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PART 1 - GENERAL 
 

1.1 WORK INCLUDED 

 
A. Comply with Division 1, General Requirements and all documents referred to therein. 

 
B. Provide all labour, materials, products, equipment and services to supply and install 

the motors, starters, control centres and wiring indicated on the Drawings and 
specified in this Section of the Specification. 

 
1.2 RELATED WORK 

 
A. Section 230075 - Variable Speed Drives. 

 
1.3 APPLICABLE PUBLICATIONS 

 
The Publications listed below form a part of this specification to the extent referenced. 
Publications are referenced in the text by basic designation only. 

 
A. IEEE 112 B - Test procedure for Polyphase Induction Motors and Generators 

 
B. NEMA MG I – Motors and Generators 

 
C. UL-B45 

 
D. NEMA 1652-322 

 
1.4 SUBMITTALS 

 
A. Submit shop drawings and manufacturers’ data for the following items in accordance 

with the conditions of the contract. 
 

1. Elementary control diagrams, unit wiring diagram for each motor controller, 
assembly outline drawings, summary sheets, shop interwiring diagrams, field 
connection diagrams, shall be submitted. 

 
2. Include full detailed and dimensioned plans, section and elevations. Include 

information on type and size of structural supports, metal thickness, surface 
finishes, bus cross sections, provisions for lifting as well as single line 
diagram of switch, fuse, circuit breakers, bus arrangements, metering 
arrangements, etc. 

 
3. Furnish complete schematic wiring diagram and a full set of equipment wiring 

diagrams for protective equipment relays, pilot, lights, alarms, controls, etc. 
Provide narratives for all wiring diagrams. 

 
4. Include full load heat rejection in BTU per hour for total components by control 

center. 
 

5. All circuit breaker sizes and types must be indicated. 
 

6. Where a control center assembly is shipped in more than one section, show 
field interwiring required to maintain circuit continuity upon reassembly. 
Clearly delineate shipping sections. 

7. Include a statement verifying coordination with the automatic temperature 
controls fire alarm system, BMS and the other required systems. 

 
8. For equipment and material submittals, provide certificate of origin to be 

included in the submittal and bill of lading before delivery to site. 
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1.5 QUALITY ASSURANCE 

 
A. Each as a complete and finished product shall receive a single integrated equipment 

rating by the manufacturer. The integrated equipment short circuit wiring shall certify 
that all equipment is capable of withstanding the thermal and magnetic stress of a 
fault equal to the value specified on the Drawings. Such rating shall be established by 
actual tests by the manufacturer on similar equipment. This certification shall be 
permanently affixed to each motor control center. Test data shall be submitted to the 
Engineer at time of submission of Acceptance Drawings. 

 
PART 2 - PRODUCTS 

 
2.1 MOTORS 

 
A. Provide Westinghouse, GE or U.S. Electric, 60 cycle, 1800 rpm for 4P motors, except 

where noted, with the following characteristics: 
 

1. under 1.0 kW - single phase, 230 V 
 

2. 1.0 kW and over - 3 phase, 400 V 
 

B. High efficiency motors (per NEMA Standard) shall be provided and shall be 
compatible with standard motor frames. 

 
C. All motors 1.0 kW and over, unless specified differently, shall be T-frame, A.C. 3 

phase and equal to Motor Efficiency Level as tested to the most recent issue of IEEE 
112B. 

 
D. Provide squirrel cage induction motors built to NEMA MGI. 

 
E. The minimum requirement for 3 phase motors shall be NEMA Design B, Class B 

insulated for maximum 40 deg. C ambient. 
 

F. Select motors for quiet continuous operation to suit loads imposed by equipment. 
Recognize that motor horsepower specified and scheduled are minimum sizes. 
Include extra costs for larger motors, starters, power wiring and additional control 
wiring if larger motors are required per Contractor’s actual approved submittals. 

 
G. Provide motor enclosures as follows: 

 
1. Open drip-proof, 1.15 service factor for motors protected from the weather 

and moisture entertainment to operate satisfactorily at maximum temperature 
and moisture levels of surrounding air for motors located in air streams. 

 
2. Totally enclosed fan cooled 1.15 service factor for motors in all other 

locations, including cooling towers. 
 

3. Provide explosion proof motors where scheduled. 
 

H. Equip motors 18 kW and larger, as well as those smaller but with longer than 10 
second starting time, with inherent overheat protection, consisting of thermistors, one 
for each phase, embedded in the stator windings. Extend wires out to motor terminal 
box, ready for field wiring into the starter holding coil circuit. Provide manual reset 
tripping device compatible with starter. 

 
I. Provide motors to operate with variable speed drives supplied according to Section 

230075 and to meet the following: 
 

1. Rated for VSD duty 
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2. Be operable from a pulse width modulated (PWM) waveform and shall not 
saturate while operating at up to 110% of the nameplate voltage. 

 
3. At least Class F insulation. 

 
4. Cast frame construction. 

 
5. Must be capable of running at 10% full rated speed with the VSD output 

provided by the drives supplied under Section 230075. 
 

6. Provided with thermal sensors imbedded in the windings with connections 
extended to the motor terminal box. For motor sizes up to and including 18.6 
kW, the thermal sensors may be thermistors. For larger sizes, provide RTDs 
(Resistive Temperature Device). Embed sensors in that part of the windings 
which is in the iron for response to both copper and iron temperature. 

 
J. Two speed motors shall be, single winding, variable torque high and low speed. 

Provide starter to suit motor requirements. 
 

2.2 STARTERS, CONTACTORS AND MOTOR CONTROL 

 
A. Starters and contactors factory built into the control panel of packaged equipment will 

be considered as an integral part of the package and may be from a different 
manufacturer. 

 
B. Magnetic Motor Starters 

 
1. Magnetic Motor Starters shall be for general purpose, Class A and for 

induction motors rated in horsepower. 
 

2. Self contained unit in a NEMA 1 gasketed enclosure (NEMA 3R where 
installed outdoors), externally operable from the front. 

 
3. Provide full voltage non-reversing (FVNR) type combination magnetic starters 

for motors of ½ HP (0.373 kw) to 7.5 HP (5.5 kw). 
 

4. Provide reduced voltage, non reversing, Wye-delta type combination 
magnetic starters for motors 10 HP (7.46 kw) up to 50 HP (37.3 kw). 

 
1. Adjustable timing relay for start to run transfer timing. 
2. Closed transition from reduced to full voltage. 

 
5. Provide reduced voltage, non-reversing, auto-transformer type, combination 

starters for motors above 50 HP. 
 

1. Two winding, open delta connected. 
 

2. Adjustable timing relay for start to run transfer timing. 
 

3. Closed transition from reduced to full voltage. 
 

4. Field adjustable auto transformers taps, 50%, 65%, and 80%, factory 
set at 80%. 

 
6. Provide an individual control power transformer with two primary and one 

secondary control fuses for each motor controller. The other secondary lead 
shall be grounded. Secondary voltage shall be 230V AC. 
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7. Provide each motor controller with three phase, ambient temperature 
compensating, thermal overload relays with heaters. Overload relays shall 
have be adjustable from 90% to 110% of heater rating, factory set at 100%. 
Provide an insulated pushbutton on the outside of door to reset overload 
relays. 

 
8. Provide each motor controller with a Hand-Off-Automatic (HOA) selector 

switch. Provide a Hand-Automatic (HA) selector switch for life safety 
equipment. Mount switch on outside of door. 

 
9. Provide each motor controller with 2 normally open and 2 normally closed 

auxiliary contacts long life (50,000 hours) pilot indicators on outside of door, 
auxiliary relays, and other devices required for operation of the equipment to 
be controlled. 

 
10. Provide transformer type indicating lights in from cover (Lens color(s) red- 

stop, green run) and push to test type indicating lights. 
 

2.3 MOTOR CONTROL CENTERS 

 
A. General 

 
1. Provide motor control centers, completely factory-assembled and tested, 

metal-enclosed, free-standing, dead-front equipment, with the following 
general ratings and construction designations. 

 
a. Voltage: 400/230V as indicated, 3 phase, 4-wire, 60 hertz except as 

otherwise noted. 
 

b. Minimum bus short circuit rating: as indicated in the drawing. 
 

c. Motor Controllers: Combination magnetic type with circuit breaker 
switches. 

 
d. Feeder access: Top or bottom as job conditions permit. 

 
e. Wiring: Type B, Class I, as defined by National Electrical 

Manufacturers’ Association Standards. 
 

B. Construction 
 

1. Provide number of vertical sections and general arrangement of modular 
control units as outlined and as required. Provide disconnect switches or 
miscellaneous equipment. Each vertical section to contain no more than 6 
modular units, unless otherwise indicated. 

 
2. Provide motor control centers to consist of detachable vertical sections, each 

reinforced, shaped, rigid, free-standing structure, with cover plate of steel or 
aluminium. Provide each standard section capable of mounting 
interchangeably with various motor controller units and designed so that 
control units may be readily removed or added as required. Mount entire 
assembly on two (2) sturdy structural steel channels, drilled for bolting to floor. 
Provide each section 2300mm overall height by 500mm wide by 500mm. 

 
a. Horizontal sections of entire assembly to contain the main horizontal 

bus feeding the busses of the vertical sections. Provide removable 
plates for access to main bus. Provide sections above or below 
control units constituting a continuous wiring through with screw-on 
covers along the entire length of the control center. 
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b. Provide each vertical section to be dead-front NEMA 4. Provide 
vertical bus full-length and isolated from starter compartments by a 
full-height fiber barrier, provided with opening so designed that control 
units of any standard size can be removed or added as required. 
Provide a 100-millimeter minimum-width, full-length vertical wiring 
trough with cable supports on one side of each section. Provide 
easily removable isolating metal barriers between control units. 

 
3. Provide a separate, formed, heavy sheet door for each control unit. Doors 

secured to the vertical section frame by screw-fastened, concealed hinges 
and bolted door fasteners, capable of being tightened by hand or screwdriver. 
Door to be gasketed dust-tight all around, including disconnect operating 
handles and knockouts and opening for required pushbuttons, selector 
switches and indicating lights. Do not attach wiring to door. 

 
4. Provide disconnect handle mounted on door of each control unit to operate 

switch through adjustable linkage with clearly marked “On” and “Off” 
designations. Handle designed for padlocking either in “On” or “Off” position 
with 1 to 3 padlocks. Provide mechanical interlock to prevent opening of door 
when handle is in the “On” position. Interlock to be bypassable with special 
tool. 

 
5. Provide each vertical section with a number of motor controllers, fused 

switches, or miscellaneous equipment units. Provide each unit with 
components and wiring readily accessible for ease of maintenance and 
connected to the vertical bus by means of self-aligning connectors having 
free-floating spring construction so as to insure a positive silver-to-silver 
contact with both sides of the bus at all times. Provide stationary structure 
and unit supports designed to support and align the units during removal or 
replacement and for locking in connect or disconnect positions. Provide units 
of modular heights and interchangeable with other units of same size or 
multiple of this size. 

 
a.   Provide each modular unit capable of being secured and padlocked    

from the power bus, to facilitate inspection and maintenance. 
 

6. Provide control center with facilities for future field installation of motor 
controller units without requiring modification of the bus structures. 

 
7. Thoroughly clean interior and exterior of entire assembly, including pullbox, 

after fabrication and give it a rust-inhibiting primer coat followed by finish 
coats of medium-light gray air-drying lacquer or baked enamel. 

 
8. Provide control center completely assembled and connected at factory and 

then given operating and high potential test in accordance with American 
Institute of Electrical Engineers and National Electrical Manufacturers’ 
Association Standard. Provide entire assembly suitably reinforced for 
shipping and provided with bolted-on lifting irons at the top. Ship control 
center as a single assembly unless entry conditions or handling facilities at a 
point of installation require division into smaller sections. 

 
9. Provide factory wired terminal strips for all required field connections at top of 

each vertical section. 
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C. Buswork 
 

1. Horizontal bus sized as indicated, but not less than 600 amperes. Provide 
bus supports of high-quality insulators with high dielectric strength low 
moisture absorption, and high impact strength, so arranged and secured to 
bus as to provide the required short-circuit bracing and integrated equipment 
rating. 

 
2. Bus bars shall be arranged throughout A-B-C left to right, top to bottom and 

front to rear. Where special circuiting precludes this arrangement has 
accepted by the Architects/Engineers bus, bars shall be permanently labelled. 

 
3. Conductor material shall be plated copper. 

 
4. Bus shall be sized at 155 centimeter but in no case less that of sufficient 

cross section to limit temperature rise to 55 degrees Celcius above an 
ambient temperature of 40 degrees Celcius. 

 
5. Horizontal bus shall be full size, tapered bus is not permitted. Provide bolt 

holes drilled and tapped for future expansion at the end of horizontal bus bars 
including neutral and ground bus. The provisions shall include bus bars 
installed and extended to the extreme side of the section and be fabricated in 
such a fashion that the addition of a future section would require only the 
installation of standard bolted splice plates. 

 
D. Grounding 

 
1. Provide a ground of 33 percent of phase bus capacity throughout the length of 

the control center with grounding lugs for equipment grounding. 
 

E. Motor Controllers 
 

1. Provide motor controller unit of the combination type with circuit breaker 
switches and magnetic starter, complete with auxiliary equipment, including 
selector switches, pushbuttons, indicating lights, auxiliary contacts, and all 
other devices required for satisfactory operation of the equipment to be 
controlled. 

 
a. Starter short-circuit current-interrupting rating to be not less than 

65,000 amperes symmetrical at 240 volts. 
 

b. Provide standard magnetic type starter 3 properly sized overload 
heaters for 3-phase motors, manual reset overload pushbutton, and a 
minimum of 2 auxiliary contacts arranged in the normally closed 
position. Provide each starter with a long-life green pilot light and a 
HAND-OFF-AUTOMATIC selector switch. Provide necessary 
interlocks and remote terminals for both local and remote  
connections indicated for the electrical or mechanical work. 
Coordinate requirements with BMS and Fire Alarm System and other 
required systems. 

 
c. Provide starter operating coil with voltage of 120 volts. Provide a two- 

winding control circuit transformer for each starter unit of sufficient 
capacity to supply the inrush and continuous volt-amperes required 
by the starter coil and other devices in the control circuit. Capacity of 
transformers shall be a minimum of 150VA over standard by size of 
motor starter. Furnish a dual element fuse in each line of the primary 
circuit of the control transformer. Required fuse size engraved on 
fuse block or adjacent thereto. 
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2.4 CONTROLLER OVER CURRENT PROTECTION AND DISCONNECTION MEANS FOR COMBINATION 

STARTER 

 
A. Motor Circuit Protector: A motor short circuit protector shall be permitted in lieu of 

devices as listed in PEC Part 1 Table 6.6.12.6. Motor short circuit protector is part of a 
PS or UL listed combination controller having both motor over load protection and 
short circuit & protection in each conductor and if it will operate at not more than 13 
times of full load motor current. Provide interlock to prevent opening front cover with 
motor circuit protector in ON position. Handle lockable in OFF position, where 
required to achieve specified short-circuit rating, provide a current-limiter attachment. 

 
B. Molded-Case Thermal/Magnetic Circuit Breakers: circuit breakers with integral 

thermal and instantaneous magnetic trip in each pole. Provide interlock to prevent 
opening front cover with circuit breaker in ON position defeatable with screw driver. 
Handle lockable in OFF position. Interrupting rating shall be as indicated in the 
drawings. Where required to achieve specified short-circuit rating, provide a current- 
limiter attachment. 

 
PART 3 - EXECUTION 

 
3.1 INSTALLATION AND WIRING 

 
A. Provide conduit and wiring materials and methods in strict accordance with Division 

26 requirements. 
 

B. Provide motors, starters, contactors, disconnect switches and control devices for 
Division 23 work. 

 
C. Provide all power wiring from load side of starters and contactors required for Division 

23 work. 
 

D. Sizing for starters and wiring shall meet requirements of the Electrical Code. 
 

E. Provide control wiring for all equipment provided or supplied under Division 23. 
 

F. Provide control wiring between kitchen exhaust hood control box and exhaust fan 
starter. 

 
G. Connections to motors shall be made in flexible seal-tight conduit, and with sufficient 

material to reduce vibration transmission and to allow full travel of motor for belt 
adjustment. 

 
H. Install wiring materials parallel to or perpendicular to building planes. 

 
I. Refer to Division 26, for all line side power wiring to loose starters, MCCs and 

Contactors. 
 

J. Refer to Division 26, for normal and emergency power service locations. Provide 
power wiring for electrical tracing, controls and elsewhere where required. 

 
K. Power wiring and control wiring connected to life safety equipment shall utilize fire 

rated cable. (Wiring located in room where equipment is located shall not be fire 
rated.) 
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3.2 WARNING NOTICES 

 
A. Place warning notices at each starter and on or close to each motor under BMS 

control. 
 

B. Provide conspicuous notices with bold lettering and advising that the motor is under 
BMS control and may start at any time without warning. Submit notices at the shop 
drawing stage for Consultant’s review. 

 

END OF SECTION 
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PART 1 - GENERAL 

 
1.1 WORK INCLUDED 

 
A. Comply with Division 1, General Requirements and all documents referred to therein. 

 
B. Provide all labour, materials, products, equipment and services to supply and install 

variable speed drives and motors, as indicated on the Drawings and specified in this 
Section of the Specifications. 

 
1.2 RELATED WORK 

 
A. Section 230055 – Motors, Starters, Control Centers and Wiring. 

 
B. Section 230900 – HVAC Instrumentation and Controls. 

 
1.3 APPLICABLE PUBLICATIONS 

 
The publications listed below form a part of this specification to the extent referenced. The 
publications are reference in the text by basic designation only: 

 
A. FCC Part 15, Class A 

 
B. Institute of Electrical and Electronic Engineers (IEEE): 

IEEE Standard 519 

1.4 QUALIFICATIONS 

 
A. Use only products which have been successfully used on other projects in similar 

HVAC applications and for which there are local parts and service. 
 

B. Provide variable speed drives from suppliers who have been established locally for at 
least five years. 

 
C. The manufacturer of variable speed drives should demonstrate a continuous period of 

manufacture and development for at least 15 years. The variable speed drives should 
be supported locally in the Philippines by the manufacturer who shall provide full 
technical support. 
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PART 2 – PRODUCTS 
 

2.1 GENERAL REQUIREMENTS 

 
A. Provide variable torque variable speed drives capable of driving a standard AC 

induction motor. 
 

B. Provide variable speed drives as shown in the equipment schedules on the Drawings. 
 

C. The variable speed drive should not be a general purpose product. It must be a 
dedicated HVAC drive with pump and fan characteristics in program. 

 
2.2 VARIABLE SPEED DRIVES (VSD) 

 
A. Provide VSDs to convert three phase, 60 Hz, 400 or 460 volt (refer to equipment 

schedule) utility power to an adjustable voltage and frequency, 3 phase power for 
stepless motor speed. The VSD must be designed with rectifiers in the input circuit 
which converts the incoming AC voltage to DC voltage. The DC voltage will be 
converted to AC voltage with insulated bipolar transistors (IGBTs) in the output circuit. 

 
B. Provide VSDs with Voltage Vector Control (VVC) output, all solid state. No motor 

derating is allowed. For pulse width modulated output, provide output LRC filters 
designed for 100 meters of output cable length. 

 
C. Provide IP54 (NEMA 4) enclosures for each variable speed drive for protection 

against dust, splashing water and moisture. 
 

D. Provide VSDs with built-in DC link filters to reduce harmonic distortion on the main 
supply. The 5th harmonic must be reduced to 35% or below in accordance with IEEE 
Standard 519-1992. No external reactors are allowed. 

 
E. Provide VSDs capable of accepting 400 or 460 volt (refer to equipment schedule), 3 

phase line voltage at the input terminals and capable of operating within rated input 
voltage of +\- 10% at 60 Hz. 

 
F. Provide current limiting feature that will protect the electronics upon sensing excessive 

currents by shutting the drive down. Maximum motor current must be limited to 110% 
of rated motor current to prevent motor damage. 

 
G. Provide local or remote mode selection to enable remote speed control or local speed 

control, programmable in the VSD through manual pre-setting. 
 

H. Provide manual speed control through the full speed range located on the outside 
front display of the VSD. 

 
I. Provide VSDs with speed control input for 0 to 5 VDC, 0 to 20 VDC, 2 to 10 mA or 4 to 

20 mA. 
 

J. Provide adjustments for maximum and minimum speeds, acceleration and 
deceleration times. Automatic adjustment of the ramp time, to prevent motor from 
tripping, must be incorporated in the VSD. In case of power loss, the VSD must go 
into an orderly, pre-programmed deceleration. Upon resumption of power, the VSD 
must go into an orderly, pre-programmed automatic restart sequence and provide for 
motor soft start. 

 
K. Provide VSDs rated to operate at maximum loads in ambient temperatures of 10 deg 

C to 40 deg C and ambient humidity range of 20 to 95% RH, non-condensing. 
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L. Design VSDs to suppress all electrical and radio interference. Ensure that 
interference, caused by switching, commutation, or pulse generation, does not affect 
sound, communication, video, radio or telephone systems, or any other control 
equipment in or adjacent to building. Keep external electrical and magnetic fields of 
VSD to minimum level that will not cause interaction with microphones, magnetic 
device replay heads, audio or radio frequency loops, computers or any other 
apparatus likely to be used in vicinity. Ensure that VSD is protected from unexpected 
service failure or normal levels of service-borne interference caused by others. The 
VSD shall comply with FCC Part 15, Class A. 

 
M. Provide short circuit protection for the VSD. The VSD must not be damaged if a short 

circuit at the output phase to phase or phase to ground occurs. The VSD must be 
protected against transients on the mains. 

 
N. Provide VSDs with a minimum line side power factor of 0.95 over the entire speed 

range. 
 

O. Provide VSDs with built-in as standard, galvanic isolation to protect connected PLCs 
or BMS against damage. 

 
P. Provide VSDs that model the motor in its software to predict motor overheating 

without the use of thermistors in the motor. If overheat is predicted, an alarm or 
automatic shutdown shall be initiated. 

 
Q. Provide VSDs that incorporate a run permissive function, which will export a “run 

permissive standby” signal to a digital output, when a start signal is applied to the 
VSD. 

 
R. Provide VSDs which can catch a rotating motor operating forward or reverse up to full 

speed without requiring fan or pump motor to stop and prevent nuisance tripping. 
 

S. In case of AC mains failure and voltage drops, the VSD must be able to reset 
automatically when the voltage normalizes. 

 
T. Provide VSDs with built-in PID controller to maintain constant pressure or flow for 

closed loop control or remote position. Two set point PID process controller should be 
able to accept at least two sensor feedback with minimum, maximum, sum, 
difference, or average calculations. Response to the set point/feedback differences 
must be programmable in process units. 

 
U. Provide VSDs with Automatic Motor Adaptation (AMA) to optimize motor 

performance, improve start capabilities and compensate for motor cable variances. 
AMA should be carried out at motor standstill with no need for detaching the load from 
the motor. 

 
V. Provide VSDs with automatic energy optimization feature to reduce voltages when the 

motor is lightly loaded and minimize the motor’s energy consumption. The remote 
position, a sleep mode should be carried out when the motor’s load is minimal and the 
motor should automatically restart when the theoretical output frequency exceeds the 
preset minimum value. 

 
W. If one of the input phases is missing or if there is critically high mains imbalance, the 

VSD must be able to reduce the output power to maintain operation at reduced speed. 
 

X. Provide VSDs with display on the front to indicate status for power, running or fault 
including operating speed indication, in percentage of full speed. Provision for logging 
and display of the total energy consumption in KWH must be available. 
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Y. In case of alarm or warning, a clear message must be indicated with clear 
alphanumeric text on the display of the VSD. 

 
Z. Provide VSDs with open protocol serial communication capability with the BMS in 

Section 230900 through the use of RS-485 or RS-232 port. Provide the necessary 
hardware and software for this communication. Liase with BMS vendor to ensure full 
communication including run/stop control, speed set adjustment, drive status, 
warning/fault status and diagnostics and drive by pass status at a minimum. 

 
2.3 SEQUENCE OF OPERATION 

 
1. With the Local/Remote mode selection in the Local position, power shall be applied to 

the VSD to provide a soft motor start and acceleration to the speed set on the manual 
control. 

 
2. With the Local/Remote mode selection in the Remote position, stop and start of the 

VSD will be controlled by the BMS or sensors sending a corresponding feedback 
signal wired to the appropriate VSD terminal. Drive speed will be controlled by the 
speed control input signal. 

 
PART 3 – EXECUTION 

 
3.1 INSTALLATION 

 
A. Meet manufacturer’s installation instructions. 

 
B. Field wiring of automatic controls shall be provided by the Controls Contractor. 

 
C. Provide a disconnect switch at the motor where required by the authorities having 

jurisdiction. Where such a switch is installed, provide an auxiliary contact or switch at 
the disconnect, mounted to open when the disconnect switch is opened and wired to 
the VSD terminal such that opening the disconnect switch initiates a drive shut down 
and prevents the drive from starting in either Line or Drives positions. 

 
D. Locate and mount VSD panels in Mechanical Rooms or where shown on the 

Drawings. 
 

E. Arrange for the manufacturer’s technical representative or local representative, if 
qualified, to inspect the installation of each drive and to commission operation with 
startup and testing procedures. Arrange for the controls Contractor to provide 
coordination of control sequences for start-up and testing. 

 

END OF SECTION 
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PART 1 – GENERAL 

 
1.1 DESCRIPTION 

 
A. Tanks, piping, and accessories located outside, underground or aboveground as 

shown, for storage and distribution of diesel fuel oil, or burner fuel oil (unheated or 
heated). Refer to drawings for type and temperature of fuel and for tank capacities. 

 
B. Tank fluid level monitoring and alarm systems. 

 
C. Tank and piping leak detection systems. 

 
1.2 RELATED WORK 

 
A. Section 099000 – Painting – Equipment and Piping 

 
B. Section 230050 - Basic Mechanical Materials and Method 

 
C. Section 230548 - Mechanical Vibration and Seismic Control 

 
 

1.3 QUALITY ASSURANCE 

 
A. Approval by Consultant is required of products or services of proposed 

manufacturers, suppliers and installers, and will be based on Contractor’s certification 
that: 

 
 1. Manufacturers regularly and currently manufacture tanks, tank and piping 

accessories, tank fluid level monitoring and leak detection systems. 

 
2. The design and size of each item of equipment provided for this project is of 

current production and has been in satisfactory operation on at least three 
installations for approximately three years. Current models of fluid level and 
leak detection systems with less than three years service experience are 
acceptable if similar previous models from the same manufacturer have at 
least three years service experience. 

B. Apply and install materials, equipment and specialties in accordance with 
manufacturer’s written instructions. Conflicts between the manufacturer’s instructions 
and the contract drawings and specifications shall be referred to the Consultant’s 
Technical Representative (CTR) or Consultant for resolution. Provide copies of 
installation instructions to the CTR prior to commencing installation of any item. 

 
C. All equipment shall be free from defects which would adversely affect the 

performance, maintainability and appearance of individual components or overall 
assembly. 

 
D. Tanks, Secondary Containment Systems for Piping, Plastic Piping and Containment 

Systems, Tank Level Monitoring Systems, Leak Detection Systems, Cathodic 
Protection Systems: Authorized manufacturers representatives shall provide on-site 
training of installers and supervision of the installation and testing of the equipment 
and systems to assure conformance to written instructions of manufacturers. 

 
E. Tank and piping installation contractor shall be certified as acceptable by local and 

pollution control authorities. 
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F. Entire installation shall conform to requirements of local and pollution control 
authorities. 

 
G. Pipe Welding: Conform to requirements of ASME B31.1. Welders shall show 

evidence of qualification. Each welder shall utilize a stamp to identify their work. 
Unqualified personnel will be rejected. 

 
H. Assembly of Glass Fiber Reinforced Plastic Piping: Installation personnel shall have 

been trained, tested and certified under a procedure approved by the manufacturer of 
the piping. Proof of certification, in writing, shall be provided to the CTR or RE. 

 
I. Where specified codes or standards conflict, consult the CTR or RE. 

 
J. Label of Conformance (definition): Labels of accredited testing laboratories showing 

conformance to the standards specified. 
 

K. Equipment and materials installed shall be compatible in all respects with other items 
being furnished and with existing items so that the result will be a complete and fully 
operational system which conforms to contract requirements. 

 
1.4 SUBMITTALS 

 
A. Underground Steel Tanks Including Vault-Type Tanks: 

 
1. Drawings of tanks, supports, ladders, platforms, tank manholes, emergency 

relief vents and all accessories. Include overall dimensions and dimensional 
locations and sizes of pipe connections, and access openings. 

 
2. Recommended tank support locations. 

 
3. Weight of entire tank assembly, empty and flooded. 

 
4. Design and construction of primary tanks, insulation, secondary 

containments, supports, pipe connections, platforms, heating coils. 
 

5. Application and performance data on coatings from manufacturer of coatings. 
 

6. Data certifying tanks are designed for surcharge loads of platforms shown. 
 

7. Certification of compliance with specified standards. 
 

8. Design, construction, performance, dimensions of emergency relief vents. 
 

9. Seismic Data: refer to Section 230548, Mechanical Vibration and Seismic 
Controls. 

 
B. Fuel Piping: 

 
1. ASTM and UL compliance. 
2. Grade, class or type, schedule number. 
3. Manufacturer. 

 
C. Pipe Fittings, Unions, Flanges: 

 
1. ASTM and UL compliance. 
2. ANSI standards number. 
3. Catalog cuts. 
4. Pressure and temperature rating. 
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D. Foot Valves, Check Valves, Overfill Prevention Valves: 
 

1. Catalog cuts showing design and construction. 
2. Pressure and temperature ratings. 
3. Pressure loss and flow rate data. 
4. Materials of construction. 
5. Accessories. 

 
E. Secondary Containment System for Fuel Piping: 

 
1. Sizes, materials, construction of containment system including end seals, 

sumps, coatings and pipe supports. 
2. Layout of system. 
3. Installation instructions. 
4. Design of cathodic protection system (steel casing). (Not Applicable) 

 
F. Leak Detection System: 

 
1. Drawings, description and performance data on sensors, control units. 
2. Description of operation. 
3. Layout of system. 
4. Installation and operating instructions. 
5. Data on interconnecting wiring systems to be furnished. 

 
G. Tank Fluid Level Monitoring Instrumentation System: 

 
1. Drawings showing instruments and in-tank sensing units, with dimensions. 
2. Design and construction of all elements of system. 
3. Installation instructions. 

 
H. Tank and Piping Accessories: Design, construction, and dimensions of vent caps, fill 

boxes, fill caps, spill containers and other accessories. 
 

I. For equipment and material submittals, provide certificate of origin to be included in 
the submittal and bill of lading before delivery to site. 

 
 

1.5 DELIVERY, STORAGE AND HANDLING 

 
A. Protection of Equipment: 

 
1. Equipment and material placed on the job site shall remain in the custody of 

the Contractor until phased acceptance, whether or not the Contractor has 
been reimbursed for the equipment and material by the Owner. The 
Contractor is solely responsible for the protection of such equipment and 
material against any damage. 

 
2. Place damaged equipment in first class, new operating condition; or, replace 

same as determined and directed by the Consultant or RE. Such repair or 
replacement shall be at no additional cost to the Owner. 

 
3. Protect new equipment and piping systems against entry of foreign matter on 

the inside. Clean both inside and outside before painting or placing 
equipment in operation. 
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4. Existing equipment and piping being worked on by the Contractor shall be 
under the custody and responsibility of the Contractor and shall be protected 
as required for new work. 

 
B. Cleanliness of Equipment and Piping: 

 
1. Exercise care in storage and handling of equipment and piping material to be 

incorporated in the work. Remove debris arising from cutting, threading and 
welding of piping. 

 
2. Piping systems shall be flushed, blown or pigged as necessary to provide 

clean systems. 
 

3. Clean interior of all tanks prior to delivery for beneficial use by the Owner. 
 

4. Contractor shall be fully responsible for all costs, damages and delay arising 
from failure to provide clean systems and equipment. 

 
1.6 APPLICABLE PUBLICATIONS 

 
The publications listed below form a part of this specification to the extent referenced. The 
publications are referenced in the text by basic designation only. 

 
A. Federal Specifications (Fed. Spec.): 

 
RR-F-621E Frames, Covers, Gratings, Steps, Sump and Catch Basin, 

Manhole 
 

B. American Society for Testing and Materials (ASTM): 

A36/A36M Carbon Structural Steel 

A53/A53M Pipe, Steel, Black and Hot-Dipped, Zinc-Coated, Welded and 
Seamless 

 
A106 Seamless Carbon Steel Pipe for High Temperature Service 

A126 Gray Iron Castings for Valves, Flanges and Pipe Fittings 

A234/A234M Piping Fittings of Wrought Carbon Steel and Alloy Steel for 
Moderate and High Temperature Service 

 
B62 Composition Bronze or Ounce Metal Castings 

 
D2996 Filament-Wound “Fiberglass” (Glass-Fiber-Reinforced- 

Thermosetting-Resin) Pipe 
 

D. American Society of Mechanical Engineers (ASME): 
 

B16.5 Steel Pipe Flanges, Flanged Pipes and Fittings. 
 

B16.9 Factory - Made Wrought Butt Welding 
 

B16.11 Forged Steel Fittings, Socket-Welding and Threaded 
B31.1 Code for Pressure Piping, Power Piping with Current 

Amendments 
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E. National Electrical Manufacturers Association (NEMA): 
 

250 Enclosures for Electrical Equipment (1000 Volts Maximum) 
 

F. National Fire Protection Association (NFPA): 
 

30 Flammable and Combustible Liquids Code 
 

31 Oil Burning Equipment 
 

70 National Electrical Code 
 

G. Underwriters Laboratories Inc. (UL): 
 

142-93 Steel Aboveground Tanks for Flammable and Combustible 
Liquids 

2085-97 Insulated Secondary Containment Above-ground Tank for 
Flammable and Combustible Liquids. 

1316 Underwriters Laboratories (UL) Standard for Safety Glass- 
Fiber-Reinforced Plastic Underground Storage Tanks for 
Petroleum Products, Alcohols, and Alcohol-Gasoline 
Mixtures. 

 
H. Steel Tank Institute (STI): 

 
F911-93 Standard for Unitized Steel Aboveground Storage Tank 

Systems with Open Top Secondary Containment 
 

F921-92 Double Wall Aboveground Steel Storage Tanks 
 

F922 Specification for Permatank 
 

I. National Association of Corrosion Engineers (NACE): 

NACE 3 Commercial Blast Cleaning 

NACE 4 Brush-off Blast Cleaning 
 
 

1.7 PERMITS 

 
Contractor shall obtain and complete all tank permit and registration forms required by 
governmental authorities. 
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PART - 2 PRODUCTS 

 
2.1 FUEL OIL PIPING 

 
A. Pipe larger than 12 mm, Schedule 40 steel to ASTM A120. 

 
B. All piping exposed to the elements or exterior of the building shall be galvanized. 

 
2.2 JOINTS AND FITTINGS 

 
A. Provide joints threaded with approved oil resistant jointing compound. 

 
B. For steel piping larger than 12 mm, provide screwed malleable iron fittings rated at 

1035 kPa. 
 

2.3 VALVES 

 
A. Provide Crane, Kitz, Nibco, Showa, Toyo or Victaulic valves from one manufacturer, 

new, all brass/bronze construction and packed for oil use, to the following Kitz Figure 
numbers: 

 
1. Gate valves 75 mm and smaller, 862 kPa bronze, screwed ends, rising stem, 

solid wedge disc, Fig. 24. 
 

2. Globe valves 75 mm and smaller, 862 kPa bronze, union bonnet, screwed 
ends with P.T.F.E. disc, Fig. 03. 

 
3. Check valves 75 mm and smaller, 862 kPa bronze, screwed ends, horizontal 

swing check, regrinding type, Fig. 22. 
 

4. Ball valves 75 mm and smaller, 1034 kPa, brass or bronze body, two piece, 
full port, screwed ends, with chrome plated solid ball, Fig. 58. 

 
B. Provide Jamesbury Type 23-2236MT or equivalent Apollo fuel supply fire safety ball 

valve complete with torque handle fusible link; Model LK 500 for 20 mm. 
 

2.4 GENERATOR EXHAUST PIPE (BY GENSET CONTRACTOR) 
 

A. Provide standard weight ASTM Specification steel pipe. Weld all joints, except at 
connection to muffler discharge pipe where flanges shall be used. 

 
B. Provide 1035 kPa forged steel, welding flange, flanged faced and drilled to conform to 

ASA B16.5. Provide asbestos-free high temperature gaskets 1.6 mm thickness. 
 

C. Provide flapper type weather cap at exterior end of stack, manufactured as an 
accessory item for the installation. Do not use field manufactured type. 

 
D. Where piping is exposed to weather, supply two coats of high temperature anti rust 

paint. 
 

2.5 FUEL OIL TRANSFER PUMPS 

 
A. Provide a duplex pumping set, direct driven gear pumps with performance required 

on Pump Schedule. 
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B. Equip each pump with suction and discharge pressure and vacuum gauges, 
discharge line globe valve, suction line gate valve, dual check valves, relief valve with 
stainless steel trim and piping to return line, thermometer and strainer. 

C. Provide under the complete pump set, a stainless steel drip tray with 40 mm upturned 
edges. 

 
D. Factory equip pump set with an oil pressure failure switch. Wire to the auto position  

of starters to shut off both pumps in the event of oil pressure drop due to oil line 
failure, or, increase in pressure due to blockage. 

 
E. Provide factory assembled panel to accomplish the specified control sequence.  

Panel shall include: 
 

1. Single power source for both fuel oil pumps with main disconnect switch. 
 

2. Individual magnetic starters for each pump with circuit breaker protection. 
 

3. Power "on" pilot light. 
 

4. High oil pressure failure pilot light. 
 

5. Low oil pressure failure pilot light. 
 

6. Motor run pilot light for each motor. 
 

7. Auxiliary contacts for BMS use to indicate each pump motor status. 
 

2.6 MAIN FUEL STORAGE TANK 
 

Fiber Reinforced Plastic (FRP) Main Fuel Oil Storage Tank (Base Offer) 
 

A. Fiber reinforced Plastic (FRP) Main Fuel Tanks (Base offer) 

1. Tank Design - Fiberglass reinforced plastic (FRP) tanks 

Tank Design: Double wall vessel as specified and shown on the drawings. 

B. Loading Conditions - Tank shall meet the following design criteria: 
 

1. The tank size, fittings and accessories shall be as shown on the drawings. 
2. Tank shall be manufactured with structural ribs which are fabricated as 

in integral part of the tank wall. 
3. Tank shall be manufactured with a laminate consisting of resin and glass 

fiber reinforcement only. No sand/silica fillers or resin extenders shall be 
used. 

4. Tank shall be vented to atmospheric pressure. 
5. Tank shall be capable of handling liquids with specific gravity up to 1.1 
6. Tank shall be compatible with liquids identified in the manufacturer's 

standard limited warranty. 
 

C. Surface Loads - Tank shall be designed to withstand surface H-20 and HS-20 axle 
loads when properly installed according to manufacturer's current Installation Manual 
and Operating Guidelines. 

 
D. External Hydrostatic Pressure for Underground Water Tank - Tank shall be designed 

for 7 feet of overburden over the top of the tank, the hole fully flooded, and a safety 
factor of 5:1 against general buckling. 
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Interstitial Space: 
 

A. The interstitial space between the primary and secondary walls shall be constructed 
with a glass reinforcement material such as Parabeam, which provides a structural 
bond between the two tank walls, while creating a defined interstice that allows for 
free flow of liquid. 

 
B. A tank top fitting shall be provided to allow for a monitoring sensor to be installed at 

the bottom of the interstice. 
 

C. The interstice of the tank shall be designed to withstand 20-psig (138 kPa) pressure. 
 

D. Tank Monitoring System: 

General: 

1. Tank shall be continuously monitored with hydrostatic leak monitoring 
system. 

2. The continuous monitoring system shall include monitoring fluid factory- 
installed in the interstitial space and within a fiberglass tank-top mounted 
reservoir. 

3. The monitoring system shall be recognized by the National W ork Group on 
Leak Detection Evaluations (NWGLDE) as continuous leak detection and as 
a precision tank test. 

4. The monitoring system shall be independently tested by a qualified third-party 
and verified to be capable of detecting leaks as small as .05 per hour when 
proper tank tightness test procedures are followed. 

 
Design: 

 
1. The continuous monitoring system shall be designed to detect a leak in either 

the primary or secondary wall at all times, regardless of the water table 
conditions at the installation site. 

2. The interstice of the tank shall be designed for a 5:1 safety factor beyond 
normal hydrostatic operating pressure to ensure structural integrity and to 
prevent false leak alarms. 

 
E. Tank Accessories - Diesel Exhaust Fluid (DEF) Applications: 

 
1. Tank Anchoring 

 
a. Anchor straps shall be as supplied by tank manufacturer and 

designed for a maximum load of 25,000 lbs (11340) 
b. Galvanized turnbuckles shall be supplied by the tank manufacturer. 
c. Prefabricated concrete anchors shall be supplied by the tank 

manufacturer, designed to the ACI 318 standard, manufactured with 
4,000 psi concrete and shall have adjustable anchor points. 

 
2. Tank Anchoring 

 
a. The tank shall have factory installed 42 inches or 48 inches (1067 

mm or 1219 mm)-diameter containment collars. 
b. Containment sumps in 42 inches or 48 inches (1067 mm or 1219 

mm) diameter shall be provided by the tank manufacturer and 
designed for mounting on the containment. 

c. Adhesive shall be provided by the tank manufacturer with each 
containment collar and sump. 
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d. Adhesive shall be provided by the tank manufacturer with each 
containment collar and sump. 

e. Containment collars and sumps shall be designed and supplied as a 
containment system. Only sumps provided by the manufacturer shall 
be allowed. 

 
3. Manways: 

 
a. The standard manway shall be flanged, 22 inches (559 mm) I.D. and 

complete with gaskets, bolts and include a stainless steel cover. 
 

4. Threaded Fittings: 
 

a. All threaded tank wall fittings shall be stainless steel NPT half or full 
couplings, in 2 inches (51 mm), 4 inches (102 mm) and 6 inches (152 
mm) diameters. 

b. Fittings shall be installed on the tank-top centerline or in the cover of 
the manway. 

 
Steel Main Fuel Oil Storage Tank (Alternative Only) 

 
A. Provide storage tanks suitable for under ground mounting located inside or  

installation inside a vault of the building (refer to plan for location). Tank shall be 
factory tested for a minimum of 5 PSI. 

 
B. Provide tanks with capacity indicated on plans. Provide tanks with manhole access 

and connections for piping detailed on the Drawings. 
 

C. Tank to be fabricated to Underwriters Laboratory of Standard. 
 

2.7 FUEL STORAGE DAY TANK 

 
A. Provide diesel fuel day tank complete with support stands. (Capacity and location as 

shown on plans). 
 

B. Factory pressure tested tank to 5 PSI. 
 

C. Fabricate to Underwriters Laboratory Standard. 
 

2.8 OVERFILL PROTECTION DEVICE 

 
A. Provide Scully Electronic Systems SP-O-E Dynaprobe within Main Storage Tank. 

 
B. Provide Scully Electronic Systems SF-15-LAB Single Point Control Unit in Nema 4 

Weatherproof Enclosure with red/green indicating lights, audible high level and alarm 
silence pushbutton. Control unit shall incorporate SF-15H module with dynamic self 
checking, and high level failsafe feature. 

 
C. Install Control Unit at Oil Fill Station. 

 
D. Provide interconnecting signal wire between probe and electronics. 

 
E. Provide engraved nameplate at Controller Location stating "Fill only when green light 

is flashing. Stop if red light comes on. Notify Building Engineer." 
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2.9 OVERFILL PROTECTION DEVICE 

 
A. Provide Magnetrol Model 802 Sentinel transmitter with dual D.P.D.T. relays for 

high/low level, and 4-20 mA output proportional to level, complete with integral 90 
second time delay. 

 
B. Install probe in a 32 mm external oil column with isolation, drain and vent valves. 

 
C. Set relays for low level failsafe operation. 

 
D. Wiring to transfer fuel oil pumps shall be by the Mechanical Contractor. 

 
2.10 FUEL OIL FILTER (BY GENSET CONTRACTOR) 

 
A. Provide Raycor Turbine Series filter and water separator in the fuel supply line 

downstream of the day tank. Assembly shall be 1000 FG (maximum 180 GPH). 
 

B. Locate assembly within the oil containment area. 
 

2.11 LEVEL INDICATION 

 
A. Provide Senior levelometer at each of main tanks. Locate adjacent to tank. 

 
B. Provide a Magnetrol Model 41-5027-XXX shielded capacitance probe and Model 802 

Sentinel 4-20 mADC transmitter, with dual DPDT high/low level relays, in the main 
fuel oil storage tanks. 

 
 

PART 3 – EXECUTION 

 
3.1 LEAK DETECTION SYSTEM 

 
A. Type: Automatic microprocessor-based continuous monitoring systems responsive to 

the presence of water and hydrocarbons in the interstitial space of the double-wall 
tanks, in the tank manhole access enclosures, and in the secondary containment of 
fuel piping systems. System shall distinguish between hydrocarbon and water and 
identify location of leak as to individual tank and piping system. System may be 
combined with tank fluid level monitor and alarm system specified in Article, TANK 
FLUID LEVEL MONITOR AND ALARM SYSTEM. 

B. Functions and Arrangement: 

1. Single control station to monitor all sensing probes. 

2. Visual indicator to monitor and identify leaks as water or hydrocarbon and 
location. 

3. Indicators showing system status including faults and alarms. 

4. On board printer which provides complete reports of all system functions 
upon command. 

5. Panel circuit test button. 

6. 95 dB audible alarm with silencing control to sound when leak is detected. 

7. Eight hour memory backup system with battery. 

8. NEMA 250 Type 4 cabinet. 

9. UL or other accredited testing laboratory listing. 
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10. Interface with engineering control system to indicate system in service and 
alarm conditions. 

C. Sensors: 

1. Designed for required locations including: Insertion between walls of double- 
wall tanks, in sumps in double-wall piping systems and in tank manhole 
enclosures. Sensing points shall be at lowest point of each tank or sump. 
Intrinsically safe design. 

2. Sensing units shall detect presence of water and a minimum 3 mm (0.125 
inch) thick layer of hydrocarbon on surface of water and minimum 50 mm (2 
inch) thickness of hydrocarbon in area which has no water present. 

3. Cap, at grade, for each sensor. Designed to allow removal and replacement 
of sensor without disturbing other portions of leak detection system or fuel 
storage and piping system. 

4. Materials of construction shall be non-corroding. 

5. Transmit status signal to control unit. 

D. Components: 

1. Provide manholes at grade for each sensor cap similar in construction to fill 
boxes. Manholes shall be cast iron, quick-opening cover,  watertight, 
minimum size necessary to accommodate sensor caps. Provide identification 
plates, similar to those specified for fill points, labeled 
“MONITORING/OBSERVATION WELL-DO NOT FILL”. Provide special tools 
if necessary for opening covers. 

2. Sensor housings from tank and piping to grade shall be Schedule 40 PVC, or 
stainless steel. 

3. Underground wiring between probes and control unit: Place in water-tight 
corrosion-resistant conduit system conforming to electrical specifications. 

 
3.2 TANK FLUID LEVEL MONITOR AND ALARM SYSTEMS 

 
A. Type: Microprocessor-based systems for central monitoring of fuel and water levels in 

all fuel oil storage tanks in the project. High and low level visual and audible alarms. 
Volumetric tank-tightness testing. Complete with all transducing, transmitting, and 
receiving devices. On board printer to provide complete report of all system functions 
upon command. System may be combined with leak detection system specified in 
Article, LEAK DETECTION SYSTEMS. 

B. Fluid Level Monitor: 

1. Digital continuous readout, showing tank oil and water levels in liters, 
(smallest reading one liter). Provide identification of product measured, 
measuring units, and the tank number. 

2. Tank and fuel characteristics contained in preprogrammed non-volatile field- 
replaceable databases. Protected power supply. 

 
C. High and Low Fluid Level Alarm System: 

 
1. Automatic continuous on-line monitoring of all tanks. 

2. Visual and audible indicators combined with fluid level monitor. Identify the 
tank which is in alarm condition. 

3. Manual alarm test and silencing controls. 

4. Low level alarm actuation adjustable 0-25 percent of tank capacity. High level 
alarm actuation adjustable 75-100 percent of tank capacity. 



Fuel Oil Storage Tank, Piping and Accessories 
SECTION 230191 

DIVISION 23 – MECHANICAL 

FOR TENDER 
Page 12 of 13 

MEINHARDT PHILIPPINES, INC. 

 

 

 

D. Locate all indicators, selector switches, alarms on face of wall-mounted NEMA 250, 
Type 4 panel. 

E. Remote Alarm Annunciator: 

1. Visual and audible high level alarms adjacent to tank fill box locations. Locate 
in NEMA 250 Type 4X weatherproof exterior wall or pole-mounted panels. 

2. Alarm shall include flashing red light with 180 degree visibility for each tank 
and 95 dB horn or 100 mm (4 inch) diameter bell. Provide alarm silence 
control. 

3. Provide identification sign: "WHEN ALARM SOUNDS - FUEL TANK FILLED 
TO CAPACITY - DO NOT OVERFILL". 

F. Interface with engineering control system to indicate tank fluid level and alarm 
conditions. 

G. System Performance: Accuracy plus or minus 2.5 mm (0.01 inch) of fluid height in 
inventory mode and 0.25 mm (0.001 inch) in leak detection mode. Automatic 
compensation for fluid temperature changes. Volumetric tank tightness sensitivity of 
0.4 lph (0.1 gph). 

H. Sensors: 

1. Provide sensor types such as magnetostrictive, capacitance, float,  
hydrostatic and other types as necessary for the applications. 

2. Apply in accordance with manufacturer’s instructions with provisions for easy 
future replacement without need for excavation. 

3. Provide for each hydrostatic sensor a constant flow differential pressure 
regulator and pneumatic transmitter protected from fuel contamination. Air 
supply shall include filter and over-pressure protection. Provide desiccant- 
type dryer on air supply designed for removal of water vapor. Dryer rating, 
minimum 280 cubic liters per minute (10 scfm). Provide moisture indicator. 
Dryer may be deleted if air supply source has a refrigerated dryer. 

4. Float-type units shall be designed for installation and removal through a 100 
mm (4 inch) diameter vertical pipe mounted in the top of the tank. 

I. Underground Wiring and Piping: Enclose in water-tight corrosion-resistant conduit 
system sized and arranged as recommended by system manufacturer and 
conforming to electrical specification. 

J. Code Conformance: NFPA-70. 

K. Manufacturer: Preferred Utilities, Veeder-Root, or equal. 

 
3.3 CONCRETE FOUNDATIONS 

 
Concrete ballast foundations for underground tanks and concrete pads for aboveground tanks 
are specified under specification of Structural Consultant. Ballast foundations shall be sized 
for buoyancy of entire tank when empty. Credit for overburden is allowed. 

 
3.4 GENERATOR FUEL SYSTEM PIPING INSTALLATION 

 
A. Slope fill and vent piping to storage tank. Provide swing joint pipe connections. 

 
B. Terminate the oil tank vent in a manufactured vent fitting similar to OPW catalogue 

#45. 
 

C. Provide an alarm whistle on vent piping. 
 

D. Provide manufactured lockable fill cap similar to OPW catalogue #62. 
E. Install fuel oil connections at generator. (By Genset Contractor) 
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3.5 FUEL PROVISION (BY GENSET CONTRACTOR) 
 

A. Provide sufficient fuel to circulate for 48 hours to clean fuel system. Discard  
circulated fuel. 

 
B. Fill complete system, including all tanks and piping with fuel oil recommended by 

generator manufacturer. 
 

C. Refill system following final testing. 
 

3.6 GENERATOR EXHAUST PIPE INSTALLATION (BY GENSET CONTRACTOR) 
 

A. Provide all connectors, hangers and brackets required for a satisfactory installation. 
Allow for expansion in the vertical and horizontal directions, especially at locations 
where pipes pass through roof or wall. 

 
B. Insulate exhaust stack and muffler as per Section 230700. 

 
3.7 WIRING AND CONTROLS 

 
A. Fuel pumps shall be able to run at all times. Fuel shall recirculate from day tank to 

main storage tanks. 
 

B. Wire low level switch on day tank to generator control panel to annunciate low fuel 
alarm. 

 
C. Wire high space temperature switch in Generator Room to generator control panel to 

annunciate ventilation failure alarm. 
 

D. Field calibrate all level controls.  Provide 24 VDC power to level controls, connected 
to emergency power source. 

 
E. Provide all wiring and devices necessary to implement the pump and alarm/trouble 

controls described in this section. 
 

3.8 TESTING 

 
A. Test fuel oil system to NFPA standards. 

 
B. Pressure test exhaust stack at 35 kPa with air. Maintain test pressure for a minimum 

of 1 hour. 
 

C. Cooperate with Division 26 in testing of the complete installation. 
 
 

END OF SECTION 
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PART 1 - GENERAL 

 
1.1 DESCRIPTION 

 
Noise criteria, seismic restraints for equipment, vibration tolerance and vibration isolation for 
HVAC Works. 

 
1.2 RELATED WORK 

 
A. Section 230050- Basic Mechanical Materials and Methods. 

 
B. Section 233113- Metal Ducts and Accessories. 

 
1.3 QUALITY ASSURANCE 

 
A. Refer to article, QUALITY ASSURANCE in specification Section 230050. 

 
B. Noise Criteria: 

 
1. Noise levels in all 8 octave bands due to equipment and duct systems shall 

not exceed following NC levels: 
 

 

TYPE OF SPACE 

 
NC CRITERIA 
(NC) LEVEL 

General office space in excess of 
5 meters from the core mechanical 
rooms 

35 

Offices within 5.0 meters of the 
core 

40 

Lobbies, Corridors, Halls 45 
Service Spaces, Parking Garages 45-50 

 
2. After systems have been balanced, take sound measurements throughout  

the complete range of audible frequencies from 63 Hz through 8000 Hz, in 
each occupied area above, below and beside each Mechanical Equipment 
Room and where directed. Plot readings on noise criteria NC curves. 

 
3. Modify, as required and at no additional cost to the Owner, the fan  

distribution and other mechanical systems to achieve the specified noise 
criteria. 

 
4. Submit a report, including sound curves, to substantiate that equipment has 

been isolated adequately, and that acceptable noise levels have been 
attained. Provide a list to indicate equipment in operation at time of readings 
taken. Certify report by Professional Engineer. 

 
5. Make sound measurements in accordance with the American Standard 

Method for the Physical Measurement of Sound, ANSI S1.2. 
 

6. Sound measuring equipment shall be Type 2 Class I in accordance with  
ANSI Standards S1.4 or S1.11. 
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7. For equipment which has no sound power ratings scheduled on the plans,  
the contractor shall select equipment such that the foregoing noise criteria, 
local ordinance noise levels, and OSHA requirements are not exceeded. 
Selection procedure shall be in accordance with ASHRAE Fundamentals 
Handbook 2001, Chapter 7, Sound and Vibration. 

 
8. An allowance, not to exceed 5db, may be added to the measured value to 

compensate for the variation of the room attenuating effect between room  
test condition prior to occupancy and design condition after occupancy which 
may include the addition of sound absorbing material, such as, furniture. This 
allowance may not be taken after occupancy. The room attenuating effect is 
defined as the difference between sound power level emitted to room and 
sound pressure level in room. 

 
9. In absence of specified measurement requirements, measure equipment 

noise levels three feet from equipment and at an elevation of maximum noise 
generation. 

 
C. Seismic Restraint Requirements: 

 
1. Equipment: 

 
a. All mechanical equipment not supported with isolators external to the 

unit shall be securely anchored to the structure. Such mechanical 
equipment shall be properly supported to resist a horizontal force of 
50 percent of the weight of the equipment furnished. 

 
b. All mechanical equipment mounted on vibration isolators shall be 

provided with seismic restraints capable of resisting a horizontal force 
of 100 percent of the weight of the equipment furnished. 

 
2. Piping: Refer to specification Section 230050. 

 
3. Ductwork: Refer to specification Section 233113. 

 
D. Allowable Vibration Tolerances for Rotating, Non-reciprocating Equipment: Not to 

exceed a self-excited vibration maximum velocity of 5 mm per second (0.20 inch per 
second) RMS, filter in, when measured with a vibration meter on bearing caps of 
machine in vertical, horizontal and axial directions or measured at equipment 
mounting feet if bearings are concealed. Measurements for internally isolated fans 
and motors may be made at the mounting feet. 

 
1.4 SUBMITTALS 

 
A. Manufacturer's Literature and Data: 

 
1. Vibration isolators: 

 
 a. Floor mountings 
 b. Hangers 
 c. Snubbers 
 d. 

 
Bases. 

Thrust restraints 

2.  

 
3. Seismic restraint provisions and bolting. 

 
4. Acoustical enclosures. 
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B. Isolator manufacturer shall furnish with submittal load calculations for selection of 
isolators, including supplemental bases, based on lowest operating speed of 
equipment supported. 

 
C. Seismic Requirements: Submittals are required for all equipment anchors, supports 

and seismic restraints. Submittals shall include weights, dimensions, standard 
connections, and manufacturer's certification that all specified equipment will 
withstand seismic Lateral Force requirements as shown on the documents. 

 
D. In conjunction with vibration isolator supplier/manufacturer, the Contractor shall 

submit official certification on vibration – free installation. 
 

E. For equipment and material submittals, provide certificate of origin to be included in 
the submittal and bill of lading before delivery to site. 

 
1.5 APPLICABLE PUBLICATIONS 

 
The publications listed below form a part of this specification to the extent referenced. The 
publications are referenced in the text by the basic designation only. 

 
A. American Society of Heating, Refrigerating and Air-Conditioning Engineers, Inc. 

(ASHRAE): 
 

ASHRAE Fundamentals Handbook 2001 - Sound and Vibration, Chapter 7 
 

B. American Society for Testing and Materials (ASTM): 
 

A123/A123M - Zinc (Hot-Dip Galvanized) Coatings on major Iron 
and Steel Components (except spring elements). 

 
A884/A884M-02 - Epoxy Coating on spring elements and other Iron 

and Steel components. 
 

A325 - Carbon Steel Bolts and Studs, 60,000 PSI Tensile 
Strength 

 
D2240 - Standard Test Method for Rubber Property - 

Durometer Hardness 
 

A216 - Carbon Cast Steel top cup and bottom cup. 
 

C. Occupational Safety and Health Administration (OSHA): 
 

29 CFR 1910 - Guidelines for Noise Enforcement, Appendix A, 1983 
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PART 2 – PRODUCTS 

 
2.1 GENERAL REQUIREMENTS 

 
A. Type of isolator, base, and minimum static deflection shall be as required for each 

specific equipment application as recommended by isolator or equipment 
manufacturer but subject to minimum requirements indicated herein and in the 
schedule on the drawings. 

 
B. Elastometric Isolators shall comply with ASTM D2240 and be oil resistant neoprene 

with a maximum stiffness of 60 durometer and have a straight-line deflection curve. 
 

C. Exposure to weather: Isolators, excluding springs, exposed to weather shall be hot 
dip galvanized after fabrication. Hot-dip zinc coating shall not be less than 609 grams 
per square meter (two ounces per square foot) by weight complying with ASTM A123 
or Epoxy Coating complying with ASTM A884/A884M-02.In addition provide limit 
stops to resist wind velocity. Comply with the design wind velocity of 125 mph (200 
kmph). 

 
D. Uniform Loading: Select and locate isolators to produce uniform loading and 

deflection even when equipment weight is not evenly distributed. 
 

E. Color code isolators by type and size for easy identification of capacity. 
 

2.2 SEISMIC RESTRAINT REQUIREMENTS FOR EQUIPMENT 

 
A. Bolt pad mounted equipment, without vibration isolators, to the floor or other support 

using ASTM A307 standard bolting, material or equal. 
 

B. Floor mounted equipment, with vibration Isolators: Type SS. Where Type N isolators 
are used provide channel frame base horizontal restraints bolted to the floor, or other 
support, on all sides of the equipment Size and material required for the base shall be 
as recommended by the isolator manufacturer. 

 
C. On all sided of suspended equipment, provide bracing for rigid supports and provide 

restraints for resiliently supported equipment. The slack cable restraint method, 
Mason Industries, or equal, is acceptable. 

 
2.3 VIBRATION ISOLATORS 

 
A. Floor Mountings: 

 
1. Double Deflection Neoprene: Shall include neoprene covered steel support 

plated (top and bottom), friction pads, and necessary bolt holes. 
 

Type: “Mason” SLFH, “VCS” NM or equal 
 

2. Captive Spring Mount for Seismic Restraint: 
 

a. Design mounts to resiliently resist seismic forces in all directions. 
Snubbing shall take place in all modes with adjustment to limit 
upward, downward, and horizontal travel to a maximum of 6 mm (1/4- 
inch) before contacting snubbers. Mountings shall have a minimum 
rating of one G coefficient of gravity as calculated and certified by a 
registered structural engineer. 
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b. All mountings shall have leveling bolts that must be rigidly bolted to 
the equipment. Spring diameters shall be no less than 0.8 of the 
compressed height of the spring at rated load. Springs shall have a 
minimum additional travel to solid equal to 50 percent of the rated 
deflection. Mountings shall have ports for spring inspection. Provide 
an all directional neoprene cushion collar around the equipment bolt. 

 
Type: “Mason” SSLFH, “VCS” SM or equal 

 
3. Spring Isolators with Vertical Limit Stops: Similar to spring isolators noted 

above, except include a vertical limit stop to limit upward travel if weight is 
removed and also to reduce movement and spring extension due to wind 
loads. Provide clearance around restraining bolts to prevent mechanical short 
circuiting. Isolators shall have a minimum seismic rating of one G. 

 
Type: “Mason” SLR, SLRS, “VCS” FSR or equal 

 
4. Seismic Pad: Pads shall be felt, cork neoprene waffle, neoprene and cork 

sandwich, neoprene and fiberglass, neoprene and steel waffle, or reinforced 
duck and neoprene, with steel top plate and drilled for an anchor bolt. 
Washers and bushings shall be reinforced duck and neoprene. Size pads for 
a maximum load of 345 kPa (50 pounds per square inch). 

 
Type “Mason” Super W, Mini Super W, “VCS” HE or equal 

 
B. Hangers: Shall be combination neoprene and springs unless otherwise noted and 

shall allow for expansion of pipe. 
 

1. Combination Neoprene and Spring: Vibration hanger shall contain a spring 
and double deflection neoprene element in series. Spring shall have a 
diameter not less than 0.8 of compressed operating spring height. Spring 
shall have a minimum additional travel of 50 percent between design height 
and solid height. Spring shall permit a 15 degree angular misalignment 
without rubbing on hanger box. 

 
Type: “Mason” 30N, “VCS” HE or equal 

 
2. Spring Position Hanger: Similar to combination neoprene and spring hanger 

except hanger shall hold piping at a fixed elevation during installation and 
include a secondary adjustment feature to transfer load to spring while 
maintaining same position. 

 
Type: “Mason” PC30N, “VCS” HPE or equal 

 
3. Neoprene: Vibration hanger shall contain a double deflection type neoprene 

isolation element. Hanger rod shall be separated from contact with hanger 
bracket by a neoprene grommet. 
Type: “Mason” HD, “VCS” H1-3 or equal 

 
4. Spring: Vibration hanger shall contain a coiled steel spring in series with a 

neoprene grommet. Spring shall have a diameter not less than 0.8 of 
compressed operating spring height. Spring shall have a minimum additional 
travel of 50 percent between design height and solid height. Spring shall 
permit a 15 degree angular misalignment without rubbing on hanger box. 

 
Type: “Mason” 30, “VCS” H or equal 
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5. The first four (4) Hanger supports from the vibrating equipment for piping 5 
mm (2 inches) and larger shall have a pointer and scale deflection indicator. 

 
Type: “Mason” PC30N or equal 

 
C. Snubbers: Each spring mounted base shall have a minimum of four all-directional or 

eight two directional (two per side) seismic snubbers that are double acting. 
Elastomeric materials shall be shock absorbent neoprene bridge quality  bearing 
pads, maximum 60 durometer, replaceable and have a minimum thickness of 6 mm 
(1/4 inch). Air gap between hard and resilient material shall be not less than 3 mm 
(1/8 inch) nor more than 6 mm (1/4 inch). Restraints shall be capable of withstanding 
design load without permanent deformation. 

 
Type: “Mason” Z-1011, Z-1225 or equal 

 
D. Thrust Restraints: Restraints shall provide a spring element contained in a steel  

frame with neoprene pads at each end attachment. Restraints shall have factory 
preset thrust and be field adjustable to allow a maximum movement of 6 mm (1/4 
inch) when the fan starts and stops. Restraint assemblies shall include rods, angle 
brackets and other hardware for field installation. 

 
Type: “Mason” WBI, WBD, or equal 

 
2.4 BASES 

 
A. Rails: Design rails with isolator brackets to reduce mounting height of equipment and 

cradle machines having legs or bases that do not require a complete supplementary 
base. To assure adequate stiffness, height of members shall be a minimum of 1/12 of 
longest base dimension but not less than 100 mm (4 inches). Where rails are used 
with neoprene mounts for small fans or close coupled pumps, extend rails to 
compensate overhang of housing. 

 
Type: “Mason” ICS Rails, or equal 

 
B. Integral Structural Steel Base: Design base with isolator brackets to reduce mounting 

height of equipment which require a complete supplementary rigid base. To assure 
adequate stiffness, height of members shall be a minimum of 1/12 of longest base 
dimension, but not less than 100 mm (four inches). 

 
Type: “Mason” WFSL or equal 

 
C. Inertia Base: Base shall be a reinforced concrete inertia base. Pour concrete into a 

welded steel channel frame, incorporating pre-located equipment anchor bolts and 
pipe sleeves. Level the concrete to provide a smooth uniform bearing surface for 
equipment mounting. Provide grout under uneven supports. Channel depth shall be a 
minimum of 1/12 of longest dimension of base but not less than 150 mm (six inches). 
Form shall include 13-mm (1/2-inch) reinforcing bars welded in place on minimum of 
203 mm (eight inch) centers running both ways in a layer 40 mm (1-1/2 inches) above 
bottom. Use height saving brackets in all mounting locations. Weight of inertia base 
shall be equal to or greater than weight of equipment supported to provide a 
maximum peak-to-peak displacement of 2 mm (1/16 inch). 

 
Type: “Mason” BMK or equal 
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D. Curb Mounted Isolation Base: Fabricate from aluminum to fit on top of standard curb 
with overlap to allow water run-off and have wind and water seals which shall not 
interfere with spring action. Provide resilient snubbers with 6 mm (1/4 inch) clearance 
for wind resistance. Top and bottom bearing surfaces shall have sponge type weather 
seals. Integral spring isolators shall comply with Spring Isolator (Type S) 
requirements. 

 
Type: “Mason” CMAB or equal 

 
2.5 SOUND ATTENUATING UNITS 

 
Refer to specification Section 233113. 

 
2.6 ACOUSTICAL ENCLOSURES IN MECHANICAL ROOMS 

 
Provide if necessary to meet the required NC criteria at no additional cost to the Owner. 
Enclosures shall be removable and sectional, of a size and weight that sections can be  
readily handled with typical lifting and moving equipment available in the equipment room. 
Enclosures must contain access openings, observation ports, lights, and ventilation where 
required for normal operation, observation and servicing. 

 
2.7 VERTICAL RISER SUPPORT SYSTEM 

 
All vertical risers subjected to thermal expansion and/or contraction shall be supported by 
spring isolators and central anchors designed to insure loading within design limits at 
structural support points. The riser design must be prepared and submitted for approval by 
the same isolation vendor supplying the HVAC mechanical equipment isolation and must 
include the initial load, initial deflection, change in deflection, final load and change in load at 
all spring support locations. In order to minimize load changes, the initial spring deflection 
must be at least 4 times the thermal movement. The submittal must also include anchor loads 
when installed, cold filled, and at operating temperature. Include calculated pipe stress at end 
conditions and branch off locations as well as installation instruction. The submittal must be 
stamped and signed by a licensed professional engineer in the employ of the vibration vendor 
for at least five years. 

 
Proper provision shall be made for seismic protection in seismic zones. 

 
The support spring mounts shall be Type SLF, anchors Type ADA, telescoping guides Type 
VSG, all as manufactured by Mason Industries, Inc. 

 
The isolation vendor shall provide and design all brackets at riser spring and anchor locations 
where standard clamps lack capacity or do not fit. The contractor must install and adjust all 
isolators under the supervision of the designing isolation vendor or his representative. 

 
 

PART 3 - EXECUTION 

 
3.1 INSTALLATION 

 
A. Vibration Isolation: 

 
1. No metal-to-metal contact will be permitted between fixed and floating parts. 

 
2. Connections to Equipment: Allow for deflections equal to or greater than 

equipment deflections. Electrical, drain, piping connections, and other items 
made to rotating or reciprocating equipment (pumps, compressors, etc.) 
which rests on vibration isolators, shall be isolated from building structure for 
first three hangers or supports. 
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3. Common Foundation: Mount each electric motor on same foundation as 
driven machine. Hold driving motor and driven machine in positive rigid 
alignment with provision for adjusting motor alignment and belt tension. 
Bases shall be level throughout length and width. Provide shims to facilitate 
pipe connections, leveling, and bolting. 

 
4. Provide heat shields where elastomers are subject to temperatures over 38 

degrees C (l00 degrees F). 
 

5. Extend bases for pipe elbow supports at discharge and suction connections 
at pumps. Pipe elbow supports shall not short circuit pump vibration to 
structure. 

 
6. Non-rotating equipment such as heat exchangers and convertors shall be 

mounted on isolation units having the same static deflection as the isolation 
hangers or support of the pipe connected to the equipment. 

 
B. Inspection and Adjustments: Check for vibration and noise transmission through 

connections, piping, ductwork, foundations, and walls. Adjust, repair, or replace 
isolators as required to reduce vibration and noise transmissions to specified levels. 

 
3.2 ADJUSTING 

 
A. Adjust vibration isolators after piping systems are filled and equipment is at operating 

weight. 
 

B. Adjust limit stops on restrained spring isolators to mount equipment at normal 
operating height. After equipment installation is complete, adjust limit stops so they 
are out of contact during normal operation. 

 
C. Attach thrust limits at centerline of thrust and adjust to a maximum of 1/4inch (6-mm) 

movement during start and stop. 
 

D. Adjust active height of spring isolators. 
 

E. Adjust snubbers according to manufacturer's recommendations. 
 

F. Adjust seismic restraints to permit free movement of equipment within normal mode 
of operation. 

 
G. Torque anchor bolts according to equipment manufacturer's recommendations to 

resist seismic forces. 
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SELECTION GUIDE FOR VIBRATION ISOLATORS 
 

 
EQUIPMENT 

50FT FLOOR SPAN 

BASE 
TYPE 

ISOL 
TYPE 

MIN 
DEFL 

REFRIGERATION MACHINE 
ABSORPTION --- SP 2” 
PACKAGED 
HERMETIC 

R SP 2.5 

OPEN 
CENTRIFUGAL 

B SP 3.5 

ROTARY-SCREW --- N 0.40 
RECIPROCATING 
500 - 750 RPM R SP 3.5 
751 RPM & OVER R SP 2.5 
COMPRESSORS AND VACUUM PUMPS 

UP THROUGH 1- 
1/2 HP 

--- D,L,W --- 

2 HP AND OVER 
500 - 750 RPM --- S 2.5 
750 RPM & OVER --- S 2.5 

PUMPS 

 

CLOSE 
COUPLED 

UP 
TO 
1-/2 
HP 

--- D,L, 
W 

--- 

 
 

BASE 
MOUNTED 

2 HP 
& 
OVE 
R 

I S 2” 

I S 2” 
I S 2” 
I S 2.5 
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ROOF VENTILATORS 
ABOVE OCCUPIED AREAS: 
5 HP & OVER CB S 1.0 
CENTRIFUGAL BLOWERS 
UP TO 50 HP 
UP TO 200 RPM B S 3.5 
201 - 300 RPM B S 3.5 
301 - 500 RPM B S 3.5 
501 RPM & OVER B S 2.5 
60 HP & OVER 
UP TO 300 RPM I S 3.5 
301 - 500 RPM I S 3.5 
501 RPM & OVER I S 2.5 
COOLING TOWERS 
UP TO 500 RPM --- SP 3.5 
501 RPM & OVER --- SP 2.5 
INTERNAL COMBUSTION ENGINES 
UP TO 25 HP I S 2.5 
30 THRU 100 HP I S 3.5 
125 HP & OVER I S 4.5 
AIR HANDLING UNIT PACKAGES 
SUSPENDED 
UP THRU 5 HP --- H 2” 
7-1/2 HP & OVER 
UP TO 500 RPM --- H,TH 

R 
2” 

501 RPM & OVER --- H,TH 
R 

2” 

FLOOR MOUNTED: 
UP THRU 5 HP --- S 2” 
7-1/2 HP & OVER 
UP TO 500 RPM R S,THR 2” 
501 RPM & OVER R S,THR 2” 
IN-LINE CENTRIFUGAL AND VANE AXIAL 
FANS, FLOOR MOUNTED: (APR9) 
UP THRU 50 HP: 
UP TO 300 RPM R S 3.5 
301 - 500 RPM R S 2.5 
501 - & OVER R S 2.5 
60 HP AND OVER 
301 - 500 RPM R S 3.5 
501 RPM & OVER R S 2.5 

 
 

END OF SECTION 
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PART 1 - GENERAL 

 
1.1 DESCRIPTION 

 
A. Testing, adjusting, and balancing (TAB) of heating, ventilating and air conditioning 

(HVAC) systems. TAB includes the following: 

1. Planning systematic TAB procedures. 
 

2. Inspecting equipment and installations for conformance with design. 
 

3. Balancing air systems; adjustment of total system to provide design 
performance; and testing performance of equipment and automatic controls. 

 
4. Vibration and sound measurements. 

 
5. Recording and reporting results. 

 
B. Definitions: 

 
1. Basic TAB used in this Section: Chapter 39, "Testing, Adjusting and 

Balancing" of ASHRAE 2019 Handbook, "HVAC Applications". 

2. TAB: Testing, Adjusting and Balancing. The process of checking and 
adjusting HVAC systems to meet design objectives. 

 
3. AABC: Associated Air Balance Council. 

 
4. NEBB: National Environmental Balancing Bureau. 

 
5. Air Systems: Includes all outside air, supply air, return air, exhaust air and 

relief air systems. 

6. Flow rate tolerance: The allowable percentage variation, minus to plus, of 
actual flow rate from values (design) in the contract documents. 

 
1.2 RELATED WORK 

 
A. Section 230050, Basic Mechanical Materials and Methods 

B. Section 230548, Mechanical Vibration and Seismic Controls 
 

C. Section 230700, HVAC, as per TOC Insulation. 
 

D. Section 233113, Metal Ducts And Accessories 

 
1.3 QUALITY ASSURANCE 

 
A. Refer to Articles, Quality Assurance and Submittals, in Section 230050, Basic 

Mechanical Materials and Methods. 
 

B. TAB Agency Qualification: Current membership in AABC or certification by NEBB. 

C. Test Equipment Criteria: The basic instrumentation requirements and 
accuracy/calibration required by AABC, National Standards or by NEBB Procedural 
Standards for Testing, Adjusting and Balancing of Environmental Systems. 

 
D. ASHRAE Compliance: Applicable requirements in ASHRAE 62.1, Section 7.2.2 - "Air 

Balancing 
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E. TAB Criteria: 

 
1. One or more of the applicable AABC, NEBB or SMACNA publications, 

supplemented by ASHRAE 2019 Handbook "HVAC Applications" Chapter 39, 
shall be the basis for planning, procedures, and reports. 

 
2. Flow rate tolerance: Values are based on discussion in ASHRAE Handbook 

"HVAC Applications", Chapter 39. Air Filter resistance during tests, artificially 
imposed if necessary, shall be at least 80 percent of final values for pre-filters 
and after filters. 

a. Air handling unit cubic meters/min (cubic feet per minute): Minus 0 
percent to plus l0 percent. 

b. All other fans: Minus 0 percent to plus l0 percent. 
 

c. Air terminal units (Max): Minus 5 percent to plus l0 percent. 
 

d. Exhaust hoods/cabinets: Minus 0 percent to plus l0 percent. 
 

e. Minimum outside air: Minus 0 percent to plus 10 percent. 
 

f. Individual room air outlets and inlets, and air flow rates not mentioned 
above: Minus l0 percent to plus l0 percent. 

3. Systems shall be adjusted for energy efficient operation as described in PART 
3. 

 
4. Typical TAB procedures and results shall be demonstrated to the Consultant 

for one air distribution system (including all fans, three terminal units, three 
rooms) and one hydronic system (pumps and three coils) as follows: 

a. When field TAB work begins. 
 

b. During each partial final inspection and the final inspection for the 
project if requested by the Consultant. 

 
1.4 SUBMITTALS 

 
A. Submit in accordance with Section 230010- Mechanical General Provisions. 

 
B. TAB Agency qualifications: Submit names and qualifications of company officers and 

job supervisor. Submit information on three recently completed projects. Submit list of 
proposed test equipment. 

C. For use by the Consultant staff, submit one complete set of applicable AABC or NEBB 
publications that will be the basis of TAB work. 

 
D. TAB Reports to be submitted for review: 

 
1. Inspection reports covering equipment and systems installation. These 

reports are to be submitted during early stages of the project in order to allow 
timely correction of deficiencies. 

2. TAB reports covering flow balance and adjustments, performance tests, 
vibration tests, and sound tests. These reports shall be submitted prior to or 
at the time of requesting final inspection, or partial final inspections of contract 
work. 
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a. Include in final reports uncorrected installation deficiencies noted 
during TAB and applicable explanatory comments on test results that 
differ from design requirements. 

E. For equipment and material submittals, provide certificate of origin to be included in 
the submittal and bill of lading before delivery to site. 

 
1.5 APPLICABLE PUBLICATIONS 

 
A. The following publications form a part of this specification to the extent indicated by 

the reference thereto. In text the publications are referenced to by the initials of the 
organization. 

B. American Society of Heating, Refrigerating and Air Conditioning Engineers, Inc. 
(ASHRAE): 

- ASHRAE Handbook, 2019 HVAC Applications, Chapter 39, Testing, Adjusting, and 
Balancing; Chapter 43, Sound and Vibration Control. 

C. Associated Air Balance Council (AABC): 
 

- AABC National Standards MN-l, 7th Edition, 1989. 
 

D. National Environmental Balancing Bureau (NEBB): 
 

- Procedural Standards for Testing, Adjusting, Balancing of Environmental 
Systems, 9th Edition, July 1, 2019. 

 
- Procedural Standards for the Measurement and Assessment of Sound and 

Vibration, 3rd Edition, 2015. 

E. Sheet Metal and Air Conditioning Contractors National Association (SMACNA): 

- HVAC SYSTEMS-Testing, Adjusting and Balancing, 3rd Edition, 2002. 
 
 

PART 2 - PRODUCTS 

 
2.1 PLUGS 

 
Provide plastic plugs to seal holes drilled in ductwork for test purposes. 

 
2.2 INSULATION REPAIR MATERIAL 

Provide for repair of insulation removed or damaged for TAB work. 

 
2.3 AIR BALANCE SYSTEM KIT SIMILAR TO “FLOWHOOD” BY SHORTRIDGE INSTRUMENTS INC. OR 

APPROVED EQUAL 

 

A. Air Data Multimeter model ADM-850 complete with Airflow Measuring base assembly, 

battery charger, carrying case. 

B. Five top Kit (2” x 2, 2” x 4’, 1” x 5”, 3” x 3”) 
 

C. Pilot tube 18” long 
 

D. Temprobe (ADT 442) 
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E. Temperature netractile cord. 6’ long (TRC-16) 
 

F. Temperature extension wand, 19” long (TRC-16) 
 

G. Two A-303 static pressure tips. 
 

H. Neoprene tubing set, two 5” long and one 10’ long. 
 

 
PART 3 - EXECUTION 

 
3.1 GENERAL 

 
A. Refer to TAB Criteria in Article, Quality Assurance. 

B. Obtain applicable contract documents and copies of approved submittals for HVAC 
equipment and automatic control systems. 

 
C. Coordinate TAB procedures with any phased construction completion requirements 

for the project. Systems serving completed phases of the project will require TAB for 
such phases prior to partial final inspections and for final phase inspection. 

 
D. Allow sufficient time in construction schedule for TAB and submission of reports prior 

to partial final inspections and for final phase. 
 

3.2 INSPECTING EQUIPMENT AND INSTALLATION FOR CONFORMANCE WITH DESIGN 
 

A. GENERAL: The inspection and report is to be done after air distribution equipment is 
on site and duct installation has begun, but well in advance of performance testing 
and balancing work. The purpose of the inspection is to identify and report deviations 
from design and ensure that systems will be ready for TAB at the appropriate time. 

B. Reports: Follow check list format developed by AABC, NEBB or SMACNA, 
supplemented by narrative comments, with emphasis on air handling units and fans. 
Check for conformance with submittals. Verify that diffuser and register sizes are 
correct. Check air terminal unit installation including flexible duct sizes and routing. 

 
3.3 TAB PROCEDURES 

 
A. General: During TAB all related system components shall be in full operation. Fan and 

pump rotation, motor loads and equipment vibration shall be checked and corrected 
as necessary before proceeding with TAB. Set controls and/or block off parts of 
distribution systems to simulate design operation of variable volume air or water 
systems for test and balance work. 

B. Air Balance and Equipment Test: Include air handling units, fans, terminal units, room 
diffusers/outlets/inlets, and laboratory hoods and cabinets. 

1. Artificially load air filters by partial blanking to produce air pressure drop of at 
least 80 percent of the design final pressure drop, or as prescribed under 
Pressurization Commissioning (Item 3.3 C). 

2. Adjust fan speeds to provide design air flow. V-belt drives, including fixed 
pitch pulley requirements, are specified in Section 230050, BASIC 
MECHANICAL MATERIALS AND METHODS. Replace fan motors and 
associated electricals if necessary without additional cost to the owner. (Refer 
to Section 238219 and 233400) 
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3. Test and balance systems in all specified modes of operation, including fire 
emergency modes. Verify that dampers and other controls function properly. 

a. Coordinate TAB, including system volumetric controls, with Section 
230593, TESTING, ADJUSTING AND BALANCING. 

4. Record final measurements for air handling equipment performance data 
sheets. 

 
3.4 VIBRATION TESTING 

 
A. Furnish instruments and perform vibration measurements as specified in Section 

230548, Mechanical Vibration and Seismic Controls. Field vibration balancing is 
specified in Section 230050, Basic Mechanical Materials and Methods. Provide 
measurements for all rotating HVAC equipment 373 watts (1/2 horsepower) and 
larger, including centrifugal/screw compressors, pumps, fans and motors. 

B. Record initial and final measurements for each unit of equipment on test forms. 
Where vibration readings exceed the allowable tolerance and efforts to make 
corrections have proved unsuccessful, forward a separate report to the Consultant. 

 
3.5 SOUND TESTING 

 
A. Perform and record required sound measurements in accordance with Paragraph, 

QUALITY ASSURANCE in Section 230548 Mechanical Vibration and Seismic 
Controls. 

1. Take readings in rooms, approximately /three/five/ten or percent of total 
rooms, designated by the Consultant. 

B. Take measurements with a calibrated sound level meter and octave band analyzer of 
the accuracy required by AABC or NEBB. 

C. Sound reference levels, formulae and coefficients shall be according to ASHRAE 
Handbook, "HVAC 2019 Applications", Chapter 49, SOUND AND VIBRATION 
CONTROL. 

D. Determine compliance with specifications as follows: 
 

1. Where sound pressure levels are specified, including the NC Criteria in 
Section 230548, Mechanical Vibration and Seismic Controls. 

 
a. Reduce the background noise as much as possible by shutting off 

unrelated audible equipment. 

b. Measure octave band sound pressure levels with specified equipment 
"off." 

 
c. Measure octave band pressure levels with specified equipment "on." 

 
d. Use the DIFFERENCE in corresponding readings to determine the 

sound pressure due to equipment. 
 

DIFFERENCE: 0 1 2 3 4 5 - 9 10 or More 

FACTOR: 10 7 4 3 2 1 0 

Sound pressure level due to equipment equals sound pressure level 
with equipment "on" minus FACTOR. 
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e. Plot octave bands of sound pressure level due to equipment for 
typical rooms on a graph which also shows noise criteria (NC) curves. 

2. When sound power levels are specified: 
 

a. Perform steps 1.a. thru 1.d., as above. 
 

b. For indoor equipment: Determine room attenuating effect, i.e., 
difference between sound power level and sound pressure level. 
Determined sound power level will be the sum of sound pressure 
level due to equipment plus the room attenuating effect. 

c. For outdoor equipment: Use directivity factor and distance from noise 
source to determine distance factor, i.e., difference between sound 
power level and sound pressure level. Measured sound power level 
will be the sum of sound pressure level due to equipment plus the 
distance factor. 

E. Where measure sound levels exceed specified level, the installing contractor or 
equipment manufacturer shall take remedial action approved by the Consultant and 
the necessary sound tests shall be repeated. 

 
3.6 DUCT AIR LEAKAGE TESTING 

 
A. Refer Article, Quality Assurance, in Section 233113- Metal Ducts and Accessories, for 

TAB agency’s role and responsibilities. 
 
 

END OF SECTION 
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PART 1 – GENERAL 
 

1.1 DESCRIPTION 
 

A. Field applied insulation for thermal efficiency and condensation control for 
 

1. HVAC piping, ductwork and equipment. 
 

2. Boiler plant mechanical systems are not included. 
 

B. Definitions 
 

1. ASJ: All service jacket, white finish facing or jacket. 
 

2. Air conditioned space: Space directly supplied with heated or cooled air. 
 

3. Cold: Equipment, ductwork or piping handling media at design temperature of 
16 degrees C (60 degrees F) or below. 

 
4. Concealed: Ductwork and piping above ceilings and in chases, interstitial 

space, and pipe spaces. 
 

5. Exposed: Piping, ductwork, and equipment exposed to view in finished areas 
including mechanical, Boiler Plant and electrical equipment rooms or  
exposed to outdoor weather. Attics and crawl spaces where air handling units 
are located are considered to be mechanical rooms. Shafts, chases, 
interstitial spaces, unfinished attics, crawl spaces and pipe basements are  
not considered finished areas. 

 
6. FSK: Foil-scrim-kraft facing. 

 
7. Hot: HVAC Ductwork handling air at design temperature above 16 degrees C 

(60 degrees F);HVAC and plumbing equipment or piping handling media 
above 41 degrees C (105 degrees F); Boiler Plant breechings and stack 
temperature range 150-370 degrees C(300-700 degrees F) and piping media 
and equipment 32 to 230 degrees C(90 to 450 degrees F) 

 
8. Density: Kcm - kilograms per cubic meter (Pcf - pounds per cubic foot). 

 
9. Runouts: Branch pipe connections up to 25-mm (one-inch) nominal size to 

fan coil units or reheat coils for terminal units. 
 

10. Thermal conductance: Heat flow rate through materials. 
 

a. Flat surface: Watt per square meter (BTU per hour per square foot). 

b. Pipe or Cylinder: Watt per square meter (BTU per hour per linear 
foot). 

11. Thermal Conductivity (k): Watt per meter, per degree C (BTU per inch 
thickness, per hour, per square foot, per degree F temperature difference). 

 
12. CH: Chilled water supply. 

 
13. CHR: Chilled water return. 

 
14. RS: Refrigerant suction. 

 

 
1.2 RELATED WORK 

 
A. Section 013323 – Shop Drawings, Product Data, and Samples 
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B. Section 078413 – Penetration Firestopping 
 

C. Section 230050 – Basic Mechanical Materials and Methods 

 
1.3 QUALITY ASSURANCE 

 
A. Refer to article QUALITY ASSURANCE, in Section 15010. 

 
B. Criteria: 

1. Comply with NFPA 90A-2015 (page 90 A-8), particularly paragraphs 4-3.3.1 
through 4-3.3.6, parts of which are quoted as follows: 

 
4.3.3.1 Pipe and duct insulation and coverings, duct linings, vapor retarder 

facings, adhesives, fasteners, tapes and supplementary materials 
added to air ducts, plenums, panels and duct silencers used in duct 
systems, unless otherwise provided for in 4.3.3.1.1 or 4.3.3.1.2, shall 
have, in the form in which they are used, a maximum flame spread 
index of 25 without evidence of continued progressive combustion 
and a maximum smoke developed index of 50 when tested in 
accordance with ASTM E 84, Standard Test Method for Surface 
Burning Characteristics of Building Materials, or with ANSI/UL 723, 
Standard for Test for Surface Burning Characteristics of Burning 
Materials. Pipe and duct insulation and coverings, duct linings and 
their adhesives, and tapes shall use the specimen preparation and 
mounting procedures of ASTM E 2231, Standard Practice for 
Specimen Preparation and Mounting of Pipe and Duct Insulation 
Materials to Assess Surface Burning Characteristics. 

 
4.3.3.1.1 The flame spread index and smoke developed index 

requirements of 4.3.3.1 shall not apply to air duct 
weatherproof coverings where they are located entirely 
outside a building, do not penetrate a wall or roof, and do not 
create an exposure hazard. 

 
4.3.3.2 Closure systems for use with rigid and flexible air ducts tested in 

accordance with ANSI/UL 181, Standard for Safety Factory-Made Air 
Ducts and Air Connectors, shall have been tested, listed and used in 
accordance with the conditions of their listings, in accordance with 
one of the following: 

(1) ANSI/UL 181A, Standard for Safety Closure Systems for Use 
with Rigid Air Ducts 

 
(2) ANSI/UL 181B, Standard for Safety Closure Systems for Use 

with Flexible Air Ducts and Air Connectors 
 

4.3.3.3 Coverings and linings for air ducts, pipes, plenums, and panels, 
including all pipe and duct insulation materials, shall not flame, glow, 
smolder, or smoke when tested in accordance with ASTM C 411, 
Standard Test Method for Hot-Surface Performance of High 
Temperature Thermal Insulation, at the temperature to  which they 
are exposed in service. In no case shall the test temperature be 
below 121ºC (250ºF). 

 
4.3.3.4 Air duct coverings shall not extend through walls or floors that are 

required to be fire stopped or required to have fire resistance rating, 
unless such coverings meet the requirements of NFPA 80, Standard 
for Fire Doors and Other Opening Protectives. 
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4.3.3.5 Air duct linings shall be interrupted at fire dampers to prevent 
interference with the operation of devices. 

 
4.3.3.6 Air duct coverings shall not be installed so as to conceal or prevent 

the use of any service opening. 
 

2. Test methods: ASTM E84, UL 723, or NFPA 255. 
 

3. Specified k factors are at 24 degrees C (75 degrees F) mean temperature 
unless stated otherwise. Where optional thermal insulation material is used, 
select thickness to provide thermal conductance no greater than that for the 
specified material. For pipe, use insulation manufacturer's published heat  
flow tables. For domestic hot water supply and return, run out insulation and 
condensation control insulation, no thickness adjustment need be made. 

 
4. All materials shall be compatible and suitable for service temperature, and 

shall not contribute to corrosion or otherwise attack surface to which applied 
in either the wet or dry state. 

 
5. Listings or Certification from Underwriters Laboratories, Inc., or an equivalent 

third party testing laboratory will be required to show that surface burning 
characteristics for materials to continue to adhere to the specified ratings. 

 
C. Every package or standard container of insulation or accessories delivered to the job 

site for use must have a manufacturer's stamp or label giving the name of the 
manufacturer and description of the material. 

 
D. General Requirement for CHW Pipe Insulation 

The Contractor shall comply with the following performance specifications relating to 
CHW piping system (equipment, piping, accessories): 

 
 The insulation thickness indicated in the technical specifications are the minimum 

thickness to be provided, regardless of whether the performance specifications 
specified below are being met or not. 

 
 The temperature rise due to heat gain in the piping system from the source 

(chiller) to the farthest AHU/FCU or any point in the piping system shall not 
exceed 1.11ºC (2ºF) CHW temperature from the chiller is 5.56ºC (42ºF). 

 
 The insulation thickness and also the workmanship shall be such that the CHW 

distribution system (equipment, piping, accessories) shall not have any 
condensation at any part and portion thereof, or at any worst case operating 
condition including that of ambient. 

 
1.4 SUBMITTALS 

 
A. Submit in accordance with Section 230010 – Mechanical General Provisions 

 
B. Shop Drawings: 

 
1. All information, clearly presented, shall be included to determine compliance 

with drawings and specifications and ASTM, BS, DIN, Federal and Military 
specifications. 

a. Insulation materials: Specify each type used and state surface 
burning characteristics. 

b. Insulation facings and jackets: Each type used. Make it clear that 
white finish will be furnished for exposed ductwork, casings and 
equipment. 

c. Insulation accessory materials: Each type used. 
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d. Manufacturer's installation and fitting fabrication instructions for 
flexible unicellular insulation. 

e. Make reference to applicable specification paragraph numbers for 
coordination. 

C. Samples: 
 

1. Each type of insulation: Minimum size 100 mm (4 inches) square for 
board/block/ blanket; 150 mm (6 inches) long, full diameter for round types. 

 
2. Each type of facing and jacket: Minimum size 100 mm (4 inches square). 

 
3. Each accessory material: Minimum 120 ML (4 ounce) liquid container or 120 

gram (4 ounce) dry weight for adhesives / cement / mastic. 
 

D. For equipment and material submittals, provide certificate of origin to be included in 
the submittal and bill of lading before delivery to site. 

 
1.5 APPLICABLE PUBLICATIONS 

 
The publications listed below form a part of this specification to the extent referenced. The 
publications are referenced in the text by basic designation only. 

 
A. Federal Specifications (Fed. Spec.): 

HH-B-100 - (Rev. B) Barrier Material Vapor (For Pipe, Duct and 
Equipment Thermal, Insulation) 

L-P 535 E - Plastic Sheet (Sheeting): Plastic Strip; Poly (Vinyl 
Chloride) and Poly (Vinyl Chloride - Vinyl Acetate), 
Rigid. 

 
B. Military Specifications (Mil. Spec.): 

MIL-A-3316C (2) - Adhesives, Fire-Resistant, Thermal Insulation 

MIL-A-24179A -  Adhesive, Flexible Unicellular-Plastic NOTICE 1 
Thermal Insulation 

 
MIL-C-19565C (1) - Coating Compounds, Thermal Insulation, Fire-and 

Water-Resistant, Vapor-Barrier 
 

MIL-C-20079H - Cloth, Glass; Tape, Textile Glass; and Thread, Glass 
and Wire-Reinforced Glass 

 
C. American Society for Testing and Materials (ASTM): 

 
B209 - Aluminum and Aluminum-Alloy Sheet and Plate 

C411 - Standard test method for Hot-Surface Performance 
of High-Temperature Thermal Insulation 

 
C449 - Mineral Fiber Hydraulic-Setting Thermal Insulating 

and Finishing Cement 
 

C533 - Calcium Silicate Block and Pipe Thermal Insulation 
 

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

 
C612 - Mineral Fiber Block and Board Thermal Insulation 

 
C1126 - Faced or Unfaced Rigid Cellular Phenolic Thermal 

Insulation 



HVAC Insulation DIVISION 23 – MECHANICAL SECTION 230700 

FOR TENDER 
Page 5 of 14 

MEINHARDT PHILIPPINES, INC. 

 

 

 

D1171 - Ozone Resistance 
 

D1667 - Specific Gravity 

D1668-Rev.A - Glass Fabrics (Woven and Treated) for Roofing and 
Waterproofing 

 
E84-Rev.A -  Surface Burning Characteristics of Building Materials 

E662  - Smoke Density 

D. National Fire Protection Association (NFPA): 
 

90A - Installation of Air Conditioning and Ventilating 
Systems 

 
96 - Ventilation Control and Fire Protection of 

Commercial Cooking Operations. 
 

251 - Methods of Tests of Fire Endurance of Building 
Construction Materials. 

255 - Method of Tests of Surface Burning Characteristics 
of Building Materials 

 
E. Underwriters Laboratories, Inc. (UL): 

 
181 - Standard for Safety Factory -Made Air Ducts and Air 

Connectors 
 

181A - Standard for Safety Closure systems for use with 
Rigid Air Ducts and Air Connectors 

 
181B - Standard for Safety Closure Systems for use with 

Flexible Air Ducts and Air Connectors 
 

723 - UL Standard for Safety Test for Surface Burning 
Characteristics of Building Materials with Revision of 
12/98 

F. British Standards 
 

BS 476 part 7 - Ignitability and Spread of Flame; Class “1” 

BS 874 part 2 - Thermal Conductivity 

BS 4370 part 2 - Water Vapor Permeability 
 

G. DIN Standards 
 

DIN 52612/52613 - Thermal Conductivity 
 

DIN 52615 - Water-Vapour Diffusion Resistance Factor 

DIN 53434 - Water Absorption 
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PART 2 - PRODUCTS 
 

2.1 INSULATION FACINGS AND JACKETS 

 
A. Fed. Spec. HH-B-100 for Vapor Barrier Type I and II: The mold and mildew test 

requirement is waived. 
 

1. Type I, low vapor transmission (0.02 perm rating), Beach puncture 50 units: 
Use for insulation facing on exposed ductwork, casings and equipment, and 
for pipe insulation jackets. Facings and jackets shall be white all service 
(ASJ) suitable for painting without sizing. 

 
2. Type II, medium vapor transmission, Beach puncture 25 units: Foil-Scrim- 

Kraft (FSK) type for concealed ductwork and equipment. 
 

3. Pre-sized Glass Cloth Jacket, Beach puncture 100 units: Not less than 240 
grams per square meter (7.8 ounces per square yard), with integral vapor 
barrier where required; for use where specified and in lieu of Type I and Type 
II jacket at the Contractor’s option. 

 
4. Factory composite materials may be used provided that they have been 

tested and certified by the manufacturer, and witnessed by the authority 
having jurisdiction to meet Beach puncture units specified above. Witnessing 
of the test may be waived by the authority having jurisdiction. 

 
5. Fire and smoke treatment of jackets and facings shall be permanent. The use 

of soluble treatments is not acceptable. 
 

6. Pipe insulation jackets shall have a minimum 40 mm (1 ½ inch) lap at 
longitudinal joints and not less than 75 mm (3 inch) butt strips at end joints. 
Facing on board, blanket and block insulation shall have 50 mm (2 inch) laps 
or a minimum 75 mm (3 inch) butt strips. Butt strips may be self-sealing type 
with factory applied pressure sensitive adhesive. 

 
7. PVC Jackets (for indoor CHW Piping): Shall be according to Fed. Spec. L-P- 

535, Composition A, Type II, Grade GU. One-piece pre-molded  plastic 
covers for fittings, flanges, and valves are limited to indoor piping only. 

 
B. Protective Coverings 

 
Provide protective jackets over insulation as follows: 

 
a. All piping and ducts exposed to outdoor weather. 
b. Piping exposed in building, within 1800 mm (6 feet) of the floor. 

Jacket may be applied with pop rivets. Provide aluminum angle ring 
escutcheons at wall, ceiling or floor penetrations. 

c. A 50 mm (2 inch) overlap is required at longitudinal and 
circumferential joints. 

 
Protective coverings shall be installed on areas of insulation that are exposed to 
weather or subject to Mechanical damage. The protective covering shall be: 

 
1. “Arma-Check Silver” multi-layer laminate of Aluminum, coated with a UV 

protective film and backed with flexible PVC film. The material should be 
adhered with Armaflex 520 Adhesive or equivalent, and all joins and seams 
secured with “Arma-Chek Silver Tape”. Insulation shall be in all cases to the 
manufacturer’s recommendations. 
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2. High density rubber cladding of the “Arma-chek R” type bonded using an 
appropriate full contact adhesive with a minimum 50mm overlap at all butt 
joints and longitudinal seams. A weather-proof mastic sealant shall be  
applied over all seams and joints. All materials shall be overlapped and 
staggered in such a way as to ensure a watershed is always provided. 
Installation shall be in all cases to the manufacturer’s recommendations. All 
excess adhesive visible on the surface of the completed assembly shall be 
removed using an appropriate cleaning material. 

 
3. Metal Protective Jacket: 

 
a. Sheet aluminum: ASTM B209, 3003 alloy, H-14 temper, 0.4 mm 

(0.016 inch) thick. Provide moisture barrier lining for service 
temperature 16 ºC (60 ºF) or less except where applied over a Type I 
or II jacket. Longitudinal lap shall be at least 50 mm (2 inches) wide. 
For service temperature 16 ºC (60 ºF) or less, seal all jacket laps in 
accordance with Mil. Spec. MIL-C-19565, Type II Coating. 

 
b. Fitting covers: Factory fabricated from not lighter than 0.5 mm (0.020 

inch) thick type 3003 sheet aluminum. 
 

c. Bands: 20 mm (3/4 inch) wide aluminum on maximum 450 mm (18 
inch) centers. 

 
2.2 FLEXIBLE CLOSED CELL ELASTOMERIC RUBBER INSULATION (BASE OFFER FOR DUCTWORK) 

 
A. ASTM C534, k = 0.033 Watt per meter, per degree C (0.27), flame spread not over 

25, smoke developed not over 50, for temperatures from minus 4 degrees C (40 
degrees F) to 93 degrees C (200 degrees F). No jacket required except those 
required under item 2.1 B above. 

 
B. Insulation Thickness 

 
1. Exposed, unlined ductwork and equipment in unfinished areas, mechanical 

and electrical equipment rooms, and attics containing air handling units, and 
ductwork exposed to outdoor weather: 

 
a. 50 mm (2 inch) thick insulation faced with ASJ (white all service 

jacket): Supply air ducts exposed to ambient, unlined air handling 
units, and final filter housing. (40 mm (1-1/2 inch) thick for above 
ceilings below roof deck areas (supply and return). 

b. 40 mm (1-1/2 inch) thick insulation faced with ASJ: Mixed air 
plenums and pre-filter housing. 

c. 25mm (1 inch) thick insulation faced with ASJ: Supply and return 
air ducts other than the above. 

d. Outside air ducts: No insulation required. 
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2.3 CLOSED-CELL POLYOLEFIN FOAM INSULATION (BASE OFFER FOR DUCTWORK) 

 
A. Closed-cell polyolefin foam insulation may be provided for ductwork in lieu of mineral 

fiber insulation. Insulation efficiency of polyolefin foam must not be less than that of 
the specified thickness of mineral fiber insulation, where thickness of polyolefin foam 
insulation is not specified. 

 
B. Electron Beam (Physically) Crosslinked, closed cell Polyolefin foam with factory 

applied reinforced aluminum foil and acrylic adhesive backing, 25kg/m³ density, 
maximum 0.032 W/mK @ 20ºC, non-hydroscopic, water vapor permeability better 
than 0.8gm/m²/24hrs (90% RH, 38 ºC), -80 to 100 ºC, service temperature, Class O 
fire rating according to BS 476 parts 6 & 7. 

 
1. Exposed, unlined ductwork and equipment in unfinished areas mechanical 

and electrical equipment rooms and office containing air handling units, and 
ductwork exposed to outdoor weather: 

 
a. 25mm (1 inch) complete with foil adhesive and aluminum foil: 

Supply air ducts exposed to ambient, unlined air handling units, 
and final filter housing. 19mm (3/4 inch) thick for above ceiling 
below roof deck areas (supply and return). 

 
b. 19mm (3/4 inch) thick complete with foil adhesive and aluminum foil 

in mixed air plenums and pre-filter housing and to all supply and 
return air ducts other than the above. 

 
2.4 MINERAL FIBER INSULATION (ALTERNATIVE OFFER FOR DUCTWORK) 

 
A, Note the NFPA 90A building characteristic requirements of 25/50 in paragraph 1.3.B. 

Refer to paragraph 3.1 for items not to be insulated. 
 

B. ASTM C612 (Board, Block), Class 1 or 2, K = 0.037 Watt per meter, per degree C 
(0.26 BTU-in/ft² hr ºF), external insulation for temperatures up to 204 ºC (400 ºF). 

 
1. Exposed, unlined ductwork and equipment in unfinished areas, mechanical 

and electrical equipment rooms, and attics containing air handling units, and 
ductwork exposed to outdoor weather: 

 
a. 50 mm (2 inch) thick insulation faced with ASJ (white all service 

jacket): Supply air ducts exposed to ambient, unlined air handling 
units, and final filter housing. (40 mm (1-1/2 inch) thick for above 
ceilings below roof deck areas (supply and return). 

b. 40 mm (1-1/2 inch) thick insulation faced with ASJ: Mixed air 
plenums and pre-filter housing. 

c. 25mm (1 inch) thick insulation faced with ASJ: Supply and return 
air ducts other than the above. 

d. Outside air ducts: No insulation required. 
 

C. Firestop Pipe and Duct Insulation: 
 

1. Provide firestopping insulation at fire and smoke barriers through 
penetrations. Firestopping insulation shall be UL listed and as defined in 
Section 078413. 

 
2. Pipe and duct penetrations requiring fire stop insulation including, but not 

limited to the following: 
 

a. Pipe risers through mechanical room floors. 
b. Pipe or duct chase walls and floors. 
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c. Smoke partitions. 
d. Fire partitions. 

 
2.5 FLEXIBLE CLOSED CELL ELASTOMERIC RUBBER INSULATION (BASE OFFER FOR PIPE WORK) 

 
A. ASTM C534, k = 0.033 Watt per meter, per degree C (0.27), flame spread not over 

25, smoke developed not over 50, for temperatures from minus 4 degrees C (40 
degrees F) to 93 degrees C (200 degrees F). No jacket required except those 
required under item 2.1 B above. 

 
B. Pipe insulation: Nominal thickness in millimeters (inches are specified in table below 

for piping above ground: 

 
Nominal Pipe Size 25 (1) & 32-65 75-250 350 & Up 
millimeters (inches) below) 

(Tube) 
(1¼-2½) 
(Tube) 

(3”-10”) 
(Sheet) 

(14” & up) 
(Sheet) 

 
1. 4-16 ºC (40-60 ºF) (CH, 

 
25 

 
32 

 
40 

 
50 

CHR) (1.0) (1 1/4) (1.5) (2) 

a. Runouts to fan coil 20 25 32 - 
units, cooling coil 
condensate piping 

(0.75) (1.0) (1 ¼)  

 
2. 10 ºC (50 ºF) and 

 
20 

 
25 

  

less, RS for DX 
refrigerants 

(0.75) (1)   

 
C. Use Class S (Sheet), 25 mm 1 (inch) thick for the following: 

 
1. Chilled water pumps 

 
2. Chillers, insulate any cold chiller surfaces subject to condensation which has 

not been factory insulated. 
 

3. Expansion tank, chemical pot feeder, water filter/separator. 
 

2.6 CALCIUM SILICATE INSULATION (UNDER GENSET PACKAGE) 

 
A. ASTM C533: 

  

  
Type I Type II 

  
Use temperature, maximum ºC (ºF) 

 
649 (1200) 

 
927 (1700) 

 Density (dry), max kg/m ³ (lb/ft³) 
Thermal Conductivity: 
W/m K (Btu in/h ft² ºF) @ mean temp of 93 ºC 

240 (15) 
 

0.065 (0.45) 

352 (22) 
 

0.078 (0.54) 
 (200 ºF) 

Surface Burning Characteristics: 
Flame Spread Index, Max 

 

0 

 

0 
 Smoke Density Index, Max 0  
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B. Engine Exhaust Insulation for Emergency Generators. 
 

Type II, Class D, 65 mm (2 ½ inch) nominal thickness. Cover exhaust completely 
form engine through roof or wall construction, including muffler. 

 
2.7 DUCT WRAP FOR KITCHEN HOOD GREASE DUCTS 

 
A. Light weight, high temperature Rockwool of 50mm (2 inches) thick with low thermal 

conductivity K value of 0.036 W/m ºC (0.250 Btu in/hr ft² Fº) at mean temperature of 
20 ºC (68 ºF) with nominal density value of 50 – 60 kg/m3. 

 
B. Material shall be fully encapsulated by UL classified aluminum foil and tested to 

ASTM E84 standard. 
 

C. Material shall be UL tested for internal grease fire to 1093 ºC (2,000 ºF) with zero 
clearance and for through-penetration firestop. 

 
D. Provide stainless steel jacket for all exterior and exposed interior ductwork. 

 
E. Material shall be UL classified for 1 hour, 2 hours, fire rating for grease duct 

enclosure, and meet NFPA 96 requirements for direct applied insulating material to 
grease ducts with zero clearance. 

 
F. Material flame spread and smoke developed ratings shall not be higher than 5, as per 

ASTM E 84/UL 723 flammability test. 

 
2.8 INSULATION ACCESSORY MATERIALS 

 
A. Insulation inserts at pipe supports: Provide for all insulated piping as per Section 

230050, Item 2.2L 

 
B. Adhesive, Mastic, Cement 

 
1. Mil. Spec. MIL-A-3316, Class 1: Jacket and lap adhesive and protective finish 

coating for insulation. 
 

2. Mil. Spec. MIL-A-3316, Class 2: Adhesive for laps and for adhering insulation 
to metal surface. 

 
3. Mil. Spec. MIL-A-24179, Type II Class 1: Adhesive for installing flexible 

unicellular insulation and for laps and general use. 
 

4. Mil. Spec. MIL-C-19565, Type I: Protective finish for outdoor use. 
 

5. Mil. Spec. MIL-C-19565, Type I or Type II: Vapor barrier compound for indoor 
use. 

6. ASTM C449: Mineral fiber hydraulic-setting thermal insulating and finishing 
cement. 

 
7. Other: Insulation manufacturer’s published recommendations. 

 
C. Mechanical Fasteners: 

 
1. Pins, anchors: Welded pins, or metal or nylon anchors with tin-coated or fiber 

washer, or clips. Pin diameter shall be as recommended by the insulation 
manufacturer. 

 
2. Staples: Outward clinching monel or stainless steel. 
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3. Wire: 1.3 mm thick (18 gage) soft annealed galvanized, or 1.9 mm (14 gage) 
copper clad steel or nickel copper alloy. 

 
4. Bands: 20mm (3/3 inch) nominal width, brass, galvanized steel, aluminum or 

stainless steel. 
 

D. Reinforcement and Finishes: 
 

1. Glass Fabric, open weave: ASTM D1668, Type III (resin treated) and Type I 
(asphalt treated). 

 
2. Glass fiber fitting tape: Mil.Spec. MIL-C-20079, Type II, Class 1. 

 
3. Tape for Flexible Unicellular Insulation: Scoth No. 472, Nashua PE-12, or 

approved equal recommended by the insulation manufacturer. 
 

4. Hexagonal wire netting: 25 mm (one inch) mesh, 0.85 mm thick (22 gage) 
galvanized steel. 

 
5. Corner beads: 50 mm (2 inch) by 50 mm (2 inch), 0.55 mm thick (26 gage) 

galvanized steel; or, 25 mm (1 inch) by 25 mm (1 inch), 0.47 mm thick (28 
gage) aluminum angle adhered to 50 mm (2 inch) by 50 mm (2 inch) Kraft 
paper. 

 
6. PVC fitting cover: Fed. Spec. L-P-535, Composition A, 11-86 Type II, Grade 

GU, with Form B Mineral Fiber insert, for media temperature ºC (40 ºF)  to 
121 ºC (250 ºF). Below 4 ºF) and above 121 ºC (250 ºF) provide double layer 
insert. Provide color matching, vapor barrier, pressure sensitive tape. 

 
E. Firestopping Material, Other than Pipe and Duct Insulation: Refer to Section 07841. 

 
 

 
PART 3 – EXECUTION 

 
3.1 GENERAL REQUIREMENTS 

 
A. Required pressure tests of duct and piping joints and connections shall be completed 

and the work approved by the Resident Engineer for application of insulation. Surface 
shall be clean and dry with all foreign materials, such as dirt, oil, loose scale and rust 
removed. 

 
B. Except for specific exceptions, insulate entire specified equipment, piping (pipe, 

fittings, valves, accessories), and duct systems. Insulate each pipe and duct 
individually. Do not use scrap pieces of insulation where a full length section will fit. 

 
C. Where removal of insulation of piping, ductwork and equipment is required to comply 

with Asbestos Abatement, such areas shall be reinsulated to comply with this 
specification. 

 
D. Insulation materials shall be installed in a first class manner with smooth and even 

surfaces, with jackets and facings drawn tight and smoothly cemented down at all 
laps. Insulation shall be continuous through all sleeves and openings, except at fire 
dampers and duct heaters (NFPA 90A). Vapor retarders shall be continuous and 
uninterrupted throughout systems with operating temperature 16 degrees C (60 
degrees F) and below. Lap and seal vapor barrier over ends and exposed edges of 
insulation. Anchors, supports and other metal projections through insulation on cold 
surfaces shall be insulated and vapor sealed for a minimum length of 150 mm (6 
inches). 
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E. Install vapor stops at all insulation terminations on either side of valves, pumps and 
equipment and particularly in straight lengths of pipe insulation. 

 
F. Construct insulation on parts of equipment such as chilled water pumps and heads of 

chillers, convertors and heat exchangers that must be opened periodically for 
maintenance or repair, so insulation can be removed and replaced without damage. 
Install insulation with bolted 1 mm thick (20 gage) galvanized steel or aluminum 
covers as complete units, or in sections, with all necessary supports, and split to 
coincide with flange/split of the equipment. 

 
G. HVAC work not to be insulated: 

 
1. Internally insulated ductwork and air handling units. Omit insulation on relief 

air ducts. 
 

2. Exhaust air ducts and plenums, and ventilation exhaust air shafts, unless 
otherwise specified. 

 
G. Apply insulation materials subject to the manufacturer's  recommended  temperature  

limits. Apply adhesives, mastic and coatings at the manufacturer's recommended 
minimum coverage. 

3.2 INSULATION INSTALLATION 
 

A. Mineral Fiber Board: 
 

1. Faced board: Apply board on pins spaced not more than 300 mm (12 inches) 
on center each way, and not less than 75 mm (3 inches) from each edge of 
board. In addition to pins, apply insulation bonding adhesive to entire 
underside of horizontal metal surfaces. Butt insulation edges tightly and seal 
all joints with laps and butt strips. After applying speed clips cut pins off flush 
and apply vapor seal patches over clips. 

 
2. Plain board: 

a. Insulation shall be scored, beveled or mitered to provide tight joints 
and be secured to equipment with bands spaced 225 mm (9 inches) 
on center for irregular surfaces or with pins and clips on flat surfaces. 
Use corner beads to protect edges of insulation. 

b. For hot equipment: Stretch 25 mm (1 inch) mesh wire, with edges 
wire laced together, over insulation and finish with insulating and 
finishing cement applied in one coat, 6 mm (1/4 inch) thick, trowel led 
to a smooth finish. 

c. For cold equipment: Apply meshed glass fabric in a tack coat 1.5 to 
1.7 square meter per liter (60 to 70 square feet per gallon) of vapor 
mastic and finish with mastic at 0.3 to 0.4 square meter per liter (12 
to 15 square feet per gallon) over the entire fabric surface. 

d. Chilled water pumps: Insulate with removable and replaceable 1 mm 
thick (20 gage) aluminum or galvanized steel covers lined with 
insulation. Seal closure joints/flanges of covers with gasket material. 
Fill void space in enclosure with flexible mineral fiber insulation. 

 
B. Closed-Cell Polyolefin Foam Insulation 

 
1. The insulation must be installed in accordance with manufacturer’s 

instructions. 
 

2. All joints should be butted firmly against each other, Seal all joints with 75mm 
reinforced aluminum foil tape. No gluing of joints is required. 
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3. Insulate each duct separately. Flanges should be insulated with a 120mm 
wide strip of insulation material, ensuring joints are sealed with 75mm 
reinforced aluminum foil tape. 

 
4. No additional vapor barrier, or coatings are required. 

 
5. All supporting hangers should be lined with the same insulation material to 

avoid excess compression of insulation. (Refer manufacturer’s instructions). 
 

6. Ensure no air pockets during the installation of the insulation to the duct. 
 

C. Flexible Closed-Cell Elastomeric Rubber Insulation: 

 
1. Apply insulation and fabricate fittings in accordance with the manufacturer's 

installation instructions and finish with two coats of weather resistant finish as 
recommended by the insulation manufacturer. 

 
2. Pipe and tubing insulation: 

a. Use proper size material. Do not stretch or strain insulation. 
b. To avoid undue compression of insulation, provide cork stoppers or 

wood inserts at supports as recommended by the insulation 
manufacturer. Insulation shields are specified under Section 15050. 

c. Where possible, slip insulation over the pipe or tubing prior to 
connection, and seal the butt joints with adhesive. Where the slip-on 
technique is not possible, slit the insulation and apply it to the pipe 
sealing the seam and joints with contact adhesive. Optional tape 
sealing, as recommended by the manufacturer, may be employed. 
Make changes from mineral fiber insulation in a straight run of pipe, 
not at a fitting. Seal joint with tape. 

3. Apply sheet insulation to flat or large curved surfaces with 100 percent 
adhesive coverage. For fittings and large pipe, apply adhesive to seams only. 

 
D. Pipe and Duct Insulation at Penetrations of Fire or Smoke Barriers: 

 
1. Wrap pipe or duct with firestop pipe insulation, seal jacket seam and seal and 

joints to adjacent sections of insulation. 
 

2. Seal opening between insulation and pipe sleeve with firestopping material. 

3. Among pipe and duct penetrations requiring fire stop insulation are the 
following: 

a. Floor (platform) of interstitial space (ducts and pipes). 
b. Pipe risers through mechanical room floors. 
c. Pipe or duct chase walls and floors. 
d. Smoke partitions. 
e. Fire partitions. 

 
F. Duct Wrap for Kitchen Hood Grease Ducts: 

 
1. The insulation thickness, layers and installation method shall be as per 

recommendations of the manufacturer to maintain the fire integrity and 
performance rating. 

 
G. Calcium Silicate Insulation: 

 
1. The installation and fastening method shall be as per manufacturer’s 

recommendations. 
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2. Conform to workmanship and dimensional tolerances as required by ASTM 
C533 standard. 

 
H. Weatherproofing Outdoor Insulation: 

 
1. Piping, round and oval ducts: Protective metal jacket. 

 
2. Plenums, casing, fans, rectangular or square ducts and equipment: apply two 

coats of weatherproof coating, Mil. Spec. MIL-C-19565, each trowelled or 
sprayed in place to a wet thickness of 6 mm (1/4 inch), reinforced with open 
weave glass fabric. After the second layer of mastic has dried, coat and seal 
with a layer of asphalt aluminum sealer brushed in place. 

3. Flexible elastomeric cellular and polyethylene insulation: Finish with two 
coats of weather resistant finish as recommended by the insulation 
manufacturer. 

 
END OF SECTION 
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PART 1 - GENERAL 
 

1.1 WORK INCLUDED 

 
A. Comply with the Agreement between the Construction Manager and Trade Sub- 

Contractor and all other documents referred to therein. 
 

B. Provide all services, materials and labour required to fully commission the mechanical 
systems in accordance with this Section of the Specification. 

 
1.2 COORDINATION 

 
A. Meet the requirements of the General Instructions. 

 
B. Coordinate the work of this Section with all other Divisions to ensure complete and 

operational mechanical systems at completion of this work. 
 

C. Appoint a single person as Commissioning Coordinator who shall be responsible for 
progressing the commissioning activities of each Division 23 trade. The 
Commissioning Coordinator shall report to the Commissioning Manager. 

 
D. Review the design intent of the project and the intended operation of systems with the 

Consultant before proceeding with commissioning. 
 

1.3 RELATED WORK 

 
A. Section 230010 –  Mechanical General Provisions. 

 
B. Section 230593 – Testing, Adjusting and Balancing. 

 
1.4 QUALITY ASSURANCE 

 
A. Comply with CIBSE CODES (Chartered Institution For Building Services Engineers). 

Refer to Section 230593 – Testing, Adjusting and Balancing for more detailed 
requirements on testing, adjusting, and balancing. 

 
B. The “Employers Representative” may elect to source start-up and handover by a 

specialist commissioning company. This commissioning specialists is to be employed 
by the Contractor. Supply to the Commissioning Manager, the following details 
regarding the proposed firm: 

 
1. Principle representative and qualifications 

 
2. Proposed personnel and relevant project experience 

 
3. Previous similar assignments and references 

 
4. Scope of work to be undertaken 

 
5. Company resources and equipment 

 
C. Use of a commissioning specialist shall not relieve Division 23 of the obligation to 

name one of his own employees as the person responsible for progressing 
commissioning, i.e. the Commissioning Coordinator. 
Note: All works to be undertaken by the Contractor. 
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D. Supply the name, qualifications and experience of the proposed Commissioning 
Coordinator upon Project Managers request. Selection shall be subject to review and 
the approval of the Consultant. Supply alternative person(s) when requested by 
Consultant. 

 
E. The Consultant may, at his discretion, attend and advise in the commissioning 

process. Meet Consultant requirements. 
 

F. Hold and attend regular meetings during the commissioning process. Prepare 
detailed progress reports to coincide with regular commissioning meetings. 
Coordinate with the Commissioning Manager, the preparation and issue of minutes 
for each meeting to be circulated to each involved trade, the Consultant and the 
Construction Manager representative(s). Minutes shall highlight action items. 

 
 

PART 2 - PRODUCTS 
 

2.1 SCHEDULES AND COMPLETION OF INSTALLATION OF SYSTEMS 

 
A. Submit to the Consultant, 60 days prior to the scheduled Substantial Performance, a 

detailed and comprehensive installation completion/startup/testing schedule, 
identifying all trades and suppliers to be involved. Update the schedule and resubmit 
for review, on a biweekly basis, during the course of commissioning. If found to be 
unacceptable, revise the schedule and the construction forces to suit the reviewed 
schedule. This schedule shall include, but is not limited to the following items: 

 
1. Installation and testing of Refrigerant Piping systems. Very strict compliance 

to manufacturer’s recommendations is required with regards to quality of 
workmanship and testing procedures for refrigerant piping works such as pipe 
covering, flushing, air-tightness of soldered, flared and flanged joints, vacuum 
drying and nitrogen replacement. This is to ensure that no moisture and dirt  
is left inside the pipe and guarantee no refrigerant leaks. 

 
2. Installation, leak testing and cleaning of duct systems. 

 
3. Control system wiring 

 
4. Air balancing 

 
5. Electrical service connections 

 
6. Equipment suppliers pre-start checkout of the equipment installations, 

including controls. 
 

7. Start up of various pieces of equipment and systems. 
 

8. Operational testing of system components. 
 

9. Performance testing of equipment and systems. 
 

10. Acceptance testing of equipment installations and system, by authorities 
having jurisdiction and Contractor's insurance company 

 
11. Troubleshooting 

 
12. Calibration of controls and point checkout 

 
13. Control software set-up and checkout including seasonal and response 

checkout of operating sequences, PID optimization 
14. Emergency system checkout 
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15. Fire alarm and control system interfacing 
 

16. Submittal of completed equipment and system checkout sheets 
 

17. Demonstration of systems and equipment 
 

18. Maintenance manual preparation and submittal 
 

19. Operator training program 
 

20. Record documentation submittal 
 

2.2 RECORD DOCUMENTATION 

 
A. Prepare record documentation for each equipment installation covering: 

 
1. Equipment identification and supplier 

 
2. Shop Drawing submittal, review, production release, and delivery dates 

 
3. Dates for completion of all work required to prepare for equipment installation 

 
4. Dates for equipment installation, supplier pre-start checkout and system 

availability for start-up 
 

5. Dates for equipment start-up, performance testing, proposal for temporary 
use, acceptance testing, demonstration, turnover and warranty start/finish 

 
B. Submit proposed record sheets and procedures to Consultant for review, when 

requested by the Contractor. 
 

C. List all specialist personnel and equipment required for the test and ensure that these 
are available by the test date. 

 
D. Provide documentation of the commissioning process for inclusion into the 

maintenance manuals. These are to include checkout sheets, equipment data sheets, 
start-up certificates from suppliers involved in start-up, documentation concerning 
demonstration to the Contractor. Include all record and result sheets form 
commissioning tests. 

 
E. Maintain a log of key operating parameters, problems encountered, solutions 

employed and verification of effectiveness of solutions. Include log in maintenance 
manuals. 

 
F. Refer to example documentation available from Construction manager's 

representative. Meet or exceed this level of reporting. 
 

2.3 STARTUP 

 
A. Coordinate and supervise the start-up of the various pieces of equipment and 

systems. Utilize the start-up services of the manufacturer's representative. Ensure 
that the equipment is operating in a satisfactory manner. Including, but not necessary 
limited to the following: 

 
1. Direction of rotation 

 
2. Grease and lubricants 
3. Noise, if deemed to be a problem 
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4. Seals 
 

5. Alignment of fan drives by a millwright 
 

6. Piping connections and safeties 
 

7. Electrical amp draw, starting inrush current and trip/heater settings 
 

B. Refer to Section 230010 – Mechanical General Provision requirements for Temporary 
Services and Temporary and Trial Use. 

 
2.4 TROUBLESHOOTING 

 
A. Resolve inter Division coordination problems. 

 
B. Where problems become apparent during the commissioning process, identify and 

resolve these problems. The basic functions in troubleshooting are: 
 

1. What - identification and definition of the problem 
 

2. Why - determination and evaluation of the causes 
 

3. When - determine the time available to resolve the problem 
 

4. Involve the designing authority in the review of the problem and proposed 
resolution 

 
5. Coordinate remedial action with the appropriate parties 

 
6. Evaluate the effectiveness of the remedial action 

 
7. Record the problem, cause, remedial action and result 

 
2.5 OPERATION AND TESTING 

 
A. Refer to Section 230010 - Mechanical General Provision for Inspection, Testing and 

Certificates. 
 

B. Test the operation of the individual components and systems. Go through each step 
of the sequence of operation and verify that each component operates correctly. 
Direct and ensure that all trades involved make the required changes and 
adjustments to effect the proper operation of all components and systems. Meet 
commissioning test requirements. 

 
C. Document operation and testing. 

 
D. Carry out operational tests for the current season and simulate operation of summer, 

winter and intermediate seasons. 
 

2.6 DEMONSTRATION 

 
A. Demonstrate to the Contractor the proper operation of all equipment and systems 

supplied under this Division. Demonstrations shall occur only after the operation and 
testing has been successfully completed. Ensure that Trade Sub-Contractor and 
equipment suppliers participate in the demonstration as required. 

 
B. Refer to Section 230010 - Mechanical General Provision for Instruction to 

Contractors. 
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2.7 OPERATING AND MAINTENANCE MANUALS 

 
A. Refer to Section - 230010 Mechanical General Provision. 

 
B. Coordinate the manual provision with Consultant prepared Operation and 

Maintenance Manual, if available. 
 

2.8 RECORD DRAWINGS 

 
A. Refer to Section 230010 - Mechanical General Provision. 

 
2.9 COMPLETION 

 
A. Refer to Section 230010 - Mechanical General Provision. 

 
2.10 SPARE PARTS 

 
A. Provide a list of spare parts, special tools, lubricants, etc. for each item of equipment 

which has been purchased as part of the Contract. 
 

B. Provide a listing of recommended spare parts for all equipment installed under 
Division 23, to cover a period from Substantial Completion to Warranty end. 

 
C. Provide at minimum, the following information for recommended spare parts: 

 
1. Manufacturer's name, address, phone and fax numbers 
2. Manufacturer's part name, part number, unit price, lead time, shelf life 
3. Quantity recommended for 1 year 
4. Alternative suppliers of compatible parts, including local supplier name, 

address, phone and fax numbers 
 

D. Submit preliminary list of spare parts and tools to Contractor at least 30 days prior to 
intended system handover to Contractor. The Contractor reserves the right to add to, 
reduce or omit entirely, the recommendations contained on these lists. 

 
 

PART 3 - EXECUTION 
 

3.1 COMMISSIONING TESTS 

 
3.1.1 Refer to Section 230593 - Testing, Adjusting, and Balancing. 

 
3.2 ACMV SYSTEM 

 
A. Verify readings, calibration and set-up of sensors and equipment, including, but not 

necessary limited to checking the following: 
 

1. Temperature sensors 
2. Air flow switches 
3. Status switches 
4. Pressure gauges and gauge connection utilization 
5. Control damper positioning, including tightness when closed and full 

open/balance position 
6. Alarm contacts 

 
B. Verify correct sensors are reporting accurately to the distributed field panels and 

operator workstation. 
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C. Operate each major equipment. Verify and correct the following if required: 
 

1. Start/stop from the terminal 
 

2. Correct open/close and modulation procedures with valves and dampers 
 

3. Stable operation of controls under normal conditions and with changes in 
air/refrigerant/on/off conditions 

 
4. Trend logs operation indication 

 
5. Piping, sensor and unit installation 

 
6. Filters for return air. 

 
7. Drain pan operation and trap priming 

 
D. Verify duct cleaning, air balancing and air pattern adjustments. 

 
E. Verify access to each fire damper. 

 
F. Verify that all cooling coil drain pans and condensate piping operate. 

 
3.3 OTHER SERVICES 

 
A. Demonstrate access to all valves, equipment and components for servicing. 

 
B. Coordinate with Division 26, a power failure test with emergency generator start-up. 

 
1. Miscellaneous equipment on emergency power, with Division 26. 

 
2. Stability of control equipment with start-up power surge 

 
3. Controls system recovery 

 
C. Verify the operation of all other equipment provided by Division 23. 

 
D. Verify that interfacing to the work of other Divisions results in complete and 

operational systems. 
 

3.4 POST SUBSTANTIAL PERFORMANCE VISITS 

 
A. Visit the site and the Contractor's representative each month after Substantial 

Performance for a minimum period of two days until the end of the project warranty 
period. 

 
B. Review the operation of the system. 

 
C. Correct any operating problems, if problem is related to warranty issues. 

 
D. Prepare a report for the Consultant and Construction Manager for inclusion in the 

Operating Manuals of the problems and issues that have arisen and the corrective 
action(s) recommended and implement. 

 
END OF SECTION 
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PART 1 - GENERAL 
 

1.1 WORK INCLUDED 

 
A. Comply with Division 23, Section 230010- Mechanical General Provisions and all 

documents referred to therein. 
 

B. Provide all labour, materials, products, equipment and services to supply, install, wire, 
calibrate and commission the electronic control and monitoring system 
instrumentation as specified in the point schedules, in this Specification and as 
required to make a complete and functional system. 

 
C. Coordinate instrumentation provisions with Division 26, Section 270965 Building 

Management System (Controller & Software). 
 

1.2 QUALITY ASSURANCE 

 
A. Instrumentation work shall be performed by one firm specializing in the installation of 

control systems for building facilities control. 
 

B. Products referenced under this Section establish the minimum acceptable standards 
of product quality, features and performance. Products provided under this Section 
shall be coordinated with the supplier of the BMS system. 

 
1.3 RELATED WORK 

 
A. Where the application of any special software package requires additional 

instrumentation to meet the requirements specified, provide the necessary 
instrumentation at no additional cost whether or not such instrumentation is identified. 

 
B. Any required additional instrumentation shall meet the requirements of this Section. 

Submit details for review prior to installation. 
 

C. Provide actuators and terminal unit controller for all VAV, constant volume controllers, 
fan coil units and other terminal devices. Where possible, have actuators  and 
controls installed in the terminal unit manufacturer’s factory. 

 
1.4 SENSORS 

 
1.4.1 Electronic Sensors: Provide all remote sensors as required for the systems. All 

sensors shall be vibration and corrosion resistant for wall, immersion, and/or duct 
mounting. 

 
a. Temperature Sensors: Thermistor type for terminal units and Resistance 

Temperature Device (RTD) with an integral transmitter for all other sensors. 
 

1. Duct sensors shall be rigid or averaging type as shown on drawings. 
Averaging sensor shall be a minimum of 1 linear ft of sensing 
element for each sq. ft. of cooling coil face area. 

2. Immersion sensors shall be provided with a separable well made of 
stainless steel or bronze or monel materials. Pressure rating of well is 
to be consistent with the system pressure in which it is to be installed. 

3. Space sensors shall be equipped with set-point adjustment, override 
switch, display, and/or communication port as shown on the 
drawings. Match room thermostats, locking cover. 

4. Outdoor air temperature sensors shall have watertight inlet fittings 
and shielded from direct sunlight. 

5. Room security sensors shall have stainless steel cover plate with 
insulated back and security screws. 
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6. Wire: Twisted, shielded-pair cable. 
7. Output Signal: 4-20 ma. 

 
b. Humidity Sensors: Bulk polymer sensing element type. 

 
1. Duct and room sensors shall be a sensing range of 20 to 80 percent 

with accuracy of + 2 to + 5 percent RH, including hysteresis, linearity, 
and repeatability. 

2. Duct and outdoor humidity sensors shall be furnished with element 
guard and mounting plate and have a sensing range of 0 to 100 
percent RH. 

3. 4-20 ma continuous output signal. 
 

c. Static Pressure Sensors: Non-directional, temperature compensated. 
 

1. 4-20 ma output signal. 
2. 0 to5 inches wg for duct static pressure range. 
3. 0 to 0.25 inch wg for Building static pressure range. 

 
1.4.2 Water Flow Sensors: 

 
a. Sensor shall be insertion turbine type with turbine element, retractor and 

preamplifier/transmitter mounted on a two-inch full port isolation valve; 
assembly easily removed or installed as a single unit under line pressure 
through the isolation valve without interference with process flow; calibrated 
scale shall allow precise positioning of the flow element to the required 
insertion depth within plus or minus 1 mm (0.05 inch); wetted parts shall be 
constructed of stainless steel. Operating power shall be nominal 24 VDC. 
Local instantaneous flow indicator shall be LED type in NEMA 4 enclosure 
with 3-1/2 digit display, for wall or panel mounting. 

 
b. Performance characteristics: 

 
1. Ambient conditions: - 40 to 60 degrees C (-40 to 140 degrees F, 5 to 

100 percent humidity. 
2. Operating conditions: 850 kPa (125 psig), 0 to 120 degrees C (30 to 

250 degrees F), 0.15 to 12m per second (0.5 to 40 feet per second) 
velocity. 

3. Nominal range (turn down ratio) L 10 to 1. 
4. Overall accuracy plus or minus one percent of reading. 
5. Repeatability: plus or minus 0.25 percent of reading. 
6. Preamplifier mounted on meter shall provide a 4-20 ma divided pulse 

output or switch closure signal for units of volume or mass per a time 
base. Signal transmission distance shall be a minimum of 1,800 
meters (6,000 feet). Preamplifier for bi-directional contact closure 
from a relay mounted in the preamplifier. 

7. Pressure Loss: Maximum 1 percent of the line pressure in line sizes 
above 100 mm (4 inches). 

8. Ambient temperature effects, less than 0.005 percent calibrated span 
per degree C (degree F) temperature change. 

9. RFI effect – flow meter shall not be affected by RFI. 
10. Power supply effect less than 0.02 percent of span for a variation of 

plus or minus 10 percent power supply. 
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1.4.3 Flow switches shall be either paddle or differential pressure type. 
 

a. Paddle-type switches (liquid service only) shall be UL listed, SPDT snap- 
acting. Adjustable sensitivity with NEMA 4 enclosure. 

 
b. Differential pressure type switches (air or water service) shall be UL listed, 

SPDT snap acting, NEMA 4 enclosure, with scale range and differential 
suitable for specified application. 

 
1.4.4 Current Switches: Current operated switches shall be self-powered, solid state with 

adjustable trip current as well as status, power, and relay command status LED 
indication. The switches shall be selected to match the current of the application and 
output requirements of the DDC systems. 

 
1.4.5 Pressure to Current Transmitters: 

 
A. Provide pressure to current transmitters, Instrument Code C1 having the 

following minimum specifications: 
 

1. Internal materials of the transducer suitable for continuous contact 
with the applicable media. 

2. Output signal of 4-20 mA. 
3. Output variation of less than 0.2% full scale for supply voltage 

variations of 10%. 
4. Combined non-linearity, repeatability and hysteresis effects not to 

exceed 0.5% of full scale output over entire range. 
5. Integral, accessible zero and span adjustments. 
6. Operating temperature range of -10 to 50 deg C with 5% to 90% RH 

non-condensing. 
7. Temperature effect of 1.5% full scale 50 deg C or less. 
8. Over pressure input protection to a minimum of twice maximum 

working input pressure. 
9. Output short circuit and open circuit protection. 
10. Dustproof housing. 
11. Shock and vibration protection. 

 
1.4.6 Pressure Electric Switches 

 
A. Provide SPDT snap acting switch rated for 8 amperes at 220V. 

 
B. The pressure range shall be 0 to 130 kPa. 

 
C. Provide adjustable setpoint from 20.6 to 130 kPa and the differential 

adjustable between 12.7 and 41.1 kPa. 
 

1.4.7 Motor Control Relays 
 

A. Provide motor start/stop control relays in dustproof housing. 
 

B. Provide pick up rating and time and hold rating as required for individual 
applications. 

 
C. Provide motor control relays from one manufacturer. 

 
D. Provide input operating voltage to be compatible with the BMS digital output 

(246 DC) equipment. 
 

E. Where hand/off/auto (HOA) switches are provided on the MCC, the BMS 
digital output shall control the motor only in the auto position. 
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F. Do not override other interlocks providing safety control. 
 

G. Provide shock and vibration protection. 
 

H. Provide required wiring interconnections between the motor control relays and 
the motor starters. 

 
1.4.8 Current Transformers and Relays 

 
A. Provide current transformers and relays, to indicate motor status. 

 
B. Provide SPDT output relay suitable for sensing by the BMS digital input 

subsystem. 
 

C. Provide output relay with trip adjustment, field accessible, over 0-100% of 
range. Deadband adjustment shall be to, at maximum, 10% of range. 

 
D. Long term setting drift of current transformer and relay combination not to 

exceed 5% full range/6 months. 
 

E. Provide current transformer and relay with over current and over voltage 
protection. 

 
F. Operating ambient temperature range of -10 deg C to plus 50 deg C with 5% 

to 90% RH non-condensing. 
 

1.4.9 Motor Status Contacts 
 

A. Provide status inputs, for  all  motors  using  auxiliary  contacts  from  motor 
starters where available or from auxiliary relays wired into the motor starter 
circuit. 

 
1.4.10 Differential Pressure Switches 

 
A. Select the differential pressure range of the switch to suit the application. 

 
B. Provide switch with adjustable set point. 

 
C. Provide switch with SPDT contacts rated at 5 amperes at 220V AC. 

 
D. Mount the switch with diaphragm in a vertical plane. 

 
E. Indicate flow for pumps and fans by means of a current sensitive relay which 

opens an electrical contact as differential pressure falls below pre-adjusted 
pressure range setting. 

 
1.4.11 Damper Status Switch 

 
A. Provide magnetic reed switch type damper status switches activated by 

damper blade. Mount securely on damper frames. 
 

B. Provide SPDT switches with contact rating of not less than 5 amperes at 
220V AC. 
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1.4.12 Filter Gauges 
 

A. Filter gauges are provided by Division 234000 - Air Filters. 
 
 

1.4.13 Level Switches 
 

A. Float type, tank mounted SPDT switch action, suitable for water up to 100 deg 
C. 

 
B. Float type, pit mounted SPDT switch action, suitable for water up to 100 deg 

C. 
 

1.4.14 Level Sensor 
 

A. Capacitive level sensor, equal to Magnatrol, complete with sensor  rods,  water 
tight enclosure, continuous 2-10V or 4-20 mA output. 

 
1.4.15 Gas Detectors 

 
A. Provide detectors suitable for carbon monoxide, carbon dioxide, refrigerant 

and ammonia detection. 
 

B. Provide electronic detectors, with scale range and set points suitable for the 
gas being detected and in compliance with legislation for hazardous gasses. 

 
C. Provide digital or continuous 2-10 VDC or 4-20mA input to BMS as 

appropriate for detection and control. 
 

D. Carbon Monoxide Detectors: Single or multichannel, dual-level detectors 
using solid-state plug-in sensors with a 3-year minimum life; suitable over a 
temperature range of 0 to 40 degree C (32 to 104 degree F); with 2 factory- 
calibrated alarm levels at 50 and 100 ppm. 

 
E. Carbon Dioxide Sensor and Transmitter: Single detectors using solid-state 

infrared sensors; suitable over a temperature range of minus 5 to 55 degree 
C (23 to 130 degree F) and calibrated for 0 to 2 percent, with continuous or 
averaged reading; for wall mounting and duct mounting. Provide one (1) 
sensor suitable for outdoor installation located near the fresh air intake of the 
FAHU to measure the outdoor air carbon dioxide level. The measured value 
here will serve as the base level for comparison with the space carbon dioxide 
level. Provide and locate the other Carbon Dioxide sensors as indicated in  
the Drawings. 

 
1.4.16 High Level Interface 

 
All independent control/monitoring system for chiller plant, VFD, and other equipment 
with electronic interface panels/system shall have Lon Works Protocol 
Communications or BACnet capability. 

 
1.4.17 Interface Contacts 

 
A. Snap acting switch, rated for 5 amps at 220 VAC, or digital input. 

 
B. Ensure contacts and signals are compatible with BMS and other systems 

being interfaced. 
 
 

C. Provide 2-10 VDC or 4-20 mA output from BMS to air flow volume control 
devices. 
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D. Provide pulse totalizing and conversion from building power meters. 

 
1. Power meter consists of CT’s and PT’s. Provide accuracy equal to 

that of the utility meter. 
 

2. Provide time based measurement with intervals of, at minimum 1 
minute, for power demand control. 

 
1.5 THERMOSTATS AND HUMIDISTATS 

 
A. Room thermostats controlling heating and cooling devices shall have three modes of 

operation (heating – null or dead band – cooling). Wall-mounted thermostats shall 
have setpoint and temperature display, and external adjustment: 

 
1. Electronic Thermostats: Soild-state, microprocessor based, programmable to 

daily, weekend, and holiday schedules. Battery replacement without program 
loss. 

 
B. Strap-on thermostat shall be enclosed in a dirt-and-moisture proof housing with fixed 

temperature switching point and single pole, double throw switch. 
 

C. Freezestat shall have a minimum of 300 mm (one linear foot) of sensing element for 
each 0.093 square meter (one square foot) of coil area. A freezing condition at any 
increment of 300 mm (one foot) anywhere along the sensing element shall be 
sufficient to operate the thermostatic element. 

 
D. Room Humidistats: Provide fully proportioning humidistats with adjustable throttling 

range for accuracy of settings and conservation. The humidistats shall have set point 
scales shown in percent of relative humidity located on the instrument. Systems 
showing moist/dry or high/low are not acceptable. 

 
1.6 FINAL CONTROL ELEMENTS AND OPERATORS 

 
A. Fail Safe Operation: Control valve and dampers shall provide “fail safe” operation in 

either the normally open or normally closed position as required for freeze, moisture, 
smoke or fire protection. 

 
B. Spring Ranges: Range as required for system sequencing and to provide tight shut- 

off. 
 

C. Power Operated Control Dampers (other than VAV Boxes): Factory fabricated, 
balanced type dampers. All modulating dampers shall be opposed blade type. Blades 
for two-position, duct-mounted dampers shall be parallel, airfoil (streamlined) type for 
minimum noise generation and pressure drop. 

 
1. Leakage: Maximum leakage in closed position shall not exceed 7 L/S (15 

CFMs) differential pressure for outside air and exhaust dampers and 200 L/S. 
1 square meter (40 CFM/sq.ft.) at 50 mm (2 inches) differential pressure for 
other dampers. 

2. Frame shall be galvanized steel channel with seals as required to meet 
leakage criteria. 

3. Blades shall be galvanized steel or aluminum, 200mm (8 inch) maximum 
width, with edges sealed as required. 

4. Bearing shall be nylon, bronze sleeve or ball type. 
5. Hardware shall be zinc-plated steel. Connected rods and linkage shall be 

non-slip. Working parts of joints shall be brass, bronze, nylon or stainless 
steel. 
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D. Smoke Dampers and Combination Fire/Smoke Dampers: These dampers shall be 
classified as a Class II/III leakage rated damper for use in smoke control systems 
under the latest version of UL 555S, and shall bear a UL Label attesting to same. 
Smoke dampers shall be suitable for 120 degrees c (250 degrees F). 

 
E. Operators shall be electric type. 

 
1. Dampers that requires manual reset or link replacement after actuation shall 

not be acceptable. See drawings for required control operation. 
2. Metal parts shall be aluminum, mill finish galvanized steel, or zinc plated steel 

or stainless steel. 
3. Maximum air velocity and pressure drop through free area the dampers: 

 
a. Smoke damper in air handling unit; 210 meter per minute (700 fpm). 
b. Duct mounted damper; 600 meter per minute (2000 fpm). 

 
F. Control Valves 

 
F1. Control Valves (Standard) 

 
1. Valves shall be rated for a minimum of 150 percent of system operating 

pressure at the valve location but not less than 900 kPa (125 psi). 
2. Valves 50 mm (2inches) and smaller shall be bronze body with threaded or 

flare connections. 
3. Valves 60 mm (2 ½ inches) and larger shall be bronze or iron body with 

flanged connections. 
4. Brass or bronze seats except for valves controlling media above 100 degrees 

C (210 degrees F), which shall have stainless steel seats. 
5. Flow characteristics: 

 
a. Three way valves shall have a linear relation or equal percentage 

relation of flow versus value position. 
b. Two-way valves position versus flow relation shall be linear for steam 

and equal percentage for water flow control. 
 

6. Maximum pressure drop: 
 

a. Two position steam control, 20 percent of inlet gauge pressure. 
b. Modulating Steam Control, 80 percent of inlet gauge pressure 

(acoustic velocity limitation). 
c. Modulating water flow control, greater of 3 meters (10 feet) of water 

or the pressure drop through the apparatus. 
d. Two position water valves shall be line size. 

 
 

F2. Control Valves (Pressure Independent Dynamic Control Valve) 
 

1. General 

 1.1 Contractor shall install Dynamic Control Valves where indicated in 
  drawings. 
 1.2 Valve shall be electronic, dynamic, modulating, 2-way, control device. 
 1.3 Dynamic control valve shall accurately control flow, independent of 
  System pressure fluctuation, at minimum 250 points between 
  maximum flow setting and 0. 
 1.4 Maximum flow setting shall be adjustable to a minimum 50 different 
  settings within the range of valve size. 
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2. Valve Actuator 
 

2.1 Valve actuator housing shall be rated to IP 44 insulation. 
2.2 Actuator shall be driven by brushes 24 VDC motor, and shall accept 

2-10 VDC, 4-20mA, or 3-point floating electric signal and shall include 
resister to facilitate any of these signals. 

2.3 Actuator shall be capable of providing 4-20mA or 2-10vDC feedback 
signal to the control System. 

2.4 Actuator shall be capable of minimum 250 points of control between 
maximum and minimum signal. 

2.5 Provide fail safe, super capacitor system to power valve to either 
open or closed position from any position in case of power failure 
shall be available. 

2.6 Provide External LED read-out of current valve position and 
maximum valve position setting shall be available. 

 
3. Valve Housing 

 
3.1 Housing shall be constructed of forged ASTM (CuZn39Pb2) brass 

rated at no less than 25 Bar static pressure and 120oC ( for 15mm- 
40mm size) and ductile iron ASTM A536-65T, Class 60-45-18 rated 
at no less than 400 KPA static pressure and 120oC ( for 50mm-80mm 
size). 

3.2 Valve housing shall be double union construction with a range of pipe 
connections available for the appropriate pipe size (15mm-40mm). 

 
4. Flow Regulation Unit 

 
4.1 Flow regulation unit shall consist of; Poly-Oxy methaline and 

hydrogenated acrylonitrile butadiene rubber (for 15mm-40mm size), 
and 316 stainless steel and hydrogenated acrylonitrile butadiene 
rubber (for 50mm-80mm size), and both shall be capable of 
controlling flow within +/-5% of each rated flow. 

4.2 Flow regulation unit shall be accessible, for maintenance. 
4.3 Provide dual pressure/temperature test valves for verifying accuracy 

of flow performance shall be available for all valve sizes. 
 

5. Accessories 
 

5.1 Digital manometer / thermometer shall be provided as a dual hose 
portable kit, shall be capable of measuring pressure in Pascal, Bar, 
PSI, Atmospheres, Millimeters of mercury, or Meters of water, shall 
have a pressure range of 0 to 20,000 bar in seven scales with 
automatic change of scale within +/-0.5% tolerance; and a 
temperature range of -200oC to 400oC in two scales with automatic 
change of scale within 0.2% tolerance; all kits shall include flow rate 
chart for determining flow rate. 

 
G. Dampers and Valve Operators and Relays: 

 
1. Pneumatic operators, spring return type with non-ferrous metal bellows or 

diaphragm of neoprene or other elastomer location. Bellows or diaphragm 
shall be of sufficient size so that a change in operating pressure of not more 
than 2 percent of the total motor operating pressure range will be required to 
start the valve or damper moving. Provide positive positioning or sequencing 
relays with adjustable operating range and starting point for operators 
sequenced with other operators to permit adjustment of control sequences, 
except for control valves in confined spaces in terminal units, which may use 
springs with range selected to provide necessary sequencing. 
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2. Electric damper operator shall provide full modulating control of dampers. A 
linkage and pushrod shall be furnished for mounting the actuator on the 
damper frame internally in the duct or externally on the duct wall, or shall be 
furnished with a direct-coupled design. 

3. Electronic damper operators: VAV Box actuator shall be mounted on the 
damper axle or shall be of the air valve design, and shall provide complete 
modulating control of the dampers. The motor shall have a closure torque of 
35-inch pounds minimum with full torque applied at close off to attain 
minimum leakage. 

4. Relays shall be of the following type: 
 

a. Pneumatic: Diverting, selector, proportional, sequencing, ratio, 
positive positioning, biasing, repeating. 

b. Electrical Interlocking Relays: Electric-pneumatic (EP) or pneumatic- 
electric (PE) types. 

c. Electrical pilot duty of contactor types. Provide inductive rated 
contacts for circuits with coils, motors or other inductive devices. 

 
1.7 AIR FLOW CONTROL AND MONITORING 

 
A. Airflow and static pressure shall be controlled via digital controller (CUs) with inputs 

from airflow control measuring stations and static pressure inputs as specified. 
Controller outputs shall be true analog output signals to pneumatic positioners or 
variable frequency drives. Pulse width modulation outputs are not acceptable. The 
CUs shall include the capability to control via simple proportional (P) control, 
proportional plus integral (PI), proportional plus integral plus derivative (PID), and on- 
off. The airflow control programs shall be factory-tested programs that are 
documented in the literature of the control manufacturer. 

 
B. Air Flow Measuring Station 

 
1. Airflow measuring stations shall measure airflow by the Pitot tube traverse 

method. Each unit shall consist of a network of static and total pressure 
sensors, factory positioned and connected in parallel, to produce and 
equalized velocity pressure. The measured velocity pressure converted to 
airflow (cfm) shall have accuracy within 2 percent of the full scale throughout 
the velocity range from 200 to 1,200 meter per minute (700 to 4,000 fpm). 

2. Airflow measuring stations shall consist of 16-gauge sheet metal casing, an 
aluminium air velocity treatment and air straightening section with an open 
face area not less than 97 percent and a total and static pressure sensing 
manifold made of copper. Each station shall contain non-combustible 
sensors, which shall be incapable of producing toxic gases of fumes in the 
event of elevated duct temperatures. All interconnecting tubing shall be 
internal to the unit with the exception of one total pressure and one static 
pressure meter connection. 

3. Each airflow measuring station shall be installed to meet at least the 
manufacturer’s minimum installation conditions and shall not amplify the 
sound level within the duct. The maximum resistance to airflow shall not 
exceed 0.3 times the velocity head for the duct stations and 0.6 time the 
velocity head for the fan stations. The unit shall be suitable for continuous 
operation up to a temperature of 120 degree C (250 degrees F). 

4. Differential pressure transducers shall measure and transmit pressure signals 
to the direct digital controller CU. The differential pressure transducers shall 
operate in one of four ranges of the total span. 
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1.8 ULTRASONIC, THERMAL, THERMAL-ENERGY METERS: 

 
1. Basis-of-Design: Subject to compliance with requirements, provide 

comparable product by one of the brands specified in Section 230007. 
2. Description: Meter with flow sensor, temperature sensors, transmitter, 

indicator, and connecting wiring. 
3. Flow Sensor: Transit-time ultrasonic type with transmitter. 
4. Temperature Sensors: Insertion-type or strap-on transducer. 
5. Indicator: Solid-state, integrating-type meter with integral battery pack. 

a. Data Output: Six-digit electromechanical counter with readout in 
kilowatts per hour or British thermal units (joules) 

b. Battery Pack: Five-year lithium battery. 
6. Accuracy: Plus or minus 1 percent. 
7. Display: Visually indicates total fluid volume in gallons (liters) and thermal- 

energy flow in kilowatts per hour or British thermal units (joules). 
8. Operating Instructions: Include complete instructions with each thermal- 

energy meter system. 
9. Mount thermal-energy meters on wall if accessible; if not provide brackets to 

support meters. 
 

1.9 SEQUENCE OF OPERATION / CONTROL SEQUENCE 

 
I. Chiller Plant Control System 

General System Capabilities 

1. The chiller plant control software shall have the ability to control a 
maximum of 3 chillers of any type running on Lon Works Protocol 
Communication or BACnet. 

2. The software shall be able to control both constant and variable flow 
systems as well as parallel, series and decoupled piping 
configurations. 

3. This program shall have the ability to sequence the multiple chillers to 
minimize energy consumption. The program shall provide sequence 
of operation as described on the drawings and include the following 
as a minimum: 

 
a. Automatic start/stop of chillers and auxiliaries in accordance 

with the sequence of operation shown on the drawings, while 
incorporating requirements and restraints, such as starting 
frequency of the equipment imposed by equipment 
manufacturers. 

b. Generate chilled water plant load profiles for different 
seasons for use in forecasting efficient operating schedule. 

 
II. AHU (CAV) 

 
A. Normal Mode 

 
1. The system shall be provided with Manual-Off Auto (H-0-A) selector 

switch. In the Manual mode, each individual component can be 
operated manually while automatic operation is disabled. In system 
off mode, neither manual nor automatic operation is possible. 

2. In the auto mode, the system is started or stopped remotely thru the 
BMS or the local motor control panel at the AHU Room. 



HVAC Instrumentation and Controls 
SECTION 230900 

DIVISION 23 – MECHANICAL 

FOR TENDER 
Page 11 of 16 

MEINHARDT PHILIPPINES, INC.

 

 

3. Upon start of the AHU, AC control system is energized, fresh/outdoor 
air damper opens to its pre-set position, control valve opens and 
modulates based on the average return air temperature (or room 
temperature for zones with single space) being sensed. 

4. The fresh/outdoor air damper throttles based on the CO2 level 
difference between the outdoor air and as sensed by the CO2 sensor 
located at the return of the AHU and/or at the space/room. A 700 ppm 
difference is maintained by the System. The minimum quantity of 
fresh/outdoor air supplied by the FAHU to each floor should be 
enough to maintain building pressurization at all times. 

5. Dirty filter status and alarm for each of the filters shown shall be 
indicated in the BMS. 

6. Alarm is indicated in the BMS when the preset CO2 differential is 
exceeded by more than 10% ppm when the motorized damper is fully 
open. 

7. The other parameters monitored by the BMS are as shown in the 
BMS points list and control schematic diagrams. 

 
B. Emergency Mode 

 

 
 
 
 
 
 
 
 

 
III. AHU (VAV) 

1. On fire mode as sensed by the smoke detector located in the return 
duct/return of the AHU or upon receipt of fire signal from Fire Alarm 
Panel, the AC system shall shutdown automatically. 

2. The fresh/outdoor air damper opens to a preset level to admit 
supply/make-up air from the FAHU supply fan. 

3. Visual and Audible Alarm mode shall be indicated in the BMS and the 
MCP at the AHU Room. Mute switch shall be provided to silence the 
alarm 

4. After the emergency condition is over, the system shall be restored to 
normal mode thru a “System Restore” switch. 

 

A. Normal Mode 
 

1. The system shall be provided with Manual-Off Auto (H-0-A) selector switch. In 
the Manual mode, each individual component can be operated manually while 
automatic operation is disabled. In system off mode, neither manual nor 
automatic operation is possible. 

2. In the auto mode, the system is started or stopped remotely thru the BMS or 
the local motor control panel at the AHU Room. 

3. Upon start of the AHU, AC control system is energized, fresh/outdoor air 
damper opens to its pre-set position, control valve opens and modulates in 
response to discharge air temperature as sensed by say by the thermostat 
which is resettable thru the BMS. 

4. Variable air volume (VAV) terminals throttle to maintain the desired room 
temperatures. Based on the resulting increase in duct static pressure as 
sensed by the static pressure transmitter, the variable speed drive (VSD) 
slows down the AHU fan to maintain the desired static pressure setting. Upon 
increase in demand for cooling, the VAV terminals modulates to open 
position, thereby decreasing the duct static pressure and causes the VSD to 
speed up the AHU fan. 

5. The fresh/outdoor air damper throttles based on the CO2 level difference 
between the outdoor air and as sensed by the CO2 sensor located at the 
return of the AHU and/or at the space/room. A 700 ppm difference is 
maintained by the System. The minimum quantity of fresh/outdoor air 
supplied by the FAHU to each floor should be enough to maintain building 
pressurization at all times. 

6. Dirty filter status and alarm for each of the filters shown shall be indicated in 
the BMS. 



HVAC Instrumentation and Controls 
SECTION 230900 

DIVISION 23 – MECHANICAL 

FOR TENDER 
Page 12 of 16 

MEINHARDT PHILIPPINES, INC.

 

 

7. Alarm is indicated in the BMS when the preset CO2 differential is exceeded 
by more than 10% ppm when the motorized damper is fully open. 

8. The other parameters monitored by the BMS are as shown in the BMS points 
list and control schematic diagrams. 

 
B. Emergency Mode 

 
1. On fire mode as sensed by the smoke detector located in the return 

duct/return of the AHU or upon receipt of fire signal from Fire Alarm Panel, 
the AC system shall shutdown automatically. 

2. The fresh/outdoor air damper opens to a preset level to admit supply/make-up 
air from the FAHU supply fan. 

3. Visual and Audible Alarm mode shall be indicated in the BMS and the MCP at 
the AHU Room. Mute switch shall be provided to silence the alarm. 

4. After the emergency condition is over, the system shall be restored to normal 
mode thru a “System Restore” switch. 

 
IV. Pressurization Fans 

 
A. Normal Mode 

 
1. The system shall be provided with the Manual-Off Auto (H-0-A) selector 

switch. In the Manual mode, each individual component can be operated 
manually while automatic operation is disabled. In system off mode, neither 
manual nor automatic operation is possible. 

 
B. Fire Mode 

 
1. The H-0-A is set in the auto mode, the system is started or stopped remotely 

thru the BMS. 
2. Upon receipt of Fire Signal from Fire Alarm Panel, the control program will 

energize the variable frequency drive. 
3. The variable frequency drive will vary the fan motor speed thru its space 

differential pressure sensor/transmitter to maintain a pressure differential of 
25 Pa to 50 Pa between the stairway and adjacent corridor. 

4. On/off status and trip alarm points shall be indicated in the BMS for 
monitoring. 

 
C. Other Monitoring Points 

 
1. The other points monitored by the BMS are shown in the BMS points list. 

 
V. Exhaust Fans 

 
A. Normal Mode 

 
1. The system shall be provided with Manual-Off Auto (H-0-A) selector switch. In 

the Manual mode, each individual component can be operated manually while 
automatic operation is disabled. In system off mode, neither manual nor 
automatic operation is possible. 

 
B. Auto Mode 

 
1. The H-0-A is set in the auto mode, the system is started or stopped remotely 

thru the BMS. 
2. When the fan is running, indication is monitored thru its air flow by means of 

air flow sensor/transmitter. 
3. On/off status and trip alarm points shall be indicated in the BMS for 

monitoring. 
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VI. Supply Fans 
 

A. Normal Mode 
 

1. The system shall be provided with Manual –Off Auto (H-O-A) selector switch. 
In the Manual mode, each individual component can be operated manually 
while automatic operation is disabled. In the system off mode, neither manual 
nor automatic operation is possible. 

 
B. Auto Mode 

 
1. The H-O-A is set in the auto mode, the system is started or stopped remotely 

thru the BMS. 
2. When the fan is running, indication is monitored thru its flow by means of air 

flow sensor transmitter. 
3. On/off status and trip alarm points shall be indicated in the BMS for 

monitoring. 
 

VII. Carpark Supply and Exhaust Fans 
 

A. Normal Mode 
 

1. The system shall be provided with Manual-Off Auto (H-O-A) selector switch. 
In the Manual mode, each individual component can be operated manually 
while automatic operation is disabled. In the system off mode, neither manual 
nor automatic operation is possible. 

 
B. Auto Mode (Supply) 

 
1. The H-O-A is set in the auto mode, the system is started or stopped remotely 

thru the BMS. 
2. The control program will start fans and/or cycle between high & low speed 

based on control matrix to be specified later. 
3. Confirmation of the air flow will be determined by air flow switch mounted at 

the supply duct and will indicate in the BMS that the system is running. 
4. On/off status and trip alarm points shall be indicated in the BMS for 

monitoring. 
 

C. Auto Mode (Exhaust Fan) 
 

1. The H-O-A is set in the auto mode, the system is started (and/or cycle 
between high & low speed) and stopped remotely thru the BMS. 

2. The control program will start when either the space temperature sensor or 
the carbon monoxide sensor value has reached its preset value, which is user 
adjustable in the BMS, the control will start the exhaust fan or fans and 
induction fans per zoning as shown on the drawings based on control matrix 
to be specified later. This control will complement the supply fans to have 
continuous flow of clean air in the carpark 

3. On/off status and trip alarm points shall be indicated in the BMS for 
monitoring. 

 
D. Emergency Mode (Exhaust) 

 
1. On fire mode, upon receipt of fire signal from the fire alarm panel, the exhaust 

fans of the floor on fire are energized and operated on high speed. Supply 
fans on this floor shall shutdown automatically. 

2. Fans on all other parking floors shall also shutdown automatically. 
3. After emergency condition is over, the system shall be restored to normal 

mode thru a “system restore” switch. 
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VIII. Fan Coil Unit 
 

A. Normal Mode 
 

1. The system shall be provided with Manual-Off Auto (H-O-A) selector switch. 
In the Manual mode, each individual component can be operated manually 
while automatic operation is disabled. In the system off mode, neither manual 
nor automatic operation is possible. 

 
B. Auto Mode 

 
1. The H-O-A is set in the auto mode, the system is started or stopped remotely 

thru the BMS. Time schedule and user input will start the auto mode. 
2. The temperature control will be determined by the temperature sensor 

mounted inside the room. The control program will maintain the room 
temperature by modulating the cooling valve. 

3. On/off status and trip alarm points shall be indicated in the BMS for 
monitoring. 

4. For fan coil units serving common areas, fan shall automatically switch to low 
speed when rooms are unoccupied. 

 
IX. Fresh Air Handling Unit (FAHU) With Integrated Heat Recovery Wheel 

 
A. Normal Mode 

 
1. The system shall be provided with the Manual-Off Auto (H-0-A) selector 

switch. In the Manual mode, each individual component can be operated 
manually while automatic operation is disabled. In system off mode, neither 
manual nor automatic operation is possible. 

2. In the auto mode, the system is started or stopped remotely thru the BMS or 
the local motor control panel at the AHU Room. 

3. The system is composed of air handling unit, one exhaust fan for toilet 
exhaust and electrical exhaust, one exhaust fan for general exhaust, and the 
integrated Heat Recovery Wheel. 

4. The FAHU pre-cools the fresh air supplied to AHUs located at each floor. 
Exhaust air from toilets, and electrical/communication rooms, and building 
general exhaust pass through one side of the Heat Recovery Wheel (HRW) 
before being discharged outside of the building. Fresh air from the outside 
pass through the other side of HRW. As the HRW rotates, the ambient fresh 
air is pre-cooled by the exhaust air before passing through the coil. 

5. The motorized dampers at the fresh/outdoor air ducts of the AHU at every 
floor throttle depending on the required fresh/outdoor air as dictated through 
the BMS and as sensed by the CO2 sensor. Based on the resulting increase 
in duct static pressure as sensed by the Static Pressure Transmitter (SPT), 
the Variable Speed Drive (VSD) slows down the supply fan of the FAHU. This 
VSD is interlocked with the VSD of the General Exhaust Fan to maintain 
building pressurization. The VSD slows down the General Exhaust Fan. 

6. Dirty filter status and alarm for each of the filters shown shall be indicated in 
the BMS. 

7. The other parameters monitored by the BMS are as shown in the BMS points 
list and control schematic diagrams. 

 
B. Emergency Mode 

 
1. On fire mode, upon receipt of fire signal from the fire alarm panel, the AC 

system shall shutdown automatically. 
2. The Normally Open (N.O.) motorized damper at the general exhaust duct of 

the floor on fire remains open while the normally closed (N.C.) motorized 
damper automatically opens. All motorized dampers at other floors 
automatically close. 
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3. The general exhaust fan is energized and extracts smoke from the floor on 
fire. The N.O. motorized damper located at the discharge duct of the fan 
closes, the N.C. motorized damper opens, and the smoke/extracted air is 
discharged outside of the building without passing through the HRW. The 
other exhaust fan remains off. 

4. The supply fan at the FAHU is energized and supplies make-up air/supply air 
to the building. 

5. Visual and audible alarm mode shall be indicated in the BMS and the MCP at 
the AHU room. Mute switch shall be provided to silence the alarm. 

6. After the emergency condition is over, the system shall be restored to normal 
mode thru a “system restore” switch. 

 
Note: Refer to AHU (CAV) / AHU (VAV) sequence of operations for interfacing with 
FAHU. 

 
 

PART 2 PRODUCTS 

NOT USED 

PART 3 - EXECUTION 
 

3.1 INSTALLATION 

 
A. Meet applicable codes, each manufacturer's recommended installation procedures 

and Division 26 requirements. 
 

B. Install all equipment so as to be mechanically stable and to allow easy access. Fix as 
necessary to wall or floor. Provide anti-vibration mounting where required to properly 
isolate the equipment. 

 
C. Install all equipment in locations providing adequate ambient conditions for its 

specified functioning, allowing for adequate ventilation. 
 

D. Provide complete shop drawings for review. 
 

E. Review proposed location of any equipment with Owner prior to its installation. 
 

F. Where the point schedules indicate auxiliary contact provision, provide all 
instrumentation, wiring, conduit, power supplies and services as required to integrate 
these points into the BMS. 

 
G. Provide interposing and motor control relays at the local item of equipment or at the 

associated MCC as applicable. Provide all relays, wiring, conduit, power supplies and 
services as required to integrate these points into the BMS. 

 
H. Wire all equipment which is part of the same control loop to the same field panel. 

 
 

3.2 IDENTIFICATION 

 
A. Provide for each piece of instrumentation and end device, a 50 mm x 75 mm plastic 

nameplate embossed to indicate the following: 
 

1. Mnemonic for point 
2. Remote field panel and termination 
3. English language description 
4. Field panel 
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B. Affix the nameplate to the equipment with self-tapping screws or bead chain or similar 

device. 
 

C. Submit specimen nameplate and a complete list of descriptive titles for approval prior 
to installation. 

 
3.3 WIRING 

 
A. Provide all wiring required for Instrumentation. Install in IMC conduit, and otherwise 

comply with Division 26 requirements. Approved plenum cable wire may be used 
where allowed by code. 

 
B. Provide power wiring from nearest emergency powered panel to each field device as 

required. 
 

C. Provide necessary relays required to interconnect equipment. 
 

D. Install wiring parallel and perpendicular to building planes. 
 

3.4 FACTORY BUILT EQUIPMENT 

 
A. Factory built equipment such as roof top air conditioners, gas fired make up air units, 

VAV terminals, water source heat pumps, etc., require control devices supplied by this 
section, refer to individual Specification Sections for exact requirements. 

 
B. Provide all required components to completely interface items with the BMS, including 

relays, actuators, thermostats, terminal control units and other devices to make a 
complete and operational system. 

 
 

C. Install thermostats and control wiring for equipment where thermostats are factory 
supplied. 

 
3.5 WARNING NOTICES 

 
A. Place warning notices at the MCC Panel, local starter and on or close to all motors 

under BMS control. 
 

B. Make the notices conspicuous with bold lettering to advise that the motor is under 
BMS control and may start at any time without warning. Submit sample notice for 
review prior to installation. 

 
END OF SECTION 
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PART 1 - GENERAL 
 
 

1.1 RELATED DOCUMENTS 

 
A. Drawings and general provisions of the Contract, including General and Supplementary 

Conditions and Division 23 Specification Sections, apply to this Section. 
 
 

1.2 SUMMARY 

 
A. This Section includes control sequences for ACMV systems, subsystems, and equipment. 

 
B. Related Sections include the following: 

 
1. Division 23 Section 230900 "HVAC Instrumentation and Controls” for control 

equipment and devices and for submittal requirements. 
 
 

1.3 DEFINITIONS 

 
A. DDC: Direct digital control. 

 
 

1.4 CENTRAL CHILLER PLANT CONTROL SEQUENCES 

 
(Sequence of Operation shown can be superseded by multi-chiller specific operation: Refer 
to BMS and Mechanical Plan for required points in chiller plant manager). 

 
A. Start and Stop Condenser-Water Pump(s): 

 
1. Enable: Allow pump to start when water is in cooling tower: 

 
a. Input Device: Water pressure transducer. 
b. Output Device: Hard wired through motor VFD; DDC system binary output. 
c. Action:  Confirm water in cooling-tower sump. 

 
2. Enable:  When outdoor-air temperature conditions are met: 

 
a. Input Device: Space thermostat. 
b. Output Device: Hard wired through motor VFD; DDC system binary output. 
c. Action: Confirm outdoor-air temperature is above 50 deg F (10 deg C). 

 
3. Enable: When demand conditions are met: 

 
a. Input Device: DDC system software demand. 
b. Action: Confirm cooling demand from ventilation system(s). 

 
4. Initiate: 

 
a. Input Device: DDC system time schedule. 
b. Output Device: Binary output. 
c. Action: Energize pump(s). 
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5. Display: 
 

a. Low-level cooling-tower sump alarm. 
b. Outdoor-air temperature. 
c. Cooling (software) demand indication. 
d. Time and time schedule. 
e. Condenser-water pump(s) on-off status. 
f. Condenser-water pump(s) on-off indication. 

 
B. Start and Stop Chilled-Water Pump(s): 

 
1. Input Device: Flow switch in condenser-water circuit. 
2. Output Device: Starter DDC system command to starter relay. 
3. Action: Energize pump(s). 
4. Display: 

 
a. Chilled-water flow indication. 
b. Chilled-water pump(s) on-off status. 
c. Chilled-water pump(s) on-off indication. 

 
C. Start and Stop Cooling-Tower Fans(s): 

 
1. Input Device: Flow switch in condenser-water circuit. 
2. Output Device: Starter [DDC system command to starter relay. 
3. Action: Energize fan(s). 
4. Display: 

 
a. Condenser-water flow indication. 
b. Cooling-tower fan(s) on-off indication. 

 
D. Start and Stop Refrigeration Machine(s): 

 
1. Input Device: Flow switch in condenser-water circuit. Flow switch in chilled-water 

circuit. 
2. Output  Device: Refrigeration DDC system command to refrigeration machine 

terminal strip. 
3. Action: Energize refrigeration machine(s) internal control circuit. 
4. Display: 

 
a. Condenser-water flow indication. 
b. Chilled-water flow indication. 
c. Refrigeration machine on-off indication. 
d. Chilled-water supply and return temperature. 
e. Chilled-water temperature control-point adjustment. 

 
E. Start and Stop Chiller(s): 

 
1. Input Device: Flow switches in condenser-water and chilled-water circuit. 
2. Output Device: DDC system command to chiller terminal strip. 
3. Action: Energize chiller internal control circuit. 
4. Display: 

 
a. Condenser-water flow indication. 
b. Chilled-water flow indication. 
c. Chiller(s) on-off status. 
d. Chiller(s) on-off indication. 
e. Chilled-water supply and return temperature. 
f. Chilled-water temperature control-point adjustment. 
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F. Alternate Chiller(s): 
 

1. Input Device: DDC system software. 
2. Output Device:  DDC system command to chiller terminal strip. 
3. Action:  Operate chiller(s) on lead-lag, alternating each startup. 
4. Action: Adding and dropping chiller(s) as follows: 
5. Display: Chiller(s) on-off indication. 

 
G. Alarm Chiller(s) Start Failure: 

 
1. Input Device: Chiller software signal. 
2. Output Device: DDC system alarm. 
3. Action: Signal alarm. 
4. Display: Chiller "failure-to-start" indication. 

 
H. Chilled-Water Level: 

 
1. Input Device: Expansion tank liquid sensor. 
2. Output Device: DDC system alarm. 
3. Action: Signal alarm. 
4. Display: Expansion tank low-level alarm. 

 
I. Chilled-Water Supply Temperature: 

 
1. Input Device: Temperature sensor in common chilled-water supply piping. 
2. Output Device: DDC system signal to chiller control panel. 
3. Action: Maintain constant leaving chilled-water temperature reset according to 

highest cooling demand. 
 

a. Display: Chilled-water supply temperature. 
 

J. Condenser-Water Temperature: 
 

1. Input Device: Temperature sensor in cooling-tower sump. 
2. Output Device: DDC system command to cooling-tower fan starter relay. 
3. Action: Modulate control valve open to cooling tower and closed to bypass and cycle 

tower fan(s) on and off to maintain 65 70 deg F (21 deg C) sump temperature. Close 
valve when unoccupied.] 

4. Display: 
 

a. Condenser-water sump (return) control-point temperature. 
b. Condenser-water sump (return) temperature. 
c. Control-valve position. 
d. Cooling-tower fan(s) on-off indication. 
e. Condenser-water supply temperature. 

 
K. Operator Station Display: Indicate the following on operator workstation display terminal: 

 
1. DDC system graphic. 
2. DDC system status, on-off. 
3. Low-level cooling-tower sump alarm. 
4. Outdoor-air temperature. 
5. Cooling (software) demand indication. 
6. Time and time schedule. 
7. Condenser-water pump(s) on-off status. 
8. Condenser-water pump(s) on-off indication. 
9. Condenser-water flow indication. 
10. Chilled-water pump(s) on-off status. 
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11. Chilled-water pump(s) on-off indication. 
12. Cooling-tower fan(s) on-off indication. 
13. Chilled-water flow indication. 
14. Refrigeration machine on-off indication. 
15. Chilled-water supply temperature. 
16. Chilled-water return temperature. 
17. Chilled-water temperature control-point adjustment. 
18. Chiller(s) on-off status. 
19. Chiller(s) on-off indication. 
20. Chiller "failure-to-start" indication. 
21. Expansion tank low-level alarm. 
22. Condenser-water sump (return) control-point temperature. 
23. Condenser-water sump (return) temperature. 
24. Condenser-water control-valve position. 
25. Cooling-tower fan(s) on-off indication. 
26. Condenser-water supply temperature. 
27. Cooling-tower sump temperature. 
28. Cooling-tower sump heater on-off indication. 
29. Cooling-tower dump indication. 
30. Chilled-water pressure drop through chiller. 
31. Entering condenser-water temperature. 
32. Leaving condenser-water temperature. 
33. Condenser-water pressure drop through chiller. 
34. Chiller condenser-water supply and return temperature. 
35. Chiller chilled-water supply and return temperature. 
36. System capacity in tons. 

 
 

1.5 SEQUENCING 

 
The chiller plant control system will start and stop the chilled water pumps and chillers based 
upon system load. 

 
1. When the chilled water system is enabled the chiller plant control system shall: 

a. Send an Enable signal to the lead chiller. 
b. Upon receiving the enable signal, the chiller shall enable the chilled water 

evaporator isolation valve. 
c. The isolation valve shall be controlled to 100% open. 
d. When the isolation valve is confirmed to be 100% open, the chiller plant 

control system shall start the lead chilled water pump in the sequence. 
e. The chilled water pump shall be controlled to maintain the design pres- 

sure set point for the system. 
f. Upon confirmation of evaporator water flow the chiller shall enable the 

condenser pump that is connected to that chiller. 
g. Upon confirmation of condenser water flow the chiller shall continue its 

pre-start sequence and start its compressor(s). 
h. Upon the start of each chiller the Chiller Plant Control system shall auto- 

matically start chiller specific Trend Log Reports to include: 
i. Hourly logging of chiller 

 Unit Chilled Water Set point 
 Compressor(s) RLA 
 Evaporator Entering Water Temp 
 Evaporator Leaving Water Temp 
 Evaporator Flow Rate 
 Evaporator Approach Temp 
 Condenser Entering Water Temp 
 Condenser Leaving Water Temp 
 Condenser Approach Temp 

ii. Five-minute logging of chiller: 
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 Unit Chilled Water Setpoint 
 Compressor(s) RLA 
 Evaporator Entering Water Temp 
 Evaporator Leaving Water Temp 
 Evaporator Flow Rate 
 Condenser Entering Water Temp 
 Condenser Leaving Water Temp 

 
2. The chiller plant control system shall initiate the start of the back-up chilled water 

pump when the pressure set point is not met for 5 minutes. 
 

a. The active pumps shall run at required speed based on the load require- 
ment. Differential pressure transmitter (DPT) located at 2/3 of the distance 
from the chilled water pump to the farthest AHU/ FCU (largest pressure 
drop of the chw system) normally controls the speed of the chilled water 
pumps. VFD regulates speed of pumps to vary capacity. When DPT 
senses decreasing pressure differential indicating increasing cooling de- 
mand, the VFD will ramp up speed of operating chilled water pumps. 

 
3. The chiller plant control system shall initiate the start of the next chiller in the se- 

quence whenever the chilled water load, as determined by the system supply wa- 
ter temperature, is not met for 20 minutes. 

 
a. The chiller plant control system will unload operating chillers to an oper- 

ator editable current limit prior to starting a lag chiller. 
b. Lag chillers shall start in a similar manner to the lead chiller start 

sequence. 
4. The chiller plant control system shall initiate the shutdown of the next chiller in the 

sequence whenever excess chilled water capacity exists, as determined by per- 
cent run load amps, for 15 minutes. 

 
5. Upon sensing a chiller failure the chiller plant control system shall shut down the 

failed chiller immediately and initiate the start of the next chiller in the rotation se- 
quence. 

 
6. The chiller plant control system shall control individual chiller set points to maintain 

the system supply water temperature at set point. 
 

7. The design system chilled water set point shall be 44 degrees F and editable by 
the operator. 

 
8. Condenser water pumps shall maintain the required condenser flow rate on the 

chiller condenser by modulating the speed of the pump. 
 

A. Chiller Minimum Flow By-Pass Valve Control 
 

1. The Chiller Minimum Flow By-Pass line and valves shall be sized to allow for the 
manufacturer’s recommended minimum flow, with all load control valves closed, 
for the chiller with the largest minimum flow rate in the system. 

 
2. The “Chiller Minimum Flow By-Pass Valves” shall be a normally open valve. 

 
3. The “Chiller Minimum Flow By-Pass Valves” shall be modulated to the fully open 

position when the system is shutdown. This shall be done to prevent water 
hammer when a pump is started and to allow for minimum flow in the event the 
chiller calls for pump operation. 

 
4. Following the confirmed start of the lead chiller and whenever system is enabled, 

the chiller plant controls system shall modulate the “Chiller Minimum Flow By- 
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Pass Valve” such that the chilled water flow through any operating chiller(s) shall 
not drop below the manufacturer’s recommended minimum flow. 

 
5. The chiller minimum flow shall be determined based on the pressure drop across 

the chiller evaporator barrel using a high accuracy pressure differential sensor. 
The differential pressure set point shall be determined based on the manufactur- 
er’s chiller pressure drop rating curves. 

 
Note: If differential pressure sensor(s) are used, high accuracy differential pressure 
sensor(s) (0.2% at calibrated flow, 0.5% at other flow rates) should be specified. 
Differential pressure sensor(s) should be installed according to the manufacturer’s 
specifications. 

 
B. System Soft Start - The chiller plant control system will initiate a “soft start” mode whenever 

the system chilled water temperature exceeds the specified chilled water system set point by 
20 degrees F at system start-up. The chiller plant control application will add cooling capaci- 
ty during soft start mode only if return water temperature is not declining at a rate of at least 
0.5 degrees F per minute. This prevents the unnecessary operation of chillers and limits sys- 
tem electrical demand during chilled water loop pull down. 

 
C. Automatic rotation of chillers and pumps. 

 
1. Chiller rotation shall be initiated based on an operator entered day interval or by 

the cycling of a binary point. The method of sequence shall be operator se- 
lectable. 

 
2. Chiller cycling caused by normal system load fluctuations shall cause the chillers 

to change rotation sequence or at the operator’s option chillers may be forced into 
the new rotation sequence at the time of sequence change. 

 
3. Pump rotation shall be initiated by a schedule or by the cycling of a binary point. 

 
D. Diagnostics/Protection - the Building Automation System shall be able to alarm from all 

sensed points and diagnostic alarms monitored by the chiller controller. 
 

E. Chiller Status Report - Provide an operating status report for each chiller. The report(s) shall 
provide the present for the following information to provide the operator with critical chiller 
operating data. 

 
 Compressor On/Off Status 
 Compressor Starts/Run Hours 
 Compressor Phase 1/2/3 Percent RLA - separate for each compressor 
 Compressor Current Draw - RLA Percent 
 Active Chiller Diagnostics or Alarms 
 Leaving Chilled Water Temperature 
 Entering Chilled Water Temperature 
 Evaporator Flow Rate 
 Condenser Water Entering/Leaving Temperatures 
 Chilled Water Setpoint 
 Refrigerant Temperature Evaporator/Condenser - Separate for each circuit 
 Operating Mode 
 Chiller Model and Serial Number 
 Outside Air Dry Bulb 

 
F. Demand Limiting - As part of the demand limiting scheme on the building, the chiller plant 

control system shall be able to monitor and reduce peak power demand through the limiting 
of chiller current draw. 
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1.6 COOLING TOWER SEQUENCING AND CONTROL 

 
A. Chiller condenser pump VSD to maintain l the designed flow specified by the chiller manu- 

facturer. 
 

B. Cooling Tower Fan Control 
 

1. Cooling tower fan speed shall be controlled by BAS to achieve the lowest possi- 
ble/ optimum condenser water temperature supply to the chillers. Reset conden- 
ser supply temperature based on outside air wet bulb temperature per reset 
schedule below:). 
Outside air wet bulb (⁰F) Condenser supply temperature (⁰F) Remarks 

82 87  

81 86  

80 85  

79 84  

78 83  

 
2. All cooling towers fans are equipped with VSD drives. When a cooling tower is 

operating with its corresponding chiller as programmed to the BAS, the BAS shall 
monitor the condenser water supply temperature and modulate the cooling tower 
fan to achieve the optimum cooling tower supply temperature and fan speed. 
Cooling tower temperature reset shall be enable based on the above tabulation. 
This is to save energy on cooling tower fan and on the chiller side. 

3. Each cooling tower is equipped with motorized valve on both inlet and outlet con- 
denser water pipes. Both motorized valves shall automatically open whenever its 
corresponding cooling tower is stage on and automatically close whenever its 
corresponding cooling tower is stage off. 1 min time delay between inlet motor- 
ized valve and outlet motorized valve closing is recommended to avoid overflow- 
ing of water on the cooling tower basin. Cooling tower fan sequence shall be ro- 
tated on a 7 day basis to equalize fan run time. 

 
1.7 CHILLER / COOLING TOWER OPTIMIZATION 

 
A. Cooling Tower Leaving Water Set point Optimization 

 
1. The chiller plant control system shall calculate the optimal cooling tower set point at 

any chiller(s) load and ambient wet bulb. The chiller plant control system shall pro- 
vide as an output on leaving tower water temperature set point. 

2. Optimal performance is defined as the lowest total kW input consumed by both 
chiller(s) plus cooling tower(s) while maintaining chilled water set point. 

 
3. Chiller and cooling tower vendor should fill in the following table based on data for 

the chiller and tower. BAS contractor should verify optimal set point based on esti- 
mated chiller + tower power (kW) data. 

 
Chiller Load (% Full 
Load) 

Wet Bulb 
(deg. F) 

Tower Setpoint 
(deg. F) 

Chiller + Tower 
Power (kw) 

100% 82 87  

90% 81 86  

80% 80 85  

70% 79 84  

60% 78 83  

50% 77 82  

40 % 76 81  

30% 75 80  

20% 74 79  

10% 73 78  
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4. At all times the tower leaving set point shall be limited within the high and low values 
specific to the chiller(s) being supplied as specified by the chiller manufacturer. 

5. The chiller plant control system shall include a chiller/cooling tower optimization rou- 
tine. As a minimum, the following chiller and tower characteristics shall be used in 
the optimization routine. 

a. Chiller type (per chiller) 
b. Chiller full load efficiency (kW/ton) 
c. Chiller part load performance (kW/ton) (efficiencies from 100-10% in 10% 

increments) 
d. Chiller condenser water flow rate 
e. Tower type (per tower) 
f. Tower approach temperature 
g. Tower range 
h. Actual instantaneous chiller tons 

6. The chiller plant control system shall scan the chiller(s) load and ambient WB tem- 
perature every 15 minutes. Using these inputs and both the chiller and cooling tower 
characteristics noted above, the chiller/cooling tower optimization routine shall calcu- 
late the optimal chiller plus tower performance. 

 
1.8 AIR-HANDLING-UNIT CONTROL SEQUENCES 

 
A. Start and Stop Supply Fan(s): 

 
1. Enable: 

 
a. Input Device: Duct-mounted thermostat, located in return air. 
b. Output Device: Hard wired through motor starter; DDC system alarm. 
c. Action: Allow start if duct temperature is below 300 deg F (150 deg C). 

 
2. Enable: Smoke Evacuation: 

 
a. Input Device: Duct-mounted smoke detector, located in return supply air. 
b. Output Device: Hard wired through motor starter; DDC system alarm. 
c. Action: Allow start if duct is free of products of combustion. 

 
3. Initiate: Occupied Time Schedule: 

 
a. Input Device: DDC system time schedule. 
b. Output Device: Binary output to motor starter. 
c. Action: Energize fan(s). 

 
4. Initiate: Unoccupied Time Schedule: 

 
a. Input Device: DDC system demand. 
b. Output Device: Binary output to motor starter. 
c. Action: Energize fan(s). 

 
5. Unoccupied Ventilation: 

 
a. Input Device: DDC system time schedule and output. 
b. Output Device: DDC system binary output to motor starter. 
c. Action: Cycle fan(s) during unoccupied periods. 

 
6. Display: Supply-fan on-off indication. 
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B. Supply Fan(s) Variable-Volume Control: 
 

1. Occupied Time Schedule: 
 

a. Input Device: DDC system time schedule. 
b. Output Device: Binary output 
c. Action: Enable control. 

 
2. Volume Control: 

 
a. Input Device: Static-pressure transmitter sensing supply-duct static pressure 

referenced to conditioned-space static pressure. 
b. Output Device: DDC system analog output to motor speed controller. Set 

variable-speed drive to minimum speed when fan is stopped. 
c. Action: Maintain constant supply-duct static pressure. 

 
3. High Pressure: 

 
a. Input Device: Static-pressure transmitter sensing supply-duct static pressure 

referenced to static pressure outside the duct. 
b. Output Device: DDC system binary output to alarm panel motor starter. 
c. Action: Stop fan and signal alarm when static pressure rises above excessive- 

static-pressure set point. 
 

4. Display: 
 

a. Supply-fan-discharge static-pressure indication. 
b. Supply-fan-discharge static-pressure set point. 
c. Supply-fan airflow rate. 
d. Supply-fan speed. 

 
C. Mixed-Air Control: 

 
1. Occupied Time Schedule: 

 
a. Input Device: DDC system time schedule. 
b. Output Device: DDC system output. 
c. Action: Enable control. 

 
2. Minimum Position: 

 
a. Input Device DDC system time schedule. 
b. Output Device: DDC system analog output to modulating damper actuator(s). 
c. Action: Open minimum outdoor-air dampers 

 
3. Cooling Reset: 

 
a. Input Device: Outdoor- and return-air, duct-mounted electronic temperature 

sensors. 
b. Output Device: DDC system analog output to damper actuator(s). 
c. Action: Set outdoor-air dampers to minimum position 

 
4. Unoccupied Time Schedule: 

 
a. Input Device: DDC system time schedule 
b. Output Device: DDC system analog output to modulating damper actuator(s). 
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c. Action: Position outdoor- and relief-air dampers closed and return-air dampers 
open. 

 
5. Display: 

 
a. Mixed-air-temperature indication. 
b. Mixed-air-temperature set point. 
c. Mixed-air damper position. 

 
D. Filters: During occupied periods, when fan is running, differential air-pressure transmitters 

exist. 
 

1. Occupied Time Schedule: 
 

a. Input Device: DDC system time schedule. 
b. Output Device DDC system output. 
c. Action: Enable control. 

 
2. Differential Pressure: 

 
a. Input Device: Differential-pressure switches 
b. Output Device: DDC system alarm. 
c. Action: Signal alarm on low- and high-pressure conditions. 

 
3. Display: 

 
a. Filter air-pressure-drop indication. 
b. Filter low-air-pressure set point. 
e. Filter high-air-pressure set point. 

 
E. Hydronic Cooling Coil: 

 
1. Occupied Time Schedule: 

 
a. Input Device: DDC system time schedule. 
b. Output Device Binary output. 
c. Action: Enable control. 

 
2. Supply Air Temperature: 

 
a. Input Device: DDC (refer to Section 230900 – HVAC Instrumentation and 

Controls) 
b. Output Device: Normally closed modulating control valve. 
c. Action: Maintain supply-air temperature set point of 55 deg F (13 deg C). 

 
3. Temperature Reset: 

 
a. Input Device: Duct-mounted thermostat in return air. 
b. Output Device: DDC system in straight-line relationship for the following 

conditions: 
 

1. 65 deg F (18 deg C)] when return-air temperature is 70 deg F (21 deg C) 
2. 53 deg F (11.66 deg C) when return-air temperature is 75 deg F (24  

deg C) 
 

4. Temperature Reset: 
 

a. Input Device: DDC system with input from room temperature sensