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SECTION 23 36 00 – air terminal units
PART 1 -  GENERAL 

1.01 RELATED DOCUMENTS 
A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section. 
B. Specifications throughout all Divisions of the Project Manual are directly applicable to this Section, and this Section is directly applicable to them.  

1.02 SUMMARY 
A. Perform all Work required to provide and install the following products as indicated by the Contract Documents with supplementary items necessary for proper installation.

1. Single duct variable or constant volume terminal units.
2. Dual duct variable or constant volume terminal units.

3. Fan powered constant volume terminal units.

4. Integral heating coils.

5. Integral controls.

6. Integral sound attenuator.

1.03 REFERENCE STANDARDS 
A. The latest published edition of a reference shall be applicable to this Project unless identified by a specific edition date. 
B. All reference amendments adopted prior to the effective date of this Contract shall be applicable to this Project. 
C. All materials, installation and workmanship shall comply with the applicable requirements and standards addressed within the following references: 
1. NFPA 90A ‑ Installation of Air Conditioning and Ventilation Systems.

2. UL 181 ‑ Factory‑Made Air Ducts and Connectors.

3. ARI Standard 880 for Air Terminals.

4. ANSI/ASHRAE Standard 130 – Methods of Testing for Rating Ducted Air Terminal Units.

1.04 SUBMITTALS 

A. Product Data: 
1. Shop Drawings of product data indicating configuration, general assembly, access space required for service, and materials used in fabrication.

2. Electronic or Printed Catalog performance ratings that indicate nominal inlet size, CFM, applicable static pressure at the inlet or discharge of terminal unit, and noise criteria with sound octave band and sound decibel test in accordance with ARI 880, for the insulation lining selected.

3. Leakage curves indicating inlet static pressure and actual tested leakage rates shall be submitted for all non-standard or custom-built terminal units.  

4. Unit manufacturer shall test and certify that each terminal unit used on this Project has been tested as specified.
B. Record Documents: 
1. Submit under provision of Division 01.
C. Operation and Maintenance Data: 
1. Operating instructions and maintenance manuals indicating maintenance and repair data, parts lists.

D. Sample Units:

1. One sample, 8 inch size, production run unit of each type shall be submitted for examination and approval by the Engineer, Owner, and TAB Firm.

2. This sample unit shall be submitted in addition to the required written submittal, well in advance of any requirement for installation of units, but absolutely no later than 60 calendar days after the Notice to Proceed with Construction.

3. Contractor shall allow a minimum of three (3) weeks for testing of the sample unit from the time shipped to the TAB Firm. The TAB Firm will test single duct terminal for casing leakage, damper leakage, and the specification requirements. The fan powered terminal will be tested for damper leakage, airflow tracking from minimum primary to maximum primary, discharge pressures from 0.25 inches w.c. to 0.6 inches w.c. with three different airflows (maximum, midpoint, and minimum). The fan powered terminal must maintain its downstream airflow ±5 percent. The fan powered terminal will be observed to maintain the Specification requirement. This period shall restart if the sample unit is rejected and another unit is resubmitted.

4. If rejected for any reason, Contractor shall expedite the documented corrections and shall resubmit a sample unit as soon as possible.

5. Any delay in submittal of the unit for approval shall not be grounds for Contractor’s claim of delay. If approved, the unit shall remain in the possession of the Owner at the Project Site for comparison with units as shipped to the Project.

6. Unit(s) shall be installed in the Project, at an accessible, marked location.

1.05 shipment testing prior to installation

A. Shipment Testing:  At the Owner’s discretion, a minimum of ten (10) percent of each size single duct terminal unit (but no less than one unit of each size on the Project) will be tested at the Project Site for casing leakage and damper leakage.  Fan powered terminals units will be tested for damper leakage and for conformance to this Specification. Contractor shall allow sufficient time during construction for the TAB Firm to perform all testing as may be required.

