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FAN POWERED VAV BOX WITH ELECTRIC REHEAT SCHEDULE

MARK MANUFACTURER MODEL MAXIMUM
CFM

MINIMUM
CFM

SETTING

INLET DUCT
SIZE (IN) FAN CFM ESP FAN HP

HEATING
CAPACITY (KW)

ELECTRICAL
REMARKS

VOLT PHASE MCA MOCP
FPVAV-1 TITUS DTQP 600 170 8 285 0.5 1/6 3.5 208 1 21.0 25.0 1-4

FPVAV-2 TITUS DTQP 250 55 6 120 0.5 1/6 1.5 208 1 9.0 15.0 1-4

FPVAV-3 TITUS DTQP 400 130 6 180 0.5 1/6 2.5 208 1 15.0 20.0 1-4

FPVAV-4 TITUS DTQP 400 150 6 225 0.5 1/6 3 208 1 18.0 20.0 1-4

REMARKS
1. APPROVED MANUFACTURERS: ANEMOSTAT, CARRIER, KRUEGER, PRICE, TITUS, OR TRANE.
2. PROVIDE WITH DDC CONTROLLER, SINGLE POINT POWER CONNECTION, DISCONNECT SWITCH, DIRECT DRIVE SUPPLY FAN WITH ECM MOTOR WITH FACTORY INSTALLED SPEED CONTROLLER.
3. PROVIDE WITH INLET ATTENUATOR AS ACCESSORY TO FAN POWERED BOX.
4. PROVIDE WITH SCR CONTROLLER FOR INFINITE HEATING STEPS

GRILLE AND DIFFUSER SCHEDULE

MARK MANUFACTURER MODEL FRAME MATERIAL MAX NC NOTES

CD-1 PRICE SPD 24x24 LAY-IN STEEL 25 1,2,6

LD-1 PRICE SDS75 TYPE 19 LAY-IN STEEL 25 2,4

RG-1 PRICE 630 24x24 LAY-IN ALUMINUM 25 2,3,6

LR-1 PRICE SDR75 TYPE 19 LAY-IN ALUMINUM -- 2,5

NOTES:
1. DIFFUSERS SHALL BE 4-WAY THROW UNLESS NOTED OTHERWISE.
2. DIFFUSERS/GRILLES SHALL BE PAINTED TO MATCH CEILING GRID. COORDINATE WITH ARCHITECTURAL PRIOR TO PAINTING.
3. PROVIDE WITH PRICE RETURN AIR CANOPY WITH FIBER FREE FOAM ACOUSTIC MEDIA (RAC).
4. LINEAR SLOT DIFFUSER, DIFFUSER WITH 4FT SUPPLY PLENUM (MODEL SDB), 5" INLET, 6" WIDE FRAME.
5. LINEAR SLOT RETURN, 4 FT LONG, 6" WIDE FRAME.
6. PROVIDE SPF/APF FRAME FOR DRYWALL CEILING. REFER TO ARCHITECTURAL CEILING PLAN PRIOR TO ORDERING.
GENERAL NOTES:
A. OPPOSED BLADE DAMPER.
B. PROVIDE SQUARE TO ROUND NECK TRANSITIONS WHERE ROUND DUCTS SERVE SQUARE NECK DIFFUSERS OR GRILLES.
C. PROVIDE VOLUME DAMPER IN BRANCH DUCT RUN-OUT WHERE CEILING IS ACCESSIBLE. O.B. DAMPER BEHIND GRILLES OR
DIFFUSER IS REQUIRED WHERE DUCT BRANCH IS INACCESSIBLE.
D. PAINT INTERIOR OF DUCTWORK BEHIND GRILLES AND DIFFUSERS FLAT BLACK IF VISIBLE THROUGH DEVICE.
E. CONTRACTOR SHALL CONFIRM EXACT LOCATION OF DIFFUSERS AND GRILLES WITH GENERAL CONTRACTOR TENANT & ARCHITECT PRIOR TO ANY WORK.

INSULATION - BLANKET
WRAPPED AIR

FLOW

D x 1.5

D14''
MIN.

MANUAL VOLUME
DAMPER

45 deg.

AIR
FLOW

INSULATION
BLANKET WRAPPED

SPIN - IN COLLAR
FITTING

SEAL WITH MASTIC
& DUCT TAPE

MANUAL VOLUME
DAMPER

ROUND STEEL
DUCT

1"

MAX. 60"
SEE NOTE 3

OVER 60"

NOTES:
1. ON DUCTS OVER 48" WIDE, BOTTOM SHALL BE BRACED BY ANGLE.  FOR CROSS SECTION AREA MORE

THAN 8 SQ FT, DUCT SHALL BE BRACED BY ANGLES ON ALL FOUR SIDES.
2. CUTTING AND PATCHING SHALL BE LIMITED TO A MINIMUM AS REQUIRED FOR PROPER INSTALLATION.
3. SUPPORTS SHALL BE SPACED AND SIZED AS PER SMACNA.

GALV. HANGER

SHEET METAL
SCREWS

THREADED
HANGER ROD

UNISTRUT OR
ANGLE IRON

*

*

14''
MIN.

NECK/DUCT
SIZE

NECK/DUCT
SIZE

DIMENSION SHOWN ON MECH PLAN
IS DUCT/NECK SIZE

NOMINAL
24"x24" LAY-IN PANEL

O.B.D.

HANGER

STEEL ELBOW

SECURE W/
DRAWBAND

FLEX DUCT, MAX
LENGTH 5'-0"

SECURE W/
DRAWBAND

ROUND STEEL
EXTENSION

DIFFUSER

ROUND STEEL DUCT
W/SPIN IN FITTING AND
VOLUME DAMPER

CEILING

DIFFUSER
PLENUM

GALVANIZED STEEL
PLENUM

ROUND GALVANIZED DUCT
W/SPIN IN FITTING &
VOLUME DAMPER

FLEX DUCT, MAX 2'-0"

DIFFUSER

CEILING

RETURN GRILLE

RETURN AIR CANOPY

PROVIDE WITH FIBER
FREE FOAM ACOUSTICAL
MEDIA

W

L

NOTE:
THIS DETAIL HAS TO BE USED WHEN DISTANCE BETWEEN BOX
AND TAKE-OFF EXCEEDS 10 FEET.  FOR SHORTER DISTANCES
USE BELLMOUTH TYPE FITTING WITH DIAMETER TO MATCH BOX
INLET.  UTILIZE ROUND TO OVAL TRANSITION WHEN BOX INLET
IS OVAL.

TYPICAL RECTANGULAR
SIZES OR EQUIVALENT
UNLESS SHOWN
DIFFERENTLY ON PLANS CORRESPONDING ROUND

DUCT (VAV BOX NECK SIZE)

5"Ø
6"Ø
8"Ø
10"Ø
12"Ø
14"Ø
16"Ø

6x6
8x6
10x8
12x10
14x12
16x14
18x16

TAPERED 45° ANGLE CONNECTION L =
0.25 x W ; BUT 4" MIN.

MAIN RECTANGULAR
DUCT

SEE TERMINAL OR
FAN BOX DETAIL

ROOFTOP UNIT SCHEDULE (DX/GAS-FIRED)

MARK MANUFACTURER MODEL NOMINAL TONS SUPPLY AIR
(CFM)

MIN. OUTDOOR AIR
(CFM)

ESP
("WC) BHP FAN RPM HEATING INPUT

(MBH)
HEATING OUTPUT

(MBH)
HEATING
CONTROL

TOTAL COOLING
CAPACITY (MBH)

SENSIBLE COOLING
CAPACITY (MBH)

AMBIENT
TEMPERATURE (°F)

REFRIGERANT
TYPE

COOLING EAT
DB/WB (°F)

ELECTRICAL OPERATING
WEIGHT (LBS) REMARKS

MCA MOCP VOLT PHASE
(E)RTU-4 CARRIER 48A3D025CNM621HM 25.0 10,000 2,000 1.0 5.84 784 262.5 / 350.0 283.5 MODULATING 300.0 226.0 95.0 R-410A 80.0 / 67.0 81.0 90.0 460 3 4,825 1

REMARKS
1. EXISTING ROOFTOP UNIT TO REMAIN. SCHEDULE INFORMATION SHOWN FOR REFERENCE ONLY. MECHANICAL CONTRACTOR TO FIELD VERIFY EXISTING UNIT  PERFORMANCE INFORMATION AND PROVIDE ROUTINE SERVICE MAINTENANCE AS NECESSARY TO MEET DESIGN REQUIREMENTS.

