





FOREWORD

The Ohio School Facilities Commission is pleased to announce the 2010
Ohio School Design Manual (OSDM) update.

Each year the Commission revises the OSDM with support and valuable
input from the design and construction community, school districts, state
agencies and other interested parties. The resultis a dynamic document that
reinforces our commitment to high quality school facilities while maintaining
flexibility and local control.

The manual is a cornerstone of the Commission’s efforts to promote the 21°
century learning environment, providing guidelines that serve the diverse
needs of local school communities and their students. For our Design
Professionals, the OSDM provides a wide selection of high quality materials
and systems to serve the districts over the entire lifecycle of the building.
This approach ensures that both the district and the taxpayers of Ohio
achieve the maximum benefit from their investment.

Ohio continues to build on past design achievements that meet the U.S.
Green Building Council’'s Leadership in Energy and Environmental Design
(LEED) for Schools. The LEED system is the national benchmark for high
performance green buildings.

The OSFC acknowledges the difficult design and construction tasks that
ultimately result in the buildings so critical to our Ohio communities and the
new educational goals set by Governor Strickland. There is a necessary
balance measured between the complexity and cost of 21 century structures
and the sustainability and maintenance requirements to be born by local
taxpayers for decades to come. The OSFC will be guided by best practices,
mindful that what we build today must last.

We look forward to working with you to design and build exciting educational
environments for Ohio school students.

Sincerely,

Ohio School Facilities Commission

Richard C. Murray
Executive Director
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CHAPTER 9: SPECIFICATIONS FIRE SUPPRESSION

SECTION 211000

WATER-BASED FIRE SUPPRESSION SYSTEMS

GENERAL GUIDELINES

11 SECTION INCLUDES

A

Qualitative requirements for piping systems, sprinkler equipment, fire pumps, controls,
tank and accessories, standpipes/hose cabinets, and double detector check valves.

1.2 SUBMITTALS

A

Submittals are required and shall include product data noting materials, sizes, and
materials. Submit hydraulic calculations and drawings showing the sprinkler piping
layout with the sprinkler designer’s registration seal.

1.3 QUALITY ASSURANCE

A

B.

Piping shall be installed per NFPA 13, state and local fire codes.

Testing of the piping shall be per NFPA 13.

Sprinkler heads shall be UL and FM labeled and shall be located on spacing
requirements as noted in NFPA 13 according to the hazard designation. Extended
coverage sprinkler heads are acceptable.

Fire pumps shall be UL and FM labeled.

Stand pipes and hose cabinets shall be provided per NFPA 14, state and local codes.

Backflow preventers shall meet the current requirements of ASSE 1015, ASSE 1047
and/or ASSE 1048.

1.4 PIPING SYSTEMS

Piping to include schedule 40 black steel and/or schedule 10 thin wall steel.

Grooved piping with ductile iron couplings and EPDM gasket may be used in lieu of
threaded pipe.

An option to the final connection to the sprinkler head shall be flexible
braided stainless steel hose assembly per UL, FM, and NFPA 13 requirements.

15 SPRINKLER EQUIPMENT

A.

The types of heads shall be used in the following locations;

Unfinished exposed spaces and mechanical spaces - brass heads.

Finished spaces with ceilings — concealed or semi recessed heads.

Finished spaces in storage rooms and janitor closets - white pendent heads.
Corridors, locker/shower rooms, restrooms - concealed white head assemblies.
Heads in the gym shall have wire guards.

If heads are exposed in the locker/shower rooms, use a wire guard on each
head.

ok wNE
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FIRE SUPPRESSION CHAPTER 9: SPECIFICATIONS
B. Provide vane type water flow indicator with tamper switch and electronic retard.
C. Provide valve position supervisory switch for monitoring all valves.
D. Provide test station with valve and drain assembly for testing sprinkler system.
E. Provide a fire department siamese connection on the exterior of the building or a free
standing siamese post for connection to the building sprinkler system.
F. Provide a wall indicator wall or post indicator valve for shutoff of the sprinkler system

supply. The valve shall be supervised with a tamper switch.

1.6 FIRE PUMPS, CONTROLS, AND ACCESSORIES

A.

w

o 0O

m

Provide a UL labeled fire pump, controls and accessories.

The fire pump shall be [vertical turbine] [horizontal split case] [vertical in line] fire pump.
Power to the pump shall be [limited service electric motor] [shaft coupled diesel engine].
Controls shall be for a limited service motor.

A transfer switch shall be provided if there is more than one power supply feeding the
fire pump.

The jockey pump shall be provided to pressurize the piping system for detection of a
head activating by a fire or by a trouble condition.

In the case of a condition where a local water supply must be provided, a tank or tanks
shall be installed to provide an adequate amount of water to fight a fire based on NFPA
13 requirements for the flow rate and duration based on the hazard designation. Types
of tanks shall include concrete or fiberglass. Level controls shall be installed in the tank
to maintain the water level and indicate an alarm for an inadequate water supply.

1.7 STANDPIPES/HOSE CABINETS

A.

Cabinets on the stage shall be surface mounted.

1.8 DOUBLE DETECTOR CHECK VALVES

A.

The double detector check valve assembly shall consist of two spring loaded double
check valves, with a cast iron body with epoxy lining or stainless steel body UL and FM
approved. Provide a detector water meter if required by the local fire authority. Provide
inlet and outlet resilient seated O.S. & Y. gate valves. Provide bypass piping with test
cocks. Provide inlet and outlet pressure gauges.

1.9 INSTALLATION

A. Piping shall be installed from approved hangers located at steel joist panel points.
B. When required by inadequate water pressure and flow conditions, furnish and install the
fire pump, jockey pump, controls, transfer switch and required piping.
Ohio School Design Manual 211000 — Water-Based Fire-Suppression Systems 2008
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CHAPTER 9: SPECIFICATIONS FIRE SUPPRESSION
C. Piping in gymnasiums shall be above the bottom chords of the roof structure.
D. Heads in the corridors shall be centered between the corridor walls. All others heads in

the finished spaces with ceilings shall be located within 6 inches of the ceiling grid.

E. Install double detector check assembly with water meter on the incoming water supply to
the sprinkler system.

F. Clean pipe to prevent MIC (microbially influenced corrosion).

END OF SECTION
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CHAPTER 9: SPECIFICATIONS PLUMBING

SECTION 220519

METERS AND GAGES FOR PLUMBING PIPING

GENERAL GUIDELINES

11 SECTION INCLUDES

A. Qualitative requirements for thermometers and fittings, as well as pressure gauges and
fittings.

1.2 SUBMITTALS

A. Submittals are required and shall include product data noting materials, sizes, and
dimensions.

13 COMPONENTS

A. Thermometers: 1-percent accuracy.
1. Liquid-in-Glass Type: Organic filled 9 inch long industrial type.
2. Direct-Mounting Filled-System Dial Type: Vapor actuated, thermal bulb,
precision brass gear.
3. Remote-Reading, Filled-System Dial Type: Vapor actuated, thermal bulb;
precision brass gear.
4, Bimetal Dial Type: Direct mounting, bimetal coil.
5. Insertion Dial Type: Bimetal coil.
B. Pressure Gauges: Phosphor-bronze Bourdon-tube gages, 1-percent accuracy.
1. Vacuum Range: 30 inches Hg of vacuum to 15 psig of pressure .
2. Pressure Range: Two-times operating pressure.

1.4 INSTALLATION

A. Provide thermometers at the following locations:
1. Inlet and outlet domestic water heaters.
2 Outlet of the hot water storage tank.
3. Inlet and outlet hot water at the main thermostatic mixing valve.
4 Domestic circulation pump outlet.

B. Provide pressure gauges at the following locations:
1. Outlet piping of each water heater with 200 MBH input or greater.
2. Inlet and outlet of the main reduced pressure backflow preventer.

END OF SECTION
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PLUMBING CHAPTER 9: SPECIFICATIONS

SECTION 220533

ELECTRIC SELF-REGULATING HOT WATER TEMPERATURE MAINTENANCE CABLE

GENERAL GUIDELINES
11 SECTION INCLUDES

A. Qualitative requirements for hot water maintenance cable.
12 SUBMITTALS

A. Submittals are required and shall include product data noting materials, sizes, and
dimensions.

1.3 QUALITY ASSURANCE
A. Follow manufacturer’s requirements for installation.
B. Cable shall be UL listed, CSA certified and FM approved.
C. Cable system shall conform to ANSI/IEEE Standard 515.1.
D. Cables designed for freeze protection of water lines will not be allowed.
14 WARRANTY
A. Cable — Minimum 10 year warranty.
B. Follow manufacturer’s installation and testing requirements.
15 MAINTENANCE CABLE
A. The self-regulating cable shall consist of (2) nickel-coated copper bus wires embedded
in a radiation cross-linked conductive polymer core. The cable shall be capable of
varying its heat output along its entire length to maintain the water in the selected
temperature range.
B. Provide electronic controller for temperature control and energy savings.

1.6 INSTALLATION

A. Refer to the manufacturer’'s hot water temperature maintenance design guide for design
details, insulation requirements, maximum circuit lengths, and accessory information.

B. The cable shall not be installed in a concealed space.

END OF SECTION
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CHAPTER 9: SPECIFICATIONS PLUMBING

SECTION 221116

DOMESTIC WATER PIPING SYSTEM

GENERAL GUIDELINES
11 SECTION INCLUDES

A. Qualitative requirements for domestic water piping.
12 SUBMITTALS

A. Submittals are required and shall include product data noting materials, sizes, and
dimensions.

1.3 QUALITY ASSURANCE
A. Follow manufacturer’s requirements for installation.

B. Welding procedures per ANSI/ASME Section 9, AWS D10.9 and D1.1 and the National
Certified Pipe Welding Bureau.

C. Brazing procedures per ANSI B31.5 and the ASME Boiler and Pressure Vessel Code
SFA-5.8, Section II.

D. Soldering procedures per ANSI B16.18.

E. Comply with ANSI B31 pressure code for pressure piping.

14 PLUMBING PIPING

A. Domestic water piping (hot water, cold water, hot water return) shall be type L copper
conforming to ASTM B88. Fittings shall be wrought copper conforming to ANSI B16.22.
1. Grooved copper piping with ductile iron or bronze couplings and EPDM gasket
may be used as an option.
2. Copper press fittings may be used as an option per ASTM B16.18 or ASTM
B16.22. O-Rings shall be EPDM.
B. An option to A. for domestic hot and cold water under slab shall be as follows:
1. Cross linked polyethylene (PEX) plastic tubing per ASTM F876,F877.

Installed in a conduit or sleeve.
1.5 INSTALLATION

A. Provide pipe and tube of type, joint type, size and weight (wall thickness or class)
indicated for cold water, hot water, and hot water return.

END OF SECTION
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SECTION 221119

DOMESTIC WATER PIPING SPECIALITIES

GENERAL GUIDELINES

11 SECTION INCLUDES

A. Qualitative requirements for vacuum breakers, backflow preventers, plumbing
thermostatic mixing valves, strainers, outlet boxes, hose bibbs, wall hydrants, water
hammer arresters, trap-seal primer systems, domestic hot water return balancing device
(manual), and clothes washer connection.

1.2 SUBMITTALS

A. Submittals are required and shall include product data noting materials, sizes, and
dimensions.

13 QUALITY ASSURANCE

A. Vacuum breaker wall hydrants and freeze resistant wall hydrants shall meet ASSE
Standard 1019.

B. Provide backflow prevention devices wherever possible sources of undesirable materials
are connected to the potable water system.

C. The backflow prevention devices shall meet the standards set by the American Society
of Sanitary Engineers and the latest edition of the Plumbing Code and air gap standards
under American National Standards Institute A112.1.2-1943(1979).

D. The backflow prevention devices shall be approved for use by the Foundation for Cross-
Connection Control and Hydraulic Research at the University of Southern California.

E. Atmospheric vacuum breaker per ANSI/ASTM 1020.

F. Hose connection vacuum breaker per ASSE 1011 and CSA B64.2.

G. Reduced pressure vacuum breaker per ASSE 1013, AWWA C511, CSA B64.5.
H. Pressure type backflow preventer per ANSI/ASSE 1035.

l. Dual check valve per ANSI/ASSE 1024, CSA B64.6.

J. Thermostatic mixing valves shall meet the Ohio Plumbing Code and the requirements of
ASSE 1017.

K. Strainers shall meet NSF 61 and ASTM B 62.

L. Hose bibbs and wall hydrants shall meet ASSE 1019.

M. Water hammer arresters shall meet ANSI/ASME A112.26.1M and ASSE 1010.

Ohio School Design Manual 221119 — Domestic Water Piping Specialties 2009
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N. Trap seal primers shall meet ASSE 1018.
O. Clothes washer connection shall meet ANSI/ASSE 1035.
P. Emergency mixing valves shall meet ANSI 2.358.1-1998.

14 COMPONENTS

A. Atmospheric vacuum breaker shall have brass body, stainless steel working parts,
integral strainer, rubber discs, maximum pressure, maximum 175 psi operation, unions.

B. Hose connection vacuum breaker shall have % inch female hose inlet connection, ¥
inch male outlet connection, non-removal feature, plain brass finish.

C. Reduced pressure backflow preventer shall have fused epoxy coated cast iron check
valve body and relief valve, replaceable bronze seats, bronze ball check valve test
cocks, maximum 175 psi operation, stainless steel internal parts, air gap connection for
relief piping to drain.

D. Pressure type backflow preventer shall have atmospheric vent, all brass construction, in-
line continuous operation, maximum 125 psi operation.

E. Dual check valve shall have straight line poppet type check modules, replaceable seats,
brass construction.

F. Water Hammer Arresters: Shall be the stainless steel bellow type.

G. Balancing devices shall be bronze with adjustable control.

H. Domestic hot water anti-scald thermostatic mixing control valve unit shall include swivel
action check stops, removable cartridge with strainer, stainless steel piston and liquid fill
thermal motor with bellows element mounted out of water. The mixing valve shall control
the domestic hot water temperature distributed throughout the building. The mixing valve
shall have a thermostatic sensing unit. The mixing valve shall fail to the cold water side.
Flow rate shall determine whether a single valve shall be required or a high/low valve
with pressure reducing valves is required to provide the correct temperature at the
minimum and maximum hot water flow in the building.

l. Strainers: Shall be bronze threaded, flanged, or soldered.

J. Outboxes: Shall be recessed with pressure backflow preventer.

K. Hose bibbs and Wall Hydrants: Shall be recessed or surface with vacuum breakers.

L. Exterior Wall Hydrants: Shall be non-freeze, self-draining with copper/bronze
construction with recessed wall box with loose key.

M. Clothes Washer Connection Box and Refrigerator Supply: Metal recessed box complete
with hot and/or cold water shut-off valves and drain connection.

