding type.  
Flanges shall be 150# welding neck type.  Standard weight Weld-O-Lets, 
Thread-O-Lets, and shaped nipples may be used only when take-off is 1/3 or less 
nominal size of main.  Bushings shall not be used.

b. Fittings on piping 2" and smaller shall be Class 150 black malleable iron screw 
fittings.  (Class 300 for unions.)
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c. Valves and strainers: Class 150.

2.04 EQUIPMENT DRAIN PIPING:

A. All factory fabricated or field erected air conditioning units with drain pans, all centrifugal 
water pumps and all other items or equipment or apparatus that require drains shall be 
connected with drain line run with adequate slope to a floor drain or other point of discharge 
as shown on the Drawings.  On A.C. units the drain line shall include a properly sized 
water-sealed trap.

B. All drain piping shall be one inch (1") size minimum or larger as may be indicated on the 
Drawings.  Such piping shall be Type L hard copper tube.  The drain piping shall be 
assembled with adapter tees at each change in direction.  Install screw plugs in unused 
openings for access to rod and clean.

PART 3 EXECUTION

3.01 PREPARATION

A. Ream pipe and tube ends.  Remove burrs.  Bevel plain end ferrous pipe.

B. Remove scale and dirt on inside and outside before assembly.

C. Prepare piping connections to equipment with flanges or unions.

D. After completion, fill, clean, and treat systems.  Refer to Section 22 13 16.

3.02 INSTALLATION

A. Route piping in orderly manner, plumb and parallel to building structure, and maintain 
gradient.

B. Install piping to conserve building space, and not interfere with use of space and other 
work.

C. Group piping whenever practical at common elevations.

D. Install piping to allow for expansion and contraction without stressing pipe, joints, or 
connected equipment. Refer to Section 23 05 16.

E. Provide clearance for installation of insulation, and access to valves and fittings.

F. Provide access where valves and fittings are not exposed. Coordinate size and location of 
access doors with Section 08 31 13.

G. Slope piping and arrange systems to drain at low points. Use eccentric reducers to 
maintain top of pipe level.

H. Where pipe support members are welded to structural building framing, scrape, brush 
clean, and apply one coat of zinc rich primer to weld area.

I. Prepare pipe, fittings, supports, and accessories for finish painting.  Refer to Section 09 
91 00.

J. Install valves with stems upright or horizontal, not inverted.
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K. Piping taps shall be made off of the top half of the pipe.  Either off of the top or at a 45 
degree angle up..

3.03 FABRICATION OF PIPE:

A. All the various piping systems shall be made up straight and true and run at proper 
grades to permit proper flow of the contained material.  Lines shall also be graded for proper 
drainage.

B. Piping shall follow as closely as possible the routes shown on Drawings which take into 
consideration conditions to be met at the site.

C. Should any unforeseen conditions arise, lines shall be changed or rerouted as required 
after proper approval has been obtained.

D. All piping shall be installed with due regard to expansion and contraction and so as to 
prevent excessive strain and stress in the piping, in connections, and in equipment to which 
the lines are connected.

E. All piping shall be clean when it is installed.  Before installation it shall be checked, 
upended, swabbed, if necessary, and all rust or dirt from storage or from laying on the 
ground shall be removed.

F. Procedure of Assembling Screw Pipe Fittings:  All screw joints shall be made with taper 
threads, properly cut.  Joints shall be made tight with Teflon applied to the pipe threads only 
and not to fittings.  When threads are cut on pipes, the ends shall be carefully reamed to 
remove any burrs.  Before installing pipe that has been cut and threaded, the lengths of pipe 
shall be upended and hammered to remove all shavings and foreign material.

G. Procedure for Assembling Other Joints:  Procedures for assembling joints in cast iron and 
copper lines have been set forth elsewhere in these Specifications.  For any special 
materials, consult the manufacturers for the recommended procedures in assembling the 
joints.

3.04 APPLICATION

A. Roll grooved mechanical couplings and fasteners may be used only for pump fit-up 
assemblies.

B. Install unions downstream of valves and at equipment or apparatus connections.

C. Install brass male adapters each side of valves in copper piped system.  Sweat solder 
adapters to pipe.

D. Install butterfly valves for shut-off and to isolate equipment, part of systems, or vertical 
risers.

E. Install butterfly valves for throttling, bypass, or manual flow control services.

F. Provide spring loaded check valves on discharge of condenser water pumps.

G. Use gas plug cocks for throttling service.  Use non-lubricated plug cocks only when 
shut-off or isolating valves are also provided.

H. Use butterfly valves in heating, chilled and condenser water systems.
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I. Use only butterfly valves in chilled and condenser water systems for throttling and 
isolation service.

J. Use lug end butterfly valves to isolate equipment.

K. Provide 3/4 inch (20 mm) ball drain valves at main shut-off valves, low points of piping, 
bases of vertical risers, and at equipment.  Pipe to nearest drain.

3.05 PIPE PRESSURE TESTS:

A. See Section 23 00 00.

3.06 CLEANING AND FLUSHING OF WATER SYSTEMS

A. Water circulating Systems shall be thoroughly cleaned before placing in operation to rid 
systems of rust, dirt, piping compound, mill scale, oil, grease, any and all other material 
foreign to water being circulated.

B. Extreme care shall be exercised during construction to prevent dirt and other foreign 
matter from entering the pipe or other parts of systems. Pipe stored on the project shall 
have open ends capped and equipment shall have openings fully protected. Before 
erection, each piece of pipe, fitting, or valve shall be visually examined and dirt removed.

C. At pipe end locations a temporary bypass will be installed. Bypass shall be same size as 
the supply and return pipe. Prior to flushing the distribution system, the Contractor shall 
install the temporary bypass and a temporary line size strainer between the supply and 
return pipes. Contractor shall verify that the isolation valves are open.

D. After the temporary bypasses are installed, the Contractor shall provide and operate one 
pump which will cause a velocity of 10 feet per second in the main piping. This pump will 
be provided with a shot chemical feeder and a strainer assembly. Pump shall be 
connected to system at the point where piping goes into the building from the tunnel.  If 
the pump is electric driven, rather than engine driven, the Contractor shall provide all 
temporary electrical disconnects, wiring, fuses, and other electrical devices that are 
required for safe operation.

E. Circulation will be started using the temporary pump. A nonhazardous cleaning 
compound (Entec 324 or approved equal) shall be added using the shot feeder until the 
concentration level of 20 parts per million is reached. Once this 20 parts per million 
concentration is reached, circulation will be maintained for 48 hours. After this period of 
time, the cleaning water shall be dumped to the sanitary sewer.

F. The distribution system will then be refilled with city water and circulated with continual 
bleed and make-up until the water is certified clean by the water treatment consultant, 
and accepted by the Owner. At the completion of this step an inhibitor shall be 
introduced. All waste water shall be dumped into the sanitary sewer system.

G. After the system is certified as clean, the Contractor shall close the valves. The bypass 
piping shall be removed as final connections to the building are accomplished.

H. During the flushing procedure, strainers shall be cleaned as often as necessary to 
remove debris and, in any event, all strainers shall be cleaned by physically removing the 
strainer screen from the body of the strainer at the end of flushing. Replace strainer 
basket and gasket. Contractor shall not flush through control valves, coils, etc. 
Contractor shall provide temporary bypasses at coils and spool pieces at control valves. 
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Flush the coils individually wasting water to sanitary sewer. Connect coils and install 
control valves after flushing.

I. Test samples shall be taken at all bypass locations and all tests shall indicate that the 
entire system has reached a PH, conductivity, and chemical concentration 1evel as 
approved   by the Owner to match present systems. Contractor shall purchase needed 
chemicals from Owner’s chemical treatment supplier.

J. Contractor shall provide a smaller assembly to clean and flush any miscellaneous piping 
that can not be included in the initial system flush. All other criteria shall remain the 
same.

K. Contractor shall add inhibitor to the cleaning and flushing chemicals if, once the system 
is approved as clean, there is any delay in connecting the new system to the existing 
system. This is to prevent any corrosion after the new pipe is clean.

END OF SECTION
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SECTION 23 22 00
STEAM AND STEAM CONDENSATE PIPING

PART 1 GENERAL

1.00 The following sections are to be included as if written herein:

A. Section 23 00 00 – Basic Mechanical Requirements

B. Section 23 05 29 – Sleeves, Flashings, Supports and Anchors

C. Section 23 05 53 – Mechanical Identification

1.01 WORK INCLUDED

A. Pipe and pipe fittings.

B. Valves.

C. Steam piping system.

D. Steam condensate piping system.

1.02 RELATED WORK

A. Section 08 31 13 - Access Doors.

B. Section 09 91 00 - Painting.

C. Section 23 00 00 - Basic Mechanical Requirements

D. Section 23 20 00.A - Piping, Valves and Fittings

F. Section 21 05 29 - Supports and Anchors.

G. Section 23 05 53 - Mechanical Identification.

H. Section 23 05 48 - Vibration Isolation.

I. Section 23 07 19 - Piping Insulation.

J. Section 23 22 00.A - Steam and Steam Condensate Specialties.

1.03 REFERENCES

A. ANSI/ASME SEC 9 - Welding and Brazing Qualifications.

B. ANSI/ASME B16.3 - Malleable Iron Threaded Fittings Class 150 and 300.

C. ANSI/ASME B16.23 - Cast Copper Alloy Solder Joint Drainage Fittings - DWV.

D. ANSI/ASME B16.29 - Wrought Copper and Wrought Copper Alloy Solder Joint 
Drainage Fittings - DWV.

E. ANSI/ASME B31.1 - Code for Power Piping.
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F. ANSI/ASME B31.9 - Building Services Piping.

G. ANSI/AWS A5.8 - Brazing Filler Metal.

H. ANSI/AWS D1.1 - Structural Welding Code.

I. ASTM A135 - Pipe, Steel, Black and Hot-Dipped Zinc Coated, Welded and 
Seamless.

J. ASTM A234 - Pipe Fittings of Wrought Carbon Steel and Alloy Steel for 
Moderate and Elevated Temperatures.

K. ASTM B32 - Solder Metal.

L.  ASTM B88 - Seamless Copper Water Tube.

1.04 REGULATORY REQUIREMENTS

A. Conform to ANSI/ASME B31.9, and ANSI/ASME B31.1.

1.05 QUALITY ASSURANCE

A. Valves: Manufacturer's name and pressure rating marked on valve body.

B. Welding Materials and Procedures: Conform to ANSI/ASME SEC 9, and 
applicable state labor regulations.

C. Welders Certification: In accordance with ANSI/AWS D1.1.

1.06 SUBMITTALS

A. Submit product data under provisions of Section 23 00 00.

B. Include data on pipe materials, pipe fittings, valves and accessories.

C. Include welder’s certification of compliance with ANSI/AWS D1.1.

1.07 DELIVERY, STORAGE, AND HANDLING

A. Deliver products to site under provisions of Section 23 00 00.

B. Store and protect products under provisions of Section 23 00 00.

C. Deliver and store valves in shipping containers with labeling in place.

PART 2 PRODUCTS

2.01 PIPING AND FITTINGS:  (See also Section 23 20 00.A)

A. Piping systems shall conform to the following requirements.

B. Piping systems designed for steam pressure below 15 psig are low pressure 
steam systems.  Piping systems designed for steam pressures from 15 psig up 
to and including 125 psig are medium pressure steam.
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C. Condensate Return and Pumped Condensate Return Piping:

1. All piping shall be Schedule 80 black steel piping.

2. Fittings on piping 2-1/2" and larger shall be extra heavy butt welding type.  
Flanges shall be 150# welding neck type.  Extra strong Weld-O-Lets, 
Thread-O-Lets, or shaped nipples may be used only when take-off is 1/3 or less 
nominal size of main. 

3. Screwed fittings around traps and for piping 2" and smaller shall be 125# black 
cast iron.  (300# for unions). At contractor’s option, socket weld fittings may be 
used.

D. Low and Medium Pressure Steam Piping:

1. All piping shall be Schedule 40 black steel piping, except sizes 1" and smaller 
shall be Schedule 80.

2. Fittings on piping 2-1/2" and larger shall be standard weight butt welding type.  
Flanges shall be 150# welding neck type.  Standard weight Weld-O-Lets, 
Thread-O-Lets, and shaped nipples may be used only when take-off is 1/3 or less 
nominal size of main.  Bushings shall not be used.

3. Screwed fittings around traps and for piping 2" and smaller shall be 125 lb. black 
cast iron.  (250 lb. for unions.) At contractor’s option, socket weld fittings may be 
used.

F. Weld Fittings, Flanges and Unions:

1. Refer to Section 23 20 00.A.

G. Piping Materials:

1. Sizes shown on the Drawings are nominal pipe sizes unless otherwise indicated. 

2.02 VALVES:

A. See Section 23 20 00.A.

2.03 STRAINERS:

A. See Section 23 06 20.

2.04 UNIONS:

A. See Section 23 20 00.A.

PART 3 EXECUTION

3.01 PREPARATION

A. Ream pipe and tube ends.  Remove burrs.  Bevel plain end ferrous pipe.

B. Remove scale and dirt on inside and outside before assembly.



UTHSC-Houston MSB AHU L-5 & L-6 Replacement 23 22 00, Page 4
Houston, TX STEAM AND STEAM CONDENSATE PIPING   

E&C Engineers & Consultants
E&C No. 3302.00

C. Prepare piping connections to equipment with flanges or unions.

D. After completion, fill, clean, and treat systems.

3.02 INSTALLATION

A. Route piping in orderly manner, plumb and parallel to building structure, and maintain 
gradient.

B. Install piping to conserve building space and not interfere with use of space, other work, 
or equipment.

C. Install piping to allow for expansion and contraction without stressing pipe, joints, or 
connected equipment. Refer to Section 23 05 16.

D. Provide clearance for installation of insulation and access to valves and fittings.

E. Provide access where valves and fittings are not exposed. Coordinate size and location of 
access doors with the General Contractor.

F. Slope steam piping one inch in 40 feet (0.25 percent) in direction of flow.  Use eccentric 
reducers to maintain bottom of pipe level.

G. Slope steam condensate piping one inch in 40 feet (0.25 percent).  Provide drip trap 
assembly at low points and before control valves.  Run condensate lines from trap to 
nearest condensate receiver.  Provide loop vents over trapped sections.

H. Where pipe support members are welded to structural building framing, scrape, brush 
clean, and apply one coat of zinc rich primer to welding.

I. Prepare pipe, fittings, supports, and accessories for finish painting.  Refer to Section 09 
91 00.

J. Install valves with stems upright or horizontal, not inverted.

3.03 APPLICATION

A. Install unions downstream of valves and at equipment or apparatus connections.  Install 
dielectric unions where joining dissimilar materials.

B. Install brass male adapters each side of valves in copper piped system.  Sweat solder 
adapters to pipe.

C. Install valves for shut-off and to isolate equipment, part of systems, or vertical risers.

D. Install valves for throttling, bypass, or manual flow control services.

E. All high pressure steam valves 12" and larger shall be piped with an equalizing bypass 
valve assembly.

3.04 CLEANING AND FLUSHING OF STEAM SYSTEMS:

A. Steam and condensate systems shall be thoroughly cleaned before placing in operation 
to rid systems of rust, dirt, piping compound, mill scale, oil, grease, any and all other 
material foreign to water being circulated.
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B. Extreme care shall be exercised during construction to prevent dirt and other foreign 
matter from entering the pipe or other parts of systems.  Pipe stored on the project shall 
have open ends capped and equipment shall have openings fully protected.  Before 
erection, each piece of pipe, fitting, or valve shall be visually examined and dirt removed.

C. Chemicals, feeding devices, and water technician services shall be furnished by a single 
reputable manufacturer who will be responsible for the complete cleaning and flushing of 
the systems.

1. Add a temporary line with drain and isolate the building steam and condensate 
piping from the campus distribution piping to allow for proper circulation and 
cleaning of the new piping in the new tunnel and/or in the new or modified 
building piping system(s). 

D. Systems shall be cleaned with a chemical compound specifically formulated for the 
purposes of removing the above listed foreign matter.  These chemicals shall be injected 
to the systems, circulated and completely flushed out.  Repeat the process if required.  
After each flushing, remove and thoroughly clean all strainers.

E. Final connection is not to be made to the campus loop system until the Chemical 
Contractor has filed with the Owner's representatives, a report stating that the systems 
are clean.

3.05 PIPE PRESSURE TESTS:

A. See Section 23 00 00.

END OF SECTION
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SECTION 23 22 00.A.
STEAM AND STEAM CONDENSTATE SPECIALTIES

PART 1GENERAL

1.00 The following sections are to be included as if written herein:

A. Section 23 00 00 – Basic Mechanical Requirements

B. Section 23 05 29 – Sleeves, Flashings, Supports and Anchors

C. Section 23 05 53 – Mechanical Identification

1.01 WORK INCLUDED

A. Steam traps.

B. Flash tanks.

C. Condensate return pumping units.

D. Steam pressure reducing valves.

E. Steam relief valves.

F. Steam safety valve discharge elbows.

G. Steam pipe guides.

H. Drip traps.

I. Sediment strainers.

J. Gauges and gauge connections.

K. Thermometer and thermometer wells.

L. Steam integrating (condensate) meters.

1.02 RELATED WORK

B. Section 23 05 13 - Motors.

C. Section 23 07 19 - Piping Insulation.

D. Section 23 07 16 - Equipment Insulation.

E. Section 23 06 20 - Hydronic Specialties

F. Section 23 22 00 - Steam and Steam Condensate Piping.

1.03 REFERENCES

A. ANSI/ASTM - Boilers and Pressure Vessels Code.

B. ASTM A105 - Forgings, Carbon Steel, for Piping Components.
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C. ASTM A126 - Gray Iron Castings for Valves, Flanges, and Pipe Fittings.

D. ASTM A216 - Steel Casings, Carbon, Suitable for Fusion Welding, for High Temperature 
Service.

E. ASTM A395 - Ferric Ductile Iron Pressure-Retaining Castings for Use at Elevated 
Temperatures.

F. ASME B31.9 - Building Services Piping.

1.04 REGULATORY REQUIREMENTS

A. Conform to ASME B31.9 - Building Services Piping.

1.05 QUALITY ASSURANCE

A. Manufacturer:  For each product specified, provide components by same manufacturer 
throughout.

1.06 SUBMITTALS

A. Submit shop drawings and product data under provisions of Section 01 33 00 and 01 33 23.

B. Submit shop drawings and product data for manufactured products and assemblies required 
for this project.

C. Include product description, model, dimensions, component sizes, rough-in requirements, 
service sizes, and finishes.

D. Submit schedule indicating manufacturer, model number, size, location, rated capacity, and 
features for each specialty.

E. Submit manufacturer's installation instructions under provisions of the Owner’s Special 
Instructions.

1.07 OPERATION AND MAINTENANCE DATA

A. Submit operation and maintenance data under provisions of the Owner’s Special 
Instructions..

1.08 EXTRA STOCK

A. Provide two service kits for each size and type of steam trap under provisions of the Owner’s 
Special Instructions.

PART 2PRODUCTS

2.01 ACCEPTABLE MANUFACTURERS - STEAM TRAPS

A. Armstrong

B. Spirax/Sarco

C. Shipco.

D. Substitutions:  Under provisions of Section 23 00 00.
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2.02 INVERTED BUCKET TRAPS

A. Cast iron or semi-steel body and bolted cover for 250 psig WSP; provide access to internal 
parts without disturbing piping; with top test plug and bottom drain plugs, brass or stainless 
steel bucket, stainless steel seats and plungers, and stainless steel lever mechanism with 
knife edge operating surfaces, integral inlet strainer of monel or stainless steel.

2.03 FLOAT AND THERMOSTATIC TRAPS

A. ASTM A126, cast iron or semi-steel body and bolted cover for 250 psig WSP; provide 
access to internal parts without disturbing piping; with bottom drain plug, stainless steel or 
bronze bellows type air vent, stainless steel or copper float, stainless steel lever and valve 
assembly.

2.04 THERMOSTATIC TRAPS

A. Pressure balanced type with ASTM A216 WCB cast steel body and bolted or screwed cover, 
and integral ball joint union, for 300 psig WSP; monel or stainless steel bellows, stainless 
steel valve and seat; integral stainless steel strainer.

B. Freeze proof type with cast iron body for 300 psig WSP, bronze bellows, stainless steel valve 
and seat, external adjustment.

C. Bi-metallic type with ASTM A105 forged steel body and cover, for 300 psig WSP, bi-metal 
element with stainless steel components, integral Type 304 stainless steel strainer screen, 
1/4 inch blow down valve.

2.05 STEAM PRESSURE REDUCING VALVES:

A. All pressure reducing valves shall be capable of maintaining the set pressure from zero to 
the maximum steam flow within reasonable limits when subjected to usual steam pressure 
fluctuations.  They shall be single seated valves with stainless steel trim, with renewable 
valve, lugs and seats.  Valve bodies shall be cast steel for high pressure service and cast 
iron for medium and low pressure service.  These valves shall be self contained type with 
upstream and downstream pressure gauges and shall be installed as per manufacturer's 
recommendations.  Valve capacities are scheduled on the drawings.  Pressure reduction is 
one stage (125 to 25 psig).  Station shall consist of two PRV's sized 1/3 and 2/3 capacity.  
Discharge pressure shall be adjustable to any value between 10 psig and 75% of the supply 
pressure.

B. All pressure regulators 2-1/2" and larger shall have flanged connections and those 2" and 
smaller may have screwed connections.  Unions shall be installed on each side of any 
screwed pattern regulators installed.

C. Each reducing valve shall be preceded by a sediment strainer complete with a full-sized blow 
off valve with threaded end for hose connection. 

D. These valves shall be Leslie, Spence (delete Spence on Austin projects, list first on 
Galveston projects),  Spirax Sarco, Fisher, Mason Neilan or approved equal, with suitable 
automatic controllers.

2.06 STEAM RELIEF VALVES:

A. Relief valves 2" and smaller shall have brass bodies and arranged for screwed connections.  
Such relief valves shall be Crane No. 2501 or Spirax Sarco 6010 Brass Safety Valves for 
steam or approved equal.  Bushings shall not be used.
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B. Relief valves 2-1/2" and larger shall in the case of all medium and low pressure steam piping 
systems be arranged for flanged inlet and screwed outlet connections.  Such relief valves 
shall be Consolidated Type 1511 or Spirax Sarco 252, ASME Standard Cast Iron Safety 
Valves, or approved equal.

C. The pressure at which each relief valve shall open is designated on the Drawings.  When 
such valves are ordered by the Contractor, he shall definitely specify the pressure at which 
each relief valve is to be set.  Each valve shall have a metal tag attached stamped with the 
valve identification plus the pressure setting.

2.07 STEAM SAFETY VALVE DISCHARGE ELBOWS: 

A. All vent lines from safety valves shall be provided with safety valve discharge elbows at the 
point at which such lines rise to an elevation higher than that of the safety valve.  The nature 
and design of the piping systems involved shall be such as to drain effectively all condensate 
from the discharge side of all relief valves.  These safety valve discharge elbows shall be 
Grinnell Company's Safety Valve Drip Pan Elbows Figure No. 1538F, Spirax Sarco No. 299, 
or approved equal.  No force shall be exerted on the safety valve by the discharge piping.

2.08 STEAM PIPE GUIDES: 

A. All steam piping systems shall be properly guided as shown on the Drawings.

2.09 DRIP TRAPS:

A. High pressure drip trap assemblies shall be provided wherever called for on the Drawings 
and where required to keep such piping systems completely drained of condensate.  Traps 
used in assemblies shall be 3/4" traps unless specifically shown to the contrary, i.e., they 
shall have 3/4" inlet and outlet connections.  They shall have semi-steel bodies and the 
internal operating mechanisms shall be made of heat treated chrome steel.  The caps shall 
be bolted to the bodies by the use of alloy steel heat treated machine bolts.  These No. 213 
Armstrong Traps, manufactured by Armstrong Machine Works, or approved equal, shall 
have a capacity for discharging at least 3,500 pounds of condensate per hour when 
operating at a pressure of 250 pounds per square inch.  Where drip traps are installed in 
conjunction with 3" and larger steam lines, a drip pocket of the nature detailed on the 
Drawings shall be provided where a natural pocket does not exist.  The piping and valves in 
trap assemblies shall be arranged as detailed on the Drawings; extra strong pipes shall be 
used on both sides of the trap.

B. All drip traps used in medium pressure steam piping systems where automatic steam control 
valves are not employed shall be arranged as shown on the Drawings.  They shall be 3/4" 
Armstrong No. 811 Inverted Bucket Traps, or approved equal, with cast iron bodies, vacuum 
breakers and stainless steel trim.  Each trap shall be provided with a valved test line and 
shall be preceded by a sediment strainer.

C. Condensate from coils, converters, hot water generators, low pressure drips and from all 
other devices where modulating steam valves are employed shall be of the float and 
thermostatic type.  These traps shall be sized to handle 200% of the load with an inlet 
pressure drop of 0.5 psig and shall be equal to Armstrong "A" or "B" series, with vacuum 
breaker suitable for the system pressures.  Installed traps with less than 12" of height 
between equipment outlet and trap inlet shall be sized for not less than 300 percent of the 
load.  Each trap shall be provided with a 1/2" valve test line and shall be preceded by a 
sediment strainer.  Under no circumstances shall a float and thermostatic trap be installed in 
a manner to lift condensate up in a return line.
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D. Shop Drawing submittal of traps shall contain an itemized list with a tabulation of the load, 
trap type, and trap size. 

2.10 SEDIMENT STRAINERS:

A. Each drip trap assembly, each control valve, for steam and each pressure reducing valve 
assembly regardless of its size shall be preceded by a sediment strainer.  The arrangement 
of these sediment strainers shall be such that the screens may be removed for cleaning with 
ease through a gasketed plug.  

B. Sediment strainers shall be placed in steam piping systems wherever shown on the 
Drawings and at such other points as may be required for the removal of foreign material 
from the piping systems.

C. Strainers in high pressure steam piping shall be cast steel sediment strainers and shall be 
suitable for working steam pressures as high as 300 pounds per square inch and 
temperatures not in excess of 750 degrees F.  These strainers shall be the size designated 
on the Drawings.  In the case of pipe sizes 2-1/2" and larger,  flanged pattern sediment 
strainers shall be used.  In the case of pipe smaller than 2-1/2", screwed pattern shall be 
used.  Such strainers shall be Yarway No. 821 or 822 strainers manufactured by Yarnall 
Waring Company, or approved equal.  The flanges of flanged strainers shall be 
dimensioned, faced, drilled, and spot faced to conform to the 300 pound American Standard 
for Steel Pipe Flanges and Flanged Fittings (B16e-1939).

D. Strainers in low and medium pressure steam piping systems 2-1/2" and larger shall be 
flanged iron body strainers having bolted covers.  These strainers shall be suitable for 
operating pressures as high as 125 psig.  They shall be Crane Company No. 989-1/2 
Sediment Separators, or approved equal.

E. Sediment strainers in low and medium pressure steam piping systems 2" and smaller shall 
be arranged for screwed pipe connections.  They shall be Crane No. 988-1/2 Sediment 
Separators, or approved equal.

F. Full sized blow off valves shall be installed on all strainers in steam, condensate, 
chilled and hot water lines and a drain shall be installed from each valve to the nearest 
floor drain.

2.11 GAUGES AND GAUGE CONNECTIONS:

A. See Section 23 05 19.

B. Furnish and install, where noted or indicated on the accompanying Drawings or called 
for elsewhere in these Specifications, gauge connections complete with Ashcroft No. 
1095 lever handle union shutoff cocks, or approved equal.  All gauge connections 
shall be made up with brass pipe, nipples and brass screw fittings.

2.12 THERMOMETER AND THERMOMETER WELLS:

A. See Section 23 21 00.A. 

B. Thermometer wells and thermometers shall be located where noted on the accompanying 
Drawings and where called for in other sections of the Specifications. Thermometer test 
wells only shall be installed in a vertical position in horizontal lines and at 45 degrees, in 
vertical lines to hold a fluid in the well.

PART 3 EXECUTION
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3.01 INSTALLATION AND APPLICATION

A. Install specialties in accordance with manufacturer's instructions.

B. Install thermostatic steam traps to drain condensate from steam radiation units, convectors, 
and other similar terminal heating units.

C. Install float and thermostatic traps to drain condensate from unit heaters, converters, heating 
coils, steam separators, flash tanks, steam jacketed equipment, and direct steam injected 
equipment.

D. Install inverted bucket steam traps to drain condensate from steam main headers and 
branch lines.

E. Size steam traps to handle minimum of two times maximum condensate load of apparatus 
served.

F. Traps used on steam mains and branches shall be minimum 3/4 inch (20 mm) size.

G. Install steam traps with union or flanged connections at both ends.

H. Provide gate valve and strainer at inlet, and gate valve [and check valve] at discharge of 
steam traps.

I. Provide minimum 10 inch (250 mm) long dirt pocket of same pipe sizes as apparatus return 
connection between apparatus and steam trap.