MECHANICAL SYMBOLS/ABBREVIATIONS LEGEND
SYMBOL/ABBREVIATION DESCRIPTION ABBREVIATION DESCRIPTION

THERMOSTAT EXIST (E) EXISTING

DUCT SMOKE DETECTOR FA FIRE ALARM

CONNECT TO EXISTING FPB FAN POWERED BOX

VOLUME DAMPER FPC FIRE PROTECTION CONTRACTOR

CEILING DIFFUSER G GRILLE (EXHAUST, RETURN OR TRANSFER)

RETURN GRILLE GC GENERAL CONTRACTOR

AIRFLOW DIRECTION HP HORSEPOWER

UNDERCUT DOOR HVAC HEATING, VENTILATION, AIR CONDITIONING

SUPPLY DUCT KW KILOWATT

RETURN/OUTSIDE AIR DUCT MBH 1,000 BTUH

DUCTWORK ACOUSTICAL LINING MC MECHANICAL CONTRACTOR

MITERED ELBOW WITH TURNING VANES NEC NATIONAL ELECTRIC CODE

SPIN-IN BRANCH W/MANUAL DAMPER NF NON-FUSED

A AMPS NFPA NATIONAL FIRE PROTECTION ASSOCIATION

AFF ABOVE FINISHED FLOOR NIC NOT IN CONTRACT

CD CEILING DIFFUSER OA OUTSIDE AIR

CFM CUBIC FEET PER MINUTE PH PHASE

D DAMPER PSI POUNDS PER SQUARE INCH

DPS DIFFERENTIAL PRESSURE SENSOR RA RETURN AIR

EC ELECTRICAL CONTRACTOR RG RETURN GRILLE

ELEC ELECTRICAL RTU ROOFTOP UNIT

ETR EXISTING TO REMAIN SA SUPPLY AIR

TYP TYPICAL

V VOLTS

VAV VARIABLE AIR VOLUME BOX

VD VOLUME DAMPER

W WATTS

NOTE: ALL SYMBOLS SHOWN MAY NOT APPEAR ON THE DRAWINGS.

CD

RG

UP DOWN

UP DOWN

VAV BOX WITH ELECTRIC REHEAT SCHEDULE

MARK MANUFACTURER MODEL
INLET DUCT

SIZE (IN)
MAXIMUM

CFM
HEATING

CFM
MINIMUM

CFM
HEATING

CAPACITY (KW)
ELECTRICAL

REMARKS
VOLT PHASE MCA MOCP

VAV-1 TITUS DESV 10 755 175 220 2.5 208 1 15.0 20.0 1,2

VAV-2 TITUS DESV 6 350 105 130 1.5 208 1 9.0 15.0 1,2

VAV-3 TITUS DESV 8 575 105 130 1.5 208 1 9.0 15.0 1,2

VAV-4 TITUS DESV 6 400 105 125 1.5 208 1 9.0 15.0 1,2

REMARKS
1. APPROVED MANUFACTURERS: ANEMOSTAT, CARRIER, KRUEGER, PRICE, TITUS, OR TRANE.
2. PROVIDE WITH SCR CONTROL F0R INFINITE HEATING STEPS

NOTE:

CONTRACTOR SHALL COORDINATE BUILDING BMS CONTROLS WITH LANDLORD
APPROVED CONTRACTOR (JACKSON'S) TO ENSURE PROPER INTEGRATION WITH
EXISTING BUILDING CONTROLS.

05/02/2025
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N

N

MECHANICAL GENERAL NOTES:
A. CONTRACTOR SHALL PROVIDE ALL LABOR, MATERIALS, TOOLS AND

EQUIPMENT TO INSTALL A COMPLETE AND OPERATION HEATING AND
COOLING SYSTEM.

B. CONTRACTOR SHALL PROVIDE ALL REQUIRED HVAC PERMITS.

C. THE CONTRACTOR SHALL COMPLY WITH NFPA-90A AND ALL APPLICABLE
CODES.

D. ALL HVAC WORK TO BE PERFORMED SHALL BE IN COMPLIANCE WITH ALL
STATE AND LOCAL CODES.

E. FLEXIBLE DUCT SHALL COMPLY WITH SMACNA, ALL LOCAL CODES, U.L.
RATING, AND NOT EXCEED FIVE FEET IN LENGTH, SHEET METAL DUCT,
WHERE REQUIRED BY LOCAL CODES, SHALL BE LINED WITH 1" MATT FACED
DUCTLINER IN THE FIRST 10 (TEN) FEET OF THE RETURN AND SUPPLY DUCT
STARTING FROM THE HVAC UNIT.  AFTER THE FIRST 10 (TEN) FEET THE USE
OF 1" DUCT WRAP SHALL BE ACCEPTABLE WORK MATERIAL TO BE VERIFIED
WITH CEILING ACCESSIBILITY RATING.

F. THE ELECTRICAL CONTRACTOR SHALL PROVIDE ALL SWITCHES,
DISCONNECTS, AND CONTROL WIRING.

G. ALL DUCT SIZES ARE CLEAR INSIDE DIMENSIONS, ALLOW FOR DUCT
INSULATION.

H. THE CONTRACTOR SHALL PROVIDE A WRITTEN GUARANTEE THAT SHALL
WARRANT ALL WORKMANSHIP AND MATERIALS FOR ONE (1) YEAR FROM
THE FINAL WORK ACCEPTANCE BY THE OWNER AND A FIVE YEAR
WARRANTY ON THE COMPRESSOR.

I. FILTERS SHALL BE OF THE DISPOSABLE TYPE AND SHALL BE MERV-8,
PROVIDE TWO SETS, ONE DURING CONSTRUCTION AND ONE FOR USE
AFTER OCCUPANCY.

J. CONTRACTORS SHALL INSTALL ALL NECESSARY OFFSETS, BENDS, AND
TRANSITIONS REQUIRED TO PROVIDE A COMPLETE SYSTEM AT NO
ADDITIONAL COST TO THE OWNER.

K. COORDINATE LOCATION OF ALL CEILING DIFFUSERS, GRILLES AND
REGISTERS IN THE FIELD WITH THE ELECTRICIAN TO PREVENT CONFLICT
WITH LIGHTS AND ARCHITECTURAL ELEMENTS.

L. ALL WORK OF THIS TRADE SHALL BE COORDINATED WITH ALL OTHER
TRADES TO AVOID ANY INTERFERENCES THAT MAY DELAY PROGRESS
DURING CONSTRUCTION.

M. THE MECHANICAL CONTRACTOR SHALL TEST AND BALANCE TO THE AIR
QUANTITIES ON THE PLAN AND PROVIDE A T&B REPORT.

N. CONTRACTOR SHALL INSTALL A THERMOSTAT IN ACCORDANCE WITH
THERMOSTAT SPECS.

O. CONTRACTOR SHALL INSTALL MANUAL BALANCING DAMPERS AT ALL
SUPPLY AIR BRANCH DUCTWORK RUN OUTS.

P. CONTRACTOR SHALL INSTALL TURNING VANES AT ALL DUCTWORK TEES
AND 90 DEGREE ELBOWS.

Q. CONTRACTOR SHALL INSTALL A DUCT-TYPE MOUNTED SMOKE DETECTOR
FOR UNIT SHUTDOWN IN THE RETURN AIR DUCTWORK PLENUM AT
ROOFTOP UNITS.  THE CONTRACTOR SHALL VERIFY THE COMPATIBLE TYPE
OF DETECTION DEVICE TO USE WITH THE BUILDING OPERATIONS
MANAGER.

R. ALL SHEET METAL DUCTWORK SHALL COMPLY WITH SMACNA STANDARDS.
ALL DUCTWORK JOINTS SHALL BE TAPED AND SEALED.

S. CONTRACTOR SHALL PROVIDE EQUIPMENT OF THE SCHEDULED
CAPACITIES DESIGNED.

1. MECHANICAL CONNECT NEW SUPPLY DUCT MAIN TO EXISTING BUILDING
SUPPLY DUCT MAIN. FIELD VERIFY EXISTING CONDITIONS, ROUTING, AND
EXACT POINT OF CONNECTION PRIOR TO STARTING WORK.

2. MECHANICAL CONTRACTOR SHALL PROVIDE A NEW FAN POWERED VAV BOX
WITH ELECTRIC REHEAT. REFER TO SCHEDULE ON SHEET M1.0 FOR
ADDITIONAL INFORMATION. FIELD VERIFY EXISTING CONDITIONS PRIOR TO
STARTING WORK.

3. MECHANICAL CONTRACTOR SHALL PROVIDE A NEW VAV BOX WITH
ELECTRIC REHEAT. REFER TO SCHEDULE ON SHEET M1.0 FOR ADDITIONAL
INFORMATION. FIELD VERIFY EXISTING CONDITIONS PRIOR TO STARTING
WORK.

4. EXISTING DUCT PRESSURE SENSOR TO REMAIN. CONFIRM SENSOR IS IN
GOOD WORKING ORDER AND REPLACE IF NECESSARY.

5. EXISTING RETURN DUCT MOUNTED SMOKE DETECTOR TO REMAIN. CONFIRM
DETECTOR IS IN GOOD WORKING ORDER. IF DETECTOR NEEDS REPLACED,
MECHANICAL CONTRACTOR SHALL PROVIDE AND INSTALL NEW DETECTOR
AND ELECTRICAL CONTRACTOR SHALL WIRE NEW DETECTOR.

6. PROVIDE NEW HONEYWELL THERMOSTAT PER LANDLORD REQUIREMENTS
AT 48" A.F.F. PROVIDE WITH CLEAR LOCK BOX. COORDINATE FINAL
LOCATION WITH ARCHITECTURAL PLANS.

7. PROVIDE WITH RETURN AIR CANOPY. REFER TO DETAIL ON SHEET M1.0 FOR
ADDITIONAL INFORMATION. TYP. ALL RETURN AIR GRILLES.

8. UNDERCUT DOOR 1".

9. EXISTING ROOFTOP UNIT TO REMAIN. REFER TO SCHEDULE ON SHEET M1.0
FOR ADDITIONAL INFORMATION. FIELD VERIFY EXISTING CONDITIONS.