N. Emergency thermostatic mixing valve: shall be liquid or bi-metal thermostats, cold water
bypass, high limit stop, locked temperature regulator.

Ohio School Design Manual 221119 — Domestic Water Piping Specialties 2009
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CHAPTER 9: SPECIFICATIONS

15 INSTALLATION

A. Provide vacuum breakers on all threaded hose bibb connections.

B. Install reduced pressure principle backflow preventer in irrigation and incoming domestic
water service.

C. Install pressure type vacuum breakers in lines under continuous pressure and at least
12 inches above the highest outlet downstream of the unit.

D. Provide drain line from reduced pressure backflow preventer discharge outlet; extend to
nearest drain.

E. Units shall be installed in strict accordance with manufacturer’s written instructions.

F. Test each backflow device and submit test data.

G. Provide thermostatic mixing valves to regulate the hot water temperature to a fixture.

H. Provide a recessed washer box at each domestic clothes washer.

l. Provide a recessed box to supply water to each refrigerator.

J. Wall hydrants with hose connections shall be provided in the mechanical room and
boiler room.

K. Provide a water hammer arrestor at each solenoid valves or piece of equipment that has
a quick closing type valve. Water hammer arrester for down-feed risers to be at top of
riser. Size shock absorber according to fixture unit count. Provide shock absorbers at
each group of water closets and urinals. Shock absorber shall be easily accessible for
repair or replacement.

L. Provide trap seal primers on all floor drains to prevent trap seals from drying up.

M. Provide emergency thermostatic mixing valve with inlet and outlet thermometers to
regulate tempered water to the emergency eye wash and/or showers.

END OF SECTION
Ohio School Design Manual 221119 — Domestic Water Piping Specialties 2009
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SECTION 221123
PLUMBING PUMPS AND ACCESSORIES

GENERAL GUIDELINES
11 SECTION INCLUDES
A. Qualitative requirements for recirculation pumps and water pressure booster pump
system.

12 SUBMITTALS
A. Submittals are required and shall include capacities, warranties, product data noting
materials, sizes, and dimensions.
B. Pressure booster system panel shall be UL listed and labeled.

13 QUALITY ASSURANCE

A. Each pump shall be capable of providing the scheduled flow in gpm and head required.
B. Pump motors shall be high efficiency type.
C. All three-phase motors shall be protected with phase loss protection. Protection shall be

provided by the electrical system, by built-in protection, or by protection built into a
variable frequency drive.

14 RECIRCULATION PUMPS

A. The pump shall be all bronze, horizontal in line, oil lubricated, and 125 psi working
pressure.
B. Aquastat with voltage thermostat shall start/stop pump or start/stop by the temperature

control system.

15 WATER PRESSURE BOOSTER PUMP SYSTEM
A. The pump system shall consist of two pumps providing a constant water pressure to the
piping system. The control system shall provide alternation of the pumps, on/off
operation and an alarm system.

B. Provide expansion pressure tank with a bladder insert for storage capacity required,
sized accordingly to meet flow requirements.

1.6 INSTALLATION

A. Provide the correct gpm, head and voltage required.
1. Inlet piping shall consist of a line size valve and strainer. Outlet piping shall
consist of a line size check valve and valve.
2. The pump shall be supported by the inlet and outlet piping.
B. Pressure Booster System
1. Install the pressure booster pump system according to the manufacturer’s

recommendations. Provide inlet and outlet piping and valves. Install the
expansion tank with size as required.

END OF SECTION

Ohio School Design Manual 221123 - Plumbing Pumps and Accessories 2009
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SECTION 221316

SANITARY PIPING SYSTEM

GENERAL GUIDELINES

11 SECTION INCLUDES
A. Qualitative requirements for sanitary piping and vent, as well as acid waste piping and
vent.
1.2 SUBMITTALS
A. Submittals are required and shall include product data noting materials, sizes, and
dimensions.
1.3 QUALITY ASSURANCE
A. Follow manufacturer’s requirements for installation.
B. Obtain list of Owner’s chemicals to review against pipe material chemical
resistance chart for acid waste piping.
14 SANITARY AND VENT PIPING
A. Sanitary and vent piping materials below slab
1. Schedule 40 PVC with solvent joints per ASTM D2665, D2564, D2665.
2. Cast iron hub and spigot per ASTM A74 and C 564.
B. Sanitary and vent piping above finish floor.
1. Schedule 40 PVC with solvent joints per ASTM D2665, D2564, D2665.
2. Cast iron no hub and fittings per ASTM.
C. Sanitary and vent piping above ceiling in plenum space
1. Cast iron no hub and fittings per ASTM.
2. PVC piping is not permitted in a return air plenum or in a chase exposed to the
plenum.
D. Acid waste piping below slab and above slab.
1. Schedule 40 polypropylene per ASTM D4101 and ASTM 3311.
2. Schedule 40 CPVC with solvent joints per ASTM D1784, F493, F441, D3311, and
NSF Standard 14.
E. Acid waste piping in plenum space and chases open to plenums
1. Schedule 40 polyvinylidene fluoride per ASTM D3222 or glass per ASTM
C1053-90.
F. Underground waste and vent piping in kitchen space.
1. Cast iron hub and spigot.
15 INSTALLATION
A. Terminate vent piping through roof, a minimum of 12 inches above the roof.
B. Location of vent on the roof shall be a minimum of 20 feet from any rooftop or wall louver
outside air intake or rooftop HVAC equipment outside air intake.
END OF SECTION
Ohio School Design Manual 221316 — Sanitary Piping System 2009
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SECTION 221323

GREASE/OIL/ACID INTERCEPTORS

GENERAL GUIDELINES

11 SECTION INCLUDES
A. Qualitative requirements for grease interceptors, solids interceptors, clay traps, and acid
waste neutralizing sumps.
1.2 SUBMITTALS
A. Submittals are required and shall include product data noting materials, sizes, and
dimensions.
1.3 QUALITY ASSURANCE
A. Grease interceptors, solid interceptors, and clay traps shall meet the latest edition of PDI
Seal of Approval and Ohio Plumbing Code.
B. Acid sump shall meet Ohio Plumbing Code.
14 GREASE INTERCEPTORS
A. The interceptor shall be a minimum of 500 gallons, constructed of concrete, castiron, or
fiberglass. Verify size with local health authority.
B. Provide cleanouts at each end of the tank with access up to grade.
C. Provide access to grade, using a 2'-0" diameter concrete collar with a cast iron frame
and lid, 4 inches above finish grade.
15 SOLIDS INTERCEPTORS
A. Interceptors shall be acid resistant coated fabricated steel, heavy duty cover. Provide
extension to finish floor as required.
1.6 CLAY TRAPS
A. Clay trap shall be acid resistant coated fabricated steel, stainless steel mesh screen
basket, gasketed cover.
1.7 ACID NEUTRALIZING SUMP
A. Tank shall be polypropylene or HDPE with bolt down gasketed lid, inlet and outlet piping,
vent, flanged connections.
B. Provide access to grade, using a 5'-0" diameter concrete or corrugated metal collar with
a cast iron frame and lid in a 6 inch thick reinforced concrete cover, 4 inches above
finish grade.
C. A single 5 gallon sump can be specified for a single sink requiring acid neutralization.
Ohio School Design Manual 221323 — Grease/Oil/Acid Interceptors 2009
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1.8 GREASE INTERCEPTORS

A.

B.

E.

Provide a minimum of 2'-0" cover over the tank.

Set tank on a 6 inch bed of compacted granular material. Backfill around the tank to
within 12 inches of grade with compacted granular material.

The interceptor shall be located on the exterior of the building, 10'-0" minimum distance
from the building.

Do not locate the interceptor in a drive area without providing adequate support over the
tank.

Vent the interceptor into the building, up through the roof.

1.9 SOLIDS INTERCEPTORS

A

Piping invert under the floor to the tank will determine if an extension of the interceptor
will be required to meet finish floor elevation.

Provide adequate clearance above the lid for cleaning and basket removal.
The interceptor can be located on or in the floor slab.

Provide access to the lid for cleaning.

1.10 CLAY TRAPS

C.

D.

Provide adequate clearance above the lid for cleaning and basket removal.

If the trap is installed within the casework, set on floor inside the base cabinet. Adjust
the outlet piping extending to the wall to meet the invert.

Cleaning of the trap shall not constitute removal of the trap.

Piping connections shall have unions.

1.11 ACID NEUTRALIZING SUMP

A. Set basin on a 6 inch concrete slab, with the diameter the same as the outside diameter
of the collar.

B. Provide stone around the basin, to just below the lid.

C. The access lid shall allow the removal of the basin lid. Size accordingly.

D. The lid and frame shall be set in a 6 inch concrete lid, 12 inches in diameter larger than
the collar.

E. Fill the sump with water and the required amount of limestone chip, with size as
recommended by the manufacturer.

Ohio School Design Manual 221323 — Grease/Oil/Acid Interceptors 2009
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F. Piping connections to the tank shall be flanged.
G. The sump shall be located on the exterior of the building, 10'-0" minimum distance from
the building.
H. Do I?Ot locate the interceptor in a drive area without providing adequate support over the
tank.

l. Vent the acid sump into the building, up through the roof.
1.12  SINGLE AND NEUTRALIZING SUMP (1 sink)
A. Provide adequate clearance above the lid for cleaning and basket removal.

B. If the trap is installed within the casework, set on floor inside the base cabinet. Adjust
the outlet piping extending to the wall to meet the invert.

C. Cleaning of the sump shall not constitute removal of the trap.
D. Fill sump with water and limestone chips.
E. Piping connections shall have unions.

END OF SECTION

Ohio School Design Manual 221323 — Grease/Oil/Acid Interceptors 2009
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SECTION 221413

STORM PIPING SYSTEM

GENERAL GUIDELINES

11 SECTION INCLUDES
A. Qualitative requirements for storm piping.
1.2 SUBMITTALS
A. Submittals are required and shall include product data noting materials, sizes, and
dimensions.
1.3 QUALITY ASSURANCE
A. Follow manufacturer’s requirements for installation.
14 STORM PIPING
A. Storm piping materials below slab
1. Schedule 40 PVC with solvent joints per ASTM D2665, D2564, D2665.
2. Cast iron hub and spigot per ASTM A74 and C 564.
B. Storm piping above finish floor.
1. Schedule 40 PVC with solvent joints per ASTM D2665, D2564, D2665.
2. Cast iron no hub and fittings per ASTM.
C. Storm piping above ceiling in plenum space
1. Cast iron no hub and fittings per ASTM.
2. PVC piping is not permitted in a return air plenum or in a chase exposed to the
plenum.
15 INSTALLATION
A. Connect to roof drains and/or secondary roof drains as required.
END OF SECTION
Ohio School Design Manual 221413 — Storm Piping System 2009
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SECTION 221500

COMPRESSED AIR SYSTEM

GENERAL GUIDELINES

11 SECTION INCLUDES
A. Qualitative requirements for compressed air piping, compressor, regulator, and air dryer.

12 SUBMITTALS
A. Submittals are required and shall include product data noting materials, sizes, and
dimensions.

13 QUALITY ASSURANCE
A. Follow manufacturer’s requirements for installation.

B. Comply with ANSI B31 pressure code for pressure piping.
14 COMPRESSED AIR PIPING
A. Compressed air piping shall be galvanized steel, schedule 40, per ASTM A53. Fittings
shall be threaded, class 150 per ASME A733 and B1.20.1.

15 AIR COMPRESSOR

A. Provide single or two stage air compressor as required by air pressure requirements.
B. Provide vibration isolation.

C. Consider noise factor as to where compressor is placed.

D Provide ASME constructed air tank.

E. Provide air cooled after cooler.

F. Provide inlet and outlet valves, unions, and flexible connections.

1.6 AIR REGULATOR
A. Provide quick disconnect hoses.

B. Provide valve to each drop.

1.7 AIR DRYER

A. Provide air dryer to match air compressor CFM.
B. Provide refrigerated unit with high temperature inlet capabilities.
C. Provide inlet and outlet valves, unions, and flexible connections.

1.8 INSTALLATION
A. Branch air connection shall connect to the top of the air main.

B. Provide proper CFM air regulator to match system use.
END OF SECTION

Ohio School Design Manual 221500 — Compressed Air System 2009
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SECTION 223100

DOMESTIC WATER SOFTENER EQUIPMENT

GENERAL GUIDELINES

11 SECTION INCLUDES
A. Qualitative requirements for the water softener system.
1.2 SUBMITTALS

A. Submittals are required and shall include product data, noting materials, sizes, and
dimensions.

13 QUALITY ASSURANCE

A. The water softener shall meet with the approval of the OEPA when installed in
association with a water well.

B. The softener shall be sized to meet the requirements concerning the amount of water to
be softened between regenerations based on the grains hardness.

14 WATER SOFTENER SYSTEM

A. The tank shall be fiberglass, rated for 100 psi working pressure.

B. The backwash distributor shall be of the radial hub design.

C. The control valve shall initiate regeneration, backwash, rinse, brine draw and brine tank
refill. Initiation of the regeneration sequence shall be by a volumetric water meter
coupled to a timer control, preset at a specific gallons used. The timer will not let the
regeneration begin until a preset time.

D. The mineral tank will be provided with a correct amount of resin, having a minimum
exchange rate of 30,000 grains when regenerated with 15 Ibs of salt per cubic foot.

E. A hardness test kit shall be included with the softener.

15 INSTALLATION

A. Provide and install the softener complete with inlet and outlet valves and unions, and
bypass piping around the inlet and outlet connections.

B. Install sampling tees/valves in inlet and outlet piping to the mineral tank for testing the
water.

END OF SECTION
Ohio School Design Manual 223100 — Domestic Water Softener Equipment 2009
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SECTION 223200

DOMESTIC WATER FILTRATION EQUIPMENT

GENERAL GUIDELINES

11 SECTION INCLUDES

A.

Quantitative requirements for the iron filter system.

1.2 SUBMITTALS

A

Submittals are required and shall include product data noting materials, sizes, and
dimensions.

13 QUALITY ASSURANCE

A.

The iron filter system shall meet with the approval of the OEPA when used in
conjunction with a water well.

The iron filter shall be sized to meet the requirements concerning the amount of water to
be filtered between regenerations based on the iron content.

The iron filter system shall remove all ferrous, ferric or bacterial iron from the incoming
water supply without the use of chemicals.

14 IRON FILTER SYSTEM

A.

The main service valve shall be diaphragm operated. No raw water bypass is allowed.
If controller maintenance is required, the system will remain in service.

An automatic flow controller shall be provided to maintain backwash and rinse rates over
variable operating pressures.

A factory assembled cycle controller shall incorporate an adjustable time switch with
multi-ported pilot valve to control all steps of automatic regeneration with provisions for
manual regeneration.

The muti-ported pilot control valve shall automatically pressure activate the main
operating service/backwash valves through the steps of regeneration and return to
service. In the event of a power failure, a complete regeneration can be performed by
manual operation of the pilot valve.