J. Remove thermostatic elements from steam traps during temporary and trial usage, and until 
system has been operated and dirt pockets cleaned of sediment and scale.

K. Provide pressure reducing stations with pressure reducing valve, valved bypass, strainer and 
pressure gage on upstream side, relief valve and pressure gage on downstream side of 
pressure reducing valve.

L. Pressure reducing station shall be one or two stages as indicated, to produce flat reduced 
pressure curve over range of capacity.

M. Rate relief valves for pressure upstream of pressure reducing station, for full operating 
capacity.  Set relief at maximum 20 percent above reduced pressure.

N. Terminate relief valves to outdoors.  Provide drip pan elbow with drain connection to nearest 
floor drain.

O. When several relief valve vents are connected to a common header, header cross section 
area shall equal sum of individual vent outlet areas.

END OF SECTION
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SECTION 23 29 23

VARIABLE FREQUENCY DRIVES

PART 1 GENERAL

1.00 The following sections are to be included as if written herein:

A. Section 23 00 00 – Basic Mechanical Requirements

B. Section 23 05 29 – Sleeves, Flashings, Supports and Anchors

C. Section 23 05 53 – Mechanical Identification

1.01 SECTION INCLUDES

A. Variable Frequency Drives

1.02 RELATED SECTIONS

A. Section 23 00 00 - Basic Mechanical Requirements.

B. Section 23 05 13 - Motors.

C. Section 23 05 48 - Vibration Isolation.

D. Section 23 34 16 - Fans.

E. Section 23 73 23 – Air Handling Units
F. Section 26 05 19 - Cable, Wire and Connectors, 600 Volt.

G. Section 26 27 26 - Wiring Devices and Floor Boxes.

1.02 REFERENCES

A. AFBMA 9 - Load Ratings and Fatigue Life for Ball Bearings.

B. AFBMA 11 - Load Ratings and Fatigue Life for Roller Bearings.

C. AMCA 99 - Standards Handbook.

D. AMCA 210 - Laboratory Methods of Testing Fans for Rating Purposes.

E. AMCA 300 - Test Code for Sound Rating Air Moving Devices.

F. AMCA 301 - Method of Publishing Sound Ratings for Air Moving Devices.

G. NEMA MG1 - Motors and Generators.

H. NFPA 70 - National Electrical Code.

I. IEEE - 112B, 587 and 519

1.03 SUBMITTALS
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A. Submit under provisions of Section 23 00 00.

B. Shop Drawings:  Indicate assembly, unit dimensions, weight loading, required clearances, 
construction details, field connection details, and electrical characteristics and connection 
requirements.

C. Product Data:

1. Provide literature which indicates dimensions, weights, capacities, ratings, performance, 
gages and finishes of materials, and electrical characteristics and connection 
requirements.

2. Submit electrical requirements for power supply wiring including wiring diagrams for 
interlock and control wiring, clearly indicating factory-installed and field-installed wiring.

D. Manufacturer's Installation Instructions.

1.04 OPERATION AND MAINTENANCE DATA

A. Submit under provisions of Section 23 00 00.

B. Maintenance Data:  Include instructions for routine service, spare parts lists, and wiring 
diagrams.

1.05 QUALIFICATIONS

A. Manufacturer:  Company specializing in manufacturing the Products specified in this section with 
minimum three years documented experience, who issues complete catalog data on total 
product.

1.06 DELIVERY, STORAGE, AND HANDLING

A. Deliver, store, protect and handle products to site under provisions of Section 23 00 00.

B. Accept products on site in factory-fabricated protective containers, with factory-installed shipping 
skids and lifting lugs.  Inspect for damage.

C. Store in clean dry place and protect from weather and construction traffic.  Handle carefully to 
avoid damage to components, enclosures, and finish.

1.07 SCHEDULES ON DRAWINGS:

A. In general, all capacities of equipment and electrical characteristics are shown in schedules on 
the Drawings.  Reference shall be made to the schedules for such information.  The capacities 
shown are minimum capacities.  Variations in the capacities of the scheduled equipment 
supplied under this contract will be permitted only with the written direction of the owner.  All 
equipment shall be shipped to the job with not less than a prime coat of paint or as specified 
hereinafter.  Where installation instructions are not included in these Specifications or on the 
Drawings, the manufacturer's instructions shall be followed.

PART 2 PRODUCTS
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2.01 MANUFACTURERS

A. ABB

Substitutions:  Under provisions of Section 23 00 00.  The equipment as supplied by any 
of the acceptable manufacturers or an approved equal shall comply with all of the 
provisions of this specification.

2.02 GENERAL

A. Furnish and install complete Pulse Width Modulation (PWM) or 6-step variable 
voltage, variable frequency (VVD) speed controllers, as specified herein.  All of 
the variable speed controllers shall be supplied by one manufacturer for this 
project.  Motors must have a "bypass" switch as specified herein, to allow them 
to run if the controller malfunctions.  All safety devices shall be energized.  If an 
equal is proposed and accepted, Contractor must include installation and start-
up by manufacturer's authorized personnel.

B. The Contractor shall furnish and install Variable Frequency Drive (VFD) motor 
controllers to vary the speed of the supply, return and relief air fans and pumps 
as shown in the fan and pump schedules on the Drawings.  One controller shall 
control the speed of one motor only.  See schedules and Drawings for quantity 
of controllers required.

C. The variable frequency drive shall produce an adjustable AC voltage and 
frequency output for complete motor control using solid state technology.  The 
VFD shall be automatically controlled by a grounded electronic (4-20 ma) control 
signal.  The drive shall produce an output volts/Hertz pattern to produce 
adequate starting torque under all conditions and operate smoothly at all 
operating speeds on variable torque load.  The VFD shall be self-contained 
totally enclosed in NEMA 1 ventilated cabinet and capable of operation between 
0 degrees and 40 degrees Celsius.

D. VFD's shall be ETL or UL listed.  All components used on option units shall be 
ETL or UL listed.  VFD's shall be designed to meet IEEE-587 and shall comply 
with all applicable provisions of the latest revision of the National Electric Code.  
The VFD shall comply with IEEE-519 with respect to the line noise generation.

E. The controllers shall be suitable for use with both standard and high efficiency 3-
phase, squirrel cage, induction motors.

F. The service factor of the controller shall be equal to 0.95 with a power unit rating 
basis of 100 percent rated current continuous. Rated continuous current of 
the VFD shall be equal to 110% of driven motor’s FLA rating.

G. Each controller shall consist of a converter, D.C. link filter or supply power 
backfeed RF (radio frequency) filter, and an inverter section with each section 
modularized for ease of troubleshooting.  PWM controllers shall also have 
output line filters for motor noise reduction.  All components shall be factory 
mounted and wired on a dead-front, grounded, freestanding or wall mounted 
minimum NEMA 1 enclosure arranged for top or bottom conduit entry.

C. The controller enclosure shall be provided with the manufacturer's illustrated 
operating instructions and parts list mounted inside the enclosure door, manual 
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speed control potentiometer, three position mode selector switch ("manual - off -
auto", or equivalent), "power on" light, auxiliary relays and contacts for interlock 
and control wiring.

D. The 6-step VFD shall convert 460 volt, three phase 60 Hertz utility power to 
variable voltage and frequency, three phase, AC power.  Both 6-step and PWM 
shall be designed to provide stepless motor control from 20 percent to 100 
percent of base speed.

J. Each VFD shall be matched and coordinated with the motor that it is operating.  
Direct-drive equipment shall have VFDs selected so that the motor shall not 
over-amp when the VFD is in bypass.

2.03 FEATURES

The VFD shall incorporate the following minimum features:

A. Input power:  460 V/3 phase/60 Hz.

B. Input fused disconnect switch.

C. Input line filter capable of protecting the electronics against transient voltage 
spikes or notches, as well as backfeed of RF (Radio Frequency) interference, 
into the incoming power supply.

D. Fuseless electronic power protection for ground fault protection.  Isolation 
transformers for ground fault protection are not acceptable.  Ground fault shall 
not cause fuses to open.

E. The following door mounted devices:

1. "Power on" light

2. Hand/off/auto (or equivalent) selector switch

3. Manual speed potentiometer (1000 ohms) and ammeter

4. Digital display unit

5. Status, frequency/percent speed and fault diagnostics

F. Minimum/maximum adjustable speeds

G. Disconnect switch and thermal motor overloads.

H. Manual speed control during manual control mode.

I. A thermally protected transfer switch for manual bypass of the VFD.

J. The VFD shall have auto-restart after power failure, power surge, undercurrent 
and overcurrent.  Overcurrent restart shall be limited to a maximum of five 
attempts.

K. Electronic and control follower board.
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L. External signal shutdown feature (i.e. fire/smoke, freeze, operable and normal 
bypass mode).

M. Output terminal for remote frequency and current meters (4 to 20 ma).

N. Trip relay for remote fault indication.

O. A door interlock, designed to cut power to the unit when the door is opened.

P. Instantaneous overcurrent trip.

Q. Unit over temperature protection.

R. A bypass switch which shall simultaneously isolate the VFD from input and 
output power, and provide line power directly to the motor.  The bypass switch 
shall also have the capability of starting and stopping the motor.  The switch 
shall consist of an enclosure separate from the VFD..  The following shall be 
mounted on the enclosure door:

1. Door interlocked main input disconnect switch

2. Power on light.

3. "Drive-off-bypass" manual mode selector switch

4. A "normal operation-off-test" selector to facilitate static testing of the 
drive at startup or while the motor is operating in the bypass mode.

5. Speed lockout circuitry to allow the lockout or bypass of at least three 
speed ranges within the full range of the controller.

2.04 DISCONNECT AND INTERFACE

The following shall be mounted within the enclosure:

A. Line, load and bypass contactors capable of interrupting the locked rotor rating 
of the driven motor.  Bypass and load contactors must be mechanically 
interlocked to prevent simultaneous closure.

B. Overload relay

C. A dedicated terminal strip to allow the controller to be interconnected with 
external shutdown contacts from smoke detectors, fire detectors, damper 
interlocks, freeze-stats, time clocks, remote master on-off switch, energy 
management and control system (FCMS) and input signals.  The system must 
be capable of shutdown whether in the drive or in the bypass mode by remote 
detectors.
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2.05 FAULT DETECTION DEVICES

A. A diagnostic fault detection center shall be integral to each VFD, providing an 
indication of the following fault conditions:

B. External fault

C. Processor line fault

D. Low AC line voltage

E. High AC line voltage

F. Current overload

G. High DC buss voltage

H. VFD output fault

2.06 CONTROL

A. All control adjustments shall be made without the necessity of an extender 
board of specialized meters, but rather from front access adjustable 
potentiometers.

B. Low voltage logic and 115 V control circuits shall be electrically isolated from the 
power circuits.  Signal circuit common shall be grounded.

C. The VFD shall include a power ride-through feature to allow continuous 
operation through up to a three to five cycle line loss.

D. Electronic output overload protection shall be provided to eliminate the use of 
bimetallic overloads.  The drive shall not be phase sequence sensitive.

E. The VFD shall have independently adjustable acceleration and deceleration 
circuits of 5 to 120 seconds.  Extended time periods are also acceptable.

F. The VFD shall have full function output current limit adjustable from 10 to 100 
percent.

2.07 SYSTEM OPERATION

A. Selector switch in the "off" position - the controller run circuit shall be open and 
the system shall not operate.

B. Selector switch in the "manual" position - the speeds of the motors shall be 
controlled by the manual speed potentiometer.

C. Selector switch in the "auto" position - operation shall be via the input 0 to 10 
VDC signal with the output speed proportional to the input signal.  If required for 
incorporation into the controls scenario, the VFD manufacturer shall furnish a 
pressure transducer mounted in the drive enclosure to convert a 3 to 15 psi 
pressure signal to a 0 to 10 VDC signal.
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D. The bypass switch shall provide the ability to service the control in bypass 
operation while not de-energizing the motor.  It shall also allow for start/stop 
functions for the motor.

E. In case of an output ground fault or similar abnormal output condition, any VFD 
serving multiple units shall be able to automatically alternate its output to either 
the duty device or the standby device.  The VFD shall be fully operational after 
an output ground fault condition.

PART 3 EXECUTION

3.01 As part of the purchase price and agreement, a full, unconditional, one (1) year warranty 
on all parts and labor shall be provided.  The warranty shall include all parts, labor, 
shipping, field service or technician time, labor or travel expenses and verbal or written 
correspondence with the VFD manufacturer or his representatives, including that which 
might be incidental to the proper installation and operation of the equipment.

3.02 The manufacturer's representative shall provide a list of recommended spare parts.

3.03 The manufacturer's representative shall provide terminal block to terminal block wiring 
diagrams coordinated with the owner to provide a complete and functional operating 
system.  Furnish detailed drawings showing construction, dimensions, wiring diagrams 
and installation procedures for engineer's approval.

3.04 The manufacturer shall provide a factory trained technician to start the VFD and place it 
into operation.

3.05 The successful vendor shall provide for and present to the owner, at no cost to the 
owner, a training and troubleshooting course at the owner's location.  This course shall 
be comprised of a minimum of two (2) days of classroom instruction for a minimum of 
four (4) hours per day complete with visual aids, documentation, circuit diagrams and 
hands-on training for a group of approximately 6 people.  This course is not to be 
construed as a sale meeting, but rather as a school to familiarize the owner with the 
care, troubleshooting and servicing of the VFD.

3.06 VFD's shall be wall hung units.  Contractor shall provide unistrut mounting bracket for 
drives.  Contractor shall reinforce the wall studs with bracing as required to adequately 
support the drive.  Installation of the VFD shall allow for clearance in front of the drive as 
required by the latest revision of the National Electric Code for an electrical panel.

3.07 TESTING

A. Components shall be pretested and complete VSD shall have full burn-in under 
full load for a minimum of 12 hours with the driven device and motor to be 
furnished for this project.  VSD's shall be shipped to the air handling unit, pump 
or fan manufacturer for testing.  The units shall be operated over the full speed 
range to certify noise and vibration limits are met.

1. Vibration shall be measured at each bearing in all three places and shall 
not exceed 1.0 mils in any plane.

2. Ambient noise generated by the VSD shall be limited to an amount 
equal to the system noise level as designated by the latest ASHRAE 
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noise level guidelines for such equipment.  Noise level criteria at 
different octave bands and mid-frequencies shall be furnished with the 
submittal data.

B. Up to two of the three lock-out ranges can be used to avoid out of tolerance 
noise or vibration conditions.  Maximum range of any lock-out range shall be 
limited to 50 RPM.

END OF SECTION

- o 0 o -
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SECTION 23 31 00
DUCTWORK

PART 1GENERAL

1.00 The following sections are to be included as if written herein:

A. Section 23 00 00 – Basic Mechanical Requirements

B. Section 23 05 29 – Sleeves, Flashings, Supports and Anchors

C. Section 23 05 53 – Mechanical Identification

1.01 WORK INCLUDED

A. Low pressure ducts.

B. Medium and high pressure ductwork.

C. Casings.

D. Duct cleaning.

1.02 RELATED WORK

A. Section 09 91 00 - Painting: Weld priming, weather resistant, paint or coating.

B. Section 23 00 00 - Basic Mechanical Requirements.

C. Section 23 05 29 - Sleeves, Flashings, Supports and Anchors.

E. Section 23 07 13 - Duct Insulation.

F. Section 23 33 00 - Ductwork Accessories.

G. Section 23 05 93.A - Testing, Adjusting and Balancing.

1.03 REFERENCES

A. ASHRAE - Handbook of Fundamentals; Duct Design.

B. ASHRAE - Handbook of Equipment; Duct Construction.

C. ASTM A 90 - Weight of Coating on Zinc-Coated (Galvanized) Iron or Steel Articles.

D. ASTM A 167 - Stainless and Heat-Resisting Chromium-Nickel Steel Plate, Sheet, and Strip.

E. ASTM A 525 - General Requirements for Steel Sheet, Zinc-Coated (Galvanized) by the 
Hot-Dip Process.

F. ASTM A 527 - Steel Sheet, Zinc-Coated (Galvanized) by Hot-Dip Process, Lock Forming 
Quality.

G. ASTM B209 - Aluminum and Aluminum Alloy Sheet and Plate.

H. ASTM C 14 - Concrete Sewer, Storm Drain, and Culvert Pipe.
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I. ASTM C 443 - Joints for Circular Concrete Sewer and Culvert Pipe, Using Rubber Gaskets.

J. NFPA 90A - Installation of Air Conditioning and Ventilating Systems.

K. NFPA 90B - Installation of Warm Air Heating and Air Conditioning Systems.

L. NFPA 96 - Installation of Equipment for the Removal of Smoke and Grease-Laden Vapors 
from Commercial Cooling Equipment.

M. SMACNA - Low Pressure Duct Construction Standards.

N. SMACNA - High Pressure Duct Construction Standards.

O. UL 181 - Factory-Made Air Ducts and Connectors.

1.04 REFERENCES

A. Fundamentals Handbook, American Society of Heating, Refrigerating, and Air Conditioning 
Engineers (ASHRAE).

B. Equipment Handbook, ASHRAE.

C. HVAC Duct Construction Standards, Sheet Metal and Air Conditioning Contractors National 
Association (SMACNA).

D. HVAC Duct System Design, SMACNA.

E. Round Industrial Duct Construction Standards, SMACNA.

F. Engineering Design Manual for Air Handling Systems, United McGill Corporation (UMC).

G. Assembly and Installation of Spiral Duct and Fittings, UMC.

H. Engineering Report No. 132 (Spacing of Duct Hangers), UMC.

1.05 DEFINITIONS

A. Duct Sizes:  Inside clear dimensions.   For lined ducts, maintain sizes inside lining.

B. Low Pressure:  2 inch WG positive or negative static pressure and velocities less than 1,500 
fpm.

C. Medium Pressure:  6 inch WG positive static pressure and velocities greater than 1,500 fpm.

1.06 REGULATORY REQUIREMENTS

A. Construct ductwork to NFPA 90A, NFPA 90B and NFPA 96 standards.

1.07 SUBMITTALS

A. Shop Drawings shall be submitted on all items of sheet metal work specified herein.  Shop 
Drawings of ductwork at air units shall be submitted at a minimum scale of 3/8" equal to one 
foot. 
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B. Shop Drawings shall be submitted on all other ductwork per Section 23 00 00. Shop 
Drawings shall indicate location of all supply, return, exhaust and light fixtures from the 
approved reflected ceiling plans. 

C. Submit shop drawings and product data under provisions of Section 23 00 00.

D. Submit samples under provisions of Section 23 00 00.

1.08 DELIVERY, STORAGE, AND HANDLING

A. Deliver products to site under provisions of Section 23 00 00.

B. Store and protect products under provisions of Section 23 00 00.

PART 2PRODUCTS

2.01 DUCTWORK GENERAL:

A. All ductwork indicated on the Drawings, specified or required for the air conditioning and 
ventilating systems shall be of materials as hereinafter specified unless indicated otherwise.  
All air distribution ductwork shall be fabricated, erected, supported, etc., in accordance with 
all applicable standards of SMACNA Duct Manuals where such standards do not conflict with 
NFPA 90A and where class of construction equals or exceeds that noted herein.  All exhaust 
ductwork including toilet room exhausts shall be constructed and leak tested as specified for 
medium pressure supply ducts at negative pressure.

B. All ductwork shown on the Drawings, specified or required for the heating, ventilating and air 
conditioning systems shall be constructed and erected in a first class workmanlike manner.  
The work shall be guaranteed for a period of one (1) year from and after the date of 
acceptance of the job against noise, chatter, whistling, vibration, and free from pulsation 
under all conditions of operation.  After the system is in operation, should these defects 
occur, they shall be corrected as directed by the Architect.

C. All duct sizes shown on the Drawings are air stream sizes.  Allowance shall be made for 
internal lining where required, to provide the required cross sectional area.

D. All holes in ducts for damper rods and other necessary devices shall be either drilled or 
machine punched (not pin punched), and shall not be any larger than necessary.  All duct 
openings shall be provided with sheet metal caps if the openings are to be left unconnected 
for any length of time.

E. Except for special ducts specified elsewhere herein, all sheet metal used on the project shall 
be constructed from prime galvanized steel sheets and/or coils up to 60" in width.  Each 
sheet shall be stenciled with manufacturer's name and gauge.  Coils of sheet steel shall be 
stenciled throughout on ten foot (10') centers with manufacturer's name and must be visible 
after duct is installed.  Sheet metal must conform to SMACNA sheet metal tolerances as 
outlined in SMACNA's "HVAC Duct Construction Standards."

F. Where ducts, exposed to view (including equipment rooms), pass through walls, floors or 
ceilings, furnish and install sheet metal collars around the duct.

2.02 DUCTWORK LOW PRESSURE: 

A. The scope of low pressure ductwork is defined as all ductwork downstream of terminal units 
and all return air duct.  Construction of all low pressure duct shall be in accordance with Low 
Velocity Duct Construction Standards as published by Sheet Metal and Air Conditioning 
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Contractors National Association (SMACNA) and shall be sealed and tested at 3" static with 
the same test procedures as medium pressure ductwork. 

B. Spiral wound round duct shall be as manufactured by United McGill Sheet Metal Company or 
approved equal.

C. The metal gauges listed in the 1985 SMACNA HVAC Duct Construction Standards for Metal 
and Flexible Duct are the minimum which shall be used for this project if not otherwise 
specified herein.  It shall be noted that the Contractor is responsible that the metal gauge 
selected is heavy enough to withstand the physical abuse of the installation.

D. Elbows shall be radius type and have a centerline radius of 1-1/2 times the duct diameter or 
width.  Elbows in round ducts may be smooth radius as described above or 5-piece 90 
degree elbows and 3-piece 45 degree elbows.  Joints in round ducts shall be slip type with a 
minimum of three sheet metal screws.  Joints in sectional elbows shall be sealed as 
specified for duct sealing.

E. SEALANT:  All ductwork (except welded exhaust duct) shall be sealed with either "MP" 
(Multi-Purpose), Hardcast "Iron-grip 601", Hardcast “Flex-Grip 550 (spray applied to 20 mil 
thickness), or "United Duct Seal" (United McGill Corp.) water base, latex or acrylic type 
sealant.  Note that, except as noted, oil or solvent based sealants are specifically prohibited 
for use on this project.  For exterior applications, "Uni-Weather" (United McGill Corp.) 
neoprene based sealant shall be used.  No other sealants may be used.  All seams and 
joints in shop and field fabricated ductwork shall be sealed by applying one layer of sealant, 
then immediately spanning the joint with a single layer of 3" wide open weave fiberglass tape.  
Sufficient additional sealant shall then be applied to completely imbed the cloth.  All sealants 
shall be UL rated at no more than flame spread of 5 and smoke developed of 0. At 
contractor’s option Hardcast 1602 sealant tape may be used in lap joints and flat seams.

2.03 DUCTWORK MEDIUM PRESSURE:  (Includes all plenums on the roof unless otherwise noted on 
the drawings).

A. The scope of medium pressure ductwork is defined as all ductwork downstream of all air 
handlers, up to and including terminal units, plus all exhaust air ductwork.  Construction of all 
ducts shall be in accordance with High Velocity Construction Standards as published by 
SMACNA if not otherwise specified herein.  All round and rectangular duct construction, duct 
fittings, dampers, etc., are covered in this manual and it is to be adhered to.

1. Spiral wound round duct shall be as manufactured by United McGill Sheet Metal 
Company, Mason Road Sheetmetal or approved equal.

2. The metal gauges are listed herein for round duct and for rectangular duct.

B. All ductwork (except welded exhaust duct) shall be sealed with either "MP" (Multi-Purpose), 
Hardcast "Iron-grip 601", Hardcast “Flex-Grip” 550 (spray applied to 20 mil thickness), or 
"United Duct Sealer" (United McGill Corp.) water base, latex or acrylic type sealant.  Note 
that, except as noted, oil or solvent based sealants are specifically prohibited for use on this 
project.  For exterior applications, "Uni-Weather" (United McGill Corp.) solvent based sealant 
shall be used.  No other sealants may be used.  All seams and joints in shop and field 
fabricated ductwork shall be sealed by applying one layer of sealant, then immediately 
spanning the joint with a single layer of 3" wide open weave fiberglass tape.  Sufficient 
additional sealant shall then be applied to completely imbed the cloth. At contractor’s option 
Hardcast 1602 sealant tape may be used in lap joints and flat seams.

C. Oval ducts shall be spiral flat oval or welded flat oval equal to those of United McGill Sheet 
Metal Company with gauges and reinforcing as recommended by the manufacturer for 
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medium pressure or the ducts may be Shop fabricated of completely welded construction of 
the following gauge:

Major Axis 12 to 20 No. 24 gauge
Major Axis 20 to 30 No. 22 gauge
Major Axis 30 to 46 No. 20 gauge
Major Axis 46 to 50 No. 18 gauge
Major Axis 50 and Up No. 16 gauge

D. Oval fittings shall be equal to those of United McGill Sheet Metal Company with 
requirements, sealing, etc., similar to that specified for round medium pressure work.

E. Oval duct reinforcing methods shall be submitted as Shop Drawings for approval.  
Reinforcing galvanized angles shall be of sizes specified for same size rectangular ducts.  
Galvanized angles shall be used where standing seams are specified for rectangular ducts.  
Attaching methods shall be shown on Shop Drawings and submitted for approval.

F. Testing of Medium Pressure Ductwork:  (Includes from fan discharge through to the 
discharge of terminal units.) 

1. All medium pressure ducts shall be pressure tested according to SMACNA Chapter 
10 test procedures.  Design pressure for testing ductwork shall be six inches (6") of 
water.  Total allowable leakage shall not exceed 1% of the total system design air 
flow rate.  When partial sections of the duct system are tested, the summation of the 
leakage for all Sections shall not exceed the total allowable leakage. 

2. The entire system of medium pressure ductwork shall be tested, excluding the 
VAV/Constant Volume Terminal Units (i.e. The ductwork shall be capped between 
the Terminal Units and the medium pressure duct, and tested as described above).  
After testing has proven that the ductwork is installed and performs as specified, the 
terminal units shall be connected to the ductwork and the connections sealed with 
extra care.  The contractor shall inform the project inspector when the joints may be 
visually inspected for voids, splits, or improper sealing of the joints.  If any leakage in 
the terminal unit connections/joints after the systems have been put into service, the 
leaks shall be repaired by:  1) complete removal of the sealing materials, 2) 
thorough cleaning of the joint surfaces, and 3) installation of multiple layers of 
sealing materials. 

G. All exhaust ductwork, including toilet room exhausts, shall be constructed as for medium 
pressure ducts and shall be tested for leaks in the same manner as for medium pressure 
supply ducts.  Testing may exclude any zoning valves as well.  The duct shall be capped 
upstream and downstream of the valves and tested on both sides.  The total leakage for both 
upstream and downstream shall be no more than 1% of the total design cfm.

H. DUCTMATE or Ward coupling system may be used on rectangular ductwork.  Contractor 
may (where space permits) use rectangular ductwork with DUCTMATE or Ward system in 
lieu of oval ductwork. Joints shall be assembled with pre-formed isobutyene gasket (min. 
3/16” thick x 5/8” wide), equal to Ductmate 440 tape or McGill “Uni-Butyl” tape. After 
assembly, entire joint shall be coated with 20 mil thickness of Hardcast “Flex-Grip” 550. No 
other flange-type duct joining systems may be used. Duct gauges shall be as specified 
herein.

I. Rectangular 90 degree elbows shall be constructed with single thickness turning vanes and 
shall be used only when lack of space prevents the use of radius ells.  Radius type 
rectangular elbows shall have a centerline radius of 1-1/2 times the duct diameter or width.  
Contractor shall have the option to substitute short radius vaned elbows, but shall request the 
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substitution at the time of submittal of Shop Drawings, and shall request the substitution as 
required in Section 23 00 00.  Elbows in round or oval ducts may be smooth long radius as 
described above or 5-piece 90 degree elbows and 3-piece 45 degree elbows.  Joints in 
round ducts shall be slip type with a minimum of three sheet metal screws.  Joints in 
sectional elbows shall be sealed as specified for duct sealing. 

J. Plenums location on the roof shall be sloped to the edges so that water does not pond on the 
top.

2.06 ELBOWS:

A. Where rectangular elbows are shown, or are required for good air flow, contractor shall 
provide and install turning vanes.  Job fabricated turning vanes, if used, shall be fabricated of 
the same gauge and type of material as the duct in which they are installed.  Vanes must be 
fabricated for same angle as duct offset.  Radius elbows shall have a centerline radius of not 
less than one and one-half (1-1/2) times the duct width.  Submit Shop Drawings on factory 
fabricated and job fabricated turning vanes.  Provide turning vanes in all rectangular radius 
elbows and offsets. 