B. Unit Non‑Performance: 

1. If results of the shipment testing show that any of the units do not perform as specified, then an additional ten (10) percent of each size unit (but no less than one unit of a size, unless 100 percent of the size has been tested) shall be tested. 
2. If this testing, in the Owner’s opinion, shows that ten (10) percent or more of the units tested do not perform as specified, then 100 percent of all unit sizes shall be tested for conformance with these Specifications. 
3. The results of that testing shall be reviewed carefully between the Contractor, manufacturer, Owner, and Engineer. A method of repair or replacement of units will be negotiated. The Owner, however, shall maintain the right of final approval of any proposed solution. 

C. Should for any reason, the testing as described in this Section prove that any of the units do not perform as specified, Contractor shall be responsible for all subsequent labor, travel, travel expenses and incidental expenses, penalties, or other costs attendant to any additional testing as described in this Section, or as required to prove that the units perform as specified. This shall include, but not be limited to, the labor, travel and reasonable incidental expenses of not only the Contractor and TAB Firm, but also those incurred by the Owner as may be specifically required for this purpose.
1.06 warranty

A. Provide one year manufacturer’s warranty under provisions of Division 01.

PART 2 -  PRODUCTS 

2.01 GENERAL 
A. All materials shall meet or exceed all applicable referenced standards, federal, state and local requirements, and conform to codes and ordinances of authorities having jurisdiction. 
2.02 manufacturers
A. Manufacturer:  Company specializing in manufacturing the products specified in this Section with minimum three (3) years documented experience.

B. The same manufacturer shall provide all products supplied and/or installed under this Section.

C. Manufacturers:



1. Nailor Industries.

2. Titus.

3. Enviro.
4. Price.

5. Trane.
2.03 GENERAL CONSTRUCTION

A. Casing Single Wall Construction: 

1. General:  
a. Units shall be constructed of 20 gage galvanized steel. 
b. All interior features of the boxes (such as mixing baffles, damper housings, etc.) shall be secured within the casing to avoid excessive movement or rattling with air movement or externally generated vibration. 
c. All external features of the terminal units shall be designed not to extend beyond the ends of the unit. For example, the actuator mounting brackets, etc. shall not extend beyond the plane of the inlet "bulkhead." The only exception shall be flow sensors installed in the inlet duct connections. Note that if a separate flow station is installed within a frame within the casing, then it shall be so installed not to allow airflow to bypass the flow measurement station. 

2. Insulation:  Terminal unit casing shall be internally lined with a 1-inch thick, 3.0 pcf, R-Value of 4.2, fiberglass board insulation with a reinforced, non-porous foil facing. A minimum 1-inch thick, 1.5 lb/f3 density, closed cell, fiber-free insulation with vinyl facing may be used in lieu of fiberglass insulation. Insulation shall meet requirements of UL181 and NFPA 90A and shall not support bacterial or fungal growth. Edges and seams sealed or "captured" using sheet metal, formed to hold the insulation. Insulation shall be neatly installed with no rough edges to interrupt the smooth flow of air through the unit. Casing shall be insulated throughout its interior.

3. Ductwork Connections: Construct units with inlet and discharge ductwork connections. The inlet ductwork connections shall extend a minimum of 4 inches from the unit casing including an allowance for the installation of airflow station(s) or probe(s). The discharge connection shall include flange connection for use by the Contractor to secure the discharge ductwork or appurtenances to the unit and shall be reinforced to provide a rigid assembly. External insulation shall be as specified in the Contract Documents for duct insulation with full vapor barrier.

4. Single Duct Casing Leakage: Assembled units shall be constructed such that casing leakage does not exceed 1.0 percent of terminal unit rated airflow at 4 inches w.g. of inlet static pressure.

B. Casing Double Wall Construction: 

1. General:  
a. Outer wall shall be constructed of 20 gage galvanized steel and interior liner shall be 26 gage galvanized steel.  
b. Unit features such as mixing baffles, damper housings, etc., shall be secured within the casing to avoid excessive movement or rattling with air movement or externally generated vibration. 
c. All external features of the terminal units shall be designed not to extend beyond the ends of the unit. For example, the actuator mounting brackets, etc. shall not extend beyond the plane of the inlet "bulkhead." The only exception shall be flow sensors installed in the inlet duct connections. Note that if a separate flow station is installed within a frame within the casing, then it shall be so installed not to allow airflow to bypass the flow measurement station. 