The electrical time clock shall be adjustable to initiate regeneration at any time of the
day and any number of days in a minimum of a 12 day period.

The mineral shall require no chemical regeneration. Periodic regeneration shall only be
required.

The air induction system to introduce oxygen into the water for the oxidation process
shall be of the venturi type. Forced air injection is not acceptable.

Ohio School Design Manual 223200 — Domestic Water Filtration Equipment 2009
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H. Attrition loss of mineral shall not exceed 3 to 5 percent per year.
l. The distribution shall be factory installed with a washed quartz gravel bed.

15 INSTALLATION

A. Install all equipment and associated piping and valves.

B. Install sampling tees/valves in the inlet and outlet piping to the mineral tank for testing
the water.

C. Provide bypass piping around the inlet and outlet connections.

END OF SECTION

Ohio School Design Manual 223200 — Domestic Water Filtration Equipment 2009
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SECTION 223400

FUEL-FIRED DOMESTIC WATER HEATERS

GENERAL GUIDELINES

1.1 SECTION INCLUDES
A. Qualitative requirements for instantaneous gas fired water heaters, hot water storage
tanks, electric booster heater, tank type under fired heaters, and combination power
vented heaters installed in a common tank.
1.2 SUBMITTALS
A. Submittals are required and shall include product data noting materials, sizes, and
dimensions.
1.3 QUALITY ASSURANCE
A. Gas units shall meet CSA requirements.
B. Units must meet ASHRAE 90.1, ADDM 90 1 b.
C. The gas heater shall be ASME certified for 125 psi operation and National Board listed.
D. Heater shall be rated at a minimum of 82 percent thermal efficiency.
14 WARRANTY
A. Water heater heat exchanger - 5 year.
B. Storage tank - 5 year limited.
C. Booster heater - 3 year limited.
D. Combination heat exchanger/storage tank — 5 year.
E. Gas-fired units shall have sealed combustion.
1.5 INSTANTANEOUS GAS FIRED WATER HEATER
A. Two pass copper fin tubes.
B. Cast iron headers.
C. Built-in draft diverter.
D. Insulated jacket.
E. ASME temperature and pressure relief valves.
F. Electronic controls.
Ohio School Design Manual 223400 — Fuel-Fired Domestic Water Heaters 2009
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G. Integral bronze circulation pump.
H. Flow switch.
l. Electronic ignition.
J. Cupro nickel heat exchanger.

1.6 HOT WATER STORAGE TANKS

@

o 0O

m

D.

Vertical storage tank.
Glass lining.

ASME constructed.
Insulated.

150 psi work pressure.

Inlet and outlet piping.

1.7 COMBINATION 2 HEATERS AND STORAGE TANK

o 0O

m

Vertical storage tank.

Polymer-lined tank.

ASME constructed.

Insulated.

150 psi working pressure.

Inlet and outlet piping.

Submerged combustion heat exchangers.

Electronic flame safeguard.

1.8 ELECTRIC BOOSTER HEATERS

A.

The tank construction shall have a 150 psi working pressure. The interior of the tank
shall be glass lined. The jacket surrounding the tank shall be stainless steel front with
baked enamel sides and back with 6 inch adjustable legs

The control circuit shall consist of a pilot switch with indicator light, built in thermostat

and hi-limit, and magnetic contactors.

Heater elements shall be copper-sheathed, furnished with 4 bolt flange for disassembly

without removing the booster head.

Ohio School Design Manual
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D. Provide ASME temperature and pressure relief valve, temperature and pressure gauge.
1.9 TANK TYPE UNDER FIRED HEATER

A. Multi-flue design.

B. Working pressure - 150 psi.

C. Glass lined.

D. ASME constructed.

E. Insulated with minimum 2 inch foam insulation.
F. Heavy jacket.

G. Vent damper control.

H. Spark ignition.
1.10 INSTALLATION

A. The heater shall be designed to produce the required gallons per hour at the
temperature required based on the Btu input.

B. Where two or more heaters are shown, pipe for equal flow through the heaters. Provide
unions and shutoff valves at each heater connection.

C. Follow manufacturers recommendations for installation, space requirements, and piping
sizing.

D. Provide temperature and pressure gauge in the upper 1/3 portion of the tank.

E. The booster heater shall boost the 140 degree water to 180 degrees for the dishwasher
final rinse.

E. Time of day control shall be provided to disable domestic water heater system when

building is unoccupied.

END OF SECTION

Ohio School Design Manual 223400 — Fuel-Fired Domestic Water Heaters 2009
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SECTION 224000

PLUMBING FIXTURES

GENERAL GUIDELINES

11 SECTION INCLUDES

A.

Qualitative requirements for plumbing fixtures and plumbing specialties.

1.2 SUBMITTALS

A

Submittals are required and shall include product data noting materials, sizes and
dimensions.

1.3 QUALITY ASSURANCE

A

B.

J.

Meet requirements of the current Plumbing Code.

Water closets shall meet ANSI A112.19.1M. Trim shall meet ANSI A112.19.5.
Urinal shall meet ANSI 2124.4, ASME A112.19.2M, and ASME A112.19.6. Trim shall
meet ANSI A112.19.5. The optional waterless urinal shall meet ASTM A112.19.2M and
A-117.1 and 1APMO 1 GC 161-2000 and ANSI Z124.9-94.

Lavatories shall meet ANSI A112.19.1M and Z 124.3.

Drinking water coolers shall meet ANSI A112.19.2M.

Sink shall meet ANSI A112.19.1M and A112.19.2M.

Sinks shall meet ANSI A112.19.1M and A112.19.2M.

All fixtures shall meet the governmental regulations for low-flow operation.

Drinking fountains shall meet ASME A112.19.1, A112.19.2, or A112.19.9, and
ANSI 117.1.

Drinking water coolers shall meet ARI 1010 and ANSI 117.1.

1.4 PLUMBING FIXTURES AND SPECIALTIES

A.

Water closets shall be wall mounted, white vitreous china with white seat and flush
valve. Water closets for kindergarten students can be floor mounted. Automatic/battery
or direct wired flush valve is optional.

Urinals shall be white vitreous china with flush valve. Automatic/battery or direct wired
flush valve is optional. An option to the urinal with flush valve shall be the waterless type
vitreous china urinal with a removable ABS plastic trap.

Ohio School Design Manual 224000 - Plumbing Fixtures 2009
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C.

Lavatories shall be wall hung, white vitreous china with hot and cold blade handle faucet
on 4 inch centers. An option to the lever handles shall include commercial grade single
lever faucets with a ceramic disc. An option to the lever handle faucet shall be a battery
or hardwired infrared faucet.

Showers shall be pressure balancing, single lever with vandal resistant shower head.

Drinking water coolers and fountains shall be wall mounted and shall meet ADA
requirements.

Sinks shall be 302 or 304 stainless steel, single, double, or triple compartment with
faucet with hot and cold blade handles and swing spout. An option to the lever handles
shall include commercial grade single lever faucets with a ceramic disc.

Science lab sinks shall be acid resistant for high school applications. Provide acid
resistant strainer and tailpiece. Science casework contractor shall provide sink and trim.

Service sinks shall be floor mounted molded stone, 10 A high, 24" x 24", 3" outlet and a
wall faucet with pail hook and vacuum breaker.

Washfountains shall be terrazzo or stainless steel or modified acrylic (complying with
ANSI 2124.3 and ANSI 2124.6) with infrared sensing for water activation, ADA
accessible, and floor or wall mounted.

Emergency eye wash shall be wall mounted, ADA accessible and set at ADA height.
Also provide supply from thermostatic mixing valve per ANSI Z358.1, latest
edition.

Emergency shower shall have a 10 inch diameter shower head, vertical or horizontal
supply and have a ADA accessible handle. Also provide supply from thermostatic
mixing valve per ANSI Z358.1, latest edition.

15 PLUMBING FIXTURES AND SPECIALTIES (cont.)

0.

Provide a stainless steel, wall mounted drinking fountain for exterior installations. Unit
shall be freezeproof, have push button activation and be ADA accessible. Mount to the
exterior building wall.

1.6 INSTALLATION

A. Lavatories, water closets, and urinals shall have carriers attached to the floor.

B. All fixtures and trim so noted for handicap installation shall meet ADA requirements.

C. Clay trap installation for an ADA sink shall not interfere with the space requirements
under the sink. Locate next to the sink casework.

D. The power transformer for the washfountain shall be a plug-in type located within the
housing of the washfountain, and plugged into a duplex receptacle.

END OF SECTION
Ohio School Design Manual 224000 - Plumbing Fixtures 2009
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SECTION 226313

GAS PIPING SYSTEMS

GENERAL GUIDELINES

11 SECTION INCLUDES
A. Qualitative requirements for natural gas piping, gas valves, and gas regulators.
1.2 SUBMITTALS

A. Submittals are required and shall include product data noting materials, sizes,

performance ratings, and installation instructions.
1.3 QUALITY ASSURANCE

A. Conformance to National Fuel Gas Code.

B. Material and installation requirements shall follow NFPA 54, state and local gas
company codes.

C. Conformance to ANSI B31.

D. Gas regulators shall be AGA rated.

14 GAS PIPING

A. Gas piping shall be schedule 40 black steel piping.

B. Gas piping installed external to the building from the service main to the gas meter shall
be as per the gas company requirements.

C. Final connection from the building gas piping system to the gas turret in the science
room can be corrugated stainless steel tubing per NFPA 54, state and local gas
company requirements.

15 GAS VALVES

A. Gas valves 2 inches and smaller shall be full port all brass screwed gas service stops
with lever handles and check.

1. (option) Gas valves 2" and smaller may be % turn ball valves.

B. Gas valves 2-1/2 inches and larger shall be semi-steel, straightway flanged, 125 pounds
swp, square head wrench operated, lubricated plug valve.

C. Kitchen Hood — Spring loaded (N.C.) gas valve or manual reset electric solenoid valve.

D. In the science and art rooms, provide the following:

1. A manual reset, solenoid operated shut-off valve with 120v operation with
remote push button operation and fire alarm system activation.
Ohio School Design Manual 226313 —Gas Piping Systems 2009
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1.6

GAS REGULATORS

Gas regulators shall be die cast aluminum alloy diaphragm, external vent connection,
interchangeable brass orifices, cast iron body, Buna-N with nylon fabric insert
diaphragm.

1.7 INSTALLATION
Unions and valves are not permitted in the gas piping in a return air plenum.
Piping 1-1/2 inches and smaller shall have threaded joints.
Piping 2 inches and larger shall have welded joints.
All regulators shall be separately vented full size to the exterior, with a turndown elbow
and insect screen. Vent outlet shall not terminate next to a combustion or fresh air
intake.
Provide a valve, union, and dirt leg at connection to each appliance. Lubricate all valves
before putting the valves into service.
Provide 1/2 inch elastomeric insulation around all piping in walls and through floors.
Test all gas piping per NFPA 54,
Gas piping shall be accessible.
Science room auto shut-off valves can be located in teacher’'s demo unit, under sink, or
exposed in storage room.

END OF SECTION
Ohio School Design Manual 226313 — Gas Piping Systems 2009
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Ice Storage System

Air to Air Energy Recovery Equipment

Modular Indoor Air Handling Units

Custom Indoor Air Handling Units

Unitary Air Conditioning Equipment

Computer Room Air Conditioners

Water Source Heat Pumps

Ground Source Heat Pumps
(geothermal)

Fan Coil Units — Four Pipe

Unit Ventilators — Four Pipe

Convectors

Cabinet Unit Heaters

Propeller Unit Heaters

Radiant Heating Hydronic System
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CHAPTER 9: SPECIFICATIONS HVAC

SECTION 230501

COMMON WORK RESULTS FOR HVAC

GENERAL GUIDELINES

11 SECTION INCLUDES QUALITATIVE REQUIREMENTS FOR:

A. Pipe and pipe fittings.

B. Dielectric fittings.

C. Mechanical sleeve seals.

D. Piping specialties.

E. Installation requirements common to piping systems and specification sections.
F. Installation requirements common to equipment specification sections.

G. Testing and repair.

H. Final completion.

l. Record drawings.

J. Maintenance and operating manuals.

K. Lubrication and packing.

1.2 SUBMITTALS

A. Submittal data is required for dielectric fittings, flexible connectors, mechanical sleeve
seals, and piping specialties.

B. Refer to specific sections of this specification for additional submittal requirements.
1.3 QUALITY ASSURANCE
A. Any manufacturer other than basis of design shall be responsible for any additional
requirements for electrical service, physical space limitations, and capacities at no

additional cost to the project.

B. Materials and installation shall comply with requirements of governing regulations and
controlling agencies.

C. All materials used shall be first grade of their kind and shall be new and in first-class
condition when installed.

D. Work done by the Contractor shall include the services of an experienced
superintendent.

Ohio School Design Manual 230501 — Common Work Results for HYAC 2008
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CHAPTER 9. SPECIFICATIONS

14 DELIVERY, STORAGE, AND HANDLING

A.

B.

C.

D.

Piping and tubing shall include factory-applied end caps.
All piping and tubing shall be elevated from grade for onsite storage.
Protect flanges, fittings, and piping specialties from moisture and dirt.

Store plastic piping protected from direct sunlight. Support to prevent sagging and
bending.

15 SEQUENCING AND SCHEDULING

A.

B.

E.

F.

Coordinate mechanical equipment installation with other building components.

Arrange for pipe spaces, chases, slots, and openings in the building structure during
progress of construction.

Coordinate installation sleeves and supporting devices with concrete and structural
components.

Coordinate connection of mechanical systems with underground and overhead utilities
and services.

Coordinate requirements for access panels and doors.

Coordinate installation of identifying devices.

1.6 PROJECT CONDITIONS

A.

B.

HVAC support shall only be permitted at steel joist panel points.

Any supplemental steel required for support between building structural members shall
be the responsibility of the HVAC Contractor.

1.7 PIPE AND PIPE FITTINGS

A. Pipe threads shall meet ASME B1.20.1 for factory-threaded pipe and pipe fittings.
B. Pipe-flange gasket materials shall meet ASME B16.21, nonmetallic, flat, asbestos-free.
C. Pipe Flanges
1. Full face shall be Class 125, cast iron and cast-bronze material.
2. Narrow face shall be Class 250, cast-iron and cast steel material.
D. Flange bolts and nuts shall meet ASME B18.2.1.
E. Solder filler materials shall meet ASTM B 32.
1. Alloy Sn95 and Sn94 shall be used.
F. Brazing filler materials shall meet AWS A5.8.
Ohio School Design Manual 230501 — Common Work Results for HVAC 2008
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CHAPTER 9: SPECIFICATIONS HVAC

G.

H.

Welding filler metals shall comply with AWS D10.12.

Solvent materials shall meet standard solvent cement requirements.