B. All turning vanes shall be anchored to the cheeks of the elbow in such a way that the cheeks 
will not breathe at the surfaces where the vanes touch the cheeks.  In most cases, this will 
necessitate the installation of an angle iron support on the outside of the cheek parallel to the 
line of the turning vanes. 

C. Where turning vanes are to be provided and installed as required above.  Only single 
thickness turning vanes shall be used.

PART 3EXECUTION

3.01 INSTALLATION

A. Refer also to requirements included in Part 2 of this specification.

B. Obtain manufacturer's inspection and acceptance of fabrication and installation of fiberglass 
ductwork prior to beginning of installation.

C. Provide openings in ductwork where required to accommodate thermometers and 
controllers.  Provide pilot tube openings where required for testing of systems, complete with 
metal can with spring device or screw to ensure against air leakage.  Where openings are 
provided in insulated ductwork, install insulation material inside a metal ring.

D. Locate ducts with sufficient space around equipment to allow normal operating and 
maintenance activities.

E. Slope underground ducts to plenums or low pump out points at 1:500.  Provide access doors 
for inspection.

F. Set plenum doors 6 to 12 inches above floor.  Arrange door swings so that fan static 
pressure holds door in closed position.

G. During construction provide temporary closures of metal or taped polyethylene on open 
ductwork to prevent construction dust from entering ductwork system.

3.02 LOW PRESSURE DUCT SUPPORTS:

A. See Section 23 05 29.
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3.03 MEDIUM PRESSURE DUCT SUPPORTS:

A. See Section 21 05 29.

3.04 DUCTWORK APPLICATION SCHEDULE

Treated Outside Air from OAHU to AHU & Plenums on Roof Galvanized Steel Medium Pressure

Notes to Table:
(1) Air device connections may be made with insulated flexible duct as specified herein.  

Provide hard connections where specifically shown on the drawings.
(2) Any duct exposed within occupied spaces (excluding mechanical rooms) shall be 

stainless.

3.05 CLEANING OF SYSTEMS:

A. Before turning the installation over to the Owner, all ducts should be cleaned and wiped 
down of all dust and dirt that has collected in the ducts.

END OF SECTION

AIR SYSTEM MATERIAL (2) MINIMUM PRESSURE
CLASSIFICATION

Supply and Return Systems:
Untreated Outside Air Intake (Louver) to AHU Plenum 304L Stainless Steel Low Pressure





UTHSC-Houston MSB AHU L-5 & L-6 Replacement 23 33 00, Page 1
Houston, TX DUCTWORK  ACCESSORIES 

E&C Engineers & Consultants
E&C No. 3302.00

SECTION 23 33 00
DUCTWORK ACCESSORIES

PART 1GENERAL

1.00 The following sections are to be included as if written herein:

A. Section 23 00 00 – Basic Mechanical Requirements

B. Section 23 05 29 – Sleeves, Flashings, Supports and Anchors

C. Section 23 05 53 – Mechanical Identification

1.01 WORK INCLUDED

A. Volume control dampers.

B. Fire dampers.

C. Combination fire and smoke dampers.

D. Backdraft dampers.

E. Air turning devices.

F. Flexible duct connections.

G. Duct access doors.

H. Duct test holes.

1.02 RELATED WORK

A. Section 23 05 48 - Vibration Isolation.

B. Section 23 31 00 - Ductwork.

1.03 REFERENCES

A. NFPA 90A - Installation of Air Conditioning and Ventilating Systems.

B. SMACNA - Low Pressure Duct Construction Standards.

C. UL 33 - Heat Responsive Links for Fire-Protection Service.

D. UL 555 - Fire Dampers and Ceiling Dampers.

1.04 SUBMITTALS

A. Submit shop drawings and product data under provisions of Section 23 00 00.

B. Provide shop drawings for shop fabricated assemblies indicated, including volume control 
dampers duct access doors duct test holes.  Provide product data for hardware used.
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C. Submit manufacturer's installation instructions under provisions of Section 23 00 00 for fire 
dampers and combination fire and smoke dampers.

PART 2PRODUCTS

2.01 DAMPERS:

A. Furnish and install dampers where shown on the Drawings and wherever necessary for 
complete control of the air flow, including all supply, return and exhaust branches, "division" 
in main supply, return and exhaust ducts, each individual air supply outlet and fresh air ducts.  
Where access to dampers through a fixed suspended ceiling is necessary, the Contractor 
shall be responsible for the proper location of the access doors. 

B. Dampers shall be carefully fitted, and shall be controlled by locking quadrants equal to 
Ventlok No. 555 on exposed uninsulated ductwork, No. 644 on exposed externally insulated 
ductwork and No. 677 (2-5/8" diameter) chromium plated cover plate for concealed ductwork 
not above lay-in accessible ceilings.  Furnish and install end bearings for the damper rods on 
the end opposite the quadrant when No. 555 or No. 644 regulators are used, and on both 
ends when No. 677 regulators are used.

C. On concealed ductwork above lay-in accessible ceilings use Ventlok No. 555 or No. 644 
locking quadrant for splitter dampers. 

D. Dampers larger than three (3) square feet in area shall be controlled by means of rods 
hinged near the leading edge of the damper with provisions for firmly anchoring the rod and 
with end bearings supporting the axle.

E. Volume dampers shall be equal to those of Greenheck, Ruskin, Pottorff or substitute 
approved by Owner.  Blades shall not exceed 48 inches (48") in length or twelve inches (12") 
in width and shall be of the opposed interlocking type.  The blades shall be of not less than 
No. 16 gauge galvanized steel supported on one-half inch (1/2") diameter rust-proofed axles.  
Axle bearings shall be the self-lubricating ferrule type. 

F. Install all dampers furnished by the Temperature Control Manufacturer's in strict accordance 
with the manufacturer's recommendations and requirements of these Specifications.

G. All adjustable dampers installed in externally insulated ductwork shall be installed with 
Ventlok No. 639, or equal, elevated dial operators.  Insulation shall extend under the elevated 
dial.  All adjustable dampers installed in internally insulated ductwork shall be installed with 
Ventlok No. 635, or equal, dial operators.  All damper shaft penetrations in the ductwork shall 
be installed with Ventlok #609 end bearings. 

2.02 FIRE AND FIRE/SMOKE DAMPERS: 

A. Fire Dampers 

1. Furnish and install where shown on the drawings or required by the Specifications, 
fire dampers meeting the following requirements. 

2. Each fire damper shall be constructed and tested in accordance with Underwriters 
Laboratories Safety Standard 555.  All dampers shall possess a 1-1/2 hour or 3 hour 
(as appropriate for the construction shown in the architectural drawings) protection 
rating, 165 or 212 degree F fusible link, and shall bear a U.L. label in accordance 
with Underwriters' Laboratories labeling procedures.  Fire dampers shall be 
constructed such that the damper frame material and the curtain material shall be 
galvanized. 
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3. Fire dampers shall be curtain blade or multi-blade type and the damper shall be so 

constructed that the blades are either out of the air stream or installed in an 
oversized sleeve to provide a 100 percent free area of the duct in which the damper 
is housed. 

4. The damper manufacturer's literature submitted for approval prior to the installation 
shall include performance data developed from testing in accordance with AMCA 
500 Standards and shall show the pressure drops for all sizes of dampers required 
at anticipated air flow rates.  Maximum pressure drop through fire damper shall not 
exceed 0.05 inch water gauge.

5. Fire dampers shall be equipped for vertical or horizontal installation as required by 
the locations shown in the drawings.  Fire dampers shall be installed in wall and floor 
openings utilizing steel sleeves, angles and other material and practices required to 
provide an installation equivalent to that utilized by the manufacturer when the 
respective dampers were tested by Underwriters Laboratories. Mounting angles 
shall be a minimum of 1 1/2 inch by 1 1/2 inch by 14 gauge and bolted, tack welded 
or screwed to the sleeve at maximum spacings of 12 inches and with a minimum of 
two connections at all sides.  Mounting angles shall overlap at least equal to the 
gauge of the duct defined by the appropriate SMACNA Duct Construction Standard, 
latest edition, and as described in NFPA 90A.  The entire assembly, following 
installation, shall be capable of withstanding 4" water gauge static pressure. 

6. The damper installation shall be in accordance with the damper manufacturer's 
instructions. 

7. All fire dampers shall comply with the specification as written above and shall be 
Ruskin Model IBD2 (Style C, CR or CO), Greenheck Model FD-150 (Type C, CR or 
CO), or Prefco Model 5500 (E6-M, CR, or CO). 

8. The contractor shall completely seal the assembly to the building components using 
Hardcast 1602 sealant tape so as to allow for expansion and contraction of the 
sleeve and damper assembly.

9. Dampers shall be UL labeled for use in dynamic systems. Closure reading shall be 
110% of the maximum design air flow at the point of installation. The minimum 
closure pressure rating shall be 4” wg for air flow in either direction. 

B. Combination Fire/Smoke Dampers 

1. Furnish and install where shown on the Drawings, or as required by the 
Specifications, combination fire/smoke dampers meeting the following requirements. 

2. Each combination fire/smoke damper shall be 1 1/2 hour fire rated under UL 
Standard 555, 4th Edition, and shall be further classified by Underwriters 
Laboratories as a Leakage Rated Damper for use in smoke control systems under 
the latest version of UL555S, and bear a UL label attesting to same.  The damper 
manufacturer shall have tested, and qualified with UL, a complete range of damper 
sizes covering all dampers required by this Specification.  Testing and UL qualifying 
a single damper size is not acceptable.  The leakage rating under UL555S shall be 
no higher than Leakage Class I (4 cfm per square foot at one inch water gage 
pressure and 8 cfm per square foot at 4 inches water gage pressure).  The 
maximum air pressure drop through each combination fire/smoke damper shall not 
exceed 0.10 inch water gage at the design air quantity.  (Note that this may require a 
larger damper than the connected duct size.) 
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3. The damper frame shall be a minimum of 20 gauge galvanized steel formed into a 
structural hat channel shape with tabbed corners for reinforcement, as approved in 
testing by Underwriters Laboratories.  Bearings shall be integral high surface area 
non electrolytic materials construction to incorporate a friction free frame blade lap 
seal, or molybdenum disulfide impregnated stainless steel or bronze oilite sleeve 
type turning in an extruded hole in the frame or an extruded frame raceway.  The 
dampers may be either parallel or opposed blade type.  The blades shall be 
constructed with a minimum of 14 gauge equivalent thickness.  The blade edge seal 
material shall be able to withstand 450 degrees F.  The jamb seals shall be flexible 
stainless steel compression type or lap seal type. 

4. In addition to the leakage ratings specified herein, the combination fire/smoke 
dampers and their operators shall be qualified under UL555S to an elevated 
temperature of 250 degrees F.  Electric operators shall be installed by the damper 
manufacturer at the time of damper fabrication.  The damper and operator shall be 
supplied as a single entity which meets all applicable UL555 and UL555S 
qualifications for both dampers and operators.  The manufacturer shall provide a 
factory assembled sleeve.  The sleeve shall be a minimum of either 20 gauge for 
dampers where neither width nor height exceeds 48 inches or 16 gauge where 
either dimension equals or exceeds 48 inches. 

5. As part of the UL qualification, dampers shall have demonstrated a capacity to 
operate (open and close) under HVAC system operation conditions, with pressures 
of at least 4 inches water gage in the closed position, and 2500 fpm air velocity in 
the open position. 

6. Each combination fire/smoke damper shall be equipped with a UL Classified 
Firestat/releasing device.  The firestat/releasing device shall electrically and 
mechanically lock the damper in a closed position when the duct temperatures 
exceed 165 degrees F and still allow the appropriate authority to operate the damper 
as may be required for smoke control functions.  The damper must be operable 
while the temperature is above 250 degrees F.  The actuator/operator package shall 
include two damper position indicator switches linked directly to damper blade to 
provide capability of remotely indicating damper position.  One switch shall close 
when the damper is fully open, and the other switch shall close when the damper is 
fully closed.  The Firestat/releasing device and position indicator switches shall be 
capable of interfacing electrically with the smoke detectors, building fire alarm 
systems, and remote indicating/control stations. 

7. The damper releasing device shall be mounted within the airstream.  The device 
shall be activated and the damper shall close and lock when subjected to duct 
temperatures in excess of approximately 285 degrees F. 

8. Motors for operation of smoke dampers shall be smoke system fail safe, spring 
return normally open supplies and normally closed returns, or as indicated in the 
plans, and shall be furnished and installed by the damper manufacturer as required 
by the U.L. rating mentioned above.  Motors shall be electric or pneumatic to match 
the type of temperature control system specified elsewhere in this specification.  All 
required relays, EP switches, wiring piping and other labor and material necessary to 
completely interconnect the smoke detector system shall be furnished by the 
Contractor. 

9. Each damper shall be furnished in a square or rectangular configuration.  The 
Contractor shall furnish and install sleeves manufactured by the approved damper 
manufacturer for each damper.  The sleeves shall be constructed with square or 
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rectangular to square, rectangular, round, or oval adapters as required.  Dampers 
shall be installed in the sleeves in accordance with manufacturers U.L. installation 
instructions.  The entire assembly, following installation, shall be capable of 
withstanding 4" W.G. static pressure. 

10. All combination fire/smoke dampers shall comply with the specification as written 
above and shall be Ruskin Model FSD-60, Greenheck Model FSD-33, or Prefco 
Model 5020-1 (or Model 5010 for manual reset dampers). 

11. The contractor shall completely seal the assembly to the building components using 
Hardcast 1602 sealant tape so as to allow for expansion and contraction of the 
sleeve and damper assembly.

12. Dampers shall be UL labeled for use in dynamic systems. Closure reading shall 
be 110% of the maximum design air flow at the point of installation. The minimum 
closure pressure rating shall be 4” wg for air flow in either direction. 

C. Submittal and Installation

1. The air quantity and free area through each fire and combination fire and smoke 
damper has been noted on the drawing adjacent to the duct size or wall opening 
size where such damper is required.  

2. Submittal(s) for fire and combination fire/smoke dampers shall include the following:
 

a. Assign identification numbers for each damper with corresponding number 
noted on the drawings. 

b. Provide air quantity, size, free area of damper, pressure drop and proposed 
velocity through each damper. 

c. Provide manufacturer's data of damper and its accessories or options. 

3. One sample 18" x 12" damper shall be furnished for the purpose of illustrating 
damper operation to the owner's operating and maintenance personnel. 

4. Access doors as specified elsewhere shall be provided to make all parts of the 
damper accessible.  Doors shall open not less than 90 degrees following installation 
and shall be insulated type where installed in insulated ducts. 

5. Contractor shall install each damper square and true to the building.  The installation 
shall not place pressure on the damper frame, but shall enclose the damper as 
required by UL555. 

6. After each fire damper and combination fire and smoke damper has been installed 
and sealed in their prescribed openings and prior to the installation of the ceilings, 
the Contractor shall, as directed by the Construction Inspector, activate part or all the 
dampers as required to verify "first-time" closure.  Activation of the damper shall be 
accomplished by manually operating the resettable link, disconnecting the linkage at 
the fusible link of the fire damper, and manually operating the fire/smoke damper 
through the pneumatic or electronic controls as appropriate.  Failure of the damper 
to close properly and smoothly on the first attempt will be cause to replace the entire 
damper assembly. 
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2.03 FLEXIBLE CONNECTIONS:

A. Where ducts connect to fans, including roof exhausters, flexible connections shall be made 
using "Ventglas" fabric that is fire-resistant, waterproof, mildew resistant and practically air 
tight, and shall weigh approximately thirty ounces (30 oz.) per square yard.  There shall be a 
minimum of one-half inch (1/2") slack in the connections, and a minimum of two and one-half 
inches (2-1/2") distance between the edges of the ducts.  This does not apply to Air Handling 
Units with internal isolation. 

2.04 ACCESS DOORS:

A. Furnish and install in the ductwork, hinged rectangular or round "spin-in" access doors to provide 
access to all fire dampers mixed air plenums, upstream of steam reheat coils, automatic 
dampers, etc.  Where the ducts are insulated, the access doors shall be double skin doors with 
one inch (1") of insulation in the door.  Where the size of the duct permits, the doors shall be 
eighteen inches (18") by sixteen inches (16"), or eighteen inches in diameter, and shall be 
provided with Ventlok No. 260 latches (latches are not required in round doors).  Latches for 
rectangular doors smaller than 18" x 16" shall be Ventlok No. 100 or 140.  Doors for zone heating 
coils shall be Ventlok, stamped, insulated access doors, minimum 10" x 12", complete with latch 
and two (2) hinges, or twelve inches (12") in diameter.  Round access doors shall be "Inspector 
Series" spin-in type door as manufactured by Flexmaster USA, or approved equal.  Doors for 
personnel access to ductwork shall be nominal twenty-four inches (24") in diameter.

B. Provide access panels as shown on the drawings, as noted above and in locations where 
motorized dampers are unviewable (such as fan isolation dampers and riser pressure control 
dampers) so that they may be visually inspected for linkage failure.

C. Where these access doors are above a suspended ceiling, this Contractor shall be 
responsible for the proper location of the ceiling access doors. 

2.05 SCREENS:

A. Furnish and install screens on all duct, fan, etc., openings furnished by this Contractor which 
lead to, or are, outdoors.  Screens shall be No. 16 gauge, one-half inch (1/2") mesh in 
removable galvanized steel frame.  Provide safety screens meeting OSHA requirements for 
protection of maintenance personnel on all fan inlets and fan outlets to which no ductwork is 
connected. 

2.06 TEST OPENINGS:

A. Furnish and install in the return air duct and in the discharge duct of each fan unit Ventlok 
No. 699 instrument test holes.  The test holes shall be installed in locations as required to 
measure pressure drops across each item in the system, e.g., O.A. louvers, filters, fans, 
coils, intermediate points in duct runs, etc.

2.07 DUCT LOW PRESSURE TAPS (Conical Bell Mouth Fittings) 

A. All duct taps shall be made with low-loss taps, conical taps or full-sized bellmouth taps.

B. Conical fittings may be used for duct taps and shall include quadrant dampers on all lines to 
air devices (diffusers and grilles) even though a volume damper is specified for the air 
device.  (This does not apply to medium pressure duct.)  Spin-in fittings shall be sealed at the 
duct tap with a gasket, or compression fit, or sealed with sealant specified for medium 
pressure ductwork.  The location of spin-in fittings in the ducts shall be determined after dual 
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or single duct terminal units are hung or the location of the light fixtures is known so as to 
minimize flexible duct lengths and sharp bends.

C. The conical fitting shall be made of at least 26 gage galvanized sheet metal. The 
construction to be a two-piece fitting with a minimum overall length of 6 inches and shall be 
factory sealed for high pressure requirements. Average loss coefficient for sizes 6, 8, and 10 
shall be less than 0.055.

D. Each to be provided with minimum 24 gage damper plate with locking quadrant operator and 
sealed end bearings. Damper blade shall be securely attached to shaft to prevent damper 
from rotating around shaft.

E. Provide flange and gasket with adhesive peel-back paper for ease of application. The fitting 
shall be further secured by sheet metal screws spaced evenly at no more than 4 inches on-
center with a minimum of four screws per fitting.

F. The conical bellmouth fitting shall be Series 3000G as manufactured by Flexmaster U.S.A., 
Inc., or Buckley Air Products, Inc., 'AIR-TITE'.

PART 3EXECUTION

3.01 INSTALLATION

A. Install accessories in accordance with manufacturer's instructions.

B. Provide balancing dampers at points on low pressure supply, return, and exhaust systems 
where branches are taken from larger ducts as required for air balancing. Use splitter 
dampers only where indicated.

C. Provide balancing dampers on medium pressure systems where indicated.

D. Provide fire dampers, and combination fire and smoke dampers at locations indicated, where 
ducts and outlets pass through fire rated components. Install with required perimeter 
mounting angles, sleeves, breakaway duct connections, corrosion resistant springs, 
bearings, bushings and hinges.

E. Demonstrate re-setting of fire dampers to Owner's representative.

F. Provide backdraft or motorized dampers on exhaust fans or exhaust ducts where indicated.

G. Provide flexible connections immediately adjacent to equipment in ducts associated with fans 
and motorized equipment.  Cover connections to medium and high pressure fans with 
leaded vinyl sheet, held in place with metal straps.

H. Provide duct access doors for inspection and cleaning before and after duct mounted filters, 
coils, fans, automatic dampers, at fire dampers, and elsewhere as indicated.  Provide 
minimum 8 x 8 inch (200 x 200 mm) size for hand access, 18 x 18 inch (450 x 450 mm) size 
for shoulder access, and as indicated.

I. Provide duct test holes where indicated and where required for testing and balancing 
purposes.  Refer also to Section 23 05 93.

END OF SECTION
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SECTION 23 41 00
FILTERS

PART 1 GENERAL

1.00 The following sections are to be included as if written herein:

A. Section 23 00 00 – Basic Mechanical Requirements

B. Section 23 05 29 – Sleeves, Flashings, Supports and Anchors

C. Section 23 05 53 – Mechanical Identification

1.01 SECTION INCLUDES

A. Filters.

B. Housings and frames.

C. Filter gauges.

1.02 RELATED SECTIONS

A. Section 23 00 00 - Basic Mechanical Requirements.

B. Section 23 05 13 - Motors.

C. Section 23 07 13 - Ductwork Insulation.

D. Section 23 31 00 - Ductwork.

E. Section 26 05 19 - Cable, Wire and Connectors, 600 Volt.

F. Section 26 27 26 - Wiring Devices and Floor Boxes.

1.03 REFERENCES

A. AMCA 99 - Standards Handbook.

B. AMCA 500 - Test Methods for Louver, Dampers, and Shutters.

C. NFPA 70 - National Electrical Code.

D. SMACNA - HVAC Duct Construction Standards - Metal and Flexible.

E. ANST/UL-900 - Test Performance of Air Filter Units.

F. ANSI/UL 586 - Test Performance of High Efficiency Porticalate, Air Filter Units.

G. ASHRAE 52 - Method of Testing Air Cleaning Devices.

1.04 SUBMITTALS

A. Submit under provisions of Section 23 00 00.

B. Shop Drawings:  Indicate assembly, unit dimensions, weight loading, required clearances, 
construction details, field connection details, and electrical characteristics and connection 
requirements.
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C. Product Data:

1. Provide literature which indicates dimensions, weights, capacities, ratings, 
performance, gauges and finishes of materials, and electrical characteristics and 
connection requirements.

2. Provide data of media, performance data, assembly, and frames.

3. Submit electrical requirements for power supply wiring including wiring diagrams for 
interlock and control wiring, clearly indicating factory-installed and field-installed 
wiring.

D. Manufacturer's Installation Instructions.

1.05 OPERATION AND MAINTENANCE DATA

A. Submit under provisions of Section 23 00 00.

B. Maintenance Data:  Include instructions for lubrication, filter replacement, motor and drive 
replacement, spare parts lists, and wiring diagrams.

1.06 QUALIFICATIONS

A. Manufacturer:  Company specializing in manufacturing the Products specified in this section 
with minimum three years documented experience, who issues complete catalog data on 
total product.

1.07 DELIVERY, STORAGE, AND HANDLING

A. Deliver, store, protect and handle products to site under provisions of Section 23 00 00.

B. Accept products on site in factory-fabricated protective containers, with factory-installed 
shipping skids and lifting lugs.  Inspect for damage.

C. Store in clean dry place and protect from weather and construction traffic.  Handle carefully 
to avoid damage to components, enclosures, and finish.

1.08 ENVIRONMENTAL REQUIREMENTS

A. Do not operate units for any purpose, temporary or permanent, until ductwork is clean, filters 
are in place, bearings lubricated, and fan has been test run under observation.

1.09 EXTRA MATERIALS

A. Furnish under provisions of Section 23 00 00.

B. Provide two sets for each unit of filters.  Tag to identify associated unit.

1.10 SCHEDULES ON DRAWINGS:

A. In general, all capacities and characteristics are shown in schedules on the Drawings.  
Reference shall be made to the schedules for such information.  The capacities shown are 
minimum capacities.  Variations in the capacities of the scheduled equipment supplied under 
this contract will be permitted only with the written direction of the owner.  All equipment shall 
be shipped to the job with not less than a prime coat of paint or as specified hereinafter.  
Where installation instructions are not included in these Specifications or on the Drawings, 
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the manufacturer's instructions shall be followed.  All equipment affected by altitude shall be 
rated to operate at the altitude where it is installed.

PART 2 PRODUCTS

2.01 MANUFACTURERS

A. Type "C":  Replaceable Dry type, Moderate Efficiency

1. Farr 30/30

B. Type "D":  Replaceable Dry Type Medium and/or High Efficiency

1. American Air Filter
2. Cambridge
3. Farr RIGA-FLO

C. Side Access Housings

1. Farr (4P) (3P) Universal Glide Pack
2. American Air Filter

D. Frames

1. American Air Filter
2. Farr Type 8

E. Filter Gauges

1. Dwyer "Magnehelic"
2. Dwyer #25 Manometer

F. Substitutions:  Under provisions of Section 23 00 00.  The equipment or material supplied by 
any of these acceptable manufacturers or an approved equal shall comply with all of the 
provisions of this specification. 

2.02 GENERAL DESCRIPTION

A. Configuration:  Fabricate with fan(s), coils, etc. plus accessories, including:

1. Filters.

2. Filter Housings and Frames.

3. Filter Gauges.

B. Performance Base:  Sea level conditions.

C. Fabrication:  Conform to AMCA 99 and ARI 430.

D. Performance:  Refer to schedules.

2.03 FILTERS:

A. All air filters shall be listed as (Class 1, Class 2) in accordance with Underwriters' 
Laboratories, Inc., Building Materials Director requirements, except ultrahigh efficiency filters 
(HEPA or ULPA) shall be manufactured of materials that are so listed by UL.  All filters other 
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than the ultrahigh efficiency type are to be rated in accordance with ASHRAE Test Standard 
52-76 and performance characteristics are to be published in the manufacturer's literature.  
When specified performance characteristics are not published in the manufacturer's 
literature, the submittal data shall include certified documentation of performance by an 
approved independent test laboratory. 

B. Type "C":  Replaceable, Dry Type, Moderate Efficiency:  Filters shall be of the pleated media, 
disposable type, 2" (two inches) deep in direction of air flow.  Each filter cell shall utilize a 
nonwoven, lofted cotton media with a net effective area of not less than 4.6square feet of 
media per 1.0 square feet of filter face area, a media support grid, and enclosing high wet 
strength cell sides.  The 96% free area welded wire support grid shall be continuously 
bonded to the leaving air face of the media to properly support the radially tapered, pleated 
media in the air stream through the life span of the filter.  The media itself shall be cemented 
to the inside perimeter of the cell sides to prevent bypass of unfiltered air.  Filter efficiency 
shall average not less than 25 to 30% when tested in accordance with ASHRAE Test 
Standard 52-76.  Initial clean resistance to air flow shall not exceed 0.30" w.g. at 500 fpm 
filter face velocity.  The 24" x 24" size shall be certified to have a dust holding capacity of not 
less than 200 grams of ASHRAE Test Dust when operated at 500 fpm to a final resistance of 
1.0" w.g.

C. Type "D":  Replaceable, Dry Type, Medium and/or High Efficiency:  Filters shall be 12" deep 
of the extended surface, supported pleat type.  Each filter shall consist of high density, 
microfine glass fiber media, media support grid, contour stabilizers, and enclosing galvanized 
steel frame.  Media shall be laminated to a nonwoven synthetic backing to form a lofted 
surface for maximum dust holding capacity.  The edges of the media shall be continuously 
bonded to the internal surfaces of the galvanized steel frame to prevent bypass of unfiltered 
air.  Filter efficiency shall average not less than 80 to 85% when tested in accordance with 
ASHRAE Test Standard 52-76.  Filters shall be 24" x 24" x 12" deep with an initial clean 
resistance not to exceed 0.50 inches w.g. at 500 fpm face velocity.  The filters shall be 
certified to have a dust holding capacity of not less than 235 grams of ASHRAE Test Dust 
when operated at 500 fpm face velocity to a final resistance of 1" w.g.

2.04 HOUSINGS AND FRAMES

A. Side access housings shall be fabricated of not less than 16 gauge galvanized steel.  
Housings shall each be equipped with hinged access doors at both ends, provision for 
receiving filters of any manufacturer without alteration to the housings, and extruded 
aluminum channels capable of receiving both the after filters and 2" deep panel type 
prefilters.  The housings shall incorporate a permanent provision for sealing the filters against 
leakage around the entire perimeter of each filter, eliminating the need to purchase 
replacement filters with factory applied gasket strips.  Replaceable woven pile seals shall be 
an integral component of the downstream flange of each extrusion so that the seals are 
compressed by the pressure drop across the filters, preventing bypass of unfiltered air.  Side 
access housing shall not exceed (12) (21) inches in direction of air flow and shall be of all 
welded construction with factory prepunched standing flanges for ease of attachment to 
adjacent equipment and/or ductwork.  Doors are to be fitted with positive sealing, heavy duty 
multiple latches and with sponge neoprene gaskets.

B. Unitary front access holding frames shall be fabricated of not less than 16 gauge galvanized 
steel with holes prepunched for convenient assembly into banks.  Frames shall be a 
minimum of 2-5/8" deep for maximum structural strength and resistance to racking.  All joints 
in the field assembled banks of frames shall be thoroughly caulked to prevent bypass of 
unfiltered air between frames and surrounding ductwork or plenum chambers.  Frames shall 
each be fitted with polyurethane foam gaskets, held in place by long lasting adhesive, and 
with a minimum of four heavy duty spring type fasteners.  Fasteners shall attach to the 
frames without requiring tools and shall be capable of withstanding 25 pounds of pressure 
without deflection.
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PART 3 EXECUTION

3.01 INSTALLATION

A. Install in accordance with manufacturer's instructions.

1. Type "C" - Replaceable, Dry Type, Moderate Efficiency:  Install 2" deep fiberglass 
throwaway filters at startup.  Replace throwaway filters as required prior to final 
acceptance.  At final acceptance, remove and discard the partially used throwaway 
filters and install a set of moderate efficiency filters.  Furnish Owner with an 
additional set of unused moderate efficiency filters. 

2. Types "D" - Replaceable, Dry Type, Medium and/or High Efficiency:  Install 2" (two 
inch) deep fiberglass throwaway filters at startup.  Replace throwaway filters as 
required prior to final acceptance.  At final acceptance, remove and dispose of the 
used throwaway filters.  Install first set of medium and/or high efficiency filters and, 
where called for, required prefilters.  Furnish Owner with an additional set of unused 
medium and/or high efficiency filters. 

B. Install in conformance with UL 900.

C. Assemble high pressure units by bolting sections together.

END OF SECTION

- o 0 o -
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SECTION 23 73 23

AIR HANDLING UNITS

PART 1 GENERAL

1.00 The following sections are to be included as if written herein:

A. Section 23 00 00 – Basic Mechanical Requirements

B. Section 23 05 29 – Sleeves, Flashings, Supports and Anchors

C. Section 23 05 53 – Mechanical Identification

1.01 SECTION INCLUDES

A. Packaged air handling units.

B. Factory installed fans.

C. Dampers.

D. Filters.

E. Coils.

F. Drives.

1.02 RELATED SECTIONS

A. Section 23 00 00- Basic Mechanical Requirements.

B. Section 23 05 13 - Motors.

C. Section 21 05 48 - Vibration Isolation.

D. Section 23 07 13 - Ductwork Insulation.

E. Section 23 82 16 - Air Coils.

F. Section 23 41 00 - Filters.

G. Section 23 31 00 - Ductwork.

H. Section 23 33 00 - Ductwork Accessories:  Flexible duct connections.

1.03 REFERENCES

A. AFBMA 9 - Load Ratings and Fatigue Life for Ball Bearings.

B. AFBMA 11 - Load Ratings and Fatigue Life for Roller Bearings.

C. AMCA 99 - Standards Handbook.
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D. AMCA 210 - Laboratory Methods of Testing Fans for Rating Purposes.

E. AMCA 300 - Test Code for Sound Rating Air Moving Devices.

F. AMCA 301 - Method of Publishing Sound Ratings for Air Moving Devices.

G. AMCA 500 - Test Methods for Louver, Dampers, and Shutters.

H. ARI 410 - Forced-Circulation Air-Cooling and Air-Heating Coils.

I. ARI 430 - Central-Station Air-Handling Units.

J. ARI 435 - Application of Central-Station Air-Handling Units.

K. ARI 610 - Central System Humidifiers.

L. NEMA MG1 - Motors and Generators.

M. NFPA 70 - National Electrical Code.

N. SMACNA - HVAC Duct Construction Standards - Metal and Flexible.
 

O. UL 900 - Test Performance of Air Filter Units.

1.04 SUBMITTALS

A. Submit under provisions of Section 23 00 00.

B. Include with the initial submittal a letter signed by the manufacturer’s national sales manager 
(or any corporate officer) and the production manager, acknowledging that this equipment is 
intended for a University of Texas facility and that all specification requirements shall be 
complied with.  Submit copy of letter to OFPC engineer/UTHSC-H Construction manager.

C. Shop Drawings:  Indicate assembly, unit dimensions, weight loading, required clearances, 
construction details, field connection details, electrical characteristics, connection 
requirements, and .

D. Product Data:

1. Provide literature that indicates dimensions, weights, capacities, ratings, fan 
performance, gauges and finishes of materials, electrical characteristics and 
connection requirements.

2. Provide data of filter media, filter performance data, filter assembly, and filter frames 
as tested and certified per ASHRAE standards.

3. Provide fan curves with specified operating point clearly plotted, as tested and certified 
per AMCA standards. Ratings to include system effects. Bare fan ratings will not 
satisfy this requirement, but shall be submitted for comparison purposes.

4. Submit sound power level data for both fan outlet and casing radiation at rated 
capacity, as tested and certified per AMCA standards.

5. Provide data on all coils as tested and certified per ARI standards.
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6. Submit electrical requirements for power supply wiring including wiring diagrams for 
interlock and control wiring, clearly indicating factory-installed and field-installed wiring.

7.  All materials shall have NFPA-90 rating of 25/50 or better.

E. Manufacturer's Installation Instructions.

1.05 OPERATION AND MAINTENANCE DATA

A. Submit under provisions of Section 23 00 00.

B. Maintenance Data:  Include instructions for lubrication, filter replacement, motor and drive 
replacement, spare parts lists, and wiring diagrams.

1.06 QUALIFICATIONS

A. Manufacturer:  Company specializing in manufacturing the Products specified in this section 
with minimum three years documented experience, who issues complete catalog data on 
total product.

1.07 DELIVERY, STORAGE, AND HANDLING

A. Deliver, store, protect and handle products to site under provisions of Section 23 00 00.

B. Accept products on site in factory-fabricated protective containers, with factory-installed 
shipping skids and lifting lugs.  Inspect for damage.

C. Store in clean dry place and protect from weather and construction traffic.  Handle carefully 
to avoid damage to components, enclosures, and finish.

1.08 ENVIRONMENTAL REQUIREMENTS

A. Do not operate units for any purpose, temporary or permanent, until ductwork is clean, 
filters are in place, bearings lubricated, and fan has been test run under observation of 
the Owner’s RCM. 

1.09 EXTRA MATERIALS

A. Furnish under provisions of Section 23 00 00.

B. Provide one year of filters for each unit (start-up filters, plus 4 additional sets of MERV 8 for 
change-out each 3 months, and one additional set of MERV 13 for change-out one year from 
turn-over).  One set of filters is to be installed when unit is started up, and shall be protected 
from construction debris with additional media either at the first bank of filters, or covering 
each air intake (outside air and return air).  The other sets shall be scheduled for delivery at 
the times noted for change-out, one MERV 8 at 3 months from start-up, one MERV 8 at 6 
months from start-up, one MERV 8 at 9 months from start-up and a MERV 8 and MERV 13 
at 12 months from start-up.  Coordinate exact delivery date with UTHSC-H personnel.

1.11 SCHEDULES ON DRAWINGS:

A. In general, all capacities of equipment, and motor and starter characteristics are shown in 
schedules on the Drawings.  Reference shall be made to the schedules for such information.  
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The capacities shown are minimum capacities.  Variations in the capacities of the scheduled 
equipment supplied under this contract will be permitted only with the written direction of the 
owner.  All equipment shall be shipped to the job with not less than a prime coat of paint or 
as specified hereinafter.  Insofar as is possible, all items of the same type (i.e., pumps, fans, 
etc.) shall be by the same manufacturer.  Where installation instructions are not included in 
these Specifications or on the Drawings, the manufacturer's instructions shall be followed.  
All equipment affected by altitude shall be rated to operate at the altitude where it is installed.

1.12 WARRANTY:

A. Unit shall have a 5-year warranty.

PART 2 PRODUCTS

2.01 MANUFACTURERS

A. Climate Craft

B. NOTE:  Units must meet the size restrictions.  In addition, each manufacturer must verify the 
shipping and delivery sizes of the components and coordinate exactly how the units will get 
to the building’s penthouse and ultimately get to the location of the replacement.

C. Substitutions:  Under provisions of Section 23 00 00.  The equipment as supplied by any of 
the acceptable manufacturers or an approved equal shall comply with all of the provisions of 
this specification. 

2.02 GENERAL DESCRIPTION

A. Configuration:  Fabricate with fan and coil sections as scheduled plus accessories, including 
sections as detailed per unit.

B. Performance Base:  Sea level conditions.

C. Fabrication:  Conform to AMCA 99 and ARI 430 in the absence of direction in this 
specification. 

D. Performance:  Refer to schedule in drawings.

2.03 AIR HANDLER CASING AND GENERAL CONSTRUCTION:

A. Unit casing exterior (walls and roof) shall be a minimum 18-gauge thickness galvanized steel 
insulated internally, throughout (double wall construction with no thru metal).  Internal 
insulation shall have an R-value of at least 10, with foil facing, neoprene or anti-microbial 
hardcoat protected unless specifically noted otherwise, and shall be fire and fungus proof.  
Foam may be used as an alternate as long as it is also anti-microbial protected andfire and 
fungus proof.   All internal insulation shall be protected with solid galvanized sheet metal, of a 
minimum of 20-gauge thickness.  All sheet metal joints throughout the air handler, and 
between panelized sections, shall be gasketed with closed cell, soft rubber gaskets, 
fabricated from neoprene, EPDM, or other approved material.  Internal walls and roof outside 
shall be sealed such that there is no passage of air from inside the unit to the outer casing.

B. Individual panels of the fan section shall be removable without compromising the integrity of 
the unit.  Casing assembly shall be configured to eliminate all thru-metal in portions of the 
unit subject to below ambient temperatures.  Where fasteners are used in the assembly of 
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the unit components, they shall not extend from the outside of the unit into the air stream. If 
all components of the fan section can be removed through the door, removable panels will 
not be necessary.

C. Drain pan liners shall be constructed of No. 14-gauge 316-L-L stainless steel or heavier as 
standard with the manufacturer, and shall be non-skid.  Drain pan shall be non-skid and 
extend up to the fan section on draw-thru units.  Entire drain pan, and shall be insulated with 
R-8 rigid insulation.  Drain pans shall be sloped to the outside edge of the unit.  On units over 
six feet wide, slope to each side of the unit.  The insulation shall be installed and sealed as is 
appropriate for the equipment construction.

D. Unit shall have a complete perimeter channel base of at least 6" galvanized steel, 8” tube 
steel or 6" carbon steel with marine quality primer.  The unit manufacturer shall provide a 
condensate drain trap calculation that ensures there will be ample trapping height when the 
unit is sitting on a 5-1/2” concrete pad.  Base channels shall be sized no less than 6”, but shall 
be extended to provide proper trapping.  All floors shall be insulated with R-10 insulation with 
14-gauge non-skid galvanized floor (or equivalent aluminum).  An 18-gauge galvanized sheet 
shall enclose and form a vapor barrier for the insulation on the bottom of the unit.  If a 
foamed-in-place closed cell insulation is used, the lower metal enclosure may be eliminated. 
All points of contact between the floor, vapor barrier and structure shall be thermally isolated 
with gasketing of closed cell soft rubber or EPDM.

1. Provide Alternate D2 for lighter base channel with description and cut-sheets.

E. Access doors shall be provided to allow access to both sides (upstream and downstream) of 
the filter racks, into the fan section, and both sides of all coils.  Access doors shall be double 
wall, insulated the same as wall panels, and the opening framed with thermal break 
construction.  Door size shall be at least 18” wide and full height of the panel up to 5’ 0” tall.  
The construction of the access doors shall equal or exceed the quality and quantity of the air 
handler casing materials as specified herein.  Each door shall have a minimum of an 8-inch 
by 6-inch double-glazed view window, capable of withstanding the total developed pressure 
of the unit.  The doors shall be hinged using either heavy-duty stainless butt hinges, or a 
continuous stainless steel piano hinge, extending along the entire edge of the door, except 
for a maximum of two inches at each end.  If butt hinges are used, provide two per door for 
up to 36” high doors and three per door for longer doors.  There shall be a minimum of two 
latches on doors longer than 18,” and three latches in doors over 36” long.  Latches shall be 
Ventlok 310, heavy-duty latch, or approved equal.  All access doors shall open against air 
pressure.

F. Coils in the air-handling units shall be individually removable from within the unit so that they 
may be removed through the access doors without removing any unit panels or piping 
exterior to the unit and shall not be used to provide structural stability for the casing.  All coils 
shall be arranged for and piped to provide counterflow operation.  The coils shall be 
completely enclosed within the coil housing of the air unit casing.  All penetrations of the air 
handler casing shall be neatly sealed using a resilient sealant.  Hinged gasketed quick 
access doors of adequate size for a man to enter shall be provided for each space between 
coils, filters and other components.  Stacked coils shall have intermediate drain pans with at 
least 1” rigid drain piping and pipe supports to main drain pan.

G. Panels shall be reinforced with sufficient internal bracing to prevent excessive deflection of 
the panels.  Maximum deflection at any joint on the unit casing shall be limited to L /250th of 
the overall panel width or height. 

H. Panel construction shall provide the following acoustical performance. 



UTHSC-Houston MSB AHU L-5 & L-6 Replacement 23 73 23, Page 6
Houston, TX AIR HANDLING UNITS   

E&C Engineers & Consultants
E&C No. 3302.00

a. Sound Transmission Loss (dB) per ASTM E-90 & E-413

Octave  2  3  4  5  6  7 STC+
 

Coated Liner 22 26 37 44 53 55 39

Solid Liner 22 38 49 50 57 62 42

b. Sound Absorption Coefficients per ASTM C-423 & E-795

Octave  2  3  4  5  6  7 NRC+

No liner .26 .71 1.09 1.02 .96 .83 .95

Coated Liner .25 .79 1.06 1.06 1.04 .78 1.00

The above ratings represent minimum performance.  Unit manufacturer shall 
submit full sound performance data to the project sound consultant for evaluation.  

I. Provide a unit housing, including joints, seams, and access doors, that will not condense 
moisture on the external surfaces of this housing when subjected to a surrounding ambient 
environment of 82oF dry-bulb/75oF dew-point temperature air.

J. Equivalent aluminum material may be used where galvanized steel panel components are 
called for. 

K. Provide sealable test ports on either side of each filter bank and each coil section, in inlet 
plenum and discharge plenum, and suction and discharge side of all fans.  Ports shall be 
equal to Ventfabrics test port Model 699-2. 

2.04 FANS:

A. Shall be both dynamically and statically balanced. Housed fans shall be equipped with quick 
opening access doors in the fan scroll.  Motors shall be high efficiency type per Section 23 05 
13.  The motor mounting for each unit shall be an integral part of the fan support frame.  The 
fan/motor unit shall be mounted on spring isolators within the air handler casing. Housed 
fans shall have an appropriately designed fabric duct vibration isolator installed within the air 
handler casing.  The unit shall be supplied with a factory installed and sealed flange for 
connection to ductwork.  Units shall be direct dirve only.  

B. The fan unit bearings shall be of the antifriction type, either ball or roller, lubricated at the 
factory, and shall be equipped with means for lubrication with a grease fitting on the outside 
of the bearing housing.  Both inboard and outboard bearings shall be the same, identical 
size.  The bearings shall be a catalogued type as manufactured by Fafnir, SKF, Sealmaster, 
or approved equal, and stocked locally.  Bearings shall have an L-10 minimum life of 
200,000 hours.  Intermediate bearings will not be acceptable.  Grease fittings for bearings 
shall be remotely mounted within line of sight of the bearing, where possible.  Where it is not 
possible, then the fitting shall be mounted where it is most easily accessible for service.  The 
tubing used for remoting the fitting shall be stainless steel, installed with a strain relief pigtail 
approximately 4 inches in diameter and located on the drive side of the assembly. 

C. After assembly, the unit manufacturer shall balance the fan (per ANSI/AMCA 204-96 fan 
application category BV-3) at design fan speed with belts and drives in place to a vibration 
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velocity less than or equal to 0.157 inches (0.100 inches for direct-drive applications) per 
second measured on horizontal, vertical, and axial planes at each bearing pad.  Vibration 
amplitudes are in inches/second peak velocity.  All values recorded are to be filter-in at the fan 
speed.

D  Plug fans installed in walk-in units shall be provided with a safety cage around the wheel or 
with a fan shut down switch in the access door.  Cage shall be large enough to allow working 
room for wheel and bearing service and shall have removable sections to allow wheel 
removal.

E.   Direct drive fans shall have fan wheels cut to provide proper matching of the 
motor and fan rpm.

F.  Multiple Fan/Motor VFD Control:  The fan array shall consist of multiple fan and motor 
“cubes”, spaced in the air way tunnel cross section to provide uniform airflow and 
velocity profile across the entire airway tunnel section and components contained 
therein.  Each fan cube shall be individually wired to a control panel containing power 
lock-disconnects for individual motors and a single VFD controlling all fan motors in the 
fan array.  Refer to Specifications Section 23 2923 – “Variable Frequency Drives” for 
requirements.  Controls shall allow the unit to reduce to no less than 15% of the 
design flow and remain stable. 

2.05 DAMPERS

A. Damper Leakage:  Section with factory built, factory mounted outside and return air dampers 
of galvanized steel and edge seals in galvanized frame, with galvanized steel axles in 
self-lubricating nylon bearings, in opposed blade arrangement with damper blades positioned 
across short air opening dimension.  Maximum 4 CFM/Sq. Ft. at 4 inch WG differential 
pressure. Dampers shall be sized for 2000 fpm maximum face velocity.

B. Isolation Dampers:  Factory mounted isolation dampers downstream of the fan section shall 
be governed by the low-leakage damper specification in section 23 33 00.

C. Face and Bypass Dampers (Heat Recovery Units):  Factory mounted in casing field mounted 
with access doors, of galvanized steel blades, and edge seals,  galvanized steel frame, and 
axles in self-lubricating nylon bearings, arranged to match coil face with bypass, blank-off 
and  division sheets, external linkage, access doors, and adjustable resistance plate.  
Dampers shall be low-leakage type.

2.06 DRIVES:

B. Variable speed drives:  See Section 23 29 23.  Drive shall be supplied by the VFD 
manufacturer and shall be connected in the field.  The AHU manufacturer shall coordinate with the 
drive manufacturer to ensure the motor will not over-amp in bypass mode.

2.07 COILS:  
G. Refer to Section 23 82 16 - Air Coils, and Unit Schedules for requirements.

2.08 FILTERS:  
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A. Units shall have a MERV 8 and MERV 13 filter bank.  Refer to Section 23 41 00 - 
Filters, and Unit Schedules for requirements.

2.10 ELECTRICAL

A. Fan motors shall be factory mounted and wired to an external disconnect switch adjacent to 
the motor access door. Fan motors shall be interlocked with fan access door to shut down 
when door is opened. 

B. Vapor proof lights (mounted at 88” above floor or as high as possible for units shorter than 
88”) shall be provided in each compartment. Lights shall have a switch at each door into the 
compartment with access doors.  Provide two GFI convenience outlets evenly spaced on the 
long dimension of the unit. Wire lights and outlets to two external 120v, 20a power 
connections (one for each service) for connection by Division 26.

C. All wiring shall be 600v rated type MTW/THWN stranded copper in EMT or LiquidTite conduit 
(max 3 feet). All junction boxes shall be UL approved and gasketed. 

D. Motors – Motors shall be provided to match the direct-drive requirements of the AHU 
without overamping in bypass mode.  See Section 23 05 13 for additional requirements.

E. Motor/VFD/Fan – The fan wheel shall be cut so that maximum motor/fan rpm does 
not exceed the motor rated horsepower when the variable frequency drive is placed into 
bypass.

2.11 FINISH
A. All external parts of the unit shall be Brite G-90 galvanized. No painting will be required. 

PART 3 EXECUTION

3.01 INSTALLATION

A. Field assembly of the unit shall be the responsibility of the manufacturer.

B. Install in conformance with ARI 435.

C. Assemble high pressure units by bolting sections together.  

3.02 TESTING

A. Units with cabinet mounted fans shall be tested and certified at rated conditions using AMCA 
210 and AMCA 300 test procedures with fan mounted in the cabinet.  Bare fan data will not 
be accepted.

B. Casing Deflection Test

1. Deflection limit of L/250 shall be demonstrated in the factory prior to shipping 
and witnessed by a representative of the Owner’s Test and Balance Consultant.
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2. ‘L’ is defined as the height of the largest panel on the sides, width across the top 
of the largest panel on the unit, and the smaller of width or height of the largest 
panel for the ends.  These are known as the governing panels.

3. That portion of the unit after the fan discharge shall be tested at positive 
pressure.  The remainder of the unit shall be tested at negative pressure.

4. Measurements shall be taken at mid point of ‘L’ using dial indicators reading in 
1/1000ths.  Mounting of dial indicators shall be independent of the unit casing.  
Multiple measurements shall be made.  Dial indicator shall be mounted at mid 
point of ‘L’.  Measurements shall then be spaced along the sides, ends and top 
at mid point and quarter points of the negative section and the positive section.  
Spacing shall be adjusted to fall on nearest flange or panel joint.  Any section of 
less than five feet shall require only one measurement at the center. 

5. Unit shall be furnished with proper blank offs to facilitate the pressure testing. 

6. In order to reduce the number of pressure cycles, it is recommended that 
multiple dial indicators be used at the measurement points.  Separate set-ups 
will be required for the positive pressure tests and the negative pressure tests.

 
C. Casing Leakage Test.  With unit set in place, leveled and ready to receive duct 

work connections, unit shall be tested for casing leakage by sealing all openings 
and pressurizing to 2.5 times rated pressure (defined as total static pressure of 
unit) or 10” WG, whichever is smaller.  Maximum allowable leakage rate is 1.5% of 
rated unit flow.  Test is to be performed by the manufacturer using flow 
measurement devices and shall be witnessed by a representative of the Owner’s 
Test & Balance firm.

D. Fan/Motor Vibration Test.  With the unit set in place, leveled, and ductwork attached, 
the manufacturer shall perform a final dynamic vibration trim balance to verify the 
fan/motor vibration velocity limit over the following operating speed range:  Fans with 
VFDs shall be checked from 40 to 110% of the rated fan speed.  Constant speed 
fans shall be checked at 100% of rated fan speed.  ‘Lock-out’ ranges may be used to 
correct up to two ranges of excess vibration.  The span of each ‘lock-out’ range shall 
be limited to an effective fan speed of 50 RPM.  Any ‘lock-out’ range used shall be 
clearly identified in the test report and shall be prominently displayed on a typed, 
laminated legend mounted inside the VFD controller cabinet.  This testing shall be 
witnessed by a representative of the Owner’s Test and Balance firm.

E. Failure of the leakage and/or deflection test shall require sealing and bracing of the 
unit and retesting until criteria is met.  Failure of the trim balance to confirm 
vibration limit shall require rebalancing and re-testing until criteria is met.  
Contractor shall bear all costs involved in the modifications, balancing, and re-
testing, including travel and hourly costs associated with the representatives of the 
Owner’s Test and Balance firm. 

END OF SECTION
- o 0 o -
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SECTION 23 82 16

AIR COILS

PART 1GENERAL

1.00 The following sections are to be included as if written herein:

A. Section 23 00 00 – Basic Mechanical Requirements

B. Section 23 05 29 – Sleeves, Flashings, Supports and Anchors

C. Section 23 05 53 – Mechanical Identification

1.01 SECTION INCLUDES

A. Water coils.

B. Refrigerant coils.

1.02 RELATED SECTIONS

A. Section 23 00 00 - Basic Mechanical Requirements.

B. Section 23 07 19 - Piping Insulation.

C. Section 23 06 20.13 - Hydronic Specialties.

D. Section 23 22 00.A - Steam and Steam Condensate Specialties.

E. Section 23 31 00 - Ductwork:  Installation of duct coils.

F. Section 23 09 23 - Direct Digital Control Systems.

1.03 REFERENCES

A. ANSI/ARI 410 - Forced-Circulation Air-Cooling and Air-Heating Coils.

B. ANSI/NFPA 70 - National Electrical Code.

C. ANSI/UL 1096 - Electric Central Air Heating Equipment.

D. SMACNA - HVAC Duct Construction Standards, Metal and Flexible.

1.04 SUBMITTALS

A. Submit shop drawings under provisions of Section 23 00 00.

B. Submit shop drawings indicating coil and frame configurations, dimensions, materials, rows, 
connections, and rough-in dimensions.

C. Submit product data under provisions of Section 23 00 00.

D. Submit product data indicating coil and frame configurations, dimensions, materials, rows, 
connections, and rough-in dimensions.
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E. Submit manufacturer's installation instructions under provisions of Section 23 00 00.

F. Submit manufacturer's certificate under provisions of Section 23 00 00 that coils are tested 
and rated in accordance with ANSI/ARI 410.

1.05 QUALIFICATIONS

A. Manufacturer:  Company specializing in manufacturing the products specified in this Section 
with minimum three years documented experience.

1.06 DELIVERY, STORAGE, AND HANDLING

A. Deliver products to site under provisions of Section 23 00 00.

B. Store and protect products under provisions of Section 23 00 00.

C. Protect coil fins from crushing and bending by leaving in shipping cases until installation, and 
by storing indoors.

D. Protect coils from entry of dirt and debris with pipe caps or plugs.

PART 2PRODUCTS

2.01 CHILLED WATER COILS: 

A. Water coil capacities, pressure drops and selection procedures shall be certified for the 
capacity scheduled in accordance with ARI Standard 410-87.  Non-certified coils will not be 
accepted.

B. Chilled water and heating water coils shall be of the extended surface type meeting all 
conditions and having the minimum face area and pressure drops scheduled on the 
Drawings, and shall have same-end supply and return connections unless otherwise 
indicated. Coils shall be constructed of copper tubes 5/8" O.D. with .035" thick minimum wall 
thickness and copper fins permanently bonded to the tubes by mechanical expansion.  Coils 
shall have a maximum of 8 fins per inch, and a maximum of 6 rows.  If additional cooling 
capacity is necessary, the additional capacity shall be provided by an additional coil, with an 
additional access section between the coils, and the coils shall be piped in series, 
counterflow to the direction of air flow.  Copper fins on plate coils shall be .006" thick. Heating 
coil construction shall be similar, except fins may be aluminum material. 

C. All coil headers and connections shall be of I.P.S. brass or heavy gauge seamless hard 
drawn copper tubing with penetrations for connection of core tubing by die-formed intrusion 
process with resulting contact depth between the header wall and core tubing of not less than 
.090".  Joints between core tubing and header shall be of recess swage design to allow a 
large mating area for build up of brazing materials to give increased strength to the joint.  
Supply and return connection of brass or copper shall be terminated with National Pipe 
Threads with wrench flats.

D. Coils shall be designed and certified by the manufacturer to operate to scheduled face 
velocity plus 10% without moisture carry over.  Each cooling, and heating coil section shall be 
provided with a 304 Stainless Steel frame/casing, including tube sheets, no lighter than 16 
gauge.  Frame members shall extend over the ends and edges of the coils and shall be 
constructed with formed holes for tubes, permitting free expansion and contraction of coil 
sections while supported by an extended surface of the frame. Intermediate tube support 
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sheets of 316-L stainless steel shall be provided in all coils having tube lengths in excess of 
48":  on long coil sections the spacing of coil supports shall not exceed 48".  All intermediate 
supports shall be welded to coil frame members and fabricated with formed tube holes to 
support the penetrating tubes. Heating coil construction shall be similar, except casting frame 
and intermediate supports may be G90 galvanized material.

E. Condensate from chilled water coils shall be piped to the nearest convenient floor drain.  The 
pipe size shall be the full size of the connection or 1" minimum diameter whichever is larger, 
insulated as specified for chilled water piping.  A trap of a minimum depth of 6 inches, or as 
noted on the drawings, shall be provided in this drain line to prevent the escape or entry of air 
through the drain piping. 

G. Pressure test all coils to 350 psi under water.

2.02 STEAM COILS: 
 

A. All steam coils shall be 5/8" or 1” O.D. seamless copper tubes having 0.035" minimum wall 
thickness.  Coil shall have 0.008" thick aluminum fins suitable for use with steam at a 
maximum temperature of 300 degrees F. and a maximum pressure of 200 psig.  Coils shall 
vertical or horizontal tube type.  Coil headers shall be cast iron or I.P.S. brass or as specified 
hereinafter for chilled water coils.  Coils shall have one row, and a maximum of 8 fins per 
inch.  Frames and rails shall be 304 stainless steel.

PART 3EXECUTION

3.01 INSTALLATION

A. Install in accordance with manufacturer's instructions.

B. Install in ducts and casings in accordance with SMACNA HVAC Duct Construction 
Standards, Metal and Flexible.

C. Support coil sections independent of piping on steel channel or double angle frames and 
secure to casings. Provide frames for maximum three coil sections.  Arrange supports to 
avoid piercing drain pans.  Provide airtight seal between coil and duct or casing.

D. Protect coils to prevent damage to fins and flanges.  Comb out bent fins.

E. Make connections to coils with unions and flanges.

F. On water coils, provide shut-off valve on supply line and lock shield balancing valve on return 
line.  Locate water supply at bottom of supply header and return water connection at top.  
Provide float operated automatic air vents at high points complete with stopvalve.  Ensure 
water coils are drainable and provide drain connection at low points.

G. On water heating coils, and chilled water cooling coils, connect water supply to leaving air 
side of coil (counterflow arrangement).

H. For cooling coils where air velocity exceeds 500 ft/min (2.5 m/sec), provide three break 
moisture eliminators of 24 gage (0.60 mm) copper.

I. Provide drain pan and drain connection for cooling coils. Fabricate drain pan from minimum 
18 gage 316L stainless steel.  Extend 18 inches from face of coil leaving air side or through 
to the fan section on coils directly in front of the fan. Pipe drain pans individually to floor drain 
with water seal trap.
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J. In steam coils, install vacuum breaker in steam line at header.  Install steam traps with outlet 
minimum 12 inches below coil return connection.

K. Insulate headers located outside air flow as specified for piping.  Refer to Section 23 07 19.

END OF SECTION

- o 0 o -
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SECTION 26 00 00

BASIC ELECTRICAL REQUIREMENTS

PART 1 - GENERAL 

1.1 WORK INCLUDED

A. General Requirements specifically applicable to Division 26.

B. The Contractor shall be responsible for:

1. The work included consists of furnishing all materials, supplies, equipment and tools, and 
performing all labor and services necessary for installation of a completely functional power, 
lighting, fire alarm and signaling systems.  Complete systems in accordance with the intent of 
Contract Documents.

2. Coordinating the details of facility equipment and construction for all Specification Divisions, 
which affect the work covered under this Division.

3. Furnishing and installing all incidental items not actually shown or specified, but which are 
required by good practice to provide complete functional systems.

4. Temporary power service and lighting for construction.  Coordinating all shutdown dates and 
schedules with Owner's Representative and obtain all work-permits required by Owner. 

C. Intent of Drawings:

1. The Drawings are necessarily diagrammatic by their nature, and are not intended to show 
every connection in detail or every device or raceway in its exact location, unless specifically 
dimensioned.  The Contractor shall carefully investigate structural and finish conditions and 
shall coordinate the work in order to avoid interference between the various phases of work.  
The Contractor shall be responsible for the proper routing of raceway, subject to prior review 
by the Owner and Engineer.  Work shall be organized and laid out so that it will be concealed 
in furred chases and suspended ceilings, etc., in finished portions of the building, unless 
specifically noted to be exposed.  All work shall be installed parallel or perpendicular to the 
lines of the building unless otherwise noted.

2. The intent of the Drawings is to establish the type of systems and functions, but not to set 
forth each item essential to the functioning of the system.  The drawings and specifications 
are cooperative, and work or materials called for in one and not mentioned in the other shall 
be provided.  Review pertinent drawings and adjust the work to conditions shown.  In case of 
doubt as to work intended, or where discrepancies occur between drawings, specifications, 
and actual conditions, immediately notify the Architect/Engineer and the Owner’s 
representative, and propose a resolution.

1.2 RELATED WORK

A. This Section shall be used in conjunction with the following other specifications and related 
Contract Documents to establish the total general requirements for the project electrical systems 
and equipment.

1. Division 01 Sections included in the project specifications.
2. The contract.

1.3 DESIGN CRITERIA 

A. Equipment and devices to be installed outdoors or in enclosures where the temperatures are not 
controlled shall be capable of continuous operation under such conditions per manufacturer’s 
requirements. 

B. Compliance by the Contractor with the provisions of this Specification does not relieve him of the 
responsibilities of furnishing equipment and materials of proper design, mechanically and 
electrically suited to meet operating guarantees at the specified service conditions.
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C. Electrical components shall be UL listed and labeled.

1.4 REFERENCE CODES AND STANDARDS, REGULATORY REQUIREMENTS

A. Standards of the following organizations as well as those listed in Division 01, may be referenced 
in the specification.  Unless noted otherwise, references are to standards or codes current at the 
time of bidding.

1. Association of Edison Illuminating Companies (AEIC)

2. American National Standards Institute (ANSI)

3. Institute of Electrical and Electronics Engineers (IEEE)

4. Insulated Cable Engineers Association (ICEA)

5. National Electrical Code (NEC)

6. National Electrical Manufacturers Association (NEMA)

7. Electrical Safety in the Workplace

8. National Fire Protection Association (NFPA)

9. Underwriter’s Laboratories (UL)

10. ASHRAE/IES 90.1 – Energy Standard for Buildings Except Low-Rise Residential Buildings

B. Work, materials and equipment must comply with the latest rules and regulations of the following.

1. National Electrical Code (NEC)

2. Electrical Safety in the Workplace 

3. Occupational Safety and Health Act (OSHA)

4. American with Disability Act (ADA)

5. American Society for Testing and Materials (ASTM)

6. University of Texas (UT) System

7. Applicable state and federal codes, ordinances and regulations

C. Discrepancies.  The drawings and specifications are intended to comply with listed codes, 
ordinances, regulations and standards.  Where discrepancies occur, immediately notify the 
Owner’s representative in writing and ask for an interpretation.  Should installed materials or 
workmanship fail to comply, the Contractor is responsible for correcting the improper installation.  
Additionally, where sizes, capacities, or other such features are required in excess of minimum 
code or standards requirements, provide those specified shown.

D. Contractor shall obtain permits and arrange inspections required by codes applicable to this 
Section and shall submit written evidence to the Owner and Engineer that the required permits, 
inspections and code requirements have been secured.

1.5 SUBMITTALS

A. Submit the following in addition to and in accordance with the requirements of Division 01 for 
submittal requirement.

1. Include inspection and permit certificates and certificates of final inspection and acceptance 
from the authority having jurisdiction.

2. Manufacturer’s standardized schematic diagrams and catalog cuts shall not be acceptable 
unless applicable portions of it are clearly indicated and non-applicable portions clearly 
deleted or crossed out.

3. All schematic, connection and/or interconnection diagrams in accordance with the latest 
edition of NEMA.

4. Provide submittals as required by individual specification Section.
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B. Provide the following with each submittal:

1. Catalog cuts with manufacturer’s name clearly indicated.  Applicable portions shall be circled 
and non-applicable portions shall be crossed out.

2. Line-by-line specification review by equipment manufacturer and contractor with any 
exceptions explicitly defined.

C. Equipment Layout Drawing:  1/8-inch scale minimum drawings indicating electrical equipment 
locations.  Dimensions for housekeeping pads should be indicated on these drawings.  Indicate 
routing of conduit 2 inches and over on these drawings.

D. Within the specified time window after award of contract, submit list of equipment and materials to 
be furnished.

1. Itemize equipment and material by specification Section number; include manufacturer and 
identifying model or catalog numbers.

2. Replace rejected items with an acceptable item within 2 weeks after notification of rejection.

3. If a satisfactory replacement is not submitted within a two-week period, owner will notify 
contractor as to equipment manufacturer or type and make or material to be furnished.  
Provide designated items at no additional cost to owner.

E. As-Built Record Drawings:  The Contractor shall maintain a master set of As-Built Record 
Drawings that show changes and any other deviations from the drawings.  The markups must be 
made as the changes are done.  At the conclusion of the job, these As-Built Record Drawings 
shall be transferred to AutoCad electronic files, in a format acceptable to the Owner, and shall be 
complete and delivered to the Owner's Representative prior to final acceptance.  Refer to 01210 
Project Administration for other requirements.

1.6 SAFETY

A. The Contractor shall follow the safety procedures in addition to, and in accordance with, the 
requirements of Project Safety Manual (PSM).

1. The Contractors shall be responsible for training all personnel under their employ in areas 
concerning safe work habits and construction safety.  The Contractor shall continually inform 
personnel on hazards particular to this project and update the information as the project 
progresses.

2. The Contractor shall secure all electrical rooms, to limit access, prior to energizing any high 
voltage (480V or higher) equipment and shall control access during the project after 
energization.  The Contractor shall post and maintain warning and caution signage in areas 
where work is on going near energized equipment.  The Contractor shall cover all energized 
live parts when work is not being done in the equipment.  This includes lunch and breaks.

3. The Contractor shall strictly enforce OSHA lock out/tag out procedures.  Initial infractions 
shall result in a warning; a second infraction shall result in the removal of the workman and 
his foreman from the site.  Continued infractions shall result in removal of the Contractor from 
the site.

1.7 SHORING AND EQUIPMENT SUPPORTS

A. The Contractor shall provide all permanent and temporary shoring, anchoring, and bracing 
required to make all parts absolutely stable and rigid; even when such shoring, anchoring, and 
bracing are not explicitly called for.

B. The Contractor shall adequately support all freestanding panels, motor control centers, 
enclosures, and other equipment.  This shall include bolting to the floor or solid structural steel to 
prevent tipping. Install free-standing electrical equipment on 4" thick concrete housekeeping pads 
that are provided by others.  Under no condition shall equipment be fastened to non-rigid building 
steel (i.e., removable platform steel gratings, handrails, etc.).

C. The Contractor shall provide racks and supports, independently mounted at structure, to support 
electrical equipment and systems supplied and installed under this contract.  At no time shall the 
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Contractor mount or suspend equipment from other disciplines’ supports.  

1.8 TEMPORARY POWER REQUIREMENTS

A. Provide power distribution system sufficient to accommodate construction operations requiring 
power, use of power tools, electrical heating, lighting, and start-up/testing of permanent electric-
powered equipment prior to its permanent connection to electrical system. Provide proper 
overload protection. Ground fault circuit interrupters (GFCI) are to be used on all 120-volt, single-
phase, 15 and 20 amp receptacle outlets where portable tools and equipment are used.  Ground 
fault circuit interrupters shall be tested weekly by the Contractor.

B. Temporary power feeders shall originate from a distribution panel.  The conductors shall be multi-
conductor cord or cable per NEC for hard and extra-hard service multi-conductor cord.

C. Branch circuits shall originate in an approved receptacle or panelboard.  The conductors shall be 
multi-conductor cord or cable per NEC for hard and extra-hard service multi-conductor cord.  
Each branch circuit shall have a separate equipment grounding conductor.

D. All receptacles shall be of the grounding type and electrically connected to the grounding 
conductor.

E. Provide temporary lighting by factory-assembled lighting strings or by manually-assembled units.  
All lamps for general lighting shall be protected from accidental contact or breakage.  Protection 
shall be provided by installing the lights a minimum of 7 feet from the work surface or by lamp 
holders with guards.  Branch circuits supplying temporary lighting shall not supply any other load.  
Provide sufficient temporary lighting to ensure proper workmanship by combined use of day 
lighting, general lighting, and portable plug-in task lighting.  Comply with OSHA required foot-
candle levels and submit plan for approval by the owner.

F. For temporary wiring over 600 volts, suitable fencing, barriers, or other effective means shall be 
provided to prevent access of anyone other than authorized and qualified personnel.

G. Temporary power cords shall be kept off the ground or floor.  The Contractor shall provide 
temporary supports as required to keep temporary cords off the ground or floor.

1.9 SUBSTITUTION OF MATERIALS AND EQUIPMENT:

A. Refer to Uniform General Conditions and Supplementary General Conditions for substitution of 
materials and equipment.

B. The intent of the Drawings and/or Specifications is neither to limit products to any particular 
manufacturer nor to discriminate against an "APPROVED EQUAL" product as produced by 
another manufacturer.  Some proprietary products are mentioned to set a definite standard for 
acceptance and to serve as a reference in comparison with other products.  When a 
manufacturer's name appears in these Specifications, it is not to be construed that the 
manufacturer is unconditionally acceptable as a provider of equipment for this project.  The 
successful manufacturer or supplier shall meet all of the provisions of the appropriate 
specification(s). 

C. The specified products have been used in preparing the Drawings and Specifications and thus 
establish minimum qualities with which substitutes must at least equal to be considered 
acceptable.  The burden of proof of equality rests with the Contractor.  The decision of the 
Architect/Engineer is final. 

D. When requested by the Architect/Engineer, the Contractor shall provide a sample of the proposed 
substitute item.  In some cases, samples of both the specified item and the proposed item shall 
be provided for comparison purposes.

E. Timeliness:  The burden of timeliness in the complete cycle of submittal data, shop Drawings, and 
sample processing is on the Contractor.  The Contractor shall allow a minimum of six (6) weeks 
time frame for review of each submission by the office of the design discipline involved after 
receipt of such submissions by that design discipline.  The Contractor is responsible for allowing 
sufficient time in the construction schedule to cover the aforementioned cycles of data 
processing, including time for all resubmittal cycles on unacceptable materials, equipment, etc. 
covered by the data submitted.  Construction delays and/or lack of timeliness in the above regard 
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are the responsibility of the Contractor and will not be considered in any request for scheduled 
construction time extensions and/or additional costs to the Owner.

F. All equipment installed on this project shall have local representation; local factory authorized 
service, and a local stock of repair parts.

G. Acceptance of materials and equipment will be based on manufacturer's published data and will 
be tentative subject to the submission of complete shop Drawings indicating compliance with the 
contract documents and that adequate and acceptable clearances for entry, servicing, and 
maintenance will exist.  Acceptance of materials and equipment under this provision shall not be 
construed as authorizing any deviations from the Specifications, unless the attention of the 
Architect/Engineer has been directed in writing to the specific deviations.  Data submitted shall 
not contain unrelated information unless all pertinent information is properly identified. 

H. Certification:  The Contractor shall carefully examine all data forwarded for approval and shall 
sign a certificate to the effect that the data has been carefully checked and found to be correct 
with respect to dimensions and available space and that the equipment complies with all 
requirements of the Specifications. 

I. Physical Size of Equipment:  Space is critical; therefore, equipment of larger sizes than shown, 
even though of specified manufacturer, will not be acceptable unless it can be demonstrated that 
ample space exists for proper installation, operation, and maintenance. 

J. Should a substitution be accepted, and should the substitute material prove defective, or 
otherwise unsatisfactory for the service intended within the guarantee period, this material or 
equipment shall be replaced with the material or equipment specified at no additional cost to the 
Owner.

PART 2 - PRODUCTS

2.1 MATERIALS AND EQUIPMENT

A. Materials and Equipment:  Labeled and/or listed as acceptable to the authority having jurisdiction 
as suitable for the use intended. Materials shall be of a standard industrial quality if no 
specifications or specific model numbers are given.

B. Where two or more units of the same class of material are required, provide products of a single 
manufacturer.  Component parts of materials or equipment need not be products of the same 
manufacturer.

C. All materials shall be new and unused.

D. Provide non-metallic material in corrosive areas or as otherwise specified.

PART 3 - EXECUTION 

3.1 WORKMANSHIP 

A. Install work in compliance with NEC latest edition.

B. Install material and equipment in accordance with manufacturers' instructions.  Provide calibrated 
torque wrenches and screwdrivers and tighten all terminals, lugs, and bus joints using it.

C. Comply with startup procedures as defined by Construction Manager and Owner.

D. Arrange electrical work in a neat, well-organized manner. Do not block future connection points of 
electrical service.  Install all electrical work parallel or perpendicular to building lines unless noted 
otherwise, properly supported with purpose-designed apparatus, in a neat manner.

E. Apply, install, connect, erect, use, clean, adjust, and condition materials and equipment as 
recommended by the manufacturers in their published literature.

F. Make opening through masonry and concrete by core drilling in acceptable locations.  Restore 
openings to original condition to match remaining surrounding materials.

3.2 SERVICE CONTINUITY

A. Maintain continuity of electric service to all functioning portions of process or buildings during the 
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hours of normal use.  Phase construction work to accommodate Owner’s occupancy 
requirements.

B. Arrange temporary outages for cutover work with the Owner.  Keep the outages to a minimum 
number and minimum length of time.

C. All service outages shall be requested in writing a minimum of two weeks prior to the date.  
Owner reserves the right to postpone shutdowns up to 24 hours prior to the shutdown at no 
additional cost.  Outage requests shall include a schedule of the work to be performed and the 
time requirements.

D. The Contractor shall obtain all appropriate Owner permits for working in equipment.

3.3 HAZARDOUS LOCATIONS

A. Equipment, wiring, devices, and other components located within hazardous areas to be of 
appropriate type per NFPA requirements.

B. Ground exposed non-current carrying parts of entire electrical system in hazardous areas, in 
accordance with NEC and as instructed by Owner.

3.4 SLEEVES AND SEALS

A. Provide sealing and/or fire stopping where electrical equipment passes through walls, ceilings, 
and floors.  Seals shall be watertight and/or fire rated as applicable.

3.5 CONSTRUCTION REVIEW

A. The Engineer or Owner's representative will review and observe installation work to insure 
compliance by the Contractor with requirements of the Contract Documents.

B. Review, observation, assistance, and actions by the Engineer or Owner’s representative shall not 
be construed as undertaking supervisory control of the work or of methods and means employed 
by the Contractor.  The review and observation activities shall not relieve the Contractor from the 
responsibilities of these Contract Documents.

C. The fact that the Engineer or Owner’s representative do not make early discovery of faulty or 
omitted work shall not bar the Engineer or Owner’s representative from subsequently rejecting 
this work and insisting that the Contractor make the necessary corrections.

D. Regardless of when discovery and rejection are made, and regardless of when the Contractor is 
ordered to correct such work, the Contractor shall have no claim against the Engineer or Owner’s 
representative for an increase in the Contract price, or for any payment on account of increased 
cost, damage, or loss.

3.6 WARRANTY

A. Provide warranties in accordance with the requirements of Uniform General and Supplementary 
Conditions (UGC).

END OF SECTION
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SECTION 26 00 00.01

ELECTRICAL DEMOLITION

PART 1 - GENERAL

1.1 WORK INCLUDED

A. Electrical demolition for remodeling.

B. Electrical/control portion of HVAC work covered by Division 23 pertaining electrical demolition 
shall follow the requirement set forth by this specification.

1.2 RELATED WORK

A. This Section shall be used in conjunction with the following other specifications and related 
Contract Documents to establish the total requirements for minor electrical demolition for 
remodeling.

1. Section 26 00 00 - Basic Electrical Requirements.

B. In the event of conflict regarding minor electrical demolition requirements between this Section 
and any other Section, the provisions of this Section shall govern.

PART 2 - PRODUCTS

2.1 MATERIALS AND EQUIPMENT

A. Materials and equipment for patching and extending work:  as specified in individual Sections.

B. Provide all materials necessary for work.

PART 3 - EXECUTION

3.1 EXAMINATION

A. All demolitions or modifications to existing systems shall be coordinated through Owner’s 
Representative.  Demolition drawings are based on casual field observation and existing record 
documentations.  Therefore the accuracy or exactness of the drawings is not guaranteed.  The 
Contractor shall verify that field measurements and circuiting arrangements are as shown on 
Drawings and abandoned wiring and equipment serve only abandoned facilities.  The Contractor 
shall be responsible for reporting discrepancies to Engineer before disturbing existing installation.

B. Beginning of demolition means Contractor accepts existing conditions.

3.2 PREPARATION

A. Disconnect electrical systems in walls, floors, and ceilings scheduled for removal.  Provide 
temporary wiring and connections to maintain remaining systems in service during demolition 
and/or modification.    Owner reserves the right up to 24 hours prior to any scheduled event to 
delay or suspend shutdowns or outages to more convenient times at no additional cost.

B. Existing Electrical Service:  Maintain existing system in service until new system is complete and 
ready for service.  No work shall begin without proper permits and authorizations.  Disable system 
only to make switchovers and connections.  Obtain permission from Owner at least (2) weeks 
before partially or completely disabling system.  Minimize outage duration.  Make temporary 
connections to maintain service in areas adjacent to work area.  

C. Existing Fire Alarm System:  Maintain existing system in service until new system is accepted.  
Disable system only to make switchovers and connections.  Notify Owner at least (2) weeks 
before partially or completely disabling system.  Minimize outage duration.  Provisions for manual 
fire watch shall be provided in areas where services are interrupted.  Make temporary 
connections to maintain service in areas adjacent to work area.

D. Existing Telephone System:  Maintain existing system in service until new system is complete 
and ready for service.  Disable system only to make switchovers and connections.  Notify Owner 
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at least (2) weeks before partially or completely disabling system.  Minimize outage duration.  
Make temporary connections to maintain service in areas adjacent to work area.

3.3 DEMOLITION AND EXTENSION OF EXISTING ELECTRICAL WORK

A. Remove, relocate, and extend existing installations to accommodate new plan drawings.

B. Remove exposed abandoned conduit, including abandoned conduit above accessible ceiling 
finishes full length from source to device.  Cut embedded or concealed conduit flush with walls 
and floors, and patch surfaces.

C. Disconnect abandoned outlets and remove devices.  Remove abandoned outlets if conduit 
servicing them is abandoned and removed.  Provide blank cover for abandoned outlets that are 
not removed.

D. Disconnect and remove abandoned panelboards and distribution equipment.

E. Disconnect and remove electrical devices and equipment serving utilization equipment that has 
been removed.

F. Disconnect and remove abandoned luminaires.  Remove brackets, stems, hangers, and other 
accessories.

G. Repair adjacent construction and finishes damaged during demolition and extension work.

H. Maintain access to existing electrical installations that remain active.  Modify installation or 
provide access panel as appropriate.

I. Extend existing installations using materials and methods compatible with existing electrical 
installation or as specified.

J. The level of completion shall be demonstrated to Owner’s Representative.

K. Where equipment is indicated to be demolished and returned to Owner, the Contractor shall 
include the delivery of this equipment to the Owner's site storage area.  Remove with care all 
equipment to be relocated.  Repair or replace of newly damaged equipment is the responsibility 
of the Contractor.

3.4 CLEANING AND REPAIR

A. The Contractor shall follow Owner’s clean work policy and shall include the removal of trash and 
demolished material from the building or work area at the end of the each day and removal from 
the site once a week.

B. The Contractor shall be responsible for repairing adjacent construction and finishes damaged 
during demolition and/or modification.  The Contractor shall be responsible for the removal of 
ceiling tiles required in the demolition work.  The Contractor shall be responsible for the 
replacement of damaged tiles and reinstallation of the ceiling prior to final acceptance.

C. Panelboards:  Clean exposed surfaces and check tightness of electrical connections.  Replace 
damaged circuit breakers and provide closure plates for vacant positions.  Provide typed circuit 
directory showing revised circuiting arrangement.

D. Luminaires:  Remove existing luminaires for cleaning.  Use mild detergent to clean all exterior 
and interior surfaces; rinse with clean water and wipe dry.  Replace lamps, ballasts, and broken 
electrical parts.

3.5 DISPOSITION OF MATERIAL AND EQUIPMENT

A. Review with the Owner materials that have been removed and are no longer required, to 
determine any which the Owner may desire to keep.  Deliver those materials that the Owner 
desires to the Owner’s specified location.

B. For those materials not required by the Owner, dispose of them in accordance with applicable 
regulations.
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END OF SECTION





UTHSC-Houston MSB AHU L-5 & L-6 Replacement Section 26 05 00, Page 1
Houston, TX BASIC MATERIALS AND METHODS

E&C Engineers & Consultants
E&C Job No. 3302

SECTION 26 05 00

BASIC ELECTRICAL MATERIALS AND METHODS

PART 1 - GENERAL

1.1 WORK INCLUDED

A. Hinged cover enclosures and cabinets

B. Contactors

C. Control relays

D. Push buttons, and selector switches

E. Terminal blocks and accessories

F. Penetration sealing systems (fire stops)

G. Electrical/control portion of HVAC work covered by Division 23 pertaining basic electrical 
materials and methods shall follow the requirement set forth by this specification.

1.2 APPLICABLE CODES AND STANDARDS

A. NFPA 70, National Electrical Code (latest edition)

B. American National Standard, National Electrical Safety Code, (latest edition)

C. Applicable publications of NEMA, ANSI, IEEE, and ICEA

D. Underwriters Laboratories, Inc. Standards (UL)

E. Federal, city, state, and local codes and regulations having jurisdiction

F. OSHA requirements

G. NEMA 250 - Enclosures for Electrical Equipment (1000 Volts Maximum)

H. NEMA WD 1 – General-Purpose Wiring Devices

I. UL 98 - Enclosed Switches

1.3 INTENT 

A. This Section is not, and shall not be interpreted to be, a complete listing of all materials or 
equipment that is Contractor furnished and erected.  It is intended to clarify and further define the 
Contractor scope of work, procurement, and responsibilities for those incidental materials that are 
not specified by other specifications, but important to a complete and operational system.

B. The Contractor shall furnish all equipment and materials, whether or not specified in other 
Sections of specification and on drawings, for installation and connection required to place 
equipment into satisfactory operating service.  The Contractor shall review the Drawings and 
specifications for clarification of his responsibility in the handling and installation of equipment and 
material.  Where applicable, and not in contradiction with the Drawings and specifications, the 
Contractor shall install and connect the equipment in accordance with the manufacturer's 
recommendations and instructions.

C. All materials and equipment shall be of types and manufacturer specified wherever practical.  
Should materials or equipment so specified be unattainable, the Contractor shall submit the 
description and manufacturer's literature, reason for substitution request and shall secure the 
approval of the Engineer before substitution of other material or equipment is purchased.  This 
Section establishes performance requirements and the quality of equipment acceptable for use 
and shall in no way be construed to limit procurement from other manufacturer.

1.4 SUBMITTALS
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A. Provide submittals in addition and in accordance with Section 26 00 00, Basic Electrical 
Requirements, and Division 01 for submittal requirement.

B. Submit manufacturer's literature and specification data sheets for each type of basic material, 
which is applicable to the project.

1.5 DELIVERY, STORAGE AND HANDLING

A. Provide factory-wrapped waterproof flexible barrier material for covering materials, where 
applicable, to protect against physical damage in transit.  Damaged materials shall be removed 
from project site.

B. In their factory-furnished coverings, store materials in a clean, dry indoor space, which provides 
protection against the weather.

PART 2 - PRODUCTS

2.1 ENCLOSURES AND CABINETS

A. Enclosures and cabinets for all Contractor furnished electrical equipment and devices shall be 
suitable for the location and environmental conditions and shall be of the NEMA type as shown in 
Table 26 05 00-1.  Exceptions shall be specifically designated on the Drawings.

Table 26 05 00-1

Enclosures

Location Environment Enclosure Type

Indoor Utility Dry, subject to dust, falling dirt and 
dripping non-corrosive liquids

NEMA 12

Indoor Clean, Dry NEMA 1

Outdoor Subject to windblown dust and rain, 
splashing water, and hose-directed 
water

NEMA 4

Indoor Wet, subject to hose-directed water NEMA 4

Outdoor Subject to falling rain, sleet, and 
external ice formation

NEMA 3R

Indoor or Outdoor Subject to corrosion, windblown dust 
and rain, splashing water and hose-
directed water

NEMA 4X

B. Enclosures shall have the following properties:

1. Hinged Cover Enclosures:  NEMA 250.

a. Type 1:  Steel.

b. Type 4:  Steel with gasket door, rain tight.

c. Type 4X:  Stainless steel, (polycarbonate or fiberglass reinforced polyester (FRP) in 
corrosive areas).

d. Type 12:  Steel with gasketed door, dust-tight.

C. Finish:  Exterior, manufacturer's standard gray enamel finish; interior, white enamel finish.

D. Covers:  Continuous hinge, held closed by flush latch operable by hasp and staple for padlock.  
Where required for NEMA ratings, gaskets shall be neoprene rubber.

E. Interior Panel for Mounting Terminal Blocks or Electrical Components:  14-gauge steel, white 
enamel finish.
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F. Provide protective pocket inside front cover with schematic diagram, connection diagram, and 
layout drawing of control wiring and components within enclosure.

G. Forced Ventilation:  Where indicated, provide 115V single-phase fan motor, filtered with air 
plenum, finger guard, and stainless steel grille.  Washable aluminum filter, accessible for cleaning 
from outside the enclosure; 20,000-hour continuous operation without lubrication or service.  
Provide matching exhaust grille assembly.  Mount fan in lower side corner, exhaust grille in 
opposite upper side corner.

2.2 CONTACTORS

A. Acceptable Manufacturers 

1. General Electric Company

2. Square D Company

3. Other manufacturers equal in design and function will be considered upon A/E approval 
following substitution procedure in 26 00 00 and Division 01 for substitution requirement.

B. Contactors:  NEMA ICS 2; electrically held or mechanically held as indicated on Drawings.  Two-
wire control for electrically held contactors and three-wire control for mechanically held 
contactors.

C. Enclosure:  NEMA 1 unless indicated otherwise on Drawings.

D. Control Transformer:  Provide when indicated on Drawings.  Minimum capacity shall be 100 VA.  
Provide primary and secondary fuse protection.

E. Coil operating voltage; 110 volts, 60 Hz or as per drawings.

F. Size:  NEMA ICS 2; size as indicated on Drawings.

G. Contacts:  As indicated on Drawings; 600 Volts, 60 Hz.

H. Provide solderless pressure wire terminals on bus terminals suitable for mounting in panelboard 
as indicated on Drawings.

2.3 CONTROL RELAYS

A. Acceptable Manufacturers

1. General Electric Type CR120A

2. Cutler-Hammer Type M-300

3. Square D Company

4. Allen-Bradley

5. Other manufacturers equal in design and function will be considered upon A/E approval 
following substitution procedure in 26 00 00 and Division 01 for substitution requirement.

B. Provide magnetic control relays, NEMA Class A:  A300 (300 volts, 10 amps continuous, 7,200 VA 
make, 720 VA break), industrial control type with field-convertible contacts, and meeting the 
requirements of NEMA ICS 2.  

C. Where time delay relays are specified or required, unless otherwise noted, provide magnetic 
control relays with a solid-state timer attachment adjustable from 0.2 to 60 seconds (minimum) or 
with range as indicated.  Provide with field convertible from ON delay to OFF delay and vice 
versa.

D. Where latching (mechanically held) relays are specified, provide magnetic control relays with 
mechanical latch attachment with unlatching coil and coil clearing contacts.

2.4 PUSH BUTTONS, AND SELECTOR SWITCHES

A. Acceptable Manufacturers

1. Allen-Bradley
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2. Square D

3. Cutler Hammer

4. Seimens

5. Other manufacturers equal in design and function will be considered upon A/E approval 
following substitution procedure in 26 00 00 and Division 01 for substitution requirement.

B. For non-hazardous, indoor, dry locations, including control panels, and individual stations, provide 
heavy duty, NEMA 13, oil tight type pushbuttons, indicating lights, selector switches, and stations 
for these devices. 

C. For non hazardous, outdoor, or normally wet locations, or where otherwise indicated, provide 
heavy duty corrosion resistant, NEMA 4, watertight type pushbuttons, indicating lights, or selector 
switches mounted in NEMA 4 watertight enclosures.  Provide special gasketing required to make 
complete station watertight.

D. For hazardous locations, provide control station listed by UL for Class I, Divisions 01 and 02, 
Groups C and D; Class II, Division 01 and 02, Groups E, F, and G.  Specific type shall be in 
accordance with area classification as indicated on the Drawings.

E. For corrosive locations, provide nonmetallic components and enclosures meeting NEMA Type 
4X.

F. Provide devices meeting the requirements of NEMA ICS 2, and having individual, extra large 
nameplates indicating their specific function.  Provide push-button stations with laminated plastic 
nameplates indicating the drive they control.  Provide contacts with NEMA designation rating 
A600.  Install provisions for locking pushbuttons and selector switches in the OFF position 
wherever lockout provisions are indicated.  Nameplates shall be as specified in Section 26 05 53.

G. Utilize selector switches having standard operating levers.  All indicating lights shall be LED type, 
push-to-test type.  Provide ON or START pushbuttons colored black.  Provide OFF or STOP 
pushbuttons colored red.

2.5 TERMINAL BLOCKS AND ACCESSORIES

A. Signal And Control Terminals

1. Acceptable Manufacturers

a. Phoenix Contact

b. Buchanan

c. Weidmüller

d. Entrelec

e. Other manufacturers equal in design and function will be considered upon A/E approval 
following substitution procedure in 23 00 00 and Division 01 for substitution requirement.

2. Signal and Control Terminals:  Modular construction type, DIN 46 277/3 channel mounted; 
screw clamp compression connectors, rated 300 volts.  Minimum terminal width of 0.24-inch, 
capable of holding two No. 12 or two No. 14 AWG conductors in each connector.  Terminal 
identification numbers shall be thermoset characters (black) on a white background.  Provide 
25 percent spare terminals.

B. Power Terminals

1. Acceptable Manufacturers

a. Buchanan

b. Ilsco

c. Square D Company
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d. Burndy

e. Other manufacturers equal in design and function will be considered upon A/E approval 
following substitution procedure in 26 00 00 and Division 01 for substitution requirement.

2. Power Terminals:  Unit construction type, closed-back type, with tubular pressure screw 
connectors, rated 600 volts, size as required.  Provide 25 percent spare terminals.

2.6 PENETRATION SEALING SYSTEMS (FIRE STOPS)

A. Provide penetration sealing where conduit, cable tray, etc. pass through rated walls, ceilings, and 
floors.  See Section 07840, Fire Stopping, and Section 07900, Joint Sealants, for sealing 
requirements and systems.

2.7 UL LISTING

A. All equipment and materials shall be new and conform to the requirements of this Section.  All 
equipment and materials shall be UL listed, and shall bear their label whenever standards have 
been established and level service is regularly furnished.  All equipment and materials shall be of 
the best grade of their respective kind for the purpose.

PART 3 - EXECUTION

3.1 FABRICATION - CONTROL ENCLOSURES AND CABINETS

A. Shop assembles enclosures and cabinets housing terminal blocks or electrical components in 
accordance with NEMA ICS 6.

3.2 INSTALLATION - ENCLOSURES AND CABINETS

A. Install cabinets and enclosures plumb; anchor securely to wall and structural supports at each 
corner, minimum.  Direct attachment to dry wall is not permitted.

B. Provide accessory feet for freestanding equipment enclosures.

C. Install trim plumb.

3.3 ERECTION OF EQUIPMENT

A. Manufacturer's Installation Instructions:  Where furnished or called for by the manufacturer 
equipment manufacturer's installation instructions shall be considered a part of this specification 
and fully complied with.  Where the Contractor damages the finishing coat of paint in existing or 
completed areas, he shall refinish with matching paint.

B. Mounting Heights:  Individual safety switches and buttons and devices shall normally be installed 
at the following mounting heights, when not specified on the Drawings.

1. Safety Switches:  6 feet 0 inches (to top).

2. Pushbuttons:  4 feet 0 inches (to center).

3. Control Panels:  6 feet 0 inches (to top).

C. Mounting:  Equipment and control devices shall be supported independent of conduit 
connections.  Panels or cabinets shall be mounted on metal frame supports independently of 
equipment.  Control devices and metal enclosures shall be bolted or welded to steel channel or 
steel plate.  All electrical equipment and devices not covered by the above, such as 
miscellaneous switches, thermostats, duct switches, temperature switches, floats, photoelectrical 
devices, and similar electrical devices shall be located and set as suitable for the application.  
Where control panels are provided as part of the equipment racks mounted on the floor, they 
shall be provided to support conduits and flexible connections to control panels.

3.4 COORDINATION

A. Exact location of all electrical equipment, devices and fixtures shall be determined in field by 
contractor and verified by Engineer's field representative prior to installation.
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END OF SECTION



UTHSC-Houston MSB AHU L-5 & L-6 Replacement Section 26 05 19, Page 1
Houston, TX CABLE, WIRE AND CONNECTORS, 600 VOLT

E&C Engineers & Consultants
E&C Job No. 3302

SECTION 26 05 19

CABLE, WIRE AND CONNECTORS, 600 VOLT
 

PART 1 - GENERAL

1.1 WORK INCLUDED

A. Building wire.

1. Power distribution circuitry. 

2. Control system circuitry.

3. Lighting circuitry.

4. Appliance and equipment circuitry.

5. Motor-branch circuitry.

6. Other systems circuitry as designated.

B. Cable.

C. Wiring connections and terminations.

D. Electrical/control portion of HVAC work covered by Division 23 pertaining 600 volt cable, wire and 
connectors shall follow the requirement set forth by this specification.

1.2 REFERENCES

A. NEMA WC 5 - Thermoplastic-Insulated Wire and Cable for the Transmission and Distribution of 
Electrical Energy.

B. ANSI/UL 83 – Thermoplastic-Insulated Wire and Cables

C. NFPA 70 – National Electrical Code, latest edition

D. NEFA – Acceptance Testing Specifications for Electrical Power Distribution Equipment and 
Systems.

E. Where application of National Electrical Code, trade association standards or publications 
appears to be in conflict with the requirements of this Section, the Architect/Engineer shall be 
asked for an interpretation.

1.3 SUBMITTALS

A. Provide submittals in accordance with and in additional to Section 26 00 00, Basic Electrical 
Requirements, and  Division 01 for submittal requirement.

B. Submit manufacturer's literature and specification data sheets for each item of cable, wire 
connectors.

C. Qualification of cable and wire manufacturer:  Company specializing in manufacturing products 
specified in this Section with minimum ten years experience.

1.4 DELIVERY, STORAGE AND HANDLING

A. Provide factory-wrapped waterproof flexible barrier material for covering wire and cable wood 
reels, where applicable; and weather resistant fiberboard containers for factory packaging of 
cable, wire and connectors, to protect against physical damage in transit.  Damaged cable, wire 
or connectors shall be removed from project site.

B. Store cable, wire and connectors in a clean, dry indoor space in their factory-furnished coverings, 
which provides protection against the weather.

PART 2 - PRODUCTS
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2.1 GENERAL REQUIREMENTS

A. Generally, cable, wire and connectors shall be of manufacturer's standard materials, as indicated 
by published product information. 

B. Provide factory-fabricated wire of the size, rating, material and type as indicated for each service.  
Where not indicated, provide proper selection as required to comply with installation requirements 
and with NEC standards.  The minimum size wire to be used for power or lighting circuits shall be 
#12 copper with insulation as noted below.  Minimum size for control shall be #14 copper.

C. The conductors of wires and cables shall be of copper (tinned where specified), and have 
conductivity in accordance with the standardization rules of the IEEE. The conductor and each 
strand shall be round and free of kinks and defects.

D. Grounding conductors, where insulated, shall be colored solid green or identified with green color 
as required by the NEC.  Conductors intended as a neutral shall be colored solid white, or 
identified as required by the NEC.  All motor or equipment power wiring shall be colored 
according to Section 26 05 53, Electrical Identification.  

E. Use crimp type compression lugs for all wiring termination's, except on breakers or terminal strips 
in panel boards.

2.2 BUILDING WIRE

A. Thermoplastic-insulated Building Wire:  NEMA WC 5.

B. Rubber-insulated Building Wire:  NEMA WC 3.

C. Feeders and Branch Circuits, all sizes:  98% conductivity copper, soft-drawn, stranded conductor, 
600 volt insulation, THHN/THWN-2 Use XHHW-2 conductors where installed in conduit 
underground.  Use of aluminum conductors is acceptable for conductors #1/0 and above.  All 
conductor sizes shown on plans are based on copper cable.  If aluminum conductor is selected, 
the contractor is responsible for sizing the conductor to match or exceed the equivalent capacity 
of the copper conductor.  Conduit size shall also be adjusted to suit the aluminum conductors.

2.3 REMOTE CONTROL AND SIGNAL CABLE

A. 600 Volt Insulation Control Cable for Class 1 Remote Control and Signal Circuits, Type TC: 

1. Individual Conductors:  14 AWG, stranded copper, XHHW insulation.  Rated 90 degrees C 
dry, 75 degrees C wet, color-coded per ICEA Method 1 plus one green equipment grounding 
conductor.

2. Assembly:  Bundle wrapped with cable tape and covered with an overall PVC jacket.  Cable 
shall pass IEEE-1202 vertical tray ribbon-burner flame test (210,000 BTU) VW-1.

B. Instrumentation Cable

1. 300 Volt Instrumentation Cable, Multiple Pairs, Overall Shield, Type PLTC:

a. Individual Conductors:  18 AWG, stranded, tinned copper, flame retardant polyethylene 
or PVC insulated, rated 105 degrees C, black and white numerically printed and coded 
pairs.

b. Assembly:  Individual twisted pairs having a 100 percent coverage aluminum-polyester 
shield and 20 AWG stranded tinned copper drain wire.  Conductor bundle shall be 
shielded with 100 percent coverage overall aluminum-polyester shield complete with 20 
AWG drain wire.  All group shields completely isolated from each other.  Bundle wrapped 
with cable tape and covered with an overall flame retardant PVC jacket.  Cable shall pass 
IEEE-383 vertical tray flame test (70,000 BTU) UL1581.

C. Life Safety Systems Cable

1. All life safety system wiring shall be installed in dedicated conduit or raceway with adequate 
separation/shielding from all other systems.
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2. Life safety systems wiring shall be as specified in the Section 28 31 00 - Fire Alarm and 
Smoke Detection Systems.

D. Security/Access Control/CCTV Cable

1. All security/access control wiring shall be installed in dedicated conduits.

2. Security/access control wiring shall be rated and as specified below:

Circuit Type
No. of 

Conductor
s

Conductor Specifications Cable Specifications

20 mA Current 
Loop

2 18-gauge, stranded copper 2 cables, 1 twisted pair each 
required

Card Reader 
Coaxial

-- 18-gauge, solid copper, 
center conductor

Schlage Model No. SE9284PL 
or Anicom 5910PL

Contact Circuits 2 18-gauge, stranded copper Nonshielded, twisted
CCTV Coaxial -- -- Belden 89259 plenum rated, or 

approved equal

3. All security/access control power circuit wiring shall comply with paragraph 2.2. Building Wire 
of this Section.

D. Plenum Cable for Class 3 Remote Control and Signal Circuits:  98% conductivity copper 
conductor, 300 volt insulation, rated 60 degree C, UL listed for use in air handling ducts, hollow 
spaces used as ducts, and plenums.

2.4 WIRING CONNECTIONS AND TERMINATIONS

A. Provide factory-fabricated, metal connectors of the size, rating, material, type and class as 
indicated for each service.  Where not indicated, provide proper selection as required to comply 
with installation requirements and with NEC standards.  Select from only following types, classes, 
kinds and styles.

1. Type:

a. Solderless pressure connectors

b. Crimp.

c. Threaded. 

d. Insulated spring wire connectors with plastic caps for 10 AWG and smaller.

2. Class: Insulated.

3. Material: Copper (for CU to CU connection).

4. Style:

a. Insulated terminals.  Use ring-terminal for control wiring.  Use flange (fork) spade 
compression terminal for termination of stranded conductors at wiring devices, including 
ground connection.

b. Split bolt-parallel connector.

c. Pigtail connector.

d. Pre-insulated multi-tap connector.

PART 3 - EXECUTION

3.1 INSPECTION
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A. Installer must examine the areas and conditions under which cable, wire and connectors are to 
be installed and notify the Contractor in writing of conditions detrimental to the proper and timely 
completion of the work.  Inspect wire and cable for physical damage.  Do not proceed with the 
work until unsatisfactory conditions have been corrected.

3.2 GENERAL WIRING METHODS

A. Install electrical cable, wire and connectors as indicated, in accordance with the manufacturer's 
written instructions, the applicable requirements of NEC and the National Electrical Contractors 
Association's "Standard of Installation", and as required to ensure that products serve the 
intended functions.

B. Coordinate cable and wire installation work with electrical raceway and equipment installation 
work, as necessary for proper interface.  Do not install the conductors until raceway system is 
complete and properly cleaned.

C. Cables shall be selected on the basis of their purpose and UL listing.  Generally, use Types 
THWN-2 and THHN-2 in building interiors and other dry locations.  Outdoors and underground in 
raceways, use Type XHHW-2.  Conductors subject to abrasion, such as in lighting poles, shall be 
Type XHHW-2.

D. No conductor smaller than No. 12 wire shall be used for lighting purposes.  In the case of "home 
runs" over 50' in length (100' for 277 volt) no conductor smaller than a No. 10 wire shall be used.  
The sizing of all wire except remote control wire shall be accomplished in the case of both feeder 
and branch circuits by conforming to the following provisions.  Separate neutral conductors shall 
be provided for each phase of the same size for 120V/277V single-phase application for heavy 
electrical loads, computer loads, loads fed from isolated transformers, lab equipment, clinic 
equipment, dedicated circuits, unless noted otherwise on drawings.  Voltage drop on feeders and 
branch circuits shall not exceed NEC requirement. 

E. Remote control wires shall be no smaller than No. 14 conductors.  Control wires shall be run in 
separate conduits.  Departures from the sizes so determined shall be made only in those cases in 
which the National Electrical Code requires the use of larger conductors.  The sizes as 
determined from these tables shall be regarded as the acceptable minimum under all other 
circumstances.  In no case, however, shall there be a voltage drop greater than that specified in 
any feeder or branch circuit.  The Contractor may, if he deems it necessary or advisable, use 
larger sized conductors than those shown.  Under no circumstances, however, shall the 
Contractor use any conductors sized in a manner which does not conform to the above 
mentioned tables without having first secured the written approval of the Owner's duly authorized 
representative.

F. Splice branch circuits only in accessible junction or outlet boxes.  Control cable shall never be 
spliced except the final connection to field devices.  Where terminations of cables that are 
installed under this Section are to be made by others, provide pigtail of adequate length for neat, 
trained and bundles connections, minimum 5 feet at each location, unless noted otherwise on 
drawings.

G. Wiring Within An Enclosure:  Contractor shall bundle ac and dc wiring separately within an 
enclosure. The Contractor shall utilize panel wire-ways when they are provided.  Where wireways 
are not provided the Contractor shall neatly tag, bundle wires and secure to sub-panel at a 
minimum of every three inches with T&B Type TC5355 heavy duty mounting bases.

H. Do not band any conductor either permanently or temporarily during installation to radii less than 
four times the outer diameter of 600-volt insulated conductors.  

3.3 WIRING INSTALLATION IN RACEWAYS

A. Wire and cable shall be pulled into clean dry conduit.  Do not exceed manufacturer’s 
recommended values for maximum pulling tension.

B. Pull conductors together where more than one is being installed in a raceway.

C. Use UL listed pulling compound or lubricant, when necessary; compound must not deteriorate 
conductor and insulation.
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D. Do not use a pulling means, including fish tape, cable or rope, which can damage the raceway.

E. Install wire in raceway after interior of building has been physically protected from the weather 
and all mechanical work likely to injure conductors has been completed.

F. Place an equal number of conductors for each phase of a circuit in same raceway.

G. Provide separate conduit or raceway for line and load conductors of motor starters, safety 
disconnect switches, and similar devices.  Those devices shall not share the same raceway.

H. All conduits shall contain a green grounding conductor.  Conduit, wireways, or boxes shall not be 
used as the equipment grounding conductor.

3.4 CABLE INSTALLATION

A. Provide protection for exposed cables where subject to damage during construction.  Do not 
install cable before the completion of raceway system.

B. Cable above ceilings shall be in conduit or raceways.  Cables, conduits and raceways shall not 
be laid on ceiling tiles or strapped to ceiling wire.

C. Use suitable cable fittings and connectors.

D. It shall be the Contractor's responsibility to accurately measure all cable runs before the cable is 
cut.  The Contractor shall furnish all tools and equipment, have sufficient properly trained 
personnel and shall exercise necessary care to ensure that the cable is not damaged during 
installation.  Cable found to be damaged before installation shall not be installed.  Cable damage 
during installation shall be removed and replaced.  Repairs to cables can only be done with 
written permission from the Owner's Representative and only under special circumstances.

E. Care shall be exercised with cables entering or leaving cable trays that all cable bend radii shall 
not be less than the recommended minimum and that cables are not left to rest unprotected on 
any sharp edge or corner.

F. PVC jacketed cable shall not be installed or worked in any way at temperatures below 32 degrees 
F, unless cable has been previously stored in a heated area 48 hours prior to being pulled and 
transported to a heated pulling area.

G. Each cable entering an enclosure shall have its conductors bundled together and identified with 
the cable number.  All groups of conductors within an enclosure shall be shaped and formed to 
provide a neat appearance to facilitate future additions or rework.  All control conductors shall be 
numbered and shall be labeled at each termination with this number, using markers designed for 
the application.

H. Multi-Conductor Cable Installation:  Fire alarm cable shall be routed in a separate conduit only.

I. Instrument Cable:  Instrument cable shall, when conduit installation is required be installed in rigid 
steel conduit.  They shall not be spliced at any point.  The shields and drain wires of shielded 
signal cables shall be grounded only at one point as indicated on the Drawings.

3.5 WIRING CONNECTIONS AND TERMINATIONS

A. Install splices, taps and terminations, which have equivalent-or-better mechanical strength and 
insulation as the conductor.  Make splices, taps and terminations to carry full ampacity of conduc-
tors without perceptible temperature rise.

B. Keep conductor splices and taps accessible and to a minimum, and in junction boxes only.  
Control circuit conductors shall terminate at terminal blocks only.  Splices below grade shall only 
be in handholes or manholes and shall be made watertight with epoxy resin type splicing kits 
similar to Scotchcast.

C. Use splice, tap and termination connectors, which are compatible with the conductor material. 

D. Thoroughly clean wires before installing lugs and connectors.

E. Terminate spare conductors with electrical tape and label as spare.
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F. Power and Lighting Circuits:  Use solderless pressure connectors with insulating covers for 
copper wire splices and taps, 8 AWG and larger.  For 10 AWG and smaller, use insulated spring 
wire connectors with plastic caps on lighting and receptacle circuits.

G. Use split bolt connectors for copper wire splices and taps, 6 AWG and larger.  Tape un-insulated 
conductors and connectors with electrical tape to 150 percent of the insulation value of conductor.

H. Connections for all wire sizes in motor terminal boxes where the motor leads are furnished with 
crimped-on lugs shall be made by installing ring type compression terminals on the motor branch 
circuit ends and then bolting the proper pairs of lugs together.  First one layer of No. 33 scotch 
tape reversed (sticky side out), then a layer of rubber tape, then two layers of No. 33 half-lapped.

I. Identify conductors per Section 26 05 53 - Electrical Identification.

3.6 FIELD QUALITY CONTROL

A. Torque test conductor connections and terminations to manufacturer's recommended values.

B. Perform continuity test on all power and equipment branch circuit conductors.  Verify proper 
phasing connections.

C. Conductors in vertical conduits or raceways shall be supported in the manner set forth in the 
appropriate section of the latest revision of the National Electrical Code.  Lighting fixtures shall 
not be used for raceways for circuits other than parallel wiring of fixtures.

D. Conductors may be run in parallel on sizes 1/0 to 500 MCM inclusive provided all paralleled 
conductors are the same size, length, and type of insulation.  Except as otherwise shown on 
drawings, no more than three conductors may be run in parallel, and they shall be so arranged 
and terminated as to insure equal division of the total current between all conductors involved.  
Where parallel connection is contemplated, approval of the Owner's representative must be 
obtained before installation is made.

3.7 TESTING AND ACCEPTANCE

A. Before final acceptance, the Contractor shall make voltage, insulation, and load tests, necessary 
to demonstrate to the Owner's representative the satisfactory installation and proper performance 
of all circuits.

B. Test feeder conductors clear of faults. Insulation-resistance test shall be conducted per NETA – 
Acceptance Testing Specifications for Electrical Power Distribution Equipment and Systems.  
Test results below 50 megohms shall be cause for rejection of the wiring installation.  Replace 
and retest all such rejected conductor.

C. At the completion of this project, the Contractor shall provide for the Owner three (3) complete 
and finally corrected sets of working drawings.  These sets of working drawings shall be new, 
unused and in good condition, and shall include the nature, destination, path, size and type of 
wire and all other characteristics for complete identification of each and every conduit and circuit.

END OF SECTION
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SECTION 26 05 26

GROUNDING

PART 1 - GENERAL

1.1 WORK INCLUDED

A. Power system grounding.

B. Electrical equipment and raceway grounding and bonding.

1.2 RELATED WORK

A. Lightning protection.

1.3 REFERENCES

A. NFPA 70 – National Electrical Code, latest edition

B. ANSI/UL 467 – Electrical Grounding and Bonding Equipment

C. ANSI/IEEE STD 142 – Recommended Practice for Grounding of Industrial and Commercial 
Power Systems

D. IEEE 81 – Guide for Measuring Earth Receptivity, Ground Impedance and earth Surface Potential 
of a ground System

E. IEEE 1100 – Recommended Practice for Powering and Grounding Sensitive Electronic 
Equipment

F. ANSI/TIA/EIA 607 – Commercial Building Grounding and Bonding Requirements for 
Telecommunications

1.4 SYSTEM DESCRIPTION

A. Ground the electrical service system neutral at service entrance equipment to grounding 
electrodes.  Electrical systems that are grounded shall be connected to earth in a manner that will 
limit the voltage imposed by lightning, line surges, or unintentional contact with higher-voltage 
lines and that will stabilize the voltage to earth during normal operations.  Concrete encased 
electrodes shall be connected as the most effective grounding electrodes.  Provide a completely 
grounded system in accordance with Article 250 of the NEC.

B. Ground each separately-derived system neutral to separate ground buses that are installed in 
nearest electrical rooms.  Transformer, UPS systems, power conditioners, inverters, or other 
power supplies are separately derived systems.  Standby or emergency generators are 
separately derived systems if the neutral is bonded to the generator frame and if there is no direct 
connection of the generator neutral conductor to the service neutral conductor.

C. Refer to telecom plans for grounding requirements for telecom systems.

D. Bond together system neutrals, service equipment enclosures, exposed non-current carrying 
metal parts of electrical equipment, metal raceway systems, cable trays, auxiliary gutters, meter 
fittings, boxes, cable armor, cable sheath, ground bus in electrical rooms and IT rooms, metal 
frame of the building or structure, ground ring, lightning down lead conductor, grounding 
conductor in raceways and cables, receptacle ground connectors, and metal underground water 
pipe.  

E. Bonding jumpers shall be installed around non-metal fittings or insulating joints to ensure 
electrical continuity.  Bonding shall be provided where necessary to ensure electrical continuity 
and the capacity to conduct safely any fault current likely to be imposed.

1.4 SUBMITTALS

A. Provide submittals in accordance with and in additional to Section 26 00 00, Basic Electrical 
Requirements, and  Division 01 for submittal requirement. 
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PART 2 - PRODUCTS

2.1 MATERIALS AND EQUIPMENT

A. Grounding system components shall be as required to comply with the design and construction of 
the system indicated.  Components shall be as indicated in manufacturer's submittal data.

B. Ground conductors shall be stranded tinned, annealed copper cable of the sizes indicated on 
drawings.  Bond grounding conductors at both ends of metallic conduit.

C. Grounding clips shall be Steel City Type G, or equal.

D. Ground Rods shall be copper-encased steel, 3/4" diameter, minimum length 10 feet.

PART 3 - EXECUTION

3.1 INSTALLATION

A. Install ground system as indicated, in accordance with the applicable requirements of the National 
Electrical Code and the National Electrical Contractors Association's "Standard of Installation".

B. Install grounding conductors continuous, without splice or connection, between equipment and 
grounding electrodes.  Install test wells as required per drawings.

C. In feeder and branch circuits, provide a separate, insulated equipment grounding conductor.  
Terminate each end on a grounding lug, bus, or bushing.

D. Connect grounding electrode conductors to metal water pipe where metal pipe is available and 
accessible using suitable ground clamp.  Make connections to flanged piping at street side of 
flange.  Provide bonding jumper around water meter.

E. Install fusion welded ground connectors where they are concealed or inaccessible. 

F. Ground each outlet by the use of an approved grounding clip attached to the junction box in such 
a position to be readily inspected on removal of the cover plate; or by the use of an approved 
grounding yoke type receptacle.

G. No strap grounding clamps shall be used; connections requiring bolting shall be made up with 
monel metal bolts, washers and nuts.  Connections shall be made only after surfaces have been 
cleaned, or ground to expose virgin metal.

H. Install external ground wire on liquid tight flexible metal conduit with grounding bushings.

I. Conductor connections shall be made by means of solderless connectors such as serrated bolted 
clamps or split bolt and nut type connectors.  .

J. The neutral of each transformer shall be bonded to system ground at one point only.  This point 
shall be ahead of the first secondary protective device.

3.2 FIELD QUALITY CONTROL

A. Inspect grounding and bonding system conductors and connections for tightness and proper 
installation.

END OF SECTION
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SECTION 26 05 29

 SECURING AND SUPPORTING METHODS

PART 1 - GENERAL
1.1 WORK INCLUDED

A. Raceway, cable tray, and equipment supports

B. Fastening hardware

C. Coordinate location of concrete equipment pads

1.2 QUALITY ASSURANCE

A. Support systems shall be adequate for weight of equipment and conduit, including wiring, which 
they carry.  Support systems shall be sized adequately to support an additional 25% for future 
loads

1.3 COORDINATION

A. Coordinate with other trades where conduit and cable tray supports are in the same location as 
piping, ductwork, and work of other trades and where supports are furnished and installed under 
other Divisions.  Supporting from the work or supports of other Contractors shall not be allowed 
except by express, written permission of the Owner.

1.4 SUBMITTALS

A. Provide submittals in accordance with and in additional to Section 26 00 00, Basic Electrical 
Requirements, and Division 01 for submittal requirement.

PART 2 - PRODUCTS

2.1 MATERIAL

A. Support Channel:

1. All non-corrosive locations:  Hot-dip galvanized steel.

2. Corrosive locations:  Nonmetallic fiberglass.

B. Hardware: 

1. All non-corrosive locations:  Hot-dip galvanized steel.

2. Corrosive locations:  Stainless steel threaded rod, attachments and fasteners shall be used 
with fiberglass supports.

C. Threaded Rod:  used for rack support from structure above; 3/8-inch minimum diameter.

PART 3 - EXECUTION

3.1 INSTALLATION

A. Fasten hanger rods, conduit clamps, and outlet and junction boxes to building structure using 
precast insert system, expansion anchors, or beam clamps.  Do not use spring steel clips and 
clamps. Provide necessary calculations to select proper support materials for electrical 
equipment, raceway, and cable tray supports.  Provide cable tray supports for cable tray filled to 
125 percent capacity per NEC.

B. Install hangers, anchors, sleeves and seals as indicated, in accordance with manufacturer’s 
written instructions and with recognized industry practices to insure supporting devices comply 
with requirements.  Comply with requirements of NEC for installation of supporting devices.  
Install supports with spacing in compliance with NEC requirements.
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C. Use toggle bolts or hollow wall fasteners in hollow masonry, plaster, or gypsum board partitions 
and walls; expansion anchors in solid masonry walls; or concrete surfaces; sheet metal screws in 
sheet metal studs; and wood screws in wood construction. 

D. Do not fasten supports to piping, ductwork, mechanical equipment, or conduit. 

E. Do not use powder actuated anchors without written permission from the Engineer.

F. Do not drill structural steel members without written permission from the Structural Engineer. 

G. Fabricate supports from structural steel or steel channel, rigidly welded or bolted to present a 
neat appearance.  Use hexagon head bolts with spring lock washers under all nuts. 

H. Bridge studs top and bottom with channels to support recessed mounted cabinets and 
panelboards in stud walls.  

I. Install surface mounted cabinets and panelboards with a minimum of four anchors.  Provide strut 
channel supports to stand cabinet 1-5/8 inches off wall.  Utilize "Post Bases" where support 
channel is attached to structural floor.

J. Provide extra care in supporting PVC conduit to protect it from potential damage.

K. Use fiberglass for nonmetallic raceway systems supports in areas subject to corrosives.  

L. All supports in contact with floor using stanchion type support shall be solidly bolted to the 
permanent structural floor.

M. Conduit supports shall have at a minimum, the bottom support member constructed of double 
strut.  This horizontal member shall be double-nutted, and the supporting all-thread rod shall be 
trimmed to one inch below lowest nut. 

N. Conduit entering/exiting cable tray shall be attached to the tray rail by means of unistrut bolted to 
the rail and standard manufacturer's accessories.  Conduit shall only enter/exit tray horizontally 
supported within three feet of the tray, and extended into the tray two inches.  Conduit shall be 
terminated with a grounding bushing, and bonded to the tray ground wire.  (The attachment to the 
tray shall not be considered a support.)

O. Coordinate with other electrical work, including raceway and wiring work, as necessary to 
interface installation of supporting devices with other work.

P. Install freestanding electrical equipment on 4-inch concrete pads.  Pad shall be a minimum four 
inches larger than equipment.  No crevices shall be left around the pads.  Equipment includes but 
not limited to the following:

1. Motor Control Centers

2. Static Transfer Switches

3. Floor mounted VFDs

4. Floor mounted transformers

5. Switchboards, 1200A and larger

Q. Do not anchor supports to columns.  Where panelboards, cables, or conduits are routed on the 
face of a column provide “column hugging” channel supports.

3.2 TOUCH-UP

A. Touch-up all scratches on securing and supporting system, and paint the ends of channel after 
cutting with an approved zinc chromate or 90 percent zinc paint.

END OF SECTION
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SECTION 26 05 33

RACEWAYS, CONDUITS AND BOXES

PART 1 - GENERAL

1.1 WORK INCLUDED

A. Raceways:

1. Surface metal raceways.

2. Multi-outlet assemblies.

3. Wireways.

4. Indoor service poles.

B. Conduit:

1. Rigid metal conduit and fittings. (RGS)

2. Intermediate metal conduit and fittings. (IMC)

3. Electrical metallic tubing and fittings. (EMT)

4. Flexible metal conduit and fittings.

5. Liquid-tight flexible metal conduit and fittings.

6. Non-metallic conduit and fittings. (underground use only)

7. PVC coated rigid steel conduit.

C. Boxes:

1. Wall and ceiling outlet boxes.

2. Pull and junction boxes.

D. Electrical/control portion of HVAC work covered by Division 23 pertaining raceway, conduit and 
boxes shall follow the requirement set forth by this specification.

1.2 REFERENCES

A. NFPA 70 – National Electrical Code, latest edition

B. ANSI C80.1 - Rigid Steel Conduit, Zinc-Coated

C. ANSI C80.3 - Electrical Metallic Tubing, Zinc-Coated

B. ANSI/NEMA FB 1 - Fittings and Supports for Conduit and Cable Assemblies

E. EMA TC 3 - PVC Fittings for Use with Rigid PVC Conduit and Tubing

F. ANSI/NEMA OS 1 - Sheet-Steel Outlet Boxes, Device Boxes, Covers and Box Supports

G. NEMA 250 - Enclosures for Electrical Equipment (1000 Volts Maximum)

H. ANSI/NEMA TC 2 – Electrical Plastic Tubing (EPT) and Conduit (EPC-40 and EPC-80)

I. ANSI/UL 1 – Flexible Metal Conduit

J. ANSI/UL 5 – Surface Metal Raceways and Fittings

K. ANSI/UL 360 – Liquid-tight Flexible Steel Conduit

L. ANSI/UL 467 – Electrical Grounding and Bonding Equipment

M. ANSI/UL 651 – Schedule 40 and 80 Rigid PVC Conduit (underground use only)
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N. ANSI/UL 797 – Electrical Metal Tubing

O. ANSI/UL 870 – Wireways, Auxiliary Gutters and Fittings

P. NEMA RN 1 – Polyvinyl Chloride (PVC) Externally Coated galvanized Rigid Steel Conduit and 
Intermediate Metal Conduit

Q. NEMA VE 1 – Metallic Cable Tray Systems

R. UL 6 – Rigid Metal Conduit 

S. ANSI/UL 5C – Surface Raceways and Fittings for Use with Data, Signal, and Control Circuits 

T. ANSI/UL 498 – Attachment Plugs and Receptacles

U. ANSI/UL 943 – Ground Fault Circuit Interrupters

1.3 SUBMITTALS

A. Provide submittals in accordance with and in additional to Section 26 00 00, Basic Electrical 
Requirements, and Section 01330, Submittal Procedures.

B. Shop drawings consisting of a complete list of equipment and materials, which will be used for the 
project, including manufacturer's descriptive and technical literature, catalog cuts and installation 
instructions.

C. Sealing/fire stopping materials and details.

1.4 STORAGE AND HANDLING

A. Handle materials carefully to avoid damage, breaking, denting and scoring.  Damaged equipment 
or materials shall not be installed.

B. Store materials in a clean dry space and protected from the weather.

PART 2 - PRODUCTS

2.1 SURFACE METAL RACEWAY

A. Surface metal raceway shall be factory pre-assembled galvanized steel complete including 
bases, removable covers, receptacles, end plates, elbows, connectors and fittings, to exact 
length to match the length of the cabinets, casework, utility chases, and shelving as indicated on 
laboratory and furniture shop drawings, and work bench details, as applicable. 

B. Size shall be as shown on the Drawings. The length shown on electrical drawings is 
diagrammatic only and is not accurate for fabrication of raceway Sections.  Refer to shop 
drawings, architectural plans, elevations, and details.

C. Finish shall be ANSI-61 gray enamel .

D. Covers shall be field removable by use of a standard screwdriver, without marring the extrusion 
or cover finish.  Raceway with two covers must allow each cover to be removed separately 
without access into the compartment(s) enclosed by the other cover.   

E. Provide a permanent, integral, grounded metallic dividing barrier to isolate the wiring 
compartments in the multi-outlet raceway system per drawing as applicable.  Provide divider with 
fittings that maintain the separation of the raceway wiring compartments.

F. Provide device brackets for mounting standard single-gang or two-gang devices within the 
raceway system.  Devices shall have the capacity of mounting flush or in conjunction with device 
faceplates. 

G. Provide receptacles for the respective power systems as indicated on the drawings.  Refer to 
Section 26 27 26 Wiring Devices for device specifications. 

2.2 MULTI-OUTLET ASSEMBLY

A. Multi-outlet assembly shall be two-piece sheet metal channel with fitted, removable cover suitable 
for use as a multi-outlet assembly.
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B. Size shall be as indicated on the Drawings.

C. Provide receptacles mounted as shown on Drawings.

D. Finish shall be ANSI-61 gray enamel.

E. Provide couplings, elbows, outlet and device boxes, and connectors designed for use with multi-
outlet system.

2.3 WIREWAYS

A. Wireways shall be of steel construction general purpose for indoor spaces and rain tight for 
outdoor applications with knockouts.

B. Size shall be as indicated on Drawings.

C. Cover shall be hinged or screw applied as indicated on Drawings.  Rain tight wireways shall be 
provided with full gasketing.

D. Fittings shall be so constructed to continue the "lay-in" feature through the entire installation.

E. Provide all sheet metal parts with a rust inhibiting phophatizing primer coating and finished in gray 
enamel.  All hardware shall be cadmium plated to prevent corrosion.

2.4 CONDUIT AND FITTINGS

A. Conduit and fittings for all electrical systems on this project shall include the following:

1. Electrical power and lighting feeders

2. Electrical power and lighting circuits

3. Telephone systems

4. Control systems (other than HVAC)

5. Fire alarm and signaling systems

6. Other electrical systems

B. For each electrical wireway system indicated, provide a complete assembly of conduit, tubing or 
duct with fittings including, but not necessarily limited to, connectors, nipples, couplings, locknuts, 
bushings, expansion fittings, other components and accessories as needed to form a complete 
system of the same type indicated.

C. Conduit fittings shall be designed and approved for the specific use intended.  Conduit fittings, 
including flexible, shall have insulated throats or bushings.  Rigid conduits shall have insulated 
bushings, unless grounding bushings are required by N.E.C. Article 250.  Grounding bushings 
shall have insulated throats.

D. Rigid and intermediate metal conduit shall be hot-dipped galvanized.  Fittings shall be threaded 
type.  Expansion fittings shall be OZ Type DX.

E. Electrical metallic tubing shall be galvanized.  Fittings shall be all steel compression type.  
Expansion fittings shall be OZ Type TX.

F. Flexible metal conduit and fittings shall be zinc-coated steel.

G. Liquid-tight flexible conduit and fittings shall consist of single strip, continuous, flexible 
interlocked, double-wrapped steel, galvanized inside and outside, forming smooth internal wiring 
channel with liquid-tight covering of flexible polyvinyl chloride (PVC).  It shall be furnished with a 
sealing O-ring where entering an enclosure subject to moisture.  Where O-Rings are used, 
ground type bushings shall be used in the box or enclosure.

H. Nonmetallic conduit and fittings shall be suitable for temperature rating of conductor but not less 
than 90°C.  Nonmetallic conduit and fittings shall be molded of high impact PVC compound 
having noncombustible, nonmagnetic, non-corrosive and chemical resistant properties and shall 
be of the same manufacturer.  Where located outdoors and above ground, the conduit and fittings 
shall be UV resistant.  Solvent cement shall be of the same manufacturer as the conduit and shall 
be of the brush-on type.  Spray solvents are prohibited.  PVC coated metallic fittings shall not be 
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permitted for PVC conduit connections.

I. Crimp or set-screw type fittings are not acceptable.

J. Minimum conduit size shall be 3/4 inch, except 1/2 inch flexible metallic conduit may be used as 
fixture whips.

K. PVC coated rigid steel conduit shall be externally coated with a 40 mil PVC coating and internal 
phenolic coating over a galvanized surface.

2.5 WALL AND CEILING OUTLET BOXES

A. Galvanized steel interior outlet wiring boxes of the type, shape and size, including depth of box, to 
suit each respective location and installation; constructed with stamped knockouts in back and 
sides, and with threaded holes with screws for securing box covers or wiring devices.  Minimum 
box size shall be 4” square by 2 1/8” deep except boxes for light fixtures may be octagonal, 4” 
and 1 ½” deep.

B. Outlet box accessories as required for each installation, including mounting brackets, wallboard 
hangers, extension rings, fixture studs, cable clamps and metal straps for supporting outlet 
boxes, compatible with outlet boxes, compatible with outlet boxes being used and meeting 
requirements of individual situations.

C. Provide multi-gang outlets of single box design.  Sectional boxes are not acceptable.  Provide 
outlet boxes of sufficient volume to accommodate the number of conductors entering the box in 
accordance with the requirements of NEC, and not less than 1 ½ inch deep unless shallower 
boxes are required by structural conditions and are approved by the A/E.

D. Provide deep type FD cast metal weatherproof exterior outlet wiring boxes of the type, shape and 
size, including depth of box, with ¾” threaded conduit ends, cast aluminum face plate with spring-
hinged waterproof cap for outdoor use.

E. Outlet boxes in poured concrete shall be plenum type without any holes and with reset knockouts.  
Where extension rings are used to offset conduit between wall reinforcing steel, joint between 
extension ring and box shall be sealed to prevent concrete from entering box during pour.

F. Provide 4-inch octagonal ceiling outlet boxes.

2.6 PULL AND JUNCTION BOXES

A. Boxes shall be galvanized sheet metal conforming to ANSI/NEMA OS 1 with screw-on cover and 
welded seams, stainless steel nuts, bolts, screws and washers.

B. Boxes larger than 12 inches in any dimension shall be panelboard code gauze galvanized steel 
with hinged cover.

C. Boxes shall be sized in accordance with NEC.

PART 3 - EXECUTION

3.1 INSTALLATION - CONDUIT

A. Install products as indicated, in accordance with the applicable requirements of NEC, NEMA and 
the National Electrical Contractors Association's "Standard of Installation".

B. Cut conduit square using a saw or pipe cutter.  De-burr cut ends.  Joints in steel conduit must be 
painted with T&B Kopr shield and drawn up tight.  Threads for rigid metal conduit and IMC shall 
be deep and clean.  Running threads shall not be used.  Wipe plastic conduit clean and dry 
before joining.  Apply full, even coat of cement with brush to entire area that will be inserted into 
fitting.  Let joint cure for 20 minutes minimum.  Spray type of cement is not acceptable.  Install 
raceway and conduit system from point of origin in outlets shown, complete with support 
assemblies including all necessary hangers, beam clamps, hanger rods, turnbuckles, bracing, 
rolls, clips angles, through bolts, brackets, saddles, nuts, bolts, washers, offsets, pull boxes, 
junction boxes and fittings to ensure a complete functional raceway system.  Where vertical drops 
of conduit are made to equipment in open space, the vertical conduit shall be rigidly supported 
from racks supported on the floor.
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C. Install rigid wall hot-dipped galvanized steel conduit or hot-dipped galvanized intermediate metal 
conduit for service entrance; feeders; wall or floor penetrations; mechanical rooms electrical 
rooms and exposed locations where there is a high potential subject to physical damage; 
exposed outdoor locations; damp locations or any location as per design drawing.  The following 
exceptions permitted:

1. EMT

a. In sizes up to and including 1-1/2 inch, may be used inside dry locations where not 
subject to mechanical damage.  EMT may be used in air-conditioned spaces, such as 
accessible ceilings, dry wall partitions and exposed where 6 feet above the floor.  EMT 
may not be used outside, in concrete, underground, in under floor spaces, in masonry 
walls, in locations likely to be damp, in electrical rooms subject to mechanical damage 
due to future installation, or exposed within 6 feet of the floor.  EMT shall not be used for 
medium voltage circuits. 

b. Where used for feeder circuits receptacle branch circuits and motor branch circuits EMT 
shall also contain a NEC grounding conductor.

c. All conduits shall be concealed in walls or ceilings unless otherwise noted.

2. Liquid-tight

a. Install liquid-tight flexible metal conduit for connections to rotating, vibrating, moving or 
movable equipment, including dry-type transformers.  Install external ground wire on 
flexible conduit with grounding bushings.  Maximum length shall be 6 feet minimum of 2 
feet.

3. Flexible Metal Conduit

a. Install standard flexible metal conduit (not liquid-tight), which shall be only used for 
lighting fixture whips or motor vibrations, with internal ground wire.  Install flexible conduit 
connection such that vibrations are not transmitted to adjoining conduit or building 
structure.  Maximum length shall be 6 feet minimum of 3 feet; minimum size shall be 3/4; 
and minimum size shall be ½ inch for lay-in light fixture whips. 

D. Install conduits parallel and supported on Unistrut, or equal, trapezes and anchored with split ring 
hangers, conduit straps or other devices specifically designed for the purpose.  No raceways or 
boxes shall be supported using wire.  Arrange conduit to maintain headroom and present a neat 
appearance. Conduit routes shall follow the contour of the surface it is routed on.  Route exposed 
conduit and tray above accessible ceilings parallel and perpendicular to walls and adjacent 
piping.   Maintain 12-inch clearance between conduit and heat sources, such as flues, steam 
pipes, and heating appliances.  Wire ties or “wrap lock” are not permitted to support or secure 
conduit system.  Fasten conduit with the following material:

1. Wood screws on wood

2. Toggle bolts on hollow masonry

3. Bolts and expansion anchors in concrete or brick

4. Machine screws, threaded rods and clamps on steel

5. Conduit clips on steel joists.

6. 4 inch x 4 inch penta-treated pine installed in pitch pans on roof, spaced at intervals not to 
exceed 5 feet.

E. Install conduits outside of building lines at a minimum depth of 30 inches below finished grade.  
Maintain twelve inches earth or two inches concrete separation between electrical conduits and 
other services or utilities underground.  Encase all plastic service entrance conduits with concrete 
unless otherwise specifically detailed or noted on the drawings.

F. Fittings shall be approved for grounding purposes or shall be jumpered with copper grounding 
conductors of appropriate ampacity.  Leave termination of such jumpers exposed.
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G. Install expansion fittings in metal and PVC conduit as follows:

1. Conduit Crossing Building Expansion Joints:

a. EMT all sizes

b. IMC all sizes

c. RMC all sizes

d. PVC all sizes

2. Conduits entering environmental rooms and other locations subject to thermal expansion and 
as required by NEC.

3. Unless expansion fitting has an integral bonding braid, as in Crouse-Hinds Type XC, a green 
insulated grounding conductor shall be pulled in the conduit.  Both ends of this green 
grounding conductor shall be accessible for inspection.   

H. Install conduit concealed in walls, partitions and above ceilings.  Install conduit exposed in ceiling 
area (at structure) of boiler rooms, mechanical rooms and in other similar rooms where ceilings 
are not called for.  

I. Avoid moisture traps where possible; where unavoidable, provide junction box with drain fitting at 
conduit low point.

J. Use suitable conduit caps to protect installed conduit against entrance of dirt and moisture if 
cable or wire are not installed immediate after conduit run.  Tape covering conduit ends is not 
acceptable.

K. Provide 200 lb. nylon cord full length in empty conduit.

L. Where conduit penetrates fire-rated walls and floors, provide pipe sleeve two sizes larger than 
conduit; pack void around conduit with oakum and fill ends of sleeve with fire-resistive compound 
or provide mechanical fire-stop fittings with UL listed fire-rating or seal opening around conduit 
with UL listed foamed silicone elastomer compound equal to fire-rating of floor or wall. 

M. Install no more than the equivalent of three 90-degree bends between boxes.  Where four 
90 degree bends are required, prior approval by the Engineer is required.  Use conduit bodies to 
make sharp changes in direction, as around beams.  Conduit bodies shall be readily accessible 
and sized for the cables installed.  Running or rolling offsets are not approved.  Use factory long 
radius elbows for bends in conduit larger than 2-inch size.  All parallel bends shall be concentric.

N. Nylon pull string shall be provided full length in conduit designated for future use.

3.2 INSTALLATION - SURFACE METAL RACEWAY AND MULTI-OUTLET

A. Use flathead screws to fasten channel to surfaces.  Mount plumb and level.

B. Use suitable insulating bushings and inserts at connections to outlets and corner fittings on multi-
outlet assembly.

C. Maintain grounding continuity between raceway components to provide a continuous grounding 
path in accordance with the requirement of NEC.

3.3 INSTALLATION - WIREWAYS

A. Bolt wireways to steel channels fastened to the wall or in self-supporting structure.  Install level.

B. Gasket each joint in oil-tight wireway.

C. Mount rain tight wireway for exterior installation in horizontal position only.

3.4 INSTALLATION - BOXES

A. Provide electrical boxes as shown on Drawings, and as required for splices, taps, wire pulling, 
equipment connections, and code compliance.

B. Provide outlet box accessories as required for each installation, including mounting brackets, 
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wallboard hangers, extension rings, fixture studs, cable clamps and metal straps for supporting 
outlet boxes, compatible with outlet boxes being used and meeting requirements of individual 
situations.

C. Electrical box locations shown on Contract Drawings are approximate unless dimensioned.  
Verify location of outlets prior to rough-in.

D. Locate and install boxes to allow access, minimum 12 inches above ceiling except where space 
dimensions do not allow.

E. Do not install boxes back-to-back in walls.  Provide minimum 6-inch separation.  Provide 
minimum 24-inch separation in acoustic-rated walls.  If boxes are connected together, install 
flexible connection between the two and pack openings with fiberglass.

F. Secure boxes rigidly to the substrate upon which they are being mounted, or solidly imbed boxes 
in concrete or masonry.  Do not support junction boxes from the raceway systems.  Boxes shall 
not be permitted to move laterally.  Boxes shall be secured between two studs.  Boxes connected 
to one stud are not permitted.

G. Provide knockout plugs for unused openings.

H. Use multiple-gang boxes where more than one device is mounted together.  Do not use sectional 
boxes.  Provide barriers to separate wiring of different voltage systems.

I. Install boxes in walls without damaging wall insulation.

J. Outlet boxes in plaster partitions shall be "shallow-type" set flush in wall so there is at least 5/8 
inch plaster covering back of box.

K. Outlet boxes for switch shall not be used as junction boxes.

L. Coordinate mounting heights and locations of outlets mounted above counters, benches and 
backsplashes.

M. In inaccessible ceiling areas, position outlets and junction boxes within 6 inches of recessed 
luminaire, to be accessible through luminaire ceiling opening.

N. Outlet boxes supporting fixtures shall be securely anchored in place in an approved manner.  
Support outlet boxes and fixtures in acoustic ceiling areas from building structures, not from 
acoustic ceilings.  Lighting fixture outlets shall be coordinated with mechanical and architectural 
equipment and elements to eliminate conflicts and provide a workable neat installation.

O. Set floor boxes level and flush with finish flooring material.

P. Provide tamper resistance receptacles in child care areas, psychiatric, and medical facilities.

3.5 WALL AND FLOOR PENETRATIONS:

A. Core drilling shall be approved in writing by the Structural Engineer prior to execution.  

C. Provide a 4 inch curb around block outs through concrete floors.  Fire-stop all openings per 
Architectural specification.

D. Route conduit through roof openings for piping and ductwork where possible; otherwise, route 
through roof jack with pitch pocket.  Coordinate roof penetrations with the roofing contractor.

END OF SECTION
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SECTION 26 05 53

ELECTRICAL IDENTIFICATION 

PART 1 - GENERAL 
1.1 WORK INCLUDED 

A. Nameplates and tape labels

B. Wire and cable markers

C. Conduit color coding and labeling

1.2 REFERENCES

A. NFPA 70 – National Electrical Code (latest edition)

1.3 SUBMITTALS

A. Provide submittals in accordance with and in addition to Section 26 00 00, Basic Electrical 
Requirements, and Division 01 for submittal requirement.

1. Furnish nameplate identification schedules listing equipment type and nameplate data with 
letter sizes and nameplate material.

PART 2 - PRODUCTS

2.1 MATERIALS

A. Equipment Nameplates:

1. For normal power electrical equipment, provide engraved three-layer laminated plastic 
nameplates, engraved white letters on a black background.

2. For emergency equipment provide engraved three-layer laminated plastic nameplates with 
engraved white letters on a red background.

3. For UPS powered equipment provide engraved three-layer laminated plastic nameplates with 
engraved white letters on an orange background.

4. For fire alarm system provide engraved three-layer laminated plastic nameplates with white 
letters on a yellow background.

B. Underground Warning Tape 

1. Manufactured polyethylene material and unaffected by acids and alkalines.

2. 3.5 mils thick and 6 inches wide.

3. Tensile strength of 1,750 psi lengthwise.

4. Printing on tape shall include an identification note BURIED ELECTRIC LINE, and a caution 
note CAUTION.  Repeat identification and caution notes over full length of tape.  Provide with 
black letters on a red background.

C. Conductor Color Tape and Heat Shrink:

1. Colored vinyl electrical tape shall be applied perpendicular to the long dimension of the cable 
or conductor.

2. In applications utilizing tray cable, heat shrinkable tubing shall be used to obtain the proper 
color coding for the length of the conductor in the cabinet or enclosure.  Variations to the 
cable color coding due to standard types of wire or cables are not acceptable.

D. Conduit Labels (5 kV and 15 kV Conduits Only):  2-inch black letters on yellow background 
reading "DANGER - 12,470 VOLTS" or "DANGER - 4,160 VOLTS".  Labels shall have adhesive 
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backing, and shall be installed at intervals not exceeding 50 feet and on all pull boxes located to 
be visible from floor.

E. Warning labels:  Provide warning labels with black lettering on red background with a minimum of 
1/2" lettering.

F. Tape Labels:  Embossed adhesive tape, with minimum 1/4-inch letters for labeling receptacles, 
switches, control device stations, junction and pull boxes and manual motor starter units, etc.

1. White letters on black background for normal power.

2. White letters on red background for emergency/standby power.

3. White letters on orange background for UPS power.

G. J-Box and Cover plate Voltage Labels:  Black stenciled letters 1/4" high.  Adhesive back tapes 
may be used if a clear tape is applied over the label for protection.

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Degrease and clean surfaces to receive nameplates or tape labels. 

B. Install nameplates parallel to equipment lines.

C. Secure plastic nameplates to equipment fronts using screws or rivets.  Use of adhesives shall be 
per Owner’s approval.  Secure nameplate to outside face of flush mounted panelboard doors in 
finished locations.  

3.2 WIRE IDENTIFICATION 

A. Provide wire markers on each conductor in panelboard gutters, pull boxes, outlet and junction 
boxes, and at load connection.  Identify with branch circuit or feeder number for power and 
lighting circuits.  Label control wire with number as indicated on schematic and interconnection 
diagrams or equipment manufacturer's shop drawings for control wiring.

B. Conductors for power circuits to be identified per the following schedule.

System Voltage
Conductor 480/277V 208/120V

Phase A Brown Black
Phase B Purple Red
Phase C Yellow Blue
Neutral Gray White

Grounding Green Green
IG N/A Green w/Yellow

3.3 NAMEPLATE ENGRAVING SCHEDULE 

A. Provide nameplates of minimum letter height as scheduled below.  Nameplates shall be same as 
equipment names indicated on the Drawings.

B. Individual Circuit Breakers in Distribution Panelboards, Disconnect Switches, Motor Starters, and 
Contactors:  1/4-inch; identify source to device and the load it serves, including location.  

C. Dry Type Transformers Not in Substations:  3/8-inch; identify equipment designation.  1/4-inch; 
identify primary and secondary voltages, primary source, and secondary load and location.  

D. Automatic Transfer Switches:  3/8-inch; white letters and red background; identify equipment  
designation 1/4-inch; identify voltage rating, normal source, standby source and load served 
including location.
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E. Panelboards:  3/8-inch; identify equipment designation. 1/4 -inch; identify source, voltage and bus 
rating.

3.4 ENCLOSURE COLOR CODING

A. The following systems shall have each junction and pull box cover completely painted per the 
following:

System Color of Box Cover

Telecommunications Brown

DDC Green

Emergency Power Red

Security White

Fire Alarm Yellow

UPS Orange

END OF SECTION
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SECTION 26 27 26

WIRING DEVICES AND FLOOR BOXES

PART 1 - GENERAL

1.1 WORK INCLUDED

A. Wiring Devices:

1. Wall switches.

2. Receptacles.

3. Device plates and box covers.

4. Wall dimmers.

5. Occupant sensors.

B. Floor boxes.

C. Wring for HVAC in Division 23 shall meet the requirement of this specification.

1.2 REFERENCES

A. Americans with Disabilities Act (ADA)

B. ANSI/NEMA OS 1- Sheet-Steel Outlet Boxes, Device Boxes, Covers, and Box Supports.

C. ANSI/UL 20 – General Use Snap Switches.

D. ANSI/UL 498 – Attachment Plugs and Receptacles.

E. ANSI/UL 943 – Ground Fault Circuit Interrupters.

F. NEMA 250 – Enclosures for Electrical Equipment (1000 Volts maximum).

G. NEMA WD 1 – General-Purpose Wiring Devices.

H. NEMA WD 2 - Semiconductor Dimmers for Incandescent Lamps.

I. NEMA WD 5 - Specific-Purpose Wiring Devices.

J. Texas Accessibility Standards. (TAS)

1.3 SUBMITTALS

A. Provide submittals in accordance with and in additional to Section 26 00 00, Basic Electrical 
Requirements, and Division 01 for submittal requirement.

1.4 DELIVERY, STORAGE AND HANDLING

A. Deliver wiring devices individually wrapped in factory-fabricated containers.

B. Handle wiring devices carefully to avoid damage, breaking and scoring.

C. Store in a clean dry space and protected from the weather.

PART 2 - PRODUCTS

2.1 GENERAL

A. Provide factory fabricated wiring devices in the type and electrical rating for the service indicated.  
Where type and grade are not indicated, provide proper selection to correspond with branch 
circuit wiring and overcurrent protection.  Attachment of wires to devices shall be by screw 
pressure under the head of binding screws.  Arrangements depending on spring pressure or 
tension are not acceptable.  All binding screws shall be brass or bronze.

B. Device color:

1. Switches, receptacles, and dimmers on normal power shall be white.
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2. Switches, receptacles, and dimmers on emergency power shall be red.

3. Key operated switches shall be gray.

4. Provide receptacles in surface mounted raceways in colors the same as listed above.  

2.2 WALL SWITCHES

A. Acceptable manufacturers

1. Arrow-Hart

2. Hubbell

3. General Electric

4. Leviton

5. Other manufacturers equal in design and function will be considered upon A/E approval 
following substitution procedure in 26 00 00 and Division 01 for substitution requirement.

B. Material

1. Wall switches for lighting circuits and motor loads under 1/3 hp shall be AC general use snap 
switch with toggle handle, 20 amperes and 120/277 volt AC with number of poles as required.

2. Pilot light type shall be equipped with red toggle handle (glow when on), 20 amperes and 
120/277 volt AC with number of poles as required.

3. Key operated switches shall be Gray, 20 amperes and 120/277 volt AC with number of poles 
as required key all locks alike. Furnish keys compatible with key switch, quantity as directed 
by Owner, minimum of ten copies.

4. Illuminated Emergency-Power-Off switch shall be provided with button guard equal to Allen-
Bradley #800T-QA10R or approved substitutions.

5. A listed manual switch having a horsepower rating not less than the rating of the motor and 
marked “Suitable as Motor Disconnect” shall be permitted to serve as disconnect means for 
stationary motor of 2 horsepower or less.

6. Switch terminal screws or connectors shall be designed to accommodate No. 10 solid 
conductor.

2.3 RECEPTACLES

A. Acceptable manufacturers

1. Arrow-Hart

2. Hubbell

3. General Electric

4. Leviton

5. Other manufacturers equal in design and function will be considered upon A/E approval 
following substitution procedure in Section 26 00 00 and  Division 01 for substitution 
requirement.

B. Material

1. Hospital grade receptacles shall be installed in clinic, patient care and other areas required 
by NFPA.  Tamper proof in areas serving children.

2. Dedicated circuit and convenience duplex receptacles shall be rated 20 amperes, 125 volt 
AC.

3. GFCI receptacles shall be rated 20 amperes, 125 volt with integral ground fault current 
interrupter

4. Specific-use receptacles shall have volts, amps, poles and NEMA configuration as noted on 
drawings.
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5.   Heavy-duty lock-blade receptacles shall be NEMA WD5 heavy-duty specification grade.

6. Emergency receptacles shall be red plastic face.

7. Weatherproof receptacles as specified shall be mounted in a cast steel box.  All weatherproof 
cover plates shall be UL listed.  Use weatherproof aluminum or stainless steel lift up covers 
over receptacles located outdoors and in other locations as shown on the plans.  Use In-use 
type clear weatherproof cover over selected receptacles as noted on the drawings.  Cover 
shall be a Leviton 5976-CL or equal.

8. Designations:  The following designations are for brown devices; provide devices in the color 
specified in Article 2.1B.

Type Arrow-Hart Hubble GE Leviton
5-20R 8300 8300 8300 8300
5-20R(single) 8310 8310 8310 8310
6-20R 8500 8400 8400 8400
14-20R 5759 8410 1420 --
15-20R 5781 8420 1520 --
5-30R 5716N 9308 4138-3 5371
6-30R 5700N 9330 4139-3 5372
14-30R 5744N 9430A 1439-3 278
15-30R 8430N 8430A 1530 8430-A
5-50R 5711N 9360 4140-3 5375
6-50R 5709N 9367 4141-3 5374
14-50R 5754N 9450A 4181-3 279
15-50R 8450N 8450A 1550 8450-A
GFCI GF8300 GF8300 GFR 8300-1 6898-HG
Twist Lock 5708 5235 -- 5361-CH

2.4 DEVICE PLATES

A. Acceptable manufacturers

1. Arrow-Hart

2. Hubbell

3. General Electric

4. Leviton

5.   Crouse Hinds – Cast Metal Wall Plates

6.   OZ Gedney – Cast Metal Wall Plates

B. Other manufacturers equal in design and function will be considered upon A/E approval following 
substitution procedure in Section 26 00 00 and  Division 01 for substitution requirement and:

C. Material

1. Device plates in IT, mechanical and electrical rooms, loading dock, and other industrial areas 
shall be 302 stainless steel with cutouts as required for devices indicated on drawings, unless 
otherwise noted.  Other wall plates shall be smooth plastic, 0.1 inch thick.    Where switches 
or outlets are shown adjacent to each other, they shall be ganged with partitions between 
different type services and covered by a single custom wall plate.

2. Exposed boxes:

a. Dry interior spaces:  Use cast metal plates with cast metal box.  Use heavy cadmium-
plated sheet steel plates with steel boxes and copper-free aluminum with aluminum 
boxes.  All screws shall be stainless steel.  Edges of plates must be flush with edges of 
boxes.
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b. Outdoor locations:  Use weatherproof devices plates.  Provide cast metal plates with 
gasketed spring door

3. Jumbo plates are not permitted.

4. Weatherproof cover plates shall be UL listed metal lift up type with sealing gaskets.  
Weatherproof plates shall be used in exterior locations as described above.

2.5 WALL DIMMERS

A. Acceptable manufacturers

1. Lutron

2. Leviton

3. Other manufacturers equal in design and function will be considered upon A/E approval 
following substitution procedure in Section 26 00 00 and  Division 01 for substitution 
requirement.

B. Material

1. Provide NEMA WD 2 solid-state wall-box dimmers, where indicated on drawings.  Dimmers 
shall be complete, with linear slide-type solid-state dimming controls, and LED light level 
ON/OFF indicators.  Dimmer shall produce IES square-law response from blackout to full 
brightness.  Dimmer rise time shall be restricted to prevent interference with professional 
quality audio or video equipment.  Dimmer shall be compatible with ballast per 
manufacturer’s specification.

2. Device:  White finish plastic with linear slide.

3. Voltage:  As noted on drawings.

4. Power rating:  Match load shown; 1000 watts minimum, larger size is required to 
accommodate connected loads greater than 1000 watts.  Load to 80% of the dimmer 
capacity, maximum.

2.6 FLOOR MOUNTED SERVICE FITTINGS AND BOXES

A. Acceptable manufacturers

1. Steel City

2. Walker

3. Other manufacturers equal in design and function will be considered upon A/E approval 
following substitution procedure in Section 26 00 00 and  Division 01 for substitution 
requirement.

B. Material

1. Floor mounted service boxes shall be flush mounted brushed aluminum housing with poke-
through assembly.  Provide brass cover plate with two hinged lift lids where carpeting is 
installed.

2. Quantity of outlets for A/V and power per drawings.

2.7 OCCUPANT SENSORS

A. Acceptable manufacturers

1. Wattstopper

2.   Pass & Seymour

3.   Leviton

4. Other manufacturers equal in design and function will be considered upon A/E approval 
following substitution procedure in Section 26 00 00 and  Division 01 for substitution 
requirement.
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B. Material

1. See plans for specification.

2.8 TAPE LABELS

A. Provide tape labels in accordance with Section 26 05 53, Electrical Identification, on all 
receptacles and switches indicating panelboard and circuit number.  White tape with 3/16 inch 
black letters/numbers.

PART 3 - EXECUTION

3.1 INSPECTION

A. Installer must examine the areas and conditions under which wiring devices and floor boxes are 
to be installed and notify the Owner’s Representative in writing of conditions detrimental to the 
proper and timely completion of the work.  Inspect devices for physical damage.  Do not proceed 
with the work until unsatisfactory conditions have been corrected.

3.2 DEVICE COORDINATION

A. Where items of equipment are provided under other sections of this specification or by the 
Owner, provide a compatible receptacle and/or device plate for the cap or plug, and cord of the 
equipment.

3.3 INSTALLATION

A. General:

1. Install wiring devices and floor boxes as indicated, in accordance with the applicable 
requirements of the latest release of NEC, NEMA, and ANSI.

2. The approximate location of switches, power outlets, floor boxes, etc., is indicated on the 
drawings.  These drawings, however, may not give complete and accurate information in 
regard to locations of such items.  Determine exact locations by reference to the general 
building drawings and by actual measurements during construction of the building before 
rough-in, subject to the approval of the Constructor Inspector.

3. Where more than one device occurs in one outlet box, causing 300 volts or more voltage 
difference between them, a barrier must be provided for isolation to meet NEC Article 380.

B. Wall Switches and Dimmers:

1. Location:

a. Install wall switches and dimmers in suitable outlet box centered at the height of 48 
inches above finished floor, OFF position down.

b. Where wainscot occurs at the 48" level, install device in the wall below the wainscot and 
as near the 48" level as possible to provide the most pleasing appearance, but in no case 
partially in the wainscot and partially in the wall.

c. Where shown near doors, install switches and dimmers not less than 2" and not more 
than 12" from door trim.

d. Verify all door swings before rough-in and locate switches and dimmers on strike side of 
door as finally installed.

2. Position:

a. Wall switches:  Install wall switches in a uniform position so the same direction of 
operation will open and close the circuits throughout the project, generally up or to the left 
for the ON position.

b. Wall dimmers:  Install dimmers in a uniform position so the same direction of operation 
will brighten and dim the lights throughout the project, generally up for brightest position.

3. Wall Box Dimmers:
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a. De-rate ganged dimmers as instructed by manufacturer.  Do not use common neutral.

b. Compatibility:  Where dimmers are connected to fluorescent lights, verify with ballast 
manufacturer and dimmer manufacturer the suitability of the ballast for dimming 
applications.

c. Test:  Test dimmers per manufacturer’s instructions.  Demonstrate that unit’s function as 
specified.  Where remote dimmers are provided, demonstrate that unit’s function properly 
as master and remote.

d. Burn-in:  Where dimmers are connected to fluorescent fixtures, operate at full brightness 
for the full burn-in duration as specified or recommended by the lamp manufacturer.

C. Receptacles:

1. Location:

a. Install convenience outlets, telephone, data and TV outlets in suitable steel outlet boxes 
centered at the height of 18 inches above the finished floor, 6 inches above countertop or 
at the backsplash level, or as indicated on the drawings.  Coordinate with equipment and 
architectural drawings.

b. Install receptacles generally where indicated on drawings.  The Owner’s representative 
reserves the right to make any reasonable changes in receptacle locations without 
change in the contract sum.

c. Install specific-use receptacles at heights shown on Drawings.

2. Position:

a. Install receptacles vertically with ground pole on bottom.  Install receptacles horizontally, 
where field condition does not allow vertical installation, with ground pole on left.

3. All receptacles with 6 feet of a water source such as sinks shall be GFCI type.  Arrange 
circuit wiring for last receptacle on circuit to be GFCI.  Feed through to non-GFCI receptacles 
is not permitted.

D. Plates:

1. Where cover plates do not completely conceal the rough openings for the devices, it shall be 
the responsibility of the General Contractor to patch, paint, etc. around the opening to the 
satisfaction of the Owner's representative.

2. All devices and cover plates shall be plumb and parallel to adjacent surfaces or trim.  Devices 
must be flush with the finished trim cover plates and plates must be tight to surfaces over 
which they are installed.

3. Where switches controlling devices that are out of sight, or where three or more switches are 
gang mounted, plates shall be labeled to identify items being controlled, or areas being 
lighted.  Labeling shall be 3/16-inch Condensed Gothic and shall be filled with black enamel.

E. Floor Boxes:

1.   Verify locations of all floor boxes with the Owner’s representative before installation.  Increase 
slab thickness at boxes if required to obtain a minimum of 1 inch of concrete below bottom of 
box.

2.  Install floor boxes level and flush with finish flooring material.  Completely envelope floor 
boxes in concrete except at the top.

3. Adjust covers flush with finished floor.

F. Occupant Sensors:

1. Flush mount occupant sensors through round hole cut in ceiling tile, positioning and 
placement per sensor manufacturer’s recommendation.
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2. It is the installer’s responsibility to replace damaged ceiling tiles during his installation of 
sensor.

3. The low voltage control wiring installed above ceiling tiles shall be plenum rated or general 
building wiring installed in raceway system.

END OF SECTION
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SECTION 26 51 00

INTERIOR AND EXTERIOR LIGHTING

PART 1 - GENERAL

1.1 WORK INCLUDED

A. Interior lighting fixtures and accessories

B. Emergency lighting units

C. Emergency exit signs

D. Emergency fluorescent lamp power supplies

E. Lamps

F. Ballasts

G. Lighting controls

1.2 REFERENCES

A. NEPA 101 - Code for Safety to Life from Fire in Buildings and Structures

B. NEMA WD1 - General-Purpose Wiring Devices

C. ANSI C82.1 - Specification for Fluorescent Lamp Ballasts

D. ANSI C82.4 - Specifications for High-Intensity-Discharge Lamp Ballasts (Multiple Supply Type)

E. NEMA LE - H-I-D Lighting System Noise Criterion (LS-NC) Ratings

F. UL 844 - Electric Lighting Fixtures for Use in hazardous (classified) Locations

G. UL 924 - Emergency Lighting and Power Equipment

H. UL 935 - Fluorescent-Lamp Ballasts

I. UL 1029 - High-Intensity-Discharge Lamp Ballasts

J. UL 1572 - High Intensity Discharge Lighting Fixtures

K. UL 1574 – Track Lighting Systems

L. IESNA – Lighting Handbook

M. NEMA WD 1 - General Color Requirements for Wiring devices

N. NEMA LE 5B – Procedure for Determine Luminaire Efficacy Ratings for High-Intensity Discharge 
Industrial Luminaires

O. NFPA 70 – National Electrical Code

P. ASHRAE/IES 90.1 – Energy Standard for Buildings Except Low-Rise Residential Buildings 

Q. Standards For State-Funded Outdoor Lighting Fixture – Texas House Bill 916 (1999)

R. UT System OFPC – Security Planning and Design Guidelines (2002 release)

1.3 DESIGN CRITERIA

A. Lighting level design shall be per IESNA (Illuminating Engineering Society of North America) 
recommendation.

B. The power consumption for interior and exterior lighting shall not exceed power allowance as per 
ASHRAE 90.1 latest revision.

1.4 SUBMITTALS
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A. Provide submittals in accordance with and in additional to Section 26 00 00, Basic Electrical 
Requirements, and Division 1 for submittal requirement.

B. Submit manufacturer's data on interior and exterior lighting fixtures in booklet form, with separate 
sheet for each fixture, assembled by luminaire "type" in alphabetical order, with the proposed 
fixture and accessories clearly labeled.  

C. Submit dimensioned drawings and performance data including complete photometric test data for 
each luminaire, candlepower distribution curves in two or more planes, candlepower chart zero to 
90 degrees, lumen output zonal summary chart, average and maximum brightness data, and 
coefficients of utilization for zonal cavity calculations, spacing to mounting height ratio, efficiency 
and visual comfort probability.  Also provide luminaire weights, mounting data, and accessory 
information for each luminarie type.  

D. Lamps:  Catalog cuts showing voltages, colors, approximate hours life, approximate initial 
lumens, lumen maintenance curve, lamp type and base.

E. Ballasts:  Catalog cuts showing type, wiring diagram, nominal watts, input voltage, starting 
current, input watts, sound rating, power factor and low temperature characteristics.

F. Controls:  Catalog cuts and/or shop drawings showing dimensions, voltage capacity, contact 
ratings, wiring diagrams, operating levels, and temperature ratings.

G. Lighting design shall be in compliance with power allowance for lighting, which is stipulated by 
ASHRAE 90.1.  Compliance forms along with engineering data associated with it shall be 
submitted for Owner’s review during design phase.

1.5 PRODUCT DELIVERY, STORAGE AND HANDLING

A. Deliver lighting fixtures individually wrapped in factory-fabricated fiberboard type containers.  
Parabolic louvers shall be shipped in thermally sealed polyethylene wrapper.  

B. Handle lighting fixtures carefully to prevent breakage, denting and scoring the fixture finish.  Do 
not install damaged lighting fixtures.

C. Store lighting fixtures in a clean, dry space and protected from the weather.

PART 2 - PRODUCTS

2.1 GENERAL

A. Lighting fixtures and accessories shall comply with the design and function requirements of the 
project.  Design characteristics shall be as noted in manufacturer's submittal data.

B. Provide lighting fixtures of the size, type and rating as scheduled, complete with, but not limited 
to, lamps, lamp holders, reflectors, ballasts, poles and wiring.

2.2 INTERIOR LIGHTING FIXTURES

A. Fluorescent Fixtures

1. See plans for light fixture schedule.

B. Incandescent fixtures shall be pre-wired equipped with integral thermal protection.  Use 
incandescent only where aesthetics outweighs economic considerations.

C. Lighting track shall be surface mount or pendant mount per the requirement on drawings, by 
manufacturer of track mounted light fixtures. 

D. High Bay, Low Bay HID Fixtures

1. Provide rugged, lightweight, cast aluminum ballast housing with a baked electro-coat paint 
finish.

2. Optic reflector shall be fully fluted, anodized aluminum providing high efficiency.  Where 
enclosed and gasketed type fixtures are specified, provide luminaires designed for 
continuous operation in an ambient temperature of 55 C.
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E. Lamp Holders or Sockets

1. Incandescent lamp holders shall be screw base and have porcelain insulating shells and be 
rated for heavy duty, 660W. 

2. Fluorescent Sockets:  Fluorescent lamp holders shall be heat-resistant porcelain or plastic, 
designed and rated for the lamp type specified.  Lamp holders shall be designed to maintain 
solid electrical contact at all times.  The detent position for bi-pin lamp holders shall be a 
positive lock so that mechanical effort shall be required to rotate the lamps.  Lamp holder 
shall be specifically compatible with lamping.

3. HID Medium and Mogul Base Sockets:  Provide glazed porcelain pulse-rated heavy duty 
sockets with silicone leads hard soldered to nickel plated brass screw shell.  Lamp holders 
shall also employ a positive spring locking means to maintain good electrical contact at the 
center terminal of the lamp.

4. Lamp holders and sockets shall be provided with minimum 18 AWG wiring leads.

F. Reflector Finishes 

1. Painted Finishes:  Provide electro-statically applied dry polyester white powder coat finish 
with minimum reflectance of 88 percent on all light reflecting surfaces.

2. Specular/Semispecular Finishes:  Provide Alzak-type anodized finish on aluminum louvers 
and reflectors as specified in Luminaire Schedule as shown on the drawings.  Minimum 
reflectivity shall be:

a. Specular:  80 percent

b. Semi-specular:  75 percent

G. UL Listing

1. All Luminaries and components shall be UL tested, listed, and labeled.

2. Luminaries installed under canopies, roofs, or similar damp or wet locations shall be UL listed 
and labeled as suitable for damp or wet locations.

3. Recessed luminaries installed in fire rated ceilings and using a fire rated protective cover 
shall be thermally protected for this application and shall be approved for the installation in a 
fire-rated ceiling.

2.5  EXIT SIGNS

A. See plans for light fixture schedule.

2.6 LAMPS

A. Acceptable Manufacturers

1. General Electric Company

2. Philip Lighting Company

3. Osram/Sylvania

4. Other manufacturers equal in design and function will be considered upon A/E approval 
following substitution procedure in 26 00 00, and Division 1 for substitution requirement.

B. General Requirements

1. Lamps including linear fluorescent, compact fluorescent, and HID shall be low mercury type 
and shall pass all federal TCLP (Toxicity Characteristic Leaching Procedure) test 
requirements in effect at the time of manufacture.  All lamps shall be energy saving and rapid 
start type.

2. General use incandescent lamps shall be inside frosted type, 120 volts, 750 hour minimum.
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3. Linear fluorescent lamps shall be T8 lamps.  Compact lamps shall be twin or double twin 
tubes.  All lamps for one project shall be provided by the same manufacturer with color 
temperature as indicated on drawings.  Operation voltage and wattage shall be as indicated 
on drawings.

4. Mercury vapor HID lamps shall not be used.

5. Metal halide HID lamps shall be phosphor coated, suitable for the burning position required.

6. High-pressure sodium HID lamps shall be clear or diffuse coated.

7. Maintenance Stock:  Furnish a stock of replacement lamps in the original cartons or packing 
sleeves, amounting to 10% (but not less than two lamps in each case) of each type and size 
lamp used in each fixture type.  Deliver replacement stock as directed to Owner's storage 
space.

2.7 BALLASTS

A. Acceptable Manufacturers

1. Valmont

2. Advance

3. Magnetek

4. Other manufacturers equal in design and function will be considered upon A/E approval 
following substitution procedure in 26 00 00, and Division 1 for substitution requirement.

B. General Requirements 

All ballasts shall be UL listed and have the UL symbol on the label.

1. Ballasts for fluorescent lamps

a. Provide 277V ballasts for all operations except as indicated otherwise on plans.  Ballasts 
shall be electronic type, instant start, less than 10% THD, and power factor of 95 percent 
or greater, suitable to operate at 60 Hz input frequency.

b. Electronic ballasts shall comply with all FCC and NEMA limits governing EMI and RFI, 
and shall have Total Harmonic Distortion (THD) of less than 10 percent.

c. Ballasts shall be Class P thermally protected.

d. Sound level criteria

1) Nominal 430 mA Lamps:  Class A sound rated.

2) Nominal 800 mA Lamps:  Class B sound rated.

3) Nominal 1500 mA Lamps:  Class D sound rated.  Provide isolation mounting and 
insulation to reduce sound transmission and radiation.

e. Electronic Dimming Ballasts:  Compatible with lamp and dimming system, labeled for use 
and listed as compatible by dimmer manufacturer with a minimum full-to-5 percent 
dimming range.

f. Exterior Fluorescent Ballasts:  Provide zero degree starting rating.

2. Ballasts for HID lamps

a. HID ballast shall be multi-tap encased and potted thermally protected high power factor 
of 90 percent or greater, constant wattage regulating, and autotransformer type.  Ballast 
ambient operating temperature range shall be -20 to +130 degrees F.  Ballasts shall be 
compatible to the lamps chosen for specific burning position, and compensate for the loss 
in efficiency.
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b. Provide isolation mounting and insulation of HID ballasts to reduce sound transmission or 
radiation.

c. Each HID ballast shall have a fast acting primary inline fuse built into the fixture assembly 
by the manufacturer.

2.8 LIGHTING CONTROL

A. Refer to Section 26 27 26 Wiring Devices and Floor Boxes for lighting switch, dimming control, 
and occupancy sensor.

B. Photocell shall be automatic dawn on, dusk off switching; moisture, temperature, and vibration-
resistant die-cast aluminum housing; time delay feature to prevent false switching; field adjustable 
to control operating levels.

PART 3 - EXECUTION

3.1 INSPECTION

A. Prior to order lighting fixture, check the building electrical system requirements, architectural 
finishes, and the type of ceilings that lighting fixture will be installed.  Any discrepancies of 
compatibility pertaining trim, frames, color, mounting, ballast, voltage and etc. shall be brought to 
the attention of A/E by written notice.  Do not proceed with procurement until discrepancies are 
resolved in a satisfactory manner.

B. Installer shall examine the areas and conditions that light fixtures are to be installed and notify the 
Contractor in writing of conditions detrimental to the proper and timely completion of the work.  Do 
not proceed with the work until unsatisfactory conditions have been corrected.

3.2 INSTALLATION OF LIGHTING FIXTURES

A. Install light fixtures in accordance with the manufacturer's written instructions, the applicable 
requirements of NEC and national and local code, standard, and regulations.  Install lamps in 
accordance with manufacturer's instructions.

B. Install luminaries at locations as shown on the Drawings; install aligned, aimed, and leveled.  
Install fixtures in accordance with manufacturer's installation instructions complete with mounting 
accessories, trim and support materials.  Fasten fixtures securely to structural support members 
of the building; solid pendant fixtures shall be plumb.

C. Coordinate with other crafts to avoid conflicts between luminaires, supports, fittings and 
mechanical equipment.

D. Incandescent Fixtures

1. Surface Mounted Incandescent Fixtures:  Mount directly to outlet box equipped with fixture 
stud or mounting bar.

2. Recessed Incandescent Fixtures:  Mount with support rails attached to ceiling suspension 
support system.

E. Surface Mounted Fluorescent Fixture:

1. Mount with support rails attached to ceiling suspension support system, provided ceiling 
system has been certified to be suitable to support weight of fixtures.

2. Where ceiling system has not been certified to support weight of fixtures, fixtures shall be 
supported at four points near each corner of fixtures.

3. Provide a minimum 5/8" air space between the fixture and the ceiling.

F. Recessed Fluorescent Fixtures:

1. Handle specular/semi-specular louvers and down light cones using only new clean white 
cotton or silk gloves.  Do not touch louvers or cones with bare hands. Leave luminaries clean 
and free of any visible dust, debris, or fingerprints with all lamps operational at time of 
acceptance of work.  
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2. All recessed fluorescent fixtures shall be supported from building structure above ceiling with 
galvanized steel wire at not less than 4 points near corners of fixture.  Size of wire shall be 
capable of supporting weight of fixtures.  

3. Recessed luminaries trims shall fit snugly to the mounting surface and shall not exhibit light 
leaks or gaps.  Provide feed-through junction boxes or provide separate junction boxes.  All 
components shall be accessible through the ceiling opening. 

4. Connect recessed luminaries to junction box with flexible steel conduit and fixture wire.

G. HID Fixtures

1. Mount with support rails attached to ceiling suspension support system, provided ceiling 
system has been certified to be suitable to support weight of fixtures.

H. Lighting Fixtures Adjustment

1. Adjust to illuminate intended areas as directed.

2. Adjust exterior fixtures during hours of darkness.

I. Immediately before final observation, clean all fixtures, inside and out, including plastics and 
glassware, and adjust all trim to properly fit adjacent surface, replace broken or damaged parts, 
and lamp and test all fixtures for electrical as well as mechanical operation.

J. Protect installed fixtures from damage during the remainder of the construction period.

K. Upon completion of installation of interior lighting fixtures, and after circuitry has been energized, 
apply electrical energy to demonstrate capability and compliance with requirements.  When 
possible, correct malfunctioning units at the site, then retest to demonstrate compliance; 
otherwise, remove and replace with new units, and proceed with retesting.

L. Incandescent lamps shall be new at time of final acceptance.  Fluorescent lamps may be used in 
the final finishing of the building.  Those that have exceeded more than 1/3 of their rated life (as 
established by Construction Inspector records), or that have blackened ends or inoperable shall 
be replaced with new lamps before final acceptance.

M. Lamp Disposal

1. The procedure of disposal of lamps that are mercury containing shall follow the guideline set 
by EPA (definitions in Title 40 Code of Federal Regulations 261 Subpart C, January 2000). 

END OF SECTION

 