2. Insulation:  Terminal unit casing shall have a 1-inch thick 1.9 pcf glass fiber insulation to produce an R-Value of 4.2 or greater.  Insulation shall meet requirements of UL181 and NFPA 90A.  All cut edges and seams of the insulation are to be sealed or "captured" using sheet metal flange.

3. Ductwork Connections:  Construct units with inlet and discharge ductwork connections. The inlet ductwork connections shall extend a minimum of 4 inches from the unit casing including an allowance for the installation of airflow station(s) or probe(s). The discharge connection shall include 1-inch extension with slip and drive connections for use by the Contractor to secure the discharge ductwork or appurtenances to the unit and shall be reinforced to provide a rigid assembly. External insulation shall be as specified in other sections of this specification for duct insulation with full vapor barrier.

4. Casing Leakage: Assembled units shall be constructed such that casing leakage does not exceed 1.0 percent of terminal unit rated airflow at 4 inches w.g. of inlet static pressure.

C. Damper:

1. Damper blades shall be minimum 18 gage galvanized steel or equivalent aluminum and shall be securely riveted or bolted through the damper shafts to assure no slippage of the blades. The damper shafts shall operate in rustproof self‑lubricating bearings. Damper shafts penetrating the unit casings shall be sealed against leakage and bearings shall be installed for protection against wear in the casing penetration. Damper shafts shall be formed of, or cut from solid stock; no hollow shafts will be allowed. The dampers shall seat against gas​keted stops or the dampers shall have gasketed edges. The dampers shall be constructed with the proper rigidity to prevent deformation of the damper blade. The damper actuator linkage, if used, shall be constructed of material of sufficient strength to avoid buckling under extreme loads. Also, linkages shall not allow play greater than 5 degrees of damper movement. The controls for the dampers shall cause the dampers to fail in the position of last control (freeze in place), or fail to the open position. 

2. Damper Leakage: Units shall be tested for inlet leakage with 4 inches w.g. static pressure imposed. The maximum percent leakage from all tests shall be reported. The following table provides the maximum allowable damper leakage for the various size diameter inlets at 4 inches w.g. differential pressure.

	INLET DIAMETER (INCHES)
	MAXIMUM ALLOWABLE CFM (AREA X 2000 FPM)
	MAXIMUM ALLOWABLE CFM DAMPER LEAKAGE

	6
	393
	6.0

	 8
	698
	11.0

	10
	1091
	17.0

	12
	1571
	20.0

	14
	2138
	30.0


3. Flow Measurement:  Airflow through the unit shall be accomplished by the use of a multi-port velocity pressure cross sensor or multi-axis flow ring devices with a minimum of four (4) radially distributed pick-up points connected to a center averaging chamber.  The chamber is to be designed with adequate internal passages to prevent restrictions that can possibly contribute to control ‘hunting’.  Calibration of each terminal unit with the building automation system (BAS) Provider’s controller is to be performed by the manufacturer prior to shipping the terminal unit to the Project Site.

4. [Thermal Anemometry:  Terminal Unit Velocity Sensors (Applicable only to a Single Point Probe): The probe shall utilize thermal anemometry as the sensing technique. Velocity range shall be 0 to 3250 feet per minute (fpm) and with an installed accuracy of ± 25 fpm. The velocity probe shall include an insertion type-mounting bracket that mounts flush to the supply duct. The velocity probe shall be mounted parallel to the damper shaft with 1/3 or 2/3 penetration into the duct. The velocity probe shall be mounted a minimum of two duct diameters upstream of the terminal inlet for the pneumatic system. For the BAS, both sensors shall be mounted immediately upstream of the terminal unit.]Electronic probes shall be temperature compensated. 
D. Access Plenum:  

1. Single duct units with hot water coils shall be provided with an access section or plenum between the single duct terminal and the coil for coil inspection.  Plenum construction shall be equal to the quality of materials and workmanship of the terminal unit.

2. Access plenum may also be used as a transition.  Construct with a transition angle not to exceed 15 degrees.

3. Access plenum shall contain a minimum of a 12 inch diameter or 12 inch x 12 inch (or full unit width if less than 12 inches) access door as specified in Section 23 33 00.