1. CPVC piping shall meet ASTM F 493.

2. PVC piping shall meet ASTM D 2564. Include primer according to ASTM F
656.

3. Plastic pipe seals shall meet ASTM F 477

4, Flanged, ductile-iron gasket, bolts, and nuts shall meet AWWA C 110.

1.8 DIELECTRIC FITTINGS

A

Fittings shall be zinc plated with a thermoplastic liner, rated for 250 degrees F
maximum.

1.9 MECHANICAL SLEEVE SEALS

A.

Seals shall be designed with interlocking rubber links shaped to continuously fill annular
space between pipe and sleeve and shall include connecting bolts and pressure plates.

1.10 PIPING SPECIALTIES

A

Piping sleeves shall be constructed of galvanized sheet metal or steel pipe. Steel pipe
shall meet requirements of ASTM A 53, Type E, Grade A, Schedule 40. Sleeves for
copper piping shall be of compatible material to prevent interaction of piping materials.

Escutcheons shall be manufactured wall, ceiling, and floor plates, split-type, and of
heavy chrome-plated construction.

1.11 HVAC PIPING SYSTEMS - COMMON REQUIREMENTS

A. Division 23 piping/ductwork sections specify unique installation requirements.

B. Install components with pressure rating equal to or greater than system operating
pressure.

C. Install all piping and ductwork at right angles or parallel to the building walls. Diagonal
runs are prohibited.

D. Install piping and ductwork tight to slabs, beams, joists, columns, walls, and other
building elements. Allow sufficient space above removable ceiling panels to allow for
panel removal.

E. Install all piping specialties to meet manufacturer’'s requirements.

F. Install pipe sleeves at all wall penetrations. Provide Schedule 40 steel pipe.

1. PVC pipe sleeves are not permitted.
2. Do not install sleeves through structural members.

G. Maintain fire rating at fire wall penetrations through the use of approved fire sealant
materials installed in pipe sleeve.

Ohio School Design Manual 230501 — Common Work Results for HVAC 2008
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HVAC CHAPTER 9: SPECIFICATIONS

H. Install unions in piping 2 inch and smaller adjacent to each valve and at final connection
to each piece of equipment.

l. Install flanges in piping 2-1/2 inch and larger adjacent to flanged valves and at final
connections to equipment with flanged pipe connections.

1.12 EQUIPMENT INSTALLATION - COMMON REQUIREMENTS

A. Install equipment to facilitate service, maintenance, and repair or replacement of
components.
B. Maintain lubrication gaskets and packing during construction and assure that at time of

acceptance by the Owner, equipment is in first-class operating condition.
1.13 EQUIPMENT START-UP

A. Start-up of all HVAC equipment shall be video-taped by the HVAC contractor. Two
copies shall be turned over to the Owner’s maintenance staff.

1.14 TESTING AND REPAIR

A. All piping and ductwork systems shall be throughly cleaned and flushed prior to final
testing.
B. Supply, return, and exhaust air ductwork systems shall be pressure tested to a minimum

leakage rate.
C. Pressure testing shall be completed for the following piping systems:
1. Heating water, chilled water, heat pump condenser loop water, and cooling
tower condenser water systems.

D. All testing must be witnessed and accurately recorded noting methods of testing, times,
dates, and results.

E. Any damage as a result of tests shall be repaired or damaged materials replaced at no
cost to the Owner.

1.15 FINAL COMPLETION

A. All work shall be cleaned prior to issuance of Substantial Completion.
B. Retouch or repaint factory painted prime and finish coats where scratched or damaged.
C. Deliver filters, belts, and equipment, as required by this Specification, to Owner and

obtained signed receipts of delivery.

D. Clean equipment, restore damaged materials, and leave the Work in acceptable
condition.
E. Remove all site tools, equipment, surplus materials and rubbish continuously at no

additional cost to the Owner.

Ohio School Design Manual 230501 — Common Work Results for HVAC 2008
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CHAPTER 9: SPECIFICATIONS HVAC

F. Contractor shall submit written certificates warranting each item of equipment.
1.16 RECORD DRAWINGS

A. The Contractor shall keep a running record of each change and deviation from the
Drawings on a clean and undamaged set of Drawings.

B. The final Project Record Drawings shall be submitted to the Engineer for approval at the
completion of the project.

C. Record Drawings shall include the location of concealed piping and ductwork.
1.17 MAINTENANCE AND OPERATING MANUALS

A. The Maintenance and Operating Manuals shall comply with other Sections of this
Specification. Submit in triplicate for inclusion in Maintenance and Operating Manuals.

B. Bind the written operating instructions, approved shop drawings, equipment catalog
cuts, equipment warranties, and manufacturer’s instructions into a binder.

END OF SECTION

Ohio School Design Manual 230501 — Common Work Results for HVAC 2008
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CHAPTER 9: SPECIFICATIONS

SECTION 230507

HVAC PIPING

GENERAL GUIDELINES

11 SECTION INCLUDES

A

Qualitative requirements for HVAC piping.

1.2 SUBMITTALS

A

Submittals are required and shall include product data noting materials, sizes, and
dimensions.

1.3 QUALITY ASSURANCE

A

B.

D.

E.

Follow manufacturer’s requirements for installation.

Welding procedures per ANSI/ASME Section 9, AWS D10.9 and D1.1 and the National
Certified Pipe Welding Bureau.

Brazing procedures per ANSI B31.5 and the ASME Boiler and Pressure Vessel Code
SFA-5.8, Section II.

Soldering procedures per ANSI B16.18.

Comply with ANSI B31 pressure code for pressure piping.

14 HVAC PIPING

A. Heating, Chilled, Cooling Tower Condenser, and Heat Pump Condenser Water Supply
and Return Piping
1. Black steel piping
a. Piping shall be standard weight black steel for 2-1/2 inch and smaller
per ASTM A53 or A120. Fittings shall be class 125 cast iron threaded
per ANSI B16.4.
b. Piping shall be standard weight black steel for 3 inch and larger per
ASTM A53 or A120. Fittings shall be butt welded.
2. Copper piping
a. Piping 2-1/2 inches and smaller shall be type L copper per ASTM B88.
Fittings shall be wrought copper per ANSI B16.22.
3. Grooved piping (option)
a. Grooved piping with ductile iron or bronze couplings and EPDM gaskets.
b. Copper and steel pipe shall be as listed above.
4, Copper press fittings may be used as an option per ASTM B16.18 or ASTM
B16.22. O-Rings shall be EPDM.
5. Underground piping
a. Piping shall be pre-insulated piping system with copper or steel pressure
carrier pipe, polyurethane insulation and PVC jacket.
b. Piping system shall include o-ring seals and expansion compensation.
C. Piping system shall incorporate thrust blocks and other accessories as
recommended by system manufacturer.
Ohio School Design Manual 230507 — HVAC Piping 2008
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CHAPTER 9: SPECIFICATIONS HVAC
B. Underground, Ground Source Heat Pump System Piping
1. High density polyethylene piping
a. Material classification per ASTM D-1248.
C. Air Conditioning Condensate Drain Piping
1. Piping shall be Schedule 40 PVC with solvent joints per ASTM D2665, D2564,
D2665.
2. In air plenums and through fire walls, Piping shall be type L copper per ASTM

B88. Fittings shall be wrought copper per ANSI B16.22
15 INSTALLATION
A. Terminate vent piping through roof, a minimum of 12 inches above the roof.

B. Refer to Section 232500 HVAC Water Treatment for flushing, cleaning, and water
treatment requirements.

C. All piping on site must be capped and sealed from contamination and debris
throughout the construction cycle.

END OF SECTION

Ohio School Design Manual 230507 — HVAC Piping 2010
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CHAPTER 9: SPECIFICATIONS

SECTION 230514

VARIABLE FREQUENCY DRIVES

GENERAL GUIDELINES

1.1 SECTION INCLUDES
A. Qualitative requirements for electronic variable frequency drive with motor starter.
1.2 SUBMITTALS
A. Submittals are required and shall include product descriptive literature demonstrating
compliance with written specification and, at a minimum, shall include the following:
1. Inverter efficiency and power factor curves.
2. Performance curves.
3. Substantiating data for Mean Time Between Failure (MTBF).
1.3 QUALITY ASSURANCE
A. Variable frequency drives shall comply with applicable requirements of the latest
standards of ANSI, IEEE, NEMA, and NEC.
B. Each drive shall be UL Listed.
C. Drives used throughout a project site shall be provided by the same manufacturer for all
applications (fans and pumps).
D. Audible motor drive noise shall be no more than 5 db louder than across line starter
operation.
14 WARRANTY/TRAINING
A. Manufacturer shall warrant complete drive system for a period of 1 year.
B. A factory trained representative shall provide a minimum of 8 hours on-site training to
Owner selected personnel on the operation and maintenance of each drive installed.
15 ELECTRONIC REQUIREMENTS
A. Each drive shall be microprocessor based, fully transistorized with 3 phase, full wave
diode bridge input, and pulse-width-modulating sine-coded output waveform.
B. Output transistors shall be of the Insulated Gate Bipolar Transistor (IGBT) type.
C. Minimum 20 years MTBF required.
D. Maximum switching frequency of 15 KHZ.
E. Displacement power factor shall be 0.98 or better over the entire operating frequency
and load range.
Ohio School Design Manual 230514 — Variable Frequency Drives 2008
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1.6 PROTECTIVE FEATURES

A.

Drive enclosure shall be NEMA 1 and shall be wall-mount or free standing as indicated
on the Drawings.

Controlled acceleration and deceleration shall be adjustable from 3 to 600 seconds.
Current limits shall prevent overflow trips.

Minimum switching frequency shall be adjustable from 0 to 100 percent of base
frequency.

Maximum switching frequency shall be adjustable from 110 to O percent of base
frequency.

Automatic boost for 100 percent starting torque.

Hand-off-auto switch mounted in front door of mounting enclosure.

Fault contact for remote indication.

Contact closure for remote indication that drive is operating.

Automatic restart on fault that is programmable for O to 5 restarts.

Minimum of 2 critical frequency avoidance points with programmable deadband.
Output signal for motor speed shall be 0 to 10 vdc or 4-20 milliamp.

Output voltage regulation.

Continued operation of drive at 80 percent of last speed reference input if control
command is lost.

1.7 OPERATION PROTECTION

A. Current limit control for protection against normal transients and surges from incoming
power lines, grounding systems, or runaway incoming speed reference signal.

B. Protection from phase-to-phase and phase-to-ground faults.

C. Torque limit control.

D. Capabilities to start into a spinning load and windmilling operation.

E. Instantaneous overcurrent trip to monitor peak currents and provide shutdown without
component failure.

F. Input line reactors with a minimum of 3 percent rating on all incoming phase lines.

G. DC link choke to reduce current and voltage harmonics reflected to the AC power
supply.

Ohio School Design Manual 230514 — Variable Frequency Drives 2008
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1.8 OPERATING CONDITIONS

A. Unit shall comply to the following operating conditions:

NogokrwbhE

8.

Line voltage: +10 percent, -10 percent of rating.

Line frequency: + or - 5 percent

Overload: 100 percent

Ambient temperature: O degrees to 40 degrees C.

Altitude: 3,300 feet or less

Atmosphere: 95 percent relative humidity, noncondensing

Efficiency: 97 percent at 100 percent load, 100 percent base speed. 80 percent
at 12.5 percent load, 80 percent speed.

Fundamental power factor shall be 0.98 at all speeds and loads.

B. Digital operator/keypad is required and shall include the following features:

NogkrwhE

Motor speed indication, in RPM, percent speed, or frequency (Hz)
Speed reference signal

Alpha-numeric fault trip annunciation

Output current

Output power

Output voltage

Bus voltage

C. Indicator lights as follows:

1.

2.
3.
4.

Power on light
Run light

VFED trip light
External fault light

1.9 INSTALLATION

A. Install in accordance with manufacturers requirements.

B. A factory authorized and trained technician shall preform the initial startup on all drives.

END OF SECTION
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CHAPTER 9: SPECIFICATIONS HVAC

SECTION 230519

THERMOMETERS AND GAUGES FOR HVAC EQUIPMENT

GENERAL GUIDELINES

11 SECTION INCLUDES
A. Qualitative requirements for thermometers and fittings, as well as pressure gauges and
fittings.
1.2 SUBMITTALS
A. Submittals are required and shall include product data noting materials, sizes, and
dimensions.
1.3 COMPONENTS
A. Thermometers: 1-percent accuracy.

1. Direct-Mounting Filled-System Dial Type: Vapor actuated, thermal bulb,
precision brass gear.

2. Remote-Reading, Filled-System Dial Type: Vapor actuated, thermal bulb;
precision brass gear.

3. Bimetal Dial Type: Direct mounting, bimetal coil.

4, Insertion Dial Type: Bimetal coil.

5. Non-toxic, organic filled liquid-in-glass, column type thermometer.

B. Pressure Gauges: Phosphor-bronze Bourdon-tube gages, 1-percent accuracy.

1. Vacuum Range: 30 inches Hg of vacuum to 15 psig of pressure .

2. Pressure Range: Two-times operating pressure.

3. Liquid filled pressure gauge where appropriate. Liquid shall be non-toxic,
organic type.

14 INSTALLATION
A. Provide thermometers at the following locations:

1. Inlet and outlet chilled water connection to chillers

2. Inlet and outlet heating water connections to boilers.

3. Heating water, heat pump condenser loop, and chilled water supply and return
loop to and from the building if primary/secondary pumping is used or if a 3-way
valve is used to reset the building heating water temperature.

4, At all coil connections at main air handling units.

5. Condenser water supply and return piping.

6. Heat exchanger inlet and outlet piping.

B. Provide pressure gauges at the following locations:

1. One pressure gauge with 2 independent needle valves piped to the suction and
discharge piping of all pumps except coil recirculating pumps.

2. Inlet and outlet piping of each chiller.

3. Outlet piping of each boiler unless integral to the boiler.

4, Domestic cold water fill connection to the HVAC hydronic loop downstream of
the pressure reducing valve.

END OF SECTION
Ohio School Design Manual 230519 — Thermometers and Gauges for HYAC Equipment 2008
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HVAC CHAPTER 9: SPECIFICATIONS

SECTION 230523

GENERAL DUTY VALVES FOR HVAC PIPING

GENERAL GUIDELINES

11 SECTION INCLUDES
A. Qualitative requirements for valves.
1.2 SUBMITTALS

A. Submittals are required and shall include product data noting type materials, sizes, and
dimensions.

1.3 QUALITY ASSURANCE

A. The following standards apply.

ANSI B16.10, MSS SP-67-90 Butterfly Valves.

MSS SP-70-90 Cast Iron Gate Valves, Flanged or Threaded Ends.

MSS SP-78-92 Cast Iron Plug Valves Flanged and Threaded.

MSS SP-80-87 Bronze Gate, Globe, and Check Valves.

MSS SP-85-85 Cast Iron Globe and Angle Valves, Flanged and Threaded Ends.
MSS SP-110-92 Ball Valves Threaded, Socket-Welded, Solder Joint, Grooved
and Flared Ends.

ok wNE

1.4 COMPONENTS

A. Gate Valves
1. 2-1/2 Inch NPS and Smaller: Cast-iron body with threaded connections for steel
piping systems. Bronze body with soldered or threaded connections for copper
piping systems, solid-bronze wedge, Class 125 or 150, rising stem, and
soldered or threaded connections.
2. 3 Inch NPS and Larger: Cast-iron body and bonnet, Class 125, solid cast-iron
wedge, outside screw and yoke, and flanged connections.

B. Ball Valves
1. Bronze body and bonnet, two-piece construction, chrome-plated ball, standard
port for 2-1/2 inch NPS and smaller and full port for 3 inch NPS valves, Class
150, with stem extensions for insulated piping and memory stops.

C. Globe Valves
1. 2-1/2 Inch NPS and Smaller: Cast-bronze body and bonnet, Class 125 or 150,
with threaded or soldered connections.
2. 3 Inch NPS and Larger: Cast-bronze body and bonnet, Class 125, outside

screw and yoke, with flanged connections.

Ohio School Design Manual 230523 — General Duty Valves for HVAC Piping 2008
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CHAPTER 9: SPECIFICATIONS HVAC
D. Butterfly Valves: Cast-iron body and bonnet, Class 250, 200 psig working pressure,
stainless-steel stem; lug, or grooved style connections. (For HVAC systems only)
1. Disc Type: [Aluminum bronze] [stainless steel]
2. Operator:
a. Standard lever handle.
b Standard lever handle with memory stop.
C. Lever handle with latch lock.
d. Gear with position indicator.
e Gear with position indicator and chain wheel.
f. Chain wheel.
E. Check Valves
1. Swing Type, 2-1/2 Inch NPS and Smaller: Bronze body, Class 125 or 150,
horizontal swing, with threaded or soldered connections.
2. Swing Type, 3 Inch NPS and Larger: Cast-iron body, Class 125, horizontal
swing, with flanged or grooved connections.
a. Wafer Type: Class 125, cast-iron body, bronze disc, with stainless-steel
pins and springs.
b. Lift Type: Class 125, bronze body and cap, horizontal or vertical

pattern, bronze disc, with threaded or soldered connections.

15 INSTALLATION

A. Install all threaded valves with a union joint on the downstream side of the valve.
B. Provide valves to isolate all equipment and coils.

C. Provide valves of like material as the piping systems.

D. Provide dielectric connections between all dissimilar metals.

END OF SECTION
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HVAC CHAPTER 9: SPECIFICATIONS

SECTION 230525

ROOF CURBS
GENERAL GUIDELINES
11 SECTION INCLUDES
A. Qualitative requirements for roof curbs for equipment mounting and piping penetrations.
1.2 SUBMITTALS
A. Submittals are required and shall include material, quantities, and dimensions.

1.3 COMPONENTS

A. Roof Curbs

1. Roof curb shall be constructed of galvanized steel with welded corner beams

and pressure treated 2 by 2 wood nailer.
Curbs shall be preinsulated with 1-1/2 inch rigid insulation.
Top of curb shall set dead level.
Base of curb shall match roof slope.
Provide 18 inches for kitchen hood exhaust fans.

abrwn

B. Box Curb
1. Box section curbs shall be constructed of welded, heavy gauge galvanized steel
with mitered and welded corners, integral base plate, and pressure treated wood
nailer.
2. Curb shall be insulated with minimum 1-1/2 inch rigid insulation.

C. Equipment Support

1 Rails shall be 18 gauge welded galvanized steel with a welded galvanized
counterflashing. Unit to have integral base plate, and 2 by 4 pressure treated
wood nailer.

2. Rails to be of the length and strength required to support the specified
equipment.

3. Equipment rails shall be internally reinforced to conform with manufacturers load
bearing factors.

D. Pipe Roller Supports

1. Pipe support shall be constructed from heavy gauge galvanized steel with
continuous welded corner seams, 2 by 4 treated wood nailer, galvanized steel
counterflashing and galvanized steel channel track.

E. Pipe Curbs
1. Pipe curb shall consist of a heavy gauge galvanized steel roof curb of unitized

construction, with integral base plate, 3 pound density insulation, and 2 by 2
nailer. Curb shall be covered with a thermoplastic cover, fastening screws,
graduated step boots with stainless steel adjustable clamps.

1.4 INSTALLATION

A. Roof curbs and equipment rails shall be mounted with top dead level, properly anchored
to the deck.

B. Roof curbs for metal roof systems shall be provided by the metal roof system
manufacturer.

END OF SECTION
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SECTION 230529

HANGERS AND SUPPORTS FOR HVAC

GENERAL GUIDELINES

11 SECTION INCLUDES

A

Qualitative requirements for piping hangers and supports, and equipment hangers and
supports.

1.2 SUBMITTALS

A

Submittals are required and shall include product data noting materials, sizes, and
types.

1.3 COMPONENTS

A

H.

Hangers, supports, and components shall be factory fabricated according to
MSS SP-58, the latest edition.

Hangers for piping shall be of a compatible material or coating.

Continuous threaded rod shall be used wherever possible. An engineered cable
support system is acceptable. Chain, wire, or perforated straps shall not be
permitted.

Concrete inserts into poured concrete floor systems are permitted.

Beam clamps, trapeze hangers, and clevis hangers shall be permitted.

Supports from roof decking systems are not permitted.

Concrete inserts into precast concrete plank are permitted.

Powder activated fasteners are not allowed.

14 INSTALLATION

A. All hangers and supports shall be attached to the building structural steel system.
B. Support from steel joist panel point is required.
C. All hangers, supports, and fastening methods used shall be suitable for the weight of the
components being supported.
END OF SECTION
Ohio School Design Manual 230529 — Hangers and Supports for HYAC 2009
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CHAPTER 9: SPECIFICATIONS

SECTION 230548

VIBRATION and SEISMIC CONTROL for HVAC

GENERAL GUIDELINES

11 SECTION INCLUDES
A. Qualitative requirements for vibration isolators, equipment bases, and flexible
connectors.
1.2 SUBMITTALS
A. Submittals are required and shall include product data noting calculations, materials,
sizes, and dimensions.
1.3 COMPONENTS
A. Vibration isolators as follows:
1. Isolator Pads: Qil- and water-resistant [rubber] [fiberglass or cork].
2. Rubber Isolator Mounts: Double-deflection type.
3. Spring Isolators: Freestanding, laterally stable, open-spring type.
4 Restrained Spring Isolators: Vertically restrained, freestanding, laterally stable,
steel open-spring type.
5. Rubber Hangers: Double-deflection type.
6. Spring Hangers: Combination spring and elastomeric hangers with coil spring
and elastomeric insert in compression.
B. Equipment bases as follows:
1. Concrete filled, steel constructed inertia bases.
2. Structural steel bases without inertia pad.
C. Flexible piping connectors as follows:
1. Molded reinforced neoprene construction with steel flanges and control rods.
2. Flexible steel braided construction with steel flanges.
14 INSTALLATION
A. Installation of vibration isolation, piping connections, and inertia bases shall be in
accordance with the manufacturer’'s recommendation.
B. Rigid connections between vibrating equipment and the building shall not be permitted.
END OF SECTION
Ohio School Design Manual 230548 — Vibration and Seismic Control for HVAC 2008
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SECTION 230553

IDENTIFICATION FOR HVAC

GENERAL GUIDELINES

11 SECTION INCLUDES
A. Qualitative requirements for HVAC identification methods, materials and devices.
1.2 SUBMITTALS

A. Submittals are required and shall include product data noting materials, sizes, and
dimensions for identification systems.

B. Submittals are required of valve schedules.
1.3 QUALITY ASSURANCE
A. Identification requirements shall meet ASME A13.1.

14 COMPONENTS

A. Equipment Nameplates: Aluminum, permanently fastened to equipment, engraved or
stamped.
B. Stencils: Standard stencils shall be black enamel on a white background or white

enamel on a dark background.

C. Snap-on Plastic Pipe Markers: Preprinted, semi-rigid type, color-coded.

D. Pressure-Sensitive Pipe Markers: Preprinted, color-coded, vinyl type with permanent
adhesive.

E. Pipe Markers: Full band type.

F. Plastic Duct Markers: Laminated plastic, color coded, and engraved with the service.

G. Plastic Tape: Color-coded, pressure-sensitive, self-adhesive vinyl.

H. Valve Tags: Polished tags with numbers and letters.

l. Access Panel Markers: Engraved plastic laminate.

J. Engraved Plastic-Laminate Signs: Sizes required to contain message.
K. Plastic Equipment Markers: Standard color-coded, laminated plastic.
L. Plasticize Tags: Preprinted, accident prevention.
M. Valve Location Tags: 3/4 inch diameter colored, pressure-sensitive adhesive paper
circles.
Ohio School Design Manual 230553 — Identification for HVAC 2008
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15 VALVE CHARTS

A. Valve charts shall be furnished by each respective Contractor and shall include the
following items:
1. Valve identification
2. Location
3. Purpose
B. Valve charts shall be included in the Maintenance and Operating Manuals.

1.6 INSTALLATION

A. Piping, equipment and valve identification shall be completed prior to issuance of
Substantial Completion.

END OF SECTION
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CHAPTER 9: SPECIFICATIONS HVAC

SECTION 230593

TESTING, ADJUSTING, AND BALANCING FOR HVAC

GENERAL GUIDELINES

11 SECTION INCLUDES
A. Qualitative requirements for the testing, adjusting, and balancing of the HVAC air and
water systems; includes the performing contractor’s certification requirements.
1.2 SUBMITTALS
A. Submittals are required and shall include the complete certified report for all air and
water system pressure testing and balancing including all electrical performance of each
piece of HVAC equipment.
B. Prior to commencement of the work described in this Section, the testing, adjusting, and
balancing contractor shall submit verification of his AABC or NEBB certification to the
Design Professional for acceptance.
1.3 QUALITY ASSURANCE
A. The testing, adjusting, and balancing contractor shall be either AABC or NEBB certified
for the work described herein.
B. Project will be Commissioned. Refer to section 9101-01900 for additional
information.
14 COMPONENTS
A. The Contractor shall provide his own properly calibrated equipment to pressure test, air
balance, water balance and to measure electrical characteristics of each piece of HVAC
equipment. Include a list of instruments to be used for procedures, along with
Proof of Calibration.
15 REQUIREMENTS
A. Testing, adjusting, and balancing plan.
B. Systems readiness checks.
C. Testing, Adjusting, and Balancing Procedures: AABC’s National Standards or NEBB'’s
“Procedural Standards for Testing, Adjusting, and Balancing of Environmental Systems”.
D. Equipment settings marked to show final settings.
E. Balancing shall be performed to meet the requirements of ASHRAE Standard 90.1.
F. Pumps with variable speed drives shall be balanced with all valves 100% open (not
including balancing valves at coils).
Ohio School Design Manual 230593 — Testing, Adjusting, and Balancing for HVAC 2009
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G.

For variable speed fans, fan and motor pulleys shall be replaced (or adjusted,
when applicable) so that motor is fully loaded at 100% speed. Balance to design

air flow by adjusting maximum variable speed drive output below 100%.

1.6 HVAC SYSTEMS AIRFLOW AND WATER FLOW RATE TOLERANCES

A.

Supply, Return, and Exhaust Fans: Plus 5 percent to plus 10 percent.
Air Outlets and Inlets: 0 to minus 10 percent.
Heating Water Flow Rate: 0 to minus 10 percent.

Cooling Water Flow Rate: 0 to minus 5 percent.

1.7 REPORTING

A

Initial Construction Phase Report: Based on examination of Contract Documents, on
adequacy of design for systems balancing devices.

Status Reports: As Work progresses.

Draft “Pencil Copy” Report: Provide draft air balance report when the balancing
is complete to the Engineer and Commissioning Authority for review before final
report.

Commissioning Verification Report: Commissioning Authority will randomly
verify TAB work and produce report. TAB Contractor shall make corrections
based on this report.

Final Report: Certification sheet, with content and format according to AABC or NEBB
standard forms.

Seasonal Testing: If initial TAB procedures were not performed during near peak
summer and winter conditions, perform additional testing, inspecting, and
adjusting during near peak summer or winter conditions.

11 month Warranty Walk: TAB to perform additional testing and balancing to
verify that balanced conditions are being maintained throughout and to report
unusual conditions with recommendation of adjustments. TAB Contractor shall
allow two (2) days for this work.

END OF SECTION

Ohio School Design Manual 230593 — Testing, Adjusting, and Balancing for HVAC 2009
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SECTION 230719

HVAC INSULATION

GENERAL GUIDELINES

11 SECTION INCLUDES
A. Qualitative requirements for interior and exterior pipe insulation, jackets, and
accessories.
B. Qualitative requirements for field-applied insulation on hot and cold equipment surfaces.
C. Qualitative requirements for exterior and interior duct and plenum insulation and
accessories.
1.2 SUBMITTALS
A. Submittals are required and shall include product data noting materials, thickness for
each service or piece of equipment, aged thermal qualities, and accessories.
1.3 QUALITY ASSURANCE
A. Fire performance characteristics in accordance with ASTM E 84 for flame spread of 25
and smoke developed of 50.
B. Materials and installation in accordance with NFPA 255 and UL 723.
C. Insulation thickness shall meet the requirements of ASHRAE Standard 90.1.
14 MATERIALS
A. Glass Fiber: All-purpose jacket and vapor-barrier coated.
1. Preformed: ASTM C 547, Class |, rigid, jacketed, and vapor-coated.
2. Board: ASTM C 612, Type 2, rigid and semi-rigid.
3. Blanket: ASTM C 553, Type I, Class F-1.
4. Adhesive: UL classification; nonflammable.
5. Maximum “K” Value: 0.23 at 75 degrees F.
B. Cellular Glass: Insulation with factory-applied, laminated-foil, flame-retardant, vinyl
facing.
1. Piping: Preformed foamed or cellulated glass, jacketed pipe
insulation.
2. Facing: ASTM C 921, Type 1.
3. Blocks: ASTM C 552, Type I.
4, Boards: ASTM C 552, Type IV.
5. Special Shapes: ASTM C 552, Type lIl.
6. Maximum “K” Value: 0.35 at 75 degrees F.
Ohio School Design Manual 230719 — HVAC Insulation 2008
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C. Flexible Elastomeric Cellular: Flexible cellular elastomeric material, molded or sheet.
1. Preformed: ASTM C534, Type Il for sheet materal and Type | for tubular
material.
2. Adhesive: Waterproof vapor retarder.
3. Maximum “K” Value: 0.25 at 75 degrees F.
D. Calcium Silicate
1. Piping: Rigid molded block insulation, asbestos free ASTM C553, Type |I.
2. Maximum “K” Value: 0.40 at 300 degrees F.
E. Duct Liner Insulation
1. Material: Flexible blanket, ASTM C518 or elastomeric linear per
ASTM C534.
2. Coating: ASTM C1071. Microbial growth resistant.
3. Adhesive: UL listed waterproof.
4, Fasteners: Galvanized steel pins (welded or mechanically fastened)
with adhesive.
5. Maximum “K” Value: 0.25 at 75 degrees F.
6. Standards: NFPA 90A, NFPA 90B and 25/50 flame and smoke spread.
F. Insulating Cements
1. Mineral fiber, hydraulic-setting insulating and finishing cement.
2. Expanded or exfoliated vermiculite.
G. Adhesives: MIL-A-3316C, Classes 1 and 2, Grade A for fiberglass. MIL-A-24179A,
Type ll, Class 1 for elastomerics.
H. Jackets shall be adjusted for the application.

1. Piping: PVC or aluminum
2. Equipment: Foil and paper.
3. Ductwork: Foil and paper.

Polyisocyanurate: Rigid closed cell polyisocyanurate thermal insulation, fabricated into
shapes required to insulate pipes, valves, fittings, vessels, and/or special shapes as

required.

1. Density: 2 Ib/cf

2. Permeance: Less than or equal to 3 perm-inch

3. Provide with a vapor retardant cross laminated high density polyvinylidene
chloride polymer film.

4, Material shall not contain or be produced with any of the U.S. EPA regulated

CFC compounds listed in the Montreal Protocol of the United Nations
Environmental Program.

15 APPLICATIONS

A.

Exposed Interior Piping Systems

Hydronic heating water

Hydronic chilled water

Hydronic heat pump condenser loop water
Condensate drain

Refrigerant suction and hot gas bypass

arwNE

Ohio School Design Manual 230719 — HVAC Insulation 2010
Ohio School Facilities Commission 9123 - 22



1981

CHAPTER 9: SPECIFICATIONS HVAC

B.

Concealed Interior Piping Systems

Hydronic heating water

Hydronic chilled water

Hydronic heat pump condenser loop water
Condensate drain

Refrigerant suction and hot gas bypass

aprwONE

C. Exposed Exterior Piping Systems
1. Refrigerant suction and hot gas bypass
2. Hydronic chilled water
3. Hydronic heating water
D. Concealed Exterior Piping Systems
1. Refrigerant suction and hot gas bypass
2. Hydronic chilled water
3. Hydronic heating water
E. Concealed Piping Systems in Crawl Spaces or Other Moist Environments:
1. Polyisocyanurate insulation required for cold services (chilled water) where
25/50 smoke/flame rating is not required, unless specific product is rated for
such.
F. Indoor Equipment
1. Chilled water equipment, tanks, pumps, and heat exchangers.
2. Following items are not insulated:
a. Factory-insulated plenums, casings, terminal boxes, and filter boxes and
sections.
b. Flexible connectors.
C. Vibration control devices.
d. Testing laboratory labels and stamps.
e. Nameplates and data plates.
f. Access panels and doors in air distribution systems.
g. Factory insulated equipment such as boilers.
G. Ductwork Systems
1. Interior concealed supply, return, and outside air ductwork.
2. Interior exposed supply, return, and outside air ductwork.
3. Exterior exposed supply and return ductwork.
4, Kitchen range hood supply air ductwork.
5. Items not insulated as a part of the Specification Section
a. Metal ducts with duct liner.
b. Factory-insulated flexible ducts.
C. Factory-insulated plenums, casings, terminal boxes, and filter boxes and
sections.
d. Flexible connectors.
e. Vibration control devices.
f. Testing laboratory labels and stamps.
g. Nameplates and data plates.
h. Access panels and doors in air distribution systems.
Ohio School Design Manual 230719 — HVAC Insulation 2010

Ohio School Facilities Commission 9123 - 23



1982

HVAC CHAPTER 9: SPECIFICATIONS

H. Insulation Jacketing Systems
1. Provide protective jacketing for all exposed pipe systems located in mechanical

rooms, boiler rooms, and storage rooms.
2. Provide protective jacketing for all exterior pipe systems.
3. Provide protective jacketing for all exposed ductwork installations.
1.6 EXAMINATION AND PREPARATION
A. Leak test piping and ductwork system before installing insulation systems.
1.7 INSTALLATION

A. Install material in accordance with manufacturer's recommendations and in conformance
with building codes and industry standards.

B. A continuous vapor barrier is required.

C. Provide proper support at piping hanger systems.

D. Insulate valves and fittings in cold water systems.

E. Ductwork insulation shall be wrapped in lieu of liner for all applications except for
specific sound attenuation means.

F. All insulation shall be applied so that there is no fiberglass exposed to the air stream
without filters downstream. All fiberglass insulation, including all exposed edges, shall
be coated, or mylar or other suitable material shall be provided between fiberglass and
the air stream. Elastomeric duct liner does not require coating or mylar.

END OF SECTION
Ohio School Design Manual 230719 — HVAC Insulation 2010
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SECTION 230923

HVAC DIRECT DIGITAL CONTROLS

GENERAL GUIDELINES

11 SECTION INCLUDES

A. Qualitative requirements for control equipment for HVAC systems and components,
software requirements, and installation requirements for a complete HVAC direct digital
control (DDC) electronic temperature control system.

1.2 SUBMITTALS

A. Submittals are required and shall include product descriptive literature demonstrating
compliance with written specification and, at a minimum, shall include the following:
1. Equipment and component specifications.
2. Software capabilities and operation.
3. Graphics capabilities and proposed solutions.

13 QUALITY ASSURANCE

A. Electric components shall be UL Listed.

B. Damper components shall comply with AMCA 500.

C. Energy management components shall comply with NEMA EMCI.

D. Enclosures shall comply with NEMA 250.

E. Electrical requirements shall meet NFPA 70.

F. Installation as a part of the HVAC system shall comply with NFPA 90A.

G. System installation shall allow for application of the “BACnet” protocol to meet

requirements of ASHRAE 135 or “Lonworks” protocol.
H. Control systems shall meet the requirements of ASHRAE Standard 90.1.
14 DAMPERS

A. Dampers shall be low-leakage type, as required to meet the requirements of ASHRAE
Standard 90.1., not less than 22 gauge galvanized steel frames.

B. Modulating dampers shall be opposed blade type.
C. Dampers shall be sized for 1000 to 1500 FPM air velocity.
Ohio School Design Manual 230923 — HVAC Direct Digital Controls 2008
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15 VALVES
A. Factory fabricated of type, body material, pressure class, and at a maximum 5 psi
pressure drop.
1. 2-way valves shall have equal percentage characteristics.
2. 3-way valves shall have linear characteristics
B. Globe Valves
1. Up to 2 inches: Bronze body, bronze trim, rising stem, renewable composition
disc, screwed ends with back seating capacity repackable under pressure.
2. Over 2 inches: Iron body, bronze trim, rising stem, plug-type disc, flanged ends,
renewable seat and disc.
3. Service at 125 psi WSP and 250 deg F.
4, Internal construction shall be replaceable plugs and seats of stainless steel or
brass.
C. Butterfly Valves
1. Iron body, bronze, aluminum-bronze or stainless steel disc, resilient, replaceable
seat for service to 200 deg F., lug ends, and extended neck.
2. Service at 125 psi WSP and 250 deg F.
D. Terminal Unit Control Valves
1. Bronze body, bronze trim, 2 or 3 port as indicated, replaceable plugs and seats,
union and threaded ends.
2. Service at 125 psi WSP and 250 deg F.
1.6 VALVE AND DAMPERS ACTUATORS
A. Damper actuators shall be electronic, low voltage. Actuator response shall be linear in
response to sensed load.
1. Dampers on outside air intakes/exhaust shall be spring return closed.
B. Valve operators shall be electronic, low voltage and properly selected for the valve body
and service.
1. Actuators shall be fully proportioning unless otherwise indicated.
2. Heating water valve actuators in the path of outside air shall be spring return
open.
3. Cabinet heater and radiant ceiling panel valves shall be 2-position.
1.7 RELAYS
A. Relays shall be UL Listed and sized for not less than 140 percent of the connected
amperage load.
1.8 SENSING DEVICES
A. Electronic Temperature Sensors.
B. Electronic Room Temperature Sensors.
C. Electronic Duct Temperature Sensors.
Ohio School Design Manual 230923 — HVAC Direct Digital Controls 2008
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D. Electric Thermostats.

E. Sensor Guards.

F. Safety Low Limit Thermostats.

G. Electronic Pressure Sensors.

H. Humidity Sensors.

l. Current Sensing Status Switch.

J. Photo Sensitive Resistor.

K. Carbon Dioxide Sensors.

1.9 CONTROL CABINET/ENCLOSURES

A. Shall be constructed of extruded aluminum, galvanized steel, or factory-hardened
plastic.

B. Enclosures for electrical devices shall be constructed of code gauge steel with a UL
Label.

C. Panels shall be labeled with nameplates and legends as required.

D. Each major control cabinet/enclosure (minimum one per mechanical room) shall be
equipped with a fold-out laptop shelf at an appropriate height. Provide a DDC
connection port at each.

1.10 BUILDING AUTOMATION SYSTEM

A. The entire system shall utilize electric/electronic DDC technology and actuation.
Pneumatics is not permitted.

B. Personal operator workstation complete with color monitor, internal modem, keyboard,
and printer.

C. Host Computer Software
1. Energy management report generation.

2. Trend logs setup and storage.
3. Alarm generation, status, and prioritization.
4, User interface with English language applications.
5. Dynamic graphics applications.
1.11 BUILDING AUTOMATION EQUIPMENT

A. Global Control Panel

1. Central, microprocessor host controller
Ohio School Design Manual 230923 — HVAC Direct Digital Controls 2008
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B. Software functions

English language terminal mode interface
Customized report generation

Time and event based trending

Maximum predictive algorithms

Central system optimization

Functional library of operations and applications

oukrwnE

C. On-board modem of the latest Kbaud rate for external monitoring and serial connection.

D. AHU Controllers

E. Boiler Plant Unitary Controllers
F. VAV Terminal Controllers
G. Packaged Terminal Equipment Controllers
1.12 TEMPERATURE CONTROL WIRING
A. Where control wiring is installed in conduit, conduit shall be 2 inch minimum size.
B. Wiring in air plenums shall be open wired UL Listed plenum cable or it shall be installed
in conduit.
C. Open wiring shall be secured with plastic tie wraps to permanent building structure.
D. Final wiring terminations shall be made by the Temperature Control Contractor.
1.13 INSTALLATION
A. Install in accordance with manufacturers requirements.
1.14 SEQUENCE OF OPERATION
A. Refer to Specification Section 230993 for all equipment sequences.
1.15 DAY/NIGHT ZONE CONTROL
A. Building zone control shall be through the DDC computer.
B. General exhaust fans shall be operated through zone control.
1.16 WARRANTY
A. All equipment shall be warranted for a period of 1 year after issuance of Substantial
Completion.
B. Temperature Control Contractor shall provide support for operation of the system and
improvements to energy usage to the Owner throughout the first year of operation.
Ohio School Design Manual 230923 — HVAC Direct Digital Controls 2009
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1.17 TRAINING

A. The system manufacturer shall provide on-site training on the operation of the complete
DDC system.
B. All training shall be video-taped by the HVAC contractor. Two copies shall be turned

over to the Owner’'s maintenance staff.

1.18 FINAL CHECK-TEST-START OF SYSTEM

A. Check and/or oil all electric motors furnished under control system.
B. Lubricate all damper bearings.
C. Check damper travel, adjust and tighten all set screws.
D. Lubricate valve stems, check packing.
E. Calibrate all instruments.
F. Check and verify all circuitry.
G. Calibrate and check all controllers, fusing, and electrical connections.
H. Run software through program diagnostics and debug as required.
l. Startup and test operation of variable frequency drive with factory authorized personnel.
END OF SECTION
Ohio School Design Manual 230923 — HVAC Direct Digital Controls 2008
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SECTION 230993
SEQUENCE OF OPERATION FOR HVAC

GENERAL GUIDELINES
11 SECTION INCLUDES

A. Qualitative requirements for the Sequences of Operation for HVAC systems and
terminal units.

1.2 SUBMITTALS

A. Submittals are required and shall include detailed descriptions of the proposed
sequence of operations for all systems specific to the project.

B. The following information shall be submitted as a very minimum to the Engineer:
1. System diagrams denoting the operation of each individual system, folded to an
equivalent 8-1/2 inch by 11 inch bound packet.
2. DDC logic diagrams.
3. Written sequences of operation with each specific diagram.

1.3 SYSTEM DESCRIPTION
A. Specific system sequences of operation shall be denoted as subsections to this section.
B. Sequences of operation shall meet the requirements of ASHRAE Standard 90.1.

1.4 The following control sequences are examples only. It is the responsibility of the design

professional to provide the appropriate custom control sequences for each individual project.
Any setpoints listed in these sequences are arbitrary and do not reflect specific requirements of

OSFC.
A. Two Boiler System
1. Boiler System - Run Conditions:
a. The boiler system shall be enabled to run whenever outside air
temperature is less than the unoccupied/occupied reset schedule.
b. To prevent short cycling, each boiler shall run for and be off for
minimum adjustable times (both user definable), unless shutdown on
safeties or outside air conditions.
C. Each boiler shall run subject to its own internal safeties and controls.
d. The boiler system shall also run for freeze protection whenever the
outside air temperature is less than 38°F (ad;.).
2. Boiler 1 Safeties:
a. The following safeties shall be monitored:
1) Boiler alarm.
2) Low water level.
b. Alarms shall be provided as follows:
1) Boiler alarm.
2) Low water level alarm.
3. Boiler 2 Safeties:
a. The following safeties shall be monitored:
1) Boiler alarm.
2) Low water level.
Ohio School Design Manual 230993 - Sequence of Operation for HVAC 2009
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b. Alarms shall be provided as follows:
1) Boiler alarm.
2) Low water level.

4. Primary Hot Water Pump Lead/Standby Operation:

a. The two primary hot water pumps shall operate in a lead/standby
fashion.
1) The lead primary pump shall run first.

2) On failure of the lead primary pump, the standby primary
pump shall run and the lead primary pump shall turn off.
b. The designated lead primary pump shall rotate upon one of the
following conditions (user selectable):
1) manually through a software switch

2) weekly
3) monthly
C. Alarms shall be provided as follows:
1) Primary Hot Water Pump 1
a. Failure: Commanded on, but the status is off.
b. Running in Hand: Commanded off, but the status
is on.
2) Primary Hot Water Pump 2
a. Failure: Commanded on, but the status is off.
b. Running in Hand: Commanded off, but the status
is on.
5. Boiler Circulation Pump 1:
a. Boiler Circulation Pump 1 shall run anytime Boiler 1 is called to
run and shall have a user definable delay (adj.) on stop.
b. Alarms shall be provided as follows:
1) Boiler Circulation Pump 1 Failure: Commanded on, but the
status is off.
2) Boiler Circulation Pump 1 Running in Hand: Commanded off,
but the status is on.
6. Boiler Circulation Pump 2:
a. Boiler Circulation Pump 2 shall run anytime Boiler 2 is called to
run and shall have a user definable delay (adj.) on stop.
b. Alarms shall be provided as follows:
1) Boiler Circulation Pump 2 Failure: Commanded on, but the
status is off.
2) Boiler Circulation Pump 2 Running in Hand: Commanded off,
but the status is on.
7. Boiler Lead/Standby Operation:
a. The two boilers shall operate in a lead/standby fashion when
called to run and flow is proven.
1) The lead boiler shall run first.
2) On failure of the lead boiler, the standby boiler shall run and
the lead boiler shall turn off.
b. The designated lead boiler shall rotate upon one of the following
conditions: (user selectable):
1) manually through a software switch
2) weekly
3) monthly
Ohio School Design Manual 230993 — Sequence of Operation for HVAC 2008
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Alarms shall be provided as follows:
1) Boiler 1
a. Failure: Commanded on but the status is off.
b. Running in Hand: Commanded off but the status
is on.
2) Boiler 2
a. Failure: Commanded on but the status is off.
b. Running in Hand: Commanded off but the status is
on.
C. Lead Boiler Failure: The lead boiler is in failure and
the standby boiler is on.

8. Hot Water Supply Temperature Setpoint Reset:

a.

The hot water supply temperature setpoint shall reset only after the
variable flow secondary hot water pumps are operating at minimum
speed. Hot water supply temperature reset shall be a continuation of
the control loop for the pump speed. Hot water supply and return
temperatures shall be maintained above minimums per boiler
manufacturer's recommendations. Further consideration should be
given to high efficiency boiler systems to optimize system efficiency
(reset water temp starting at higher pump speed to allow boiler to
operate at optimum efficiency).

9. Primary Hot Water Temperature Monitoring:

a.

The following temperatures shall be monitored:

1) Primary hot water supply.

2) Primary hot water return.

Alarms shall be provided as follows:

1) High Primary Hot Water Supply Temp: If greater than 200°F
(adj.).

2) Low Primary Hot Water Supply Temp: If less than 100°F
(adj.).

10. Boiler 1 Hot Water Temperature Monitoring:

a.

The following temperatures shall be monitored:

1) Boiler 1 hot water supply.

2) Boiler 1 hot water return.

Alarms shall be provided as follows:

1) High Hot Water Supply Temp: If greater than 200°F (adj.).
2) Low Hot Water Supply Temp: If less than 100°F (adj.).

11. Boiler 2 Hot Water Temperature Monitoring:

a.

The following temperatures shall be monitored:

1) Boiler 2 hot water supply.

2) Boiler 2 hot water return.

Alarms shall be provided as follows:

1) High Hot Water Supply Temp: If greater than 200°F (adj.).
2) Low Hot Water Supply Temp: If less than 100°F (adj.).

B. Secondary Hot Water Pumps
1. Secondary Hot Water Pump Run Conditions:

a.

The secondary hot water pumps shall be enabled whenever outside
air temperature is less than the unoccupied/occupied reset
schedule.

The secondary pumps shall run for freeze protection anytime outside
air temperature is less than 38°F (adj.).

Ohio School Design Manual
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C.

To prevent short cycling, the secondary pumps shall run for and be
off for minimum adjustable times (both user definable).

2. Secondary Hot Water Pump Lead/Standby Operation:

a.

The two secondary hot water pumps shall operate in a lead/standby
fashion.
1) The lead secondary pump shall run first.
2) On failure of the lead secondary pump, the standby
secondary pump shall run and the lead pump shall turn off.
The designated lead secondary pump shall rotate upon one of the
following conditions (user selectable):
1) manually through a software switch
2) weekly
3) monthly
Alarms shall be provided as follows:
1) Secondary Hot Water Pump 1
a) Failure: Commanded on, but the status is off.
b) Running in Hand: Commanded off, but the status is
on.
2) Secondary Hot Water Pump 2
a) Failure: Commanded on, but the status is off.
b) Running in Hand: Commanded off, but the status is on.

3. Secondary Hot Water Pump Volume Control:

a.

b.

C.

A differential pressure sensor installed near the most remote

heat exchanger shall monitor hot water system differential pressure.
The hot water system differential pressure shall be reset based

on heating valve position.

The secondary hot water pump variable frequency drives shall

be modulated to maintain hot water system differential pressure.

C. Single Air Cooled Chiller System
1. Chiller - Run Conditions:

a.

C.

The chiller shall be enabled to run whenever the outside air
temperature is greater than the unoccupied/occupied reset
schedule.

To prevent short cycling, the chiller shall run for and be off for minimum
adjustable times (both user definable), unless shutdown on safeties or
outside air conditions.

The chiller shall run subject to its own internal safeties and

controls.

2. Chilled Water Pump:

a.

The chilled water pump shall run anytime the chiller is called to
run. The chilled water pump shall also run for freeze protection
whenever the outside air temperature is less than a user
definable setpoint (adj.).

The chilled water pump shall start prior to the chiller being enabled and
shall stop only after the chiller is disabled. The chilled water pump shall
therefore have:

1) A user adjustable delay on start.

2) AND a user adjustable delay on stop.

The delay times shall be set appropriately to allow for orderly chilled
water system start-up, shutdown and sequencing.

Ohio School Design Manual
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d. Alarms shall be provided as follows:
1) Chilled Water Pump Failure: Commanded on, but the status
is Off.

2) Chilled Water Pump Running in Hand: Commanded off, but
the status is on.

3. Chiller:

a. The chiller shall be enabled a user adjustable time after pump
statuses are proven on. The chiller shall therefore have a
user adjustable delay on start.

b. The delay time shall be set appropriately to allow for orderly chilled
water system start-up, shutdown and sequencing.

C. The chiller shall run subject to its own internal safeties and controls.

d. Alarms shall be provided as follows:

1) Chiller Failure: Commanded on, but the status is off.
2) Chiller Running in Hand: Commanded off, but the status is
on.
4. Chiller Chilled Water Supply Setpoint:
a. The chiller shall maintain a chilled water supply temperature setpoint
as determined by its own internal controls (provided by others).
5. Chilled Water Temperature Monitoring:
a. The following temperatures shall be monitored:
1) Chilled water supply.
2) Chilled water return.
b. Alarms shall be provided as follows:

1) High Chilled Water Supply Temp: If the chilled water supply
temperature is greater than 55°F (adj.).

2) Low Chilled Water Supply Temp: If the chilled water supply
temperature is less than 38°F (adj.).

D. Single Water Cooled Chiller System

1. Chiller - Run Conditions:
a. The chiller shall be enabled to run whenever the outside air temperature
is greater than the unoccupied/occupied reset schedule.
b. To prevent short cycling, the chiller shall run for and be off for

minimum adjustable times (both user definable), unless shutdown on
safeties or outside air conditions.

C. The chiller shall run subject to its own internal safeties and controls.
2. Refrigerant Detection:
a. The chiller shall shut down and an alarm generated upon
receiving a refrigerant leak detection status.
3. Chilled Water Pump:
a. The chilled water pump shall run anytime the chiller is called to

run. The chilled water pump shall also run for freeze protection
whenever the outside air temperature is less than a user
definable setpoint (adj.).

b. The chilled water pump shall start prior to the chiller being enabled and
shall stop only after the chiller is disabled. The chilled water pump shall
therefore have:

1) A user adjustable delay on start.
2) AND a user adjustable delay on stop.
C. The delay times shall be set appropriately to allow for orderly chilled
water system start-up, shutdown and sequencing.
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d. Alarms shall be provided as follows:
1) Chilled Water Pump Failure: Commanded on, but the status
is Off.

2) Chilled Water Pump Running in Hand: Commanded off, but
the status is on.

4. Condenser Water Pump:
a. The condenser water pump shall run anytime the chiller is called
to run.
b. The condenser water pump shall start prior to the chiller being enabled

and shall stop only after the chiller is disabled. The condenser water
pump shall therefore have:

1) A user adjustable delay on start.
2) AND a user adjustable delay on stop.

C. The delay times shall be set appropriately to allow for orderly chilled
water system start-up, shutdown and sequencing.

d. Alarms shall be provided as follows:

1) Condenser Water Pump Failure: Commanded on, but the
status is off.
2) Condenser Water Pump Running in Hand: Commanded off,
but the status is on.
5. Chiller:

a. The chiller shall be enabled a user adjustable time after pump
statuses are proven on. The chiller shall therefore have a
user adjustable delay on start.

b. The delay time shall be set appropriately to allow for orderly chilled
water system start-up, shutdown and sequencing.

C. The chiller shall run subject to its own internal safeties and controls.

d. Alarms shall be provided as follows:

1) Chiller Failure: Commanded on, but the status is off.
2) Chiller Running in Hand: Commanded off, but the status is on.
6. Chiller Chilled Water Supply Setpoint:

a. The chiller shall maintain a chilled water supply
temperature setpoint as determined by its own internal controls
(provided by others).

7. Cooling Tower VED Fan - Condenser Water Temperature Control:
a. The controller shall measure the cooling tower condenser water

supply (basin) temperature and modulate the bypass valve and
fan VFD in sequence to maintain setpoints.

b. The following setpoints are recommended values. All setpoints shall be
field adjusted during the commissioning period to meet the requirements
of actual field conditions.

C. On rising supply temperature, the controller shall modulate the bypass
valve to maintain setpoint of 78°F (adj.) and the fan VFD to maintain
setpoint of 82°F (adj.).

d. Alarms shall be provided as follows:
1) Fan
a) Failure: Commanded on, but the status is off.
b) Running in Hand: Commanded off, but the status is on.

C) VED fault.
2) High Cooling Tower Supply (Basin) Temp: If greater than
86°F (ad;].).
3) Low Cooling Tower Supply (Basin) Temp: If less than 38°F (adj.).
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8. Chilled Water Temperature Monitoring:
a. The following temperatures shall be monitored:
1) Chilled water supply.
2) Chilled water return.
b. Alarms shall be provided as follows:
1) High Chilled Water Supply Temp: If the chilled water supply
temperature is greater than 55°F (adj.).
2) Low Chilled Water Supply Temp: If the chilled water supply
temperature is less than 38°F (ad;.).
9. Condenser Water Temperature Monitoring:
a. The following temperatures shall be monitored:
1) Condenser water supply temperature.
2) Condenser water return temperature.
b. Alarms shall be provided as follows:
1) High Condenser Water Supply Temp: If the condenser water
supply temperature is greater than 86°F (adj.).
2) Low Condenser Water Supply Temp: If the condenser water
supply temperature is less than 65°F (ad;.).
3) High Condenser Water Return Temp: If the condenser water
return temperature is greater than 100°F (adj.).
4) Low Condenser Water Return Temp: If the condenser water
return temperature is less than 75°F (adj.).
E. Cabinet Heater
1. Run Conditions - Continuous:
a. The unit shall run continuously and shall maintain a heating
setpoint of 70°F (adj.).
b. Alarms shall be provided as follows:
1) Low Zone Temp: If the zone temperature is less than the
heating setpoint by a user definable amount (adj.).
2. Zone Setpoint Adjust:
a. The occupant shall be able to adjust the zone temperature heating and
cooling setpoints at the zone sensor.
3. Fan:
a. The fan shall run anytime the zone temperature is below heating
setpoint, unless shutdown on safeties.
4. Heating Coil Valve:
a. The controller shall measure the zone temperature and modulate
the heating coil valve to maintain its heating setpoint.
b. The heating shall be enabled whenever:
1) Outside air temperature is less than the unoccupied/
occupied reset schedule.
2) AND the zone temperature is below heating setpoint.
3) AND the fan is on.
F. Unit Heater
1. Run Conditions - Continuous:
a. The unit shall run continuously and shall maintain a heating
setpoint of 70°F (adj.).
b. Alarms shall be provided as follows:

1) Low Zone Temp: If the zone temperature is less than the
heating setpoint by a user definable amount (adj.).
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2. Zone Setpoint Adjust:

a. The occupant shall be able to adjust the zone temperature

heating and cooling setpoints at the zone sensor.
3. Fan:

a. The fan shall run anytime the zone temperature drops below

heating setpoint, unless shutdown on safeties.
4. Heating Coil Valve:

a. The controller shall measure the zone temperature and modulate
the heating coil valve to maintain its heating setpoint.

b. The heating shall be enabled whenever:

1) Outside air temperature is less than the unoccupied/
occupied reset schedule.
2) AND the zone temperature is below heating setpoint.
3) AND the fan is on.
G. Convective / Fin Tube Heater
1. Run Conditions - Continuous:

a. The unit shall run continuously and shall maintain a heating
setpoint of 70°F (adj.).

b. Alarms shall be provided as follows:

1) Low Zone Temp: If the zone temperature is less than the
heating setpoint by a user definable amount (adj.).
2. Heating Coil Valve:

a. The controller shall measure the zone temperature and modulate
the heating coil valve to maintain its heating setpoint.

b. The heating shall be enabled whenever:

1) Outside air temperature is less than the unoccupied/
occupied reset schedule.
2) AND the zone temperature is below heating setpoint.
H. Exhaust Fan - Building Static
1. Run Conditions - Interlocked:

a. The unit(s) EF --- shall be interlocked to run whenever Air Handling Unit

---- runs unless shutdown on safeties.
2. Control - Building Static Pressure:

a. The controller shall measure building static pressure and stage
the exhaust fan on and off to maintain a building static pressure
setpoint of 0.05in H,O (adj.). The fan shall have a user definable
(adj.) minimum runtime.

b. Alarms shall be provided as follows:

1) High Building Static Pressure: If the building static pressure is
25% (ad].) greater than setpoint.
2) Low Building Static Pressure: If the building static pressure is
25% (ad].) less than setpoint.
3. Exhaust Air Damper:

a. The exhaust air damper shall open anytime the unit runs and shaldose
anytime the unit stops. The exhaust air damper shall close 30 sec (adj.)
after the fan stops.

4. Fan Status:

a. The controller shall monitor the fan status.

b. Alarms shall be provided as follows:

Ohio School Design Manual 230993 — Sequence of Operation for HVAC 2009

Ohio School Facilities Commission 9123 - 37



1996

HVAC CHAPTER 9: SPECIFICATIONS
1) Fan Failure: Commanded on, but the status is off.
2) Fan in Hand: Commanded off, but the status is on.
l. Variable Air Volume - AHU
1. Run Conditions - Scheduled:
a. The unit shall run based upon an operator adjustable schedule.
2. Freeze Protection:

a. The unit shall shut down and generate an alarm upon receiving a

freezestat status.
3. High Static Shutdown:

a. The unit shall shut down and generate an alarm upon receiving

an high static shutdown signal.
4. Supply Air Smoke Detection:

a. The unit shall shut down and generate an alarm upon receiving

a supply air smoke detector status.
5. Supply Fan:

a. The supply fan shall run anytime the unit is commanded to run, unless
shutdown on safeties. To prevent short cycling, the supply fan
shall have a user definable (adj.) minimum runtime.

b. Alarms shall be provided as follows:

1) Supply Fan Failure: Commanded on, but the status is off.
2) Supply Fan in Hand: Commanded off, but the status is on.
3) Supply Fan Runtime Exceeded: Status runtime exceeds a
user definable limit (adj.).
6. Supply Air Duct Static Pressure Control:

a. The controller shall measure duct static pressure and shall modulate the
supply fan VFD speed to maintain a duct static pressure setpoint of
1.5in H,0 (adj.). The supply fan VFD speed shall not drop below 30%
(adj.).

b. Alarms shall be provided as follows:

1) High Supply Air Static Pressure: If the supply air static
pressure is 25% (adj.) greater than setpoint.
2) Low Supply Air Static Pressure: If the supply air static
pressure is 25% (adj.) less than setpoint.
3) Supply Fan VFD Fault.
7. Return Fan:
a. The return fan shall run whenever the supply fan runs.
b. Alarms shall be provided as follows:
1) Return Fan Failure: Commanded on, but the status is off.
2) Return Fan in Hand: Commanded off, but the status is on.
3) Return Fan Runtime Exceeded: Status runtime exceeds a
user definable limit (adj.).
4) Return Fan VFD Fault.
8. Building Static Pressure Control:

a. The controller shall measure building static pressure and
modulate the return fan VFD speed to maintain a building static
pressure setpoint of 0.05in H,O (adj.). The return fan VFD speed
shall not drop below 20% (adj.).

b. Alarms shall be provided as follows:

1) High Building Static Pressure: If the building air static
pressure is 25% (adj.) greater than setpoint.
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2) Low Building Static Pressure: If the building air static pressure
is 25% (adj.) less than setpoint.
9. Heat Recovery Wheel - Constant Speed:
a. The controller shall run the heat recovery wheel for energy

recovery as follows.

1) Cooling Recovery Mode: The controller shall measure the heat
wheel discharge air temperature and run the heat wheel to
maintain a setpoint 2°F (adj.) less than the unit supply air
temperature setpoint. The heat wheel shall run for cool recovery

whenever:
a) The unit return air temperature is 5°F (adj.) or more
below the outside air temperature.
b) AND the unit is in a cooling mode.
C) AND the economizer (if present) is off.
d) AND the supply fan is on.
2) Heating Recovery Mode: The controller shall measure the heat

wheel discharge air temperature and run the heat wheel to
maintain a setpoint 2°F (adj.) greater than the unit supply
air temperature setpoint. The heat wheel shall run for heat
recovery whenever:
a) The unit return air temperature is 5°F (adj.) or more
above the outside air temperature.
b) AND the unit is in a heating mode.
C) AND the economizer (if present) is off.
d) AND the supply fan is on.
Periodic Self-Cleaning:
1) The heat wheel shall run for 10sec (adj.) every 4hr (adj.)
the unit runs.
Frost Protection:
1) The heat wheel shall run for 10sec (adj.) every 600sec
(adj.) whenever:
a) Outside air temperature drops below 15°F (adj.)
b) OR the exhaust air temperature drops below
20°F (ad;].).
The heat wheel bypass dampers will open whenever the heat
wheel is disabled.
Alarms shall be provided as follows:

1) Heat Wheel Rotation Failure: Commanded on, but the
status is off.

2) Heat Wheel in Hand: Commanded off, but the status is on.

3) Heat Wheel Runtime Exceeded: Status runtime exceeds a

user definable limit (adj.).

10. Preheating Coil Valve:

a.

The controller shall measure the mixed air temperature and modulate
the preheating coil valve to maintain its setpoint 5°F (adj.) less than the
supply air temperature setpoint.

The preheating shall be enabled whenever:

1) Outside air temperature is less than 60°F (adj.).

2) AND the economizer (if present) is disabled.

3) AND the supply fan status is on.
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The preheating coil valve shall open for freeze protection
whenever:

1) Mixed air temperature drops from 40°F to 35°F (ad;.).
2) OR the freezestat (if present) is on.

11. Supply Air Temperature Setpoint - Optimized:

a.

The controller shall monitor the supply air temperature and shall
maintain a supply air temperature setpoint reset based on zone cooling
and heating requirements

The supply air temperature setpoint shall be reset for cooling based
on zone cooling requirements as follows:

1) The initial supply air temperature setpoint shall be 55°F (adj.).

2) As cooling demand increases, the setpoint shall incrementally
reset down to a minimum of 53°F (adj.).
3) As cooling demand decreases, the setpoint shall

incrementally reset up to a maximum of 72°F (ad;.) .
If more zones need heating than cooling, then the supply air
temperature setpoint shall be reset for heating as follows:
1) The initial supply air temperature setpoint shall be 82°F (adj.).

2) As heating demand increases, the setpoint shall incrementally
reset up to a maximum of 85°F (ad;.).
3) As heating demand decreases, the setpoint shall

incrementally reset down to a minimum of 72°F (ad;.).

12. Cooling Caoil Valve:

a.

b.

The controller shall measure the supply air temperature and
modulate the cooling coil valve to maintain its cooling setpoint.
The cooling shall be enabled whenever:

1) Outside air temperature is greater than the unoccupied/
occupied reset schedule.
2) AND the economizer (if present) is disabled or fully open.

3) AND the supply fan status is on.

4) AND the heating (if present) is not active.

The cooling coil valve shall open to 50% (adj.) whenever the

freezestat (if present) is on.

Alarms shall be provided as follows:

1) High Supply Air Temp: If the supply air temperature is 5°F
(adj.) greater than setpoint.

13. Heating Coil Valve:

a.

b.

The controller shall measure the supply air temperature and

modulate the heating coil valve to maintain its heating setpoint.

The heating shall be enabled whenever:

1) Outside air temperature is less than the unoccupied/
occupied reset schedule.

2) AND the supply fan status is on.

3) AND the cooling (if present) is not active.

The heating coil valve shall open whenever:

1) Supply air temperature drops from 40°F to 35°F (adj.).

2) OR the freezestat (if present) is on.

Alarms shall be provided as follows:

1) Low Supply Air Temp: If the supply air temperature is 5°F
(adj.) less than setpoint.

14. Preheating Coil Pump:

a.

The recirculation pump shall run whenever:
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1) The preheating coil valve is enabled.
2) OR the freezestat (if present) is on.
b. Alarms shall be provided as follows:
1) Preheating Coil Pump Failure: Commanded on, but the status
is off.
2) Preheating Coil Pump in Hand: Commanded off, but the
status is on.
3) Preheating Coil Pump Runtime Exceeded: Status runtime
exceeds a user definable limit.
15. Economizer:

a. The controller shall measure the mixed air temperature and  modulate
the economizer dampers in sequence to maintain a  setpoint 2°F (adj.)
less than the supply air temperature setpoint. The outside air dampers
shall maintain a minimum adjustable position of 20% (adj.) open
whenever occupied.

b. The economizer shall be enabled whenever:

1) Outside air temperature is less than 65°F (adj.).

2) AND the outside air enthalpy is less than 22Btu/lb (ad].)

3) AND the outside air temperature is less than the return air
temperature.

4) AND the outside air enthalpy is less than the return air
enthalpy.

5) AND the supply fan status is on.

C. The economizer shall close whenever:

1) Mixed air temperature drops from 40°F to 35°F (adj.)

2) OR the freezestat (if present) is on.

3) OR on loss of supply fan status.

d. The outside and exhaust air dampers shall close and the return air
damper shall open when the unit is off. If Optimal Start Up is
available the mixed air damper shall operate as described in the
occupied mode except that the outside air damper shall modulate to
fully closed.

16. Minimum Outside Air Ventilation:

a. When in the occupied mode, the controller shall measure the outside
airflow and modulate the outside air dampers to maintain the proper
minimum outside air ventilation, overriding normal damper control.
On dropping outside airflow, the controller shall modulate the outside air
dampers open to maintain the outside airflow setpoint (adj.).

17. Dehumidification:

a. The controller shall measure the return air humidity and override
the cooling sequence to maintain return air humidity at or
below 60% rh (adj.). Dehumidification shall be enabled whenever
the supply fan status is on.

18. Prefilter Status:

a. The controller shall monitor the prefilter status.

b. Alarms shall be provided as follows:

1) Prefilter Change Required: Prefilter differential pressure
exceeds a user definable limit (adj.).
19. Final Filter Status:

a. The controller shall monitor the final filter status.
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20.

21.

22.

23.

24.

b. Alarms shall be provided as follows:

1) Final Filter Change Required: Final filter differential pressure
exceeds a user definable limit (adj.).

Mixed Air Temperature:

a. The controller shall monitor the mixed air temperature and use
as required for economizer control (if present) or preheating
control (if present).

b. Alarms shall be provided as follows:

1) High Mixed Air Temp: If the mixed air temperature is greater
than 90°F (adj.).

2) Low Mixed Air Temp: If the mixed air temperature is less than
45°F (adj.).

Return Air Humidity:

a. The controller shall monitor the return air humidity and use as
required for economizer control (if present) or humidity control (if
present).

b. Alarms shall be provided as follows:

1) High Return Air Humidity: If the return air humidity is greater
than 70% (ad;.).

2) Low Return Air Humidity: If the return air humidity is less
than 35% (ad;.).

Return Air Temperature:

a. The controller shall monitor the return air temperature and use
as required for setpoint control or economizer control (if present).

b. Alarms shall be provided as follows:

1. High Return Air Temp: If the return air temperature is greater
than 90°F (adj.).

2. Low Return Air Temp: If the return air temperature is less
than 45°F (adj.).

Supply Air Temperature:

a. The controller shall monitor the supply air temperature.

b. Alarms shall be provided as follows:

1) High Supply Air Temp: If the supply air temperature is greater
than 120°F (adj.).

2) Low Supply Air Temp: If the supply air temperature is less
than 45°F (adj.).

Zone Optimal Start:

a. The unit shall use an optimal start algorithm for morning startup. This
algorithm shall minimize the unoccupied warm-up or cool-down period
while still achieving comfort conditions by the start of scheduled
occupied period.

J. Variable Air Volume - Terminal Unit

1.

Run Conditions - Scheduled:
a. The unit shall run according to a user definable time schedule in
the following modes:
1) Occupied Mode: The unit shall maintain
a) A 75°F (adj.) cooling setpoint
b) A 70°F (adj.) heating setpoint.
2) Unoccupied Mode (night setback): The unit shall maintain
a) A 85°F (adj.) cooling setpoint.
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b) A 55°F (adj.) heating setpoint.

b. Alarms shall be provided as follows:
1) High Zone Temp: If the zone temperature is greater than the
cooling setpoint by a user definable amount (adj.).
2) Low Zone Temp: If the zone temperature is less than the
heating setpoint by a user definable amount (adj.).
2. Zone Setpoint Adjust:
a. The occupant shall be able to adjust the zone temperature heating
and cooling setpoints at the zone sensor.
3. Zone Unoccupied Override:
a. A timed local override control shall allow an occupant to override the

schedule and place the unit into an occupied mode for an adjustable
period of time. At the expiration of this time, control of the unit shall
automatically return to the schedule.
4. Reversing Variable Volume Terminal Unit - Flow Control:
a. The unit shall maintain zone setpoints by controlling the airflow
through one of the following:
1) Occupied:

a) When zone temperature is greater than its cooling
setpoint, the zone damper shall modulate between the
minimum occupied airflow (adj.) and the maximum
cooling airflow (adj.) until the zone is satisfied.

b) When the zone temperature is between the cooling
setpoint and the heating setpoint, the zone damper shall
maintain the minimum required zone ventilation (adj.).

C) When zone temperature is less than its heating setpoint,
the controller shall enable heating to maintain the zone
temperature at its heating setpoint. Additionally, if warm
air is available from the AHU, the zone damper shall
modulate between the minimum occupied airflow (adj.)
and the maximum heating airflow (adj.) until the zone is

satisfied.
2) Unoccupied:
a) When the zone is unoccupied the zone damper shall
control to its minimum unoccupied airflow (adj.).
b) When the zone temperature is greater than its cooling

setpoint, the zone damper shall modulate between the
minimum unoccupied airflow (adj.) and the maximum
cooling airflow (adj.) until the zone is satisfied.

C) When zone temperature is less than its unoccupied
heating setpoint, the controller shall enable heating to
maintain the zone temperature at the setpoint.
Additionally, if warm air is available from the AHU, the
zone damper shall modulate between the minimum
unoccupied airflow (adj.) and the auxiliary heating
airflow (adj.) until the zone is satisfied.

5. Reheating Coil Valve:
a. The controller shall measure the zone temperature and modulate
the reheating coil valve open on dropping temperature to maintain its
heating setpoint.

6. Discharge Air Temperature:
a. The controller shall monitor the discharge air temperature.
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b. Alarms shall be provided as follows:
1) High Discharge Air Temp: If the discharge air temperature is
greater than 120°F (ad;.).
2) Low Discharge Air Temp: If the discharge air temperature is

less than 40°F (adj.).

K. Fan Powered Variable Air Volume - Terminal Unit
1. Run Conditions - Scheduled:
a. The unit shall run according to a user definable time schedule in
the following modes:
1) Occupied Mode: The unit shall maintain

a) A 75°F (adj.) cooling setpoint
b) A 70°F (adj.) heating setpoint.
2) Unoccupied Mode (night setback): The unit shall
maintain
a) A 85°F (adj.) cooling setpoint.
b) A 55°F (adj.) heating setpoint.

b. Alarms shall be provided as follows:
1) High Zone Temp: If the zone temperature is greater than the
cooling setpoint by a user definable amount (adj.).
2) Low Zone Temp: If the zone temperature is less than the
heating setpoint by a user definable amount (adj.).
2. Zone Setpoint Adjust:
a. The occupant shall be able to adjust the zone temperature  heating
and cooling setpoints at the zone sensor.
3. Zone Unoccupied Override:
a. A timed local override control shall allow an occupant to override the

schedule and place the unit into an occupied mode for an adjustable
period of time. At the expiration of this time, control of the unit shall
automatically return to the schedule.
4. Reversing Variable Volume Terminal Unit - Flow Control:
a. The unit shall maintain zone setpoints by controlling the airflow
through one of the following:
1) Occupied:

a) When zone temperature is greater than its coolin