10. EXISTING RETURN AIR DUCTWORK TO REMAIN. FIELD VERIFY EXISTING
CONDITIONS.

11. PROVIDE WITH NEW HONEYWELL DUCT PRESSURE SENSOR.

12. PROVIDE 26x20 TRANSFER AIR DUCT ABOVE ACT CEILING WITH FIRE
DAMPER TO MATCH WALL RATING. FIELD VERIFY EXISTING CONDITIONS
PRIOR TO STARTING WORK.

X CODED NOTES

NOTE:

ALL EXISTING PVC PIPING EXPOSED WITHIN THE RETURN AIR PLENUM SPACE
SHALL EITHER BE FIRE WRAPPED OR REMOVED AND REPLACED WITH A PLENUM
RATED PIPING MATERIAL (I.E. CAST IRON, COPPER ETC.)

NOTE:

CONTRACTOR SHALL COORDINATE BUILDING BMS CONTROLS WITH LANDLORD
APPROVED CONTRACTOR (JACKSON'S) TO ENSURE PROPER INTEGRATION WITH
EXISTING BUILDING CONTROLS.

05/02/2025



SECTION 23 0553
IDENTIFICATION FOR HVAC PIPING AND EQUIPMENT
PART 1  GENERAL
1.01  SECTION INCLUDES

A. Nameplates.
B. Tags.
C. Stencils.

PART 2  PRODUCTS
2.01  IDENTIFICATION APPLICATIONS

A. Air Handling Units:  Nameplates.
B. Automatic Controls:  Tags. Key to control schematic.
C. Small-sized Equipment:  Tags.
D. Thermostats:  Nameplates.

2.02  NAMEPLATES
A. Letter Color:  White.
B. Letter Height:  1/4 inch (6 mm).
C. Background Color:  Black.

2.03  TAGS
A. Plastic Tags:  Laminated three-layer plastic with engraved black letters on light contrasting background color.

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

2.04  STENCILS
A. Stencils:  With clean cut symbols and letters of following size:

1. Equipment:  2-1/2 inch (65 mm) high letters.
PART 3  EXECUTION
3.01  PREPARATION

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

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

END OF SECTION

SECTION 23 0593
TESTING, ADJUSTING, AND BALANCING FOR HVAC
PART 1  GENERAL
1.01  SECTION INCLUDES

A. Testing, adjustment, and balancing of air systems.
B. Measurement of final operating condition of HVAC systems.

1.02  SUBMITTALS
A. TAB Plan:  Submit a written plan indicating the testing, adjusting, and balancing standard to be followed and

the specific approach for each system and component.
1. Include at least the following in the plan:

a. List of all air flow, water flow, sound level, system capacity and efficiency measurements to be
performed and a description of specific test procedures, parameters, formulas to be used.

b. Copy of field checkout sheets and logs to be used, listing each piece of equipment to be tested,
adjusted and balanced with the data cells to be gathered for each.

c. Final test report forms to be used.
d. Procedures for formal deficiency reports, including scope, frequency and distribution.

Mechanical
General Information

A. General
1. Conform to all general and special conditions of contract as specified by architect, tenant and owner.
2. Specifications are applicable to all contractors and subcontractors for mechanical and electrical systems
3. Contractor shall comply with owner's standards, facility specifications, rules and regulations. All owner's

criteria shall be complied with and included in this bid. Check other plans and specifications and fully
coordinate with other trades and architect's requirements.

4. Visit site, check facilities and conditions, and verify all utility company requirements and connection
points in field prior to starting work. Take all items into consideration in bid.

5. Systems are to be complete and workable in all respects, placed in operation and properly adjusted.
6. Each contractor shall provide for his own clean-up, removal and legal disposal of all rubbish daily.
7. The contractor shall be solely responsible for construction means, methods, and sequences of

construction and the safety of workmen. comply with all OSHA regulations.
8. No piping, ductwork, controls, etc., shall be installed or routed above electrical panels and equipment or

through elevator rooms or shafts.
9. The mechanical and electrical contractors shall coordinate the electrical characteristics of all mechanical

equipment prior to ordering of equipment. No additional payment will be made for lack of contractor
coordination of electrical characteristics.

10. All mechanical and electrical system components shall be routed tight to underside of structure and
through joists or trusses where possible. Coordinate installation to preserve headroom, equipment
access, and architectural clearances for finishes, including ceiling heights. Coordinate with all other
trades and do not conflict with the architectural requirements for the finished construction. Provide
offsets where required to coordinate with other trades.

11. Refer to architectural reflected ceiling plans for locations of all grilles and diffusers.
12. Operation and maintenance manuals:  three (3) bound sets of the operation and maintenance manuals

shall be provided to the construction representative at turnover, and are required for final acceptance.
13. As built drawings:  the HVAC subcontractor shall progressively record all HVAC drawing changes which

shall be available at all times for review by the construction representative. An AutoCAD copy of the
final as-built drawings shall be provided to the construction representative at turnover. This AutoCAD
as-built is required for final acceptance of the project.

B. Codes, standards and regulations
1. Conform to all applicable codes, government regulations, utility company requirements, and national

electrical code.
2. Obtain permits and pay all fees. Arrange for all required inspections and approvals.

C. Related work specified elsewhere
1. Openings and chases, when shown on architectural drawings.

D. Drawings
1. The systems as shown on the contract drawings are diagrammatic.
2. The intent is for complete and workable systems. The drawings and these notes are to be used together

as a basis of showing and/or describing the system requirements for the facility.
3. Verify all dimensions and clearances by field measurement and check for interferences prior to starting

work.

E. Base equipment and materials and substitutions
1. All equipment and materials shall be new, free of defects and U.L. labeled.
2. Submit shop drawings for all equipment, fixtures, etc., including all accessories to be furnished. Base bid

manufacturers and models are included in specifications or listed in schedule on drawing. Any other
manufacturer or model is a substitution.

3. Substitutions are subject to the approval of the owner and shall be listed on the form of proposal for the
owner's consideration prior to contract award.  If substitution is submitted, it is the contractor's
responsibility to evaluate it and certify that the substitution is equivalent in all respects to the base
specifications.

4. If substitutions are approved, notify all other contractors, subcontractors or trades affected by
substitution and fully coordinate. Any costs resulting from substitution, whether by contractor or others,
shall be responsibility of and paid for by substituting contractor.

5. All equipment shall be installed in full accordance with the manufacturer's installation instructions. It is
this contractor's responsibility to check and conform to these requirements prior to starting work.

F. Check, test, start, adjust, balance and instructions
1. After installation, check all equipment, and perform start up in accordance with the manufacturer's

instructions.
2. All piping shall be tested and free of leaks.
3. Balance all systems, calibrate controls, check for proper operating sequence under all conditions, and

make all necessary adjustments.
4. All wiring shall be fully tested and made free of grounds and short circuits.
5. Instruct owner in operation of systems and submit operating and maintenance manual on all equipment

and systems.
6. Provide engraved labels and identification tags for all piping systems, valves and equipment.
7. Provide typed panel directories and engraved labels for all panels and equipment.

G. Cutting, patching and drilling
1. All cutting and chasing of the building construction required for this work shall be by this contractor

unless shown on architectural drawings and confirmed as to size and location prior to new construction.
Cutting shall be in a neat and workmanlike manner.

2. Neatly saw cut all rectangular openings, set sleeve through opening, and finish patch or provide trim
flange around opening.

3. Core drill and sleeve all round openings.
4. Cut and patch existing building walls as required for duct installation. Provide steel lintel above opening

wider than 10". See structural drawings for sizes. Provide escutcheons or 2" wide sheet metal flanges
around all exposed penetrations.

5. Do not cut any structural components without architect's approval.
6. Patch and finish to match adjacent areas that have been cut, damaged or modified to install equipment

for this project.
7. Cutting of roof, installation of curbs, and patching of roof shall be by a certified roofing contractor,

approved by building owner, and paid for by this contractor.
8. Fire stop all penetrations of fire rated construction in a code approved manner, using UL listed fire rated

materials.
9. All contractors shall confirm with owner, prior to bid, times available for noise producing work such as

cutting and core drilling of floors, walls, etc., as well as times for work which require access into
adjoining areas. Include any premium time required in bid.

H. Warranty
1. Fully warrant all materials, equipment and workmanship for one (1) year from date of acceptance.
2. Extend all manufacturer's warranties to owner, including five (5) year compressor and ten (10) year heat

exchanger extended warranty on HVAC equipment.
3. Repair or replace without charge to the owner all items found defective during the warranty period.

B. Final Report:  Indicate deficiencies in systems that would prevent proper testing, adjusting, and balancing of
systems and equipment to achieve specified performance.
1. Revise TAB plan to reflect actual procedures and submit as part of final report.
2. Submit draft copies of report for review prior to final acceptance of Project.  Provide final copies for

Architect and for inclusion in operating and maintenance manuals.
3. Include actual instrument list, with manufacturer name, serial number, and date of calibration.
4. Form of Test Reports:  Where the TAB standard being followed recommends a report format use that;

otherwise, follow ASHRAE Std 111.
5. Units of Measure:  Report data in I-P (inch-pound) units only.
6. Include the following on the title page of each report:

a. Name of Testing, Adjusting, and Balancing Agency.
b. Address of Testing, Adjusting, and Balancing Agency.
c. Telephone number of Testing, Adjusting, and Balancing Agency.
d. Project name.
e. Project location.
f. Project Architect.
g. Project Engineer.
h. Project Contractor.
i. Project altitude.
j. Report date.

C. Project Record Documents:  Record actual locations of flow measuring stations and balancing valves and
rough setting.

PART 2  PRODUCTS - NOT USED
PART 3  EXECUTION
3.01  GENERAL REQUIREMENTS

A. Perform total system balance in accordance with one of the following:
1. AABC (NSTSB), AABC National Standards for Total System Balance.
2. ASHRAE Std 111, Practices for Measurement, Testing, Adjusting and Balancing of Building Heating,

Ventilation, Air-Conditioning, and Refrigeration Systems.
3. SMACNA (TAB).

B. Begin work after completion of systems to be tested, adjusted, or balanced and complete work prior to
Substantial Completion of the project.

C. Where HVAC systems and/or components interface with life safety systems, including fire and smoke detection,
alarm, and control, coordinate scheduling and testing and inspection procedures with the authorities having
jurisdiction.

D. TAB Agency Qualifications:
1. Company specializing in the testing, adjusting, and balancing of systems specified in this section.
2. Having minimum of three years documented experience.
3. Certified by one of the following:

a. AABC, Associated Air Balance Council:  www.aabc.com/#sle; upon completion submit AABC National
Performance Guaranty.

b. NEBB, National Environmental Balancing Bureau:  www.nebb.org/#sle.
c. TABB, The Testing, Adjusting, and Balancing Bureau of National Energy Management Institute:

 www.tabbcertified.org/#sle.
E. TAB Supervisor and Technician Qualifications:  Certified by same organization as TAB agency.

3.02  EXAMINATION
A. Verify that systems are complete and operable before commencing work.  Ensure the following conditions:

1. Systems are started and operating in a safe and normal condition.
2. Temperature control systems are installed complete and operable.
3. Proper thermal overload protection is in place for electrical equipment.
4. Final filters are clean and in place.  If required, install temporary media in addition to final filters.
5. Duct systems are clean of debris.
6. Fans are rotating correctly.
7. Volume dampers are in place and open.
8. Air coil fins are cleaned and combed.
9. Access doors are closed and duct end caps are in place.
10. Air outlets are installed and connected.
11. Duct system leakage is minimized.

B. Submit field reports.  Report defects and deficiencies that will or could prevent proper system balance.
C. Beginning of work means acceptance of existing conditions.

3.03  ADJUSTMENT TOLERANCES
A. Air Handling Systems:  Adjust to within plus or minus 10 percent of design for supply systems and plus or

minus 10 percent of design for return and exhaust systems.
B. Air Outlets and Inlets:  Adjust total to within plus 10 percent and minus 10 percent of design to space.  Adjust

outlets and inlets in space to within plus or minus 10 percent of design.
3.04  RECORDING AND ADJUSTING

A. Field Logs:  Maintain written logs including:
1. Running log of events and issues.
2. Discrepancies, deficient or uncompleted work by others.
3. Contract interpretation requests.
4. Lists of completed tests.

B. Ensure recorded data represents actual measured or observed conditions.
C. Permanently mark settings of valves, dampers, and other adjustment devices allowing settings to be restored.

 Set and lock memory stops.
D. Mark on drawings the locations where traverse and other critical measurements were taken and cross

reference the location in the final report.
E. After adjustment, take measurements to verify balance has not been disrupted or that such disruption has been

rectified.
F. Leave systems in proper working order, replacing belt guards, closing access doors, closing doors to electrical

switch boxes, and restoring thermostats to specified settings.
3.05  AIR SYSTEM PROCEDURE

A. Adjust air handling and distribution systems to provide required or design supply, return, and exhaust air
quantities at site altitude.

B. Make air quantity measurements in ducts by Pitot tube traverse of entire cross sectional area of duct.
C. Measure air quantities at air inlets and outlets.
D. Adjust distribution system to obtain uniform space temperatures free from objectionable drafts and noise.
E. Use volume control devices to regulate air quantities only to extend that adjustments do not create

objectionable air motion or sound levels. Effect volume control by duct internal devices such as dampers and
splitters.

F. Vary total system air quantities by adjustment of fan speeds. Provide drive changes required.  Vary branch air
quantities by damper regulation.

G. Measure static air pressure conditions on air supply units, including filter and coil pressure drops, and total
pressure across the fan. Make allowances for 50 percent loading of filters.

H. Adjust outside air automatic dampers, outside air, return air for design conditions.
I. Measure temperature conditions across outside air, return air, and exhaust dampers to check leakage.
J. Where modulating dampers are provided, take measurements and balance at extreme conditions. Balance

variable volume systems at maximum air flow rate, full cooling, and at minimum air flow rate, full heating.
K. Measure building static pressure and adjust supply, return systems to provide required relationship between

each to maintain approximately 0.05 inches (12.5 Pa) positive static pressure near the building entries.
L. For variable air volume system powered units set volume controller to air flow setting indicated. Confirm

connections properly made and confirm proper operation for automatic variable air volume temperature control.
M. On fan powered VAV boxes, adjust air flow switches for proper operation.

3.06  SCOPE
A. Test, adjust, and balance the following:

1. Packaged Roof Top Heating/Cooling Units.
2. Air Terminal Units.
3. Air Inlets and Outlets.

3.07  MINIMUM DATA TO BE REPORTED
A. Electric Motors:

1. Manufacturer.
2. Model/Frame.
3. HP/BHP.
4. Phase, voltage, amperage; nameplate, actual, no load.
5. RPM.
6. Service factor.
7. Starter size, rating, heater elements.
8. Sheave Make/Size/Bore.

C. Cooling Coils:
2. Identification/number.
3. Location.
4. Service.
5. Manufacturer.
6. Air flow, design and actual.
7. Entering air DB temperature, design and actual.
8. Entering air WB temperature, design and actual.
9. Leaving air DB temperature, design and actual.
10. Leaving air WB temperature, design and actual.
11. Air pressure drop, design and actual.

D. Heating Coils:
1. Identification/number.
2. Location.
3. Service.
4. Manufacturer.
5. Air flow, design and actual.
6. Entering air temperature, design and actual.
7. Leaving air temperature, design and actual.
8. Air pressure drop, design and actual.

E. Electric Heat Coils:
1. Manufacturer.
2. Identification/number.
3. Location.
4. Model number.
5. Design kW.
6. Number of stages.
7. Phase, voltage, amperage.
8. Test voltage (each phase).
9. Test amperage (each phase).
10. Air flow, specified and actual.
11. Temperature rise, specified and actual.

F. Air Moving Equipment:
1. Location.
2. Manufacturer.
3. Model number.
4. Serial number.
5. Air flow, specified and actual.
6. Return air flow, specified and actual.
7. Outside air flow, specified and actual.
8. Total static pressure (total external), specified and actual.
9. Inlet pressure.
10. Discharge pressure.
11. Sheave Make/Size/Bore.
12. Number of Belts/Make/Size.
13. Fan RPM.

G. Return Air/Outside Air:
1. Identification/location.
2. Design air flow.
3. Actual air flow.
4. Design return air flow.
5. Actual return air flow.
6. Design outside air flow.
7. Actual outside air flow.
8. Return air temperature.
9. Outside air temperature.

I. Duct Leak Tests:
8. Description of ductwork under test.
9. Duct design operating pressure.
10. Duct design test static pressure.
11. Duct capacity, air flow.
12. Maximum allowable leakage duct capacity times leak factor.
13. Test apparatus:

a. Blower.
b. Orifice, tube size.
c. Orifice size.
d. Calibrated.

7. Test static pressure.
8. Test orifice differential pressure.
9. Leakage.

J. Terminal Unit Data:
1. Manufacturer.
2. Type, constant, variable, single, dual duct.
3. Identification/number.
4. Location.
5. Model number.
6. Size.
7. Minimum design air flow.
8. Maximum design air flow.
9. Maximum actual air flow.

K. Air Distribution Tests:
1. Air terminal number.
2. Room number/location.
3. Terminal type.
4. Terminal size.
5. Area factor.
6. Design velocity.
7. Design air flow.
8. Test (final) velocity.
9. Test (final) air flow.

L. Sound Level Reports:
1. Location.
2. Octave bands - equipment off.
3. Octave bands - equipment on.

END OF SECTION

SECTION 23 0713
DUCT INSULATION
PART 1  GENERAL
1.01  SECTION INCLUDES

A. Duct insulation.
B. Duct liner.

1.02  SUBMITTALS
A. Product Data: Provide product description, thermal characteristics, list of materials and thickness for each

service, and locations.
1.03  DELIVERY, STORAGE, AND HANDLING

A. Accept materials on site in original factory packaging, labeled with manufacturer's identification, including
product density and thickness.

B. Protect insulation from weather and construction traffic, dirt, water, chemical, and mechanical damage, by
storing in original wrapping.

PART 2  PRODUCTS
2.01  REGULATORY REQUIREMENTS

A. Surface Burning Characteristics:  Flame spread index/Smoke developed index of 25/50, maximum, when tested
in accordance with ASTM E84 or UL 723.

2.02  GLASS FIBER, FLEXIBLE
A. Insulation:  ASTM C553; flexible, noncombustible blanket.

1. K (Ksi) value:  0.36 at 75 degrees F (0.052 at 24 degrees C), when tested in accordance with ASTM C518.
2. Maximum Service Temperature:  1200 degrees F (649 degrees C).
3. Maximum Water Vapor Absorption:  5.0 percent by weight.

B. Vapor Barrier Jacket:
1. Kraft paper with glass fiber yarn and bonded to aluminized film.
2. Moisture Vapor Permeability:  0.02 perm inch (0.029 ng/Pa s m), when tested in accordance with ASTM

E96/E96M.
3. Secure with pressure sensitive tape.

C. Vapor Barrier Tape:
1. Kraft paper reinforced with glass fiber yarn and bonded to aluminized film, with pressure sensitive rubber

based adhesive.
D. Indoor Vapor Barrier Mastic:

1. Vinyl emulsion type acrylic or mastic, compatible with insulation, black color.
2.03  GLASS FIBER, RIGID

A. Insulation:  ASTM C612; rigid, noncombustible blanket.
1. K (Ksi) Value:  0.24 at 75 degrees F (0.036 at 24 degrees C), when tested in accordance with ASTM C518.
2. Maximum Service Temperature:  450 degrees F (232 degrees C).
3. Maximum Water Vapor Absorption:  5.0 percent.
4. Maximum Density:  8.0 lb/cu ft (128 kg/cu m).

B. Vapor Barrier Jacket:
1. Kraft paper with glass fiber yarn and bonded to aluminized film.
2. Moisture Vapor Permeability:  0.02 perm inch (0.029 ng/Pa s m), when tested in accordance with ASTM

E96/E96M.
3. Secure with pressure sensitive tape.

C. Vapor Barrier Tape:
1. Kraft paper reinforced with glass fiber yarn and bonded to aluminized film, with pressure sensitive rubber

based adhesive.
D. Indoor Vapor Barrier Finish:

1. Vinyl emulsion type acrylic, compatible with insulation, black color.
2.04  FLEXIBLE ELASTOMERIC CELLULAR INSULATION

A. Insulation:  Preformed flexible elastomeric cellular rubber insulation complying with ASTM C534/C534M Grade
1, in sheet form.
1. Minimum Service Temperature:  Minus 40 degrees F (Minus 40 degrees C).
2. Maximum Service Temperature:  180 degrees F (82 degrees C).
3. Connection:  Waterproof vapor barrier adhesive.

B. Elastomeric Foam Adhesive:  Air dried, contact adhesive, compatible with insulation.
2.05  DUCT LINER

A. Elastomeric Foam Adhesive:  Air dried, contact adhesive, compatible with insulation.  Comply with ASTM C916.
B. Liner Fasteners:  Galvanized steel, self-adhesive pad with integral head.

PART 3  EXECUTION
3.01  EXAMINATION

A. Test ductwork for design pressure prior to applying insulation materials.
B. Verify that surfaces are clean, foreign material removed, and dry.

3.02  INSTALLATION
A. Install in accordance with manufacturer's instructions.
B. Install in accordance with NAIMA National Insulation Standards.
C. Insulated Ducts Conveying Air Below Ambient Temperature:

1. Provide insulation with vapor barrier jackets.
2. Finish with tape and vapor barrier jacket.
3. Continue insulation through walls, sleeves, hangers, and other duct penetrations.
4. Insulate entire system, including fittings, joints, flanges, fire dampers, flexible connections, and expansion

joints.
D. Insulated Ducts Conveying Air Above Ambient Temperature:

1. Provide with or without standard vapor barrier jacket.
2. Insulate fittings and joints.  Where service access is required, bevel and seal ends of insulation.

E. Ducts Exposed in Mechanical Equipment Rooms or Finished Spaces:  Finish with canvas jacket sized for finish
painting.

F. Duct and Plenum Liner Application:
1. Adhere insulation with adhesive for 90 percent coverage.
2. Secure insulation with mechanical liner fasteners.  Refer to SMACNA (DCS) for spacing.
3. Seal and smooth joints.  Seal and coat transverse joints.
4. Seal liner surface penetrations with adhesive.
5. Duct dimensions indicated are net inside dimensions required for air-flow.  Increase duct size to allow for

insulation thickness.
3.03  SCHEDULES

A. Plenums: 1 1/2 inch
B. Supply Ducts: 1-1/2 inch
C. Supply ducts After Terminal Boxes: 1 1/2 inch

END OF SECTION

SECTION 23 0913
INSTRUMENTATION AND CONTROL DEVICES FOR HVAC
PART 1  GENERAL
1.01  SECTION INCLUDES

A. Pressure independent valves and actuators.
B. Dampers.
C. Damper Operators:

1. Electric operators.
D. Humidistats:

1. Room humidistats.
E. Input/Output Sensors:

1. Temperature sensors.
2. Humidity sensors.
3. Static pressure (air pressure) sensors.
4. Equipment operation (current) sensors.
5. Damper position indicators.
6. Carbon dioxide sensors.

F. Thermostats:
1. Electric room thermostats.
2. Low-limit temperature cutout switch (freezestat)
3. Line voltage thermostats.
4. Room thermostat accessories.

G. Time clocks.
H. Energy Metering:

1. Hydronic BTU (J) meters.
I. Flow Sensors:

1. Gas flow meters.
2. Flow switches.

J. Level Switches:
1. Float Sensors:

a. Float switch.
b. Top mount float type level control.
c. Free-floating level switch.

1.02  SUBMITTALS
A. Product Data:  Provide description and engineering data for each control system component.  Include sizing as

requested.  Provide data for each system component and software module.
END OF SECTION

SECTION 23 3100
HVAC DUCTS AND CASINGS
PART 1  GENERAL
1.01  SECTION INCLUDES

A. Metal ductwork.
B. Casings and plenums.
C. Duct cleaning.

1.02  QUALITY ASSURANCE
A. Manufacturer Qualifications:  Company specializing in manufacturing the type of products specified in this

section, with minimum three years of documented experience, and approved by manufacturer.
1.03  FIELD CONDITIONS

A. Do not install duct sealants when temperatures are less than those recommended by sealant manufacturers.
B. Maintain temperatures within acceptable range during and after installation of duct sealants.

PART 2  PRODUCTS
2.01  DUCT ASSEMBLIES

A. Regulatory Requirements:  Construct ductwork to comply with NFPA 90A standards.
B. Ducts:  Galvanized steel, unless otherwise indicated.
C. Low Pressure Supply (Heating Systems):  1 inch wg (250 Pa) pressure class, galvanized steel.
D. Low Pressure Supply (System with Cooling Coils):  1 inch wg (250 Pa) ​ pressure class, galvanized steel.
E. Return and Relief:  1 inch wg (250 Pa) pressure class, galvanized steel.
K. Transfer Air and Sound Boots:  1/2 inch wg (125 Pa) pressure class, galvanized steel.

2.02  MATERIALS
A. Galvanized Steel for Ducts:  Hot-dipped galvanized steel sheet, ASTM A653/A653M FS Type B, with G60/Z180

coating.
B. Un-Galvanized Steel for Ducts:  ASTM A1008/A1008M Designation CS (commercial steel), cold-rolled.
C. Aluminum for Ducts:  ASTM B209 (ASTM B209M); aluminum sheet, alloy 3003-H14.  Aluminum Connectors

and Bar Stock:  Alloy 6061-T651 or of equivalent strength.
D. Stainless Steel for Ducts:  ASTM A666, Type 304.
E. Joint Sealers and Sealants:  Non-hardening, water resistant, mildew and mold resistant.

1. Type:  Heavy mastic or liquid used alone or with tape, suitable for joint configuration and compatible with
substrates, and recommended by manufacturer for pressure class of ducts.

2. VOC Content:  Not more than 250 g/L, excluding water.
3. Surface Burning Characteristics:  Flame spread index of zero and smoke developed index of zero, when

tested in accordance with ASTM E84.
F. Gasket Tape:  Provide butyl rubber gasket tape for a flexible seal between transfer duct connector (TDC),

transverse duct flange (TDF), applied flange connections, and angle rings connections.
G. Hanger Rod:  ASTM A36/A36M; steel, galvanized; threaded both ends, threaded one end, or continuously

threaded.
H. Hanger Fasteners:  Attach hangers to structure using appropriate fasteners, as follows:

1. Concrete Wedge Expansion Anchors:  Complying with ICC-ES AC193.
2. Masonry Wedge Expansion Anchors:  Complying with ICC-ES AC01.
3. Concrete Screw Type Anchors:  Complying with ICC-ES AC193.
4. Masonry Screw Type Anchors:  Complying with ICC-ES AC106.
5. Concrete Adhesive Type Anchors:  Complying with ICC-ES AC308.

2.03  DUCTWORK FABRICATION
A. Fabricate and support in accordance with SMACNA (DCS) and as indicated.
B. No variation of duct configuration or size permitted except by written permission.  Size round duct installed in

place of rectangular ducts in accordance with ASHRAE (FUND) Handbook - Fundamentals.
C. Duct systems have been designed for metal duct.  At the Contractor's option, fibrous glass duct may be

substituted for metal duct.
D. Provide duct material, gauges, reinforcing, and sealing for operating pressures indicated.
E. Construct T's, bends, and elbows with radius of not less than 1-1/2 times width of duct on centerline.  Where

not possible and where rectangular elbows must be used, provide air foil turning vanes of perforated metal with
glass fiber insulation.

F. Provide turning vanes of perforated metal with glass fiber insulation when acoustical lining is indicated.
G. Increase duct sizes gradually, not exceeding 15 degrees divergence wherever possible; maximum 30 degrees

divergence upstream of equipment and 45 degrees convergence downstream.
H. Fabricate continuously welded round and oval duct fittings in accordance with SMACNA (DCS).

2.04  MANUFACTURED DUCTWORK AND FITTINGS
A. Double Wall Insulated Round Ducts:  Round spiral lockseam duct with galvanized steel outer wall, perforated

galvanized steel inner wall; fitting with solid inner wall.
1. Manufacture in accordance with SMACNA (DCS).
2. Insulation:

a. Thickness:  1 inch (25 mm).
b. Material:  Fiberglass.

B. Spiral Ducts:  Round spiral lockseam duct with galvanized steel outer wall.
1. Manufacture in accordance with SMACNA (DCS).

C. Round Ducts:  Round lockseam duct with galvanized steel outer wall.
1. Manufacture in accordance with SMACNA (DCS).

D. Flexible Ducts:  Black polymer film supported by helically wound spring steel wire.
1. UL labeled.
2. Insulation:  Fiberglass insulation with polyethylene vapor barrier film.
3. Pressure Rating:  4 inches wg (1000 Pa) positive and 0.5 inches wg (175 Pa) negative.
4. Maximum Velocity:  4000 fpm (20.3 m/sec).
5. Temperature Range:  Minus 20 degrees F to 175 degrees F (Minus 28 degrees C to 79 degrees C).

2.05  CASINGS AND PLENUMS
A. Fabricate casings in accordance with SMACNA (DCS) and construct for operating pressures indicated.
B. Reinforce door frames with steel angles tied to horizontal and vertical plenum supporting angles.  Install hinged

access doors where indicated or required for access to equipment for cleaning and inspection.
C. Fabricate acoustic casings with reinforcing turned inward.  Provide 16 gauge, 0.0598 inch (1.52 mm) sheet

steel back facing and 22 gauge, 0.0299 inch (0.76 mm) perforated sheet steel front facing with 3/32 inch (2.4
mm) diameter holes on 5/32 inch (4 mm) centers.  Construct panels 3 inches (75 mm) thick packed with 4.5
lb/cu ft (72 kg/cu m) minimum glass fiber insulation media, on inverted channels of 16 gauge, 0.0598 inch (1.52
mm) sheet steel.

PART 3  EXECUTION
3.01  INSTALLATION

A. Install, support, and seal ducts in accordance with SMACNA (DCS).
B. Install in accordance with manufacturer's instructions.
C. During construction provide temporary closures of metal or taped polyethylene on open ductwork to prevent

construction dust from entering ductwork system.
D. Flexible Ducts:  Connect to metal ducts with mechanical fastener.
E. Duct sizes indicated are inside clear dimensions.  For lined ducts, maintain sizes inside lining.
F. Provide openings in ductwork where required to accommodate thermometers and controllers.  Provide pilot

tube openings where required for testing of systems, complete with metal can with spring device or screw to
ensure against air leakage.  Where openings are provided in insulated ductwork, install insulation material
inside a metal ring.

G. Locate ducts with sufficient space around equipment to allow normal operating and maintenance activities.
H. Use crimp joints with or without bead for joining round duct sizes 8 inch (200 mm) and smaller with crimp in

direction of air flow.
I. Use double nuts and lock washers on threaded rod supports.
J. Connect terminal units to supply ducts directly or with one foot (300 mm) maximum length of flexible duct.  Do

not use flexible duct to change direction.
3.02  CLEANING

A. Clean duct system and force air at high velocity through duct to remove accumulated dust.  To obtain sufficient
air, clean half the system at a time.  Protect equipment that could be harmed by excessive dirt with temporary
filters, or bypass during cleaning.

END OF SECTION
SECTION 23 3300
AIR DUCT ACCESSORIES
PART 1  GENERAL
1.01  SECTION INCLUDES

A. Air turning devices/extractors.
B. Duct access doors.
C. Duct test holes.
D. Fire dampers.
E. Flexible duct connectors.
F. Volume control dampers.

1.02  SUBMITTALS
A. Product Data:  Provide for shop fabricated assemblies including volume control dampers.  Include electrical

characteristics and connection requirements.
B. Maintenance Materials:  Furnish the following for Owner's use in maintenance of project.

1. Extra Fusible Links:  One of each type and size.
1.03  DELIVERY, STORAGE, AND HANDLING

A. Protect dampers from damage to operating linkages and blades.
PART 2  PRODUCTS
2.01  AIR TURNING DEVICES/EXTRACTORS

A. Multi-blade device with radius blades attached to pivoting frame and bracket, steel construction, with push-pull
operator strap.

2.04  DUCT ACCESS DOORS
A. Fabricate in accordance with SMACNA (DCS) and as indicated.
B. Access doors with sheet metal screw fasteners are not acceptable.

2.05  DUCT TEST HOLES
A. Temporary Test Holes:  Cut or drill in ducts as required.  Cap with neat patches, neoprene plugs, threaded

plugs, or threaded or twist-on metal caps.
B. Permanent Test Holes:  Factory fabricated, air tight flanged fittings with screw cap.  Provide extended neck

fittings to clear insulation.
2.06  FIRE DAMPERS

A. Fabricate in accordance with NFPA 90A and UL 555, and as indicated.
B. Ceiling (Radiation) Dampers:  Galvanized steel, 22 gauge, 0.0299 inch (0.76 mm) frame and 16 gauge, 0.0598

inch (1.52 mm) flap, two layers 0.125 inch (3.2 mm) ceramic fiber on top side and one layer on bottom side for
round flaps, with locking clip.
1. Rated for one hour service in compliance with UL 555C.

C. Horizontal Dampers:  Galvanized steel, 22 gauge, 0.0299 inch (0.76 mm) frame, stainless steel closure spring,
and lightweight, heat retardant non-asbestos fabric blanket.

D. Curtain Type Dampers:  Galvanized steel with interlocking blades.  Provide stainless steel closure springs and
latches for horizontal installations.  Configure with blades out of air stream except for 1.0 inch (250 Pa)
pressure class ducts up to 12 inches (300 mm) in height.

E. Multiple Blade Dampers:  16 gauge, 0.0598 inch (1.52 mm) galvanized steel frame and blades, oil-impregnated
bronze or stainless steel sleeve bearings and plated steel axles, 1/8 by 1/2 inch (3.2 by 12.7 mm) plated steel
concealed linkage, stainless steel closure spring, blade stops, and lock.

F. Fusible Links:  UL 33, separate at 160 degrees F (71 degrees C) with adjustable link straps for combination
fire/balancing dampers.

2.07  FLEXIBLE DUCT CONNECTORS
A. Fabricate in accordance with SMACNA (DCS) and as indicated.
B. Flexible Duct Connections:  Fabric crimped into metal edging strip.

1. Fabric:  UL listed fire-retardant neoprene coated woven glass fiber fabric to NFPA 90A, minimum density 30
oz per sq yd (1.0 kg/sq m).

2. Metal:  3 inches (75 mm) wide, 24 gauge, 0.0239 inch (0.61 mm) thick galvanized steel.
2.09  VOLUME CONTROL DAMPERS

A. Fabricate in accordance with SMACNA (DCS) and as indicated.
B. Splitter Dampers:

1. Material:  Same gauge as duct to 24 inches (600 mm) size in either direction, and two gauges heavier for
sizes over 24 inches (600 mm).

2. Blade:  Fabricate of double thickness sheet metal to streamline shape, secured with continuous hinge or
rod.

3. Operator:  Minimum 1/4 inch (6 mm) diameter rod in self aligning, universal joint action, flanged bushing
with set screw.

C. Single Blade Dampers:
1. Fabricate for duct sizes up to 6 by 30 inch (150 by 760 mm).
2. Blade:  24 gauge, 0.0239 inch (0.61 mm), minimum.

D. Multi-Blade Damper:  Fabricate of opposed blade pattern with maximum blade sizes 8 by 72 inch (200 by 1825
mm).  Assemble center and edge crimped blades in prime coated or galvanized channel frame with suitable
hardware.
1. Blade:  18 gauge, 0.0478 inch (1.21 mm), minimum.

E. Quadrants:
1. Provide locking, indicating quadrant regulators on single and multi-blade dampers.
2. On insulated ducts mount quadrant regulators on stand-off mounting brackets, bases, or adapters.
3. Where rod lengths exceed 30 inches (750 mm) provide regulator at both ends.

PART 3  EXECUTION
3.01  INSTALLATION

A. Install accessories in accordance with manufacturer's instructions, NFPA 90A, and follow SMACNA (DCS).  
B. Provide backdraft dampers on exhaust fans or exhaust ducts nearest to outside and where indicated.
C. Provide duct access doors for inspection and cleaning before and after filters, coils, fans, automatic dampers,

at fire dampers, and elsewhere as indicated.  Provide 4 by 4 inch (100 by 100 mm) for balancing dampers only.
 Review locations prior to fabrication.

D. Provide duct test holes where indicated and required for testing and balancing purposes.
E. Provide fire dampers at locations indicated, where ducts and outlets pass through fire rated components, and

where required by Authorities Having Jurisdiction.  Install with required perimeter mounting angles, sleeves,
breakaway duct connections, corrosion resistant springs, bearings, bushings and hinges.

F. Install fire dampers in accordance with NFPA 92.
G. Demonstrate re-setting of fire dampers to Owner's representative.
H. At fans and motorized equipment associated with ducts, provide flexible duct connections immediately adjacent

to the equipment.
I. At equipment supported by vibration isolators, provide flexible duct connections immediately adjacent to the

equipment.
J. Provide balancing dampers at points on supply, return, and exhaust systems where branches are taken from

larger ducts as required for air balancing.  Install minimum 2 duct widths from duct take-off.
K. Use splitter dampers only where indicated.
L. Provide balancing dampers on high velocity systems where indicated.
M. Provide balancing dampers on duct take-off to diffusers, grilles, and registers, regardless of whether dampers

are specified as part of the diffuser, grille, or register assembly.
END OF SECTION

HVAC SEQUENCE OF OPERATION

PART 1  GENERAL
1.01 SECTION INCLUDES

A. THIS SECTION DEFINES THE MANNER AND METHOD BY WHICH CONTROLS FUNCTION.
REQUIREMENTS FOR EACH TYPE OF CONTROL SYSTEM OPERATION ARE SPECIFIED.  EQUIPMENT,
DEVICES, AND SYSTEM COMPONENTS REQUIRED FOR CONTROL SYSTEMS ARE SPECIFIED IN
OTHER SECTIONS.

1.02 SUBMITTALS
A. SEQUENCE OF OPERATION DOCUMENTATION:  SUBMIT WRITTEN SEQUENCE OF OPERATION FOR

ENTIRE HVAC SYSTEM AND EACH PIECE OF EQUIPMENT.
1. PREFACE:  1 OR 2 PARAGRAPH OVERVIEW NARRATIVE OF THE SYSTEM DESCRIBING ITS

PURPOSE, COMPONENTS AND FUNCTION.
2. STATE EACH SEQUENCE IN SMALL SEGMENTS AND GIVE EACH SEGMENT A UNIQUE NUMBER

FOR REFERENCING IN FUNCTIONAL TEST PROCEDURES; PROVIDE A COMPLETE DESCRIPTION
REGARDLESS OF THE COMPLETENESS AND CLARITY OF THE SEQUENCES SPECIFIED IN THE
CONTRACT DOCUMENTS.

3. INCLUDE AT LEAST THE FOLLOWING SEQUENCES:
a. START-UP.
b. WARM-UP MODE.
c. NORMAL OPERATING MODE.
d. UNOCCUPIED MODE.
e. SHUTDOWN.
f. CAPACITY CONTROL SEQUENCES AND EQUIPMENT STAGING.
g. TEMPERATURE AND PRESSURE CONTROL, SUCH AS SETBACKS, SETUPS, RESETS, ETC.
h. DETAILED SEQUENCES FOR ALL CONTROL STRATEGIES, SUCH AS ECONOMIZER CONTROL,

OPTIMUM START/STOP, STAGING, OPTIMIZATION, DEMAND LIMITING, ETC.
i. EFFECTS OF POWER OR EQUIPMENT FAILURE WITH ALL STANDBY COMPONENT FUNCTIONS.
j. SEQUENCES FOR ALL ALARMS AND EMERGENCY SHUT DOWNS.
k. SEASONAL OPERATIONAL DIFFERENCES AND RECOMMENDATIONS.
l. INTERACTIONS AND INTERLOCKS WITH OTHER SYSTEMS.

4. INCLUDE INITIAL AND RECOMMENDED VALUES FOR ALL ADJUSTABLE SETTINGS, SETPOINTS
AND PARAMETERS THAT ARE TYPICALLY SET OR ADJUSTED BY OPERATING STAFF; AND ANY
OTHER CONTROL SETTINGS OR FIXED VALUES, DELAYS, ETC. THAT WILL BE USEFUL DURING
TESTING AND OPERATING THE EQUIPMENT.

5. FOR PACKAGED CONTROLLED EQUIPMENT, INCLUDE MANUFACTURER'S FURNISHED SEQUENCE
OF OPERATION AMPLIFIED AS REQUIRED TO DESCRIBE THE RELATIONSHIP BETWEEN THE
PACKAGED CONTROLS AND THE CONTROL SYSTEM, INDICATING WHICH POINTS ARE
ADJUSTABLE CONTROL POINTS AND WHICH POINTS ARE ONLY MONITORED.

B. CONTROL SYSTEM DIAGRAMS:  SUBMIT GRAPHIC SCHEMATIC OF THE CONTROL SYSTEM SHOWING
EACH CONTROL COMPONENT AND EACH COMPONENT CONTROLLED, MONITORED, OR ENABLED.

1. LABEL WITH SETTINGS, ADJUSTABLE RANGE OF CONTROL AND LIMITS.
2. INCLUDE FLOW DIAGRAMS FOR EACH CONTROL SYSTEM, GRAPHICALLY DEPICTING CONTROL

LOGIC.
3. INCLUDE THE SYSTEM AND COMPONENT LAYOUT OF ALL EQUIPMENT THAT THE CONTROL

SYSTEM MONITORS, ENABLES OR CONTROLS, EVEN IF THE EQUIPMENT IS PRIMARILY
CONTROLLED BY PACKAGED OR INTEGRAL CONTROLS.

4. INCLUDE ALL MONITORING, CONTROL AND VIRTUAL POINTS SPECIFIED IN ELSEWHERE.
5. INCLUDE A KEY TO ALL ABBREVIATIONS.

C. POINTS LIST:  SUBMIT LIST OF ALL CONTROL POINTS INDICATING AT LEAST THE FOLLOWING FOR
EACH POINT.

1. NAME OF CONTROLLED SYSTEM.
2. POINT ABBREVIATION.
3. POINT DESCRIPTION; SUCH AS DRY BULB TEMPERATURE, AIRFLOW, ETC.
4. DISPLAY UNIT.
5. CONTROL POINT OR SETPOINT (YES / NO); I.E. A POINT THAT CONTROLS EQUIPMENT AND CAN

HAVE ITS SETPOINT CHANGED.
6. MONITORING POINT (YES / NO); I.E. A POINT THAT DOES NOT CONTROL OR CONTRIBUTE TO THE

CONTROL OF EQUIPMENT BUT IS USED FOR OPERATION, MAINTENANCE, OR PERFORMANCE
VERIFICATION.

7. INTERMEDIATE POINT (YES / NO); I.E. A POINT WHOSE VALUE IS USED TO MAKE A CALCULATION
WHICH THEN CONTROLS EQUIPMENT, SUCH AS SPACE TEMPERATURES THAT ARE AVERAGED
TO A VIRTUAL POINT TO CONTROL RESET.

8. CALCULATED POINT (YES / NO); I.E. A “VIRTUAL” POINT GENERATED FROM CALCULATIONS OF
OTHER POINT VALUES.

D. PROJECT RECORD DOCUMENTS:  RECORD ACTUAL LOCATIONS OF COMPONENTS AND SETPOINTS
OF CONTROLS, INCLUDING CHANGES TO SEQUENCES MADE AFTER SUBMISSION OF SHOP
DRAWINGS.

PART 2  PRODUCTS - NOT USED
PART 3  EXECUTION
3.01 PARALLEL FAN POWERED VAV UNIT WITH ELECTRIC REHEAT (FPVAV)

A. SPACE MOUNTED THERMOSTAT SHALL CONTROL THE FPVAV BOX AND ELECTRIC REHEAT.
B. DURING UNOCCUPIED MODE THE FAN WILL CYCLE. UPON A CALL FOR HEATING, THE FAN SHALL

START AND THE ELECTRIC REHEAT COIL SHALL STAGE TO MAINTAIN SETPOINT. COOLING SHALL
BE LOCKED OUT.

C. DURING OCCUPIED MODE THE FAN SHALL RUN CONTINUOUSLY AND THE SPACE MOUNTED
THERMOSTAT WILL MODULATE THE PRIMARY AIR DAMPER AND REHEAT COIL TO MAINTAIN SPACE
SETPOINT TEMPERATURE.

3.02 VARIABLE AIR VOLUME BOX WITH ELECTRIC REHEAT (VAV)
A. A SPACE MOUNTED THERMOSTAT SHALL MODULATE THE DAMPER OPERATOR ON THE VAV BOX

TO MAINTAIN SPACE SETPOINT TEMPERATURE. THE DAMPER OPERATOR SHALL BE FURNISHED BY
THE TEMPERATURE CONTROL CONTRACTOR.

B. UPON DROP IN SPACE TEMPERATURE BELOW SET POINT, VAV DAMPER SHALL MODULATE TO
MINIMUM POSITION. UPON FURTHER DROP IN TEMPERATURE, ELECTRIC REHEAT COIL SHALL
STAGE TO MAINTAIN SETPOINT.
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A. THE ARCHITECTURAL DRAWINGS ARE TO BE USED ONLY AS A GUIDELINE FOR
DEMOLITION. THE CONTRACTOR MUST VISIT THE SITE PRIOR TO BIDDING TO VERIFY
ALL WORK REQUIRED FOR A COMPLETE JOB AND INCLUDE THE COST OF SUCH WORK
IN HIS BID.

B. EXAMINE AREAS AND CONDITIONS UNDER WHICH DEMOLITION WORK MUST BE
PERFORMED. THIS CONTRACTOR SHALL COORDINATE HIS WORK WITH OTHER
TRADES PERFORMING DEMOLITION WORK AND/OR DEMOLITION WORK PERFORMED
BY THE OWNER. IN EVERY INSTANCE OF DEMOLITION AND/OR REMODELING, THE
CONTRACTOR SHALL FIGURE A COMPLETE JOB AS NONE OTHER SHALL BE
ACCEPTED.

C. THE EXTENT OF WORK SHOWN OR NOT SHOWN SHALL INCLUDE REMOVAL AND
LEGALLY DISPOSE OFF SITE, ALL THE ITEMS AND SYSTEMS BEING REMOVED.

D. THIS CONTRACTOR SHALL RETAIN ON THE PREMISES IN NEATLY STACKED PILES
WHERE INSTRUCTED FOR SELECTION BY THE OWNER, ALL MATERIAL, WIRE, FIXTURES
AND/OR EQUIPMENT WHICH ARE SPECIFIED TO BE REMOVED OR REPLACED. ALL
SUCH ITEMS, NOT SELECTED FOR SALVAGE BY THE OWNER, SHALL BECOME THE
PROPERTY OF THIS CONTRACTOR AND SHALL BE REMOVED FROM THE PREMISES
AND LEGALLY DISPOSED.

E. CONFORM TO ALL APPLICABLE CODES FOR DEMOLITION OF ITEMS AND SYSTEMS,
SAFETY OF ADJACENT SYSTEMS, DUST CONTROL, LEGAL RUN-OFF CONTROL,
DISPOSAL AND ALL ITEMS NECESSARY TO COMPLETE THE WORK COMPLETELY.

F. DEMOLITION SHALL BE DONE IN A MANNER SO AS NOT TO DAMAGE ADJACENT WORK
AND NOT AFFECT THE OPERATION OF SYSTEMS TO REMAIN IN USE. ANY ITEM TO
REMAIN THAT IS DAMAGED BY THE CONTRACTOR SHALL BE REPLACED AND/OR
REPAIRED AT THE CONTRACTOR'S EXPENSE.

G. DEMOLITION AND CUTTING SHALL BE DONE IN A MANNER WHICH DOES NOT DEFORM
OR APPLY LOADS TO THE EXISTING FRAMING AND EQUIPMENT OF THE BUILDING TO
REMAIN.

H. ALL WALLS, CEILINGS, FLOORS, ETC., BEING DISTURBED BY THE WORK SHALL BE
RETURNED TO FINISHED CONDITIONS TO MATCH EXISTING BY THE CONTRACTOR AND
CONTRACTOR SHALL DO HIS OWN CUTTING AND PATCHING AS NECESSARY UNDER
HIS CONTRACT.

I. THE CONTRACTOR SHALL MAINTAIN EXISTING SERVICES TO AND IN THE EXISTING
AREA AS REQUIRED.

J. THE EXISTING SYSTEMS TO REMAIN ARE TO BE SUPPORTED AS REQUIRED UNTIL THE
MODIFIED ELEMENTS ARE INSTALLED AND SUPPORTED.

K. IF NECESSARY, THE CONTRACTOR SHALL PROVIDE TEMPORARY SERVICES IN THE
EXISTING AREAS.

L. EXISTING SLABS SHALL BE SAW-CUT IN A MANNER THAT DOES NOT CAUSE THE STEEL
FRAMING OR THE REBAR SUPPORTING THE SLAB TO BE CUT. CONTRACTOR SHALL
FIELD VERIFY SLAB THICKNESS AND REBAR SPACING.

M. EXISTING SLABS SHALL BE CORE DRILLED AT REENTRANT CORNERS OF NEW FLOOR
OPENINGS TO PREVENT OVER CUTTING. IF EXISTING SLAB IS A STRUCTURAL SLAB,
CONTRACTOR SHALL CONTACT ENGINEER ON HOW TO PROCEED.

N. THE ELECTRICAL CONTRACTOR SHALL DISCONNECT AND REMOVE ELECTRIC SERVICE
TO ALL MECHANICAL EQUIPMENT BEING REMOVED AS A RESULT OF THE RENOVATION.

O. EQUIPMENT AND DEVICES SHALL BE REMOVED COMPLETE INCLUDING HANGERS,
SUPPORTS, CONTROLS, CONDUIT, WIRE, PIPES, DUCTWORK, ETC. WIRING SHALL BE
DISCONNECTED AT CIRCUIT BREAKERS, REMOVED AND BREAKERS MARKED “SPARE.”

P. ALL OPEN ENDED PIPING AND DUCTWORK THAT IS TO REMAIN SHALL BE CAPPED AND
PROPERLY SECURED.

Q. ANY EXISTING PIPES, DUCTWORK, CONDUIT, LOW VOLTAGE CONTROL, WIRING
AND/OR ELECTRICAL AND MECHANICAL DEVICES BEING DISTURBED BY THE WORK
SHALL BE REWORKED BY THIS CONTRACTOR AS REQUIRED TO RETURN TO ITS
FORMER EXISTING OPERATING CONDITION.

R. ANY PIPES OR DUCTWORK, OR CONTROL WIRING, OR TUBING FEEDING THROUGH
DEVICES OR EQUIPMENT BEING RELOCATED, REWORKED, OR ABANDONED AND
SERVING OTHER DEVICES, AND/OR EQUIPMENT SHALL BE MAINTAINED IN WORKING
CONDITION.

S. ANY ASBESTOS REMOVAL IF REQUIRED WILL BE HANDLED BY THE OWNER AND IS NOT
A PART OF THIS WORK.

T. EXISTING ARCHITECTURAL, MECHANICAL AND ELECTRICAL EQUIPMENT AND SYSTEMS
SHALL BE PROTECTED FROM DAMAGE RESULTING FROM DEMOLITION.

U. CONTRACTOR SHALL SUBMIT A PROPOSED DECONSTRUCTION SEQUENCE TO THE
OWNER AND ARCHITECT FOR REVIEW PRIOR TO COMMENCEMENT OF WORK.

V. CONTRACTOR SHALL PROTECT ALL EXISTING RETURN DUCTWORK AND TRANSFER
AIR OPENINGS WITH DISPOSABLE FILTERS DURING CONSTRUCTION. FILTERS SHALL
BE OF THE DISPOSABLE TYPE AND SHALL BE MERV 8. REPLACE EXISTING BUILDING
UNIT FILTERS AFTER CONSTRUCTION IS COMPLETE.

DEMOLITION GENERAL NOTES
1. EXISTING ROOFTOP UNIT TO REMAIN. REFER TO SCHEDULE ON SHEET M1.0

FOR ADDITIONAL INFORMATION. FIELD VERIFY EXISTING CONDITIONS.

2. EXISTING BUILDING SUPPLY AIR DUCTWORK MAIN TO REMAIN. FIELD VERIFY
EXISTING CONDITIONS.

3. EXISTING BUILDING RETURN AIR DUCTWORK MAIN TO REMAIN. FIELD
VERIFY EXISTING CONDITIONS PRIOR TO STARTING WORK.

4. EXISTING HONEYWELL DUCT DIFFERENTIAL PRESSURE SENSOR TO REMAIN.
MECHANICAL CONTRACTOR TO ENSURE DUCT PRESSURE SENSOR IS IN
GOOD WORKING ORDER AND REPLACE AS NECESSARY.  FIELD VERIFY
EXISTING CONDITIONS.

5. EXISTING RETURN DUCT MOUNTED SMOKE DETECTOR TO REMAIN.
MECHANICAL CONTRACTOR TO ENSURE SMOKE DETECTOR IS IN GOOD
WORKING ORDER. IF SMOKE DETECTOR IS NOT IN GOOD WORKING ORDER,
MECHANICAL CONTRACTOR SHALL PROVIDE AND INSTALL A NEW RETURN
DUCT SMOKE DETECTOR, ELECTRICAL CONTRACTOR TO WIRE NEW SMOKE
DETECTOR. FIELD VERIFY EXISTING CONDITIONS.

6. EXISTING 3" STORM PIPING TO REMAIN. FIELD VERIFY EXISTING
CONDITIONS.

7. EXISTING 3" PENETRATION IN SLAB TO BE FILLED AND REPAIRED TO MATCH
EXISTING SLAB. FIELD VERIFY EXISTING CONDITIONS PRIOR TO STARTING
WORK.

8. EXISTING GAS-FIRED UNIT HEATER AND ASSOCIATED THERMOSTAT TO BE
REMOVED AND RETURNED TO LANDLORD. EXISTING FLUE TO BE REMOVED
AND ROOF PENETRATION TO BE SEALED WEATHER TIGHT, PATCHED AND
REPAIRED TO MATCH EXISTING ROOF. EXISTING GAS PIPING FOR UNIT
HEATER TO BE REMOVED BACK TO MAIN AND CAPPED. FIELD VERIFY
EXISTING CONDITIONS PRIOR TO STARTING WORK.

9. EXISTING CAP WITH 14"Ø SUPPLY DUCT BRANCH AND DAMPER TO BE
REMOVED. FIELD VERIFY EXISTING CONDITIONS PRIOR TO STARTING WORK.

10. EXISTING CAP WITH 14"Ø RETURN DUCT BRANCH AND DAMPER TO BE
REMOVED. RETURN DUCT OPENING TO BE PROVIDED WITH WIRE MESH
GRILLE. FIELD VERIFY EXISTING CONDITIONS PRIOR TO STARTING WORK.

X DEMOLITION CODED NOTES:

05/02/2025
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