4. Door frame may be bolted, screwed, or flanged and sealed to the casing. Door shall be gasketed and shall be doublewall construction or insulated similar to main casing. Door shall be held in place with latches or other captive retainer devices.

E. Hot Water Heating Coil:

1. Hot water coils installed in conjunction with terminal units as scheduled on the Drawings shall be factory installed, one or two row with a maximum of 10 aluminum fins per inch.  Airside pressure drop shall be limited to 0.2 inches w.g. at unit rated cold airflow water pressure drop shall not exceed five feet water gauge.  Construct and test coils in accordance with UL and/or ARI Standards.

2. Provide full fin collars for accurate fin spacing and maximum fin-to-tube contact. Tubes shall be ½ inch diameter seamless copper with minimum wall thickness of 0.015 inches, leak tested at 300 psig air pressure under water.

3. Provide male sweat-type water connections.

4. Side and end plates shall be minimum 20 gage galvanized sheet metal construction.

5. Protect tube ends with tube end caps of sheet metal similar to casing material.  Insulate within the caps. Contractor shall insulate tube sheets and coil casings in same manner as adjacent ductwork.

6. Electric Heating Coil:  Electric heating coils installed in conjunction with terminal units as scheduled on the Drawings shall be factory-installed.  Heaters shall be UL listed for zero clearance and meet all applicable requirements of the NEC.  Resistance wire shall be 80 percent nickel and 20 percent chromium.  Furnish heater with airflow switch, SCR power to heating elements or magnetic contactors, fan relay, control voltage transformer, high limit thermal cut-out, and a NEMA 1 electrical enclosure. 
F. Unit Controls:

1. General Performance: Flow stations, control transformers, disconnect switch, and controls enclosure shall be furnished, mounted and adjusted by the terminal unit manufacturer to assure their proper placement within the units. If DDC controls of another manufacturer (not the terminal unit manufacturer) are provided for the Project, the terminal unit manufacturer shall be responsible only for construction of the terminal unit and installation of internal control components installed at the manufacturer’s factory and shall not be responsible for installation of controls not installed at the terminal unit manufacturer’s factory, nor shall the manufacturer be responsible for the performance of the DDC controls. The performance of DDC controls in connection with terminal units shall be the responsibility of the BAS Provider. 

2. Control Performance:  Assemblies shall be able to be reset to any airflow between zero and the maximum CFM shown on Drawings. To allow for maximum future flexibility, it shall be necessary to make only simple screwdriver or keyboard adjustments to arrange each unit for any maximum airflow within the ranges for each inlet size as scheduled on the Drawings. The control devices shall be designed to maintain the desired flow regardless of inlet flow deflection.

3. Control Sequences: The control sequence arrangements shall be as described on the Drawings. Terminal units shall be shipped from the manufacturer with all necessary control devices to accomplish each sequence, except as may be prohibited by the BAS Provider. The desired sequence shall be adjustable according to space usage or a change in space conditions.

G. DDC Controls Protocol/Description:

1. BAS Provider will be responsible for providing all damper actuators, linkages, flow transducers, controllers, room temperature sensors, and any other devices required for unit control, except as specified below.

2. BAS Provider will be responsible for calibrating the actuator and its controller through TAB work for scheduled airflow rates.  Units shall be capable of field calibration and readjustment with external gauge taps.

3. Unit manufacturer shall provide unit inlet flow sensor and pneumatic tubing for BAS Provider’s use.

4. Unit manufacturer shall factory install all devices furnished by BAS Provider to result in a complete functioning unit.  Unit manufacturer shall be responsible for reviewing compatibility of devices furnished by BAS Provider to units provided.

H. Pressure and Leakage Certification:

1. Manufacturer shall certify that each unit used on the Project will perform as specified.  Each unit shall bear a tag or decal listing the following specified information:

a. Test pressure.

b. Leakage CFM (damper).

c. Leakage CFM (casing except fan-powered units).

d. Date of manufacture.

e. Name of person performing test.

2.04 SINGLE DUCT VARIABLE OR CONSTANT VOLUME TERMINAL UNIT

A. Pressure independent, single duct variable or constant air volume control assemblies with integral attenuator, of the sizes, capacities and configurations as scheduled on the Drawings.

B. Unit pressure drop across the assembly with an equivalent 2000 fpm inlet velocity through the inlet shall not exceed 0.15 inches water gauge.

C. Sound Ratings:  All sound power levels shall be obtained from testing in accordance with ARI Standard 880.

2.05 DUAL DUCT VARIABLE OR CONSTANT VOLUME TERMINAL UNITS

A. Pressure independent, dual duct variable or constant air volume control assemblies with attenuator‑mixers of the sizes, capacities and configurations as scheduled on the Drawings. 

B. Unit Pressure Drop: For dual duct units with an integral attenuator‑mixer, but with no other accessories, the static pressure across the assembly with an equivalent 2000 fpm inlet velocity through one inlet shall not exceed 0.50 inches water gauge, with the total flow through either inlet. 

C. Mixing: 
a. Dual duct terminal units as specified herein shall provide mixing within the units and not rely upon the discharge ductwork to provide for completion of the mixing process. 
b. The horizontal average temperature of the air as it leaves the terminal unit shall not vary more than 1 degree F for each 10 degrees F of temperature difference between the two inlet air supplies. 

1) For example, if the cold supply air is 55 degrees F and the hot supply air is 95 degrees F, the difference is 40 degrees. The allowable temperature variation of the discharge air is, thus, 4 degrees F.

c. The temperature of the discharge air shall be measured using a pattern of four (4) vertical, evenly spaced columns and three horizontal, evenly spaced rows. 
d. The rows and columns shall be spaced so that the resulting 12 points shall be at the centers of equal areas. The plane of the points shall be perpendicular to the direction of airflow, within four (4) inches of the discharge of the terminal unit, within the discharge ductwork. The three readings in each column shall be averaged to determine compliance with the 1degree F criteria.
2.06 FAN POWERED CONSTANT VOLUME TERMINAL UNITS

A. Pressure independent, series fan-powered, constant volume terminal units with primary variable air volume damper that controls primary air quantity in response to a temperature control signal.  Units shall be of the sizes, capacities and configurations as scheduled on the Drawings.

B. Assembly:  Units shall be designed and built as a single unit with variable volume controls, heating coils, equipped with power circuit fusing, and disconnect switch. Terminal units equipped with electric heating coils shall have separate fused and disconnect electrical power circuits.  Provide a filter rack with a 1-inch thick throwaway filter to be used during the Project construction phase.  Replace filter with new filter prior to Owner acceptance. 

C. Fan Assembly:

1. Forward curved centrifugal type fan of metal construction.  Motor shall be General Electric ECM DC brushless; no exceptions.  Motor must be complete with and operated by a single phase integrated controller/inverter that operates the wound stator and senses rotor position to electrically commutate the stator.  All motors must be designed for synchronous rotation. Motor rotor must be permanent magnet type with near zero rotor losses.  Motor must have built in soft start and soft speed change ramps.  Motor must be able to be mounted with shaft in horizontal or vertical orientation.  Motor must be permanently lubricated with ball bearings.  Sleeve bearings will not be acceptable.  Motor shall be direct coupled to the blower.  Motor must maintain a minimum of 70 percent efficiency over its entire operating range.

2. Terminal unit manufacturer must set the fan CFM at the factory.  Fan CFM must be constant within +/-5 percent regardless of changes in static whether upstream or downstream of the terminal unit after it is installed.  Fan CFM shall be set with a potentiometer.  Neither SCRs nor rheostats are acceptable means of setting fan CFM.  A speed adjustment device must be included with the motor for field adjustment should construction or design changes become necessary.

3. Internally suspend and isolate fan/motor assembly from casing on rubber isolators to prevent noise and vibration transmission from the fan/motor assembly to the casing.

4. Provide fan/motor assembly with a service life of 15 years.

5. Provide non‑overloading type system with fan/motor assembly sized to supply all downstream static pressure requirements.

6. The unit casing shall have a bottom access panel which allows removal of fan/motor assembly and servicing of all interior components without disturbing duct connections.
D. Wiring:

1. Factory mounts and wires controls.  Mount electrical components in control box with removable cover.  Incorporate single point electrical connection to power source.

2. Provide an appropriately sized [120] [277] volt control power 24 VAC transformer and terminal strip in control box for field wiring of controls and power source.  Factory mounts the transformer on electronically controlled terminal units.  Contractor shall inform terminal manufacturer of the primary voltage in order to provide the correct step down control transformer.
3. Factory wire fan to terminal strip.

4. Provide factory installed disconnect switch.

E. Sound Performance Criteria

1. The following chart reflects maximum allowable radiated sound power level for fan powered terminal units.

2. All sound power levels shall be obtained from testing in accordance with ARI Standard 880. 

	Single Wall Unit Fan Powered Unit
	Maximum Radiated

Sound Power Level (dB) at Band Number and Center Frequency (Hz)

	Unit

Size

	Inlet Diameter

	Fan and 100%

Primary

CFM

	2

125

	3

250

	4

500

	5

1,000

	6

2,000

	7

4,000


	4
	8
	250 to 500
	55
	55
	50
	42
	39
	31

	4
	10
	501 to 800
	63
	60
	56
	49
	44
	37

	4
	12
	801 to 1,150
	70
	65
	61
	55
	49
	43

	6
	12
	1,151 to 1,400
	68
	64
	58
	53
	47
	42

	6
	14
	1,401 to 1,600
	71
	66
	60
	56
	50
	44

	6
	16
	1,601 to 2,050
	73
	61
	53
	47
	47
	47

	Single Wall Unit Fan Powered Unit
	Maximum Discharge
Sound Power Level (dB) at Band Number and Center Frequency (Hz)

	Unit

Size

	Inlet Diameter

	Fan and 100%

Primary
CFM

	2

125

	3

250

	4

500

	5

1,000

	6

2,000

	7

4,000


	4

	8

	250 to 500

	62

	57

	55

	51

	47

	47


	4
	10
	501 to 800
	68
	64
	59
	58
	55
	55

	4
	12
	801 to 1,150
	73
	69
	64
	63
	61
	61

	6
	12
	1,151 to 1,400
	72
	63
	63
	62
	60
	60

	6
	14
	1,401 to 1,600
	74
	66
	65
	64
	63
	60

	6
	16
	1,601 to 2,050
	76
	66
	63
	58
	60
	55

	Notes:
All ratings at 1.0 inches w.c. Inlet Static Pressure and 0.25 inches w.c. Discharge Static Pressure

Up to +2 dB variation allowed.

Radiated sound power is breakout noise transmitted through the unit casing.

Discharge sound power is the noise emitted from the unit discharge into the downstream ductwork. No reductions shall be considered for duct, room, arrangement, ceiling volume etc.


PART 3 -  EXECUTION 

3.01 INSTALLATION 
A. Installation shall meet or exceed all applicable federal, state and local requirements, referenced standards and conform to codes and ordinances of authorities having jurisdiction. 
B. All installation shall be in accordance with manufacturer’s published recommendations.

C. Provide clearance for inspection, repair, replacement, and service.  Ensure accessibility to all terminal unit electrical control panel doors, controllers and operators are located a minimum of 30 inches from all obstructions (walls, pipe, etc.).

D. Provide ceiling access doors or locate units above easily removable ceiling components.

E. Install terminal units with a minimum of four (4) diameters of straight duct directly prior to the entry into each terminal unit connection. 

F. Support units individually from structure. Do not support from adjacent ductwork.  For terminal units that are not internally isolated Refer to Section 20 05 48 for terminal unit vibration isolation requirements.  Terminal units shall be supported using units hanger brackets and threaded rods.
G. Connect to ductwork in accordance with Section 23 31 00.

H. Install heating coils in accordance with Section 23 82 16. 

I. Wiring and controller compartments, electronic motors and damper motors shall have a minimum 24 inch clear wide and deep working space readily accessible from lift out ceiling tiles or access panels.

END OF SECTION 23 36 00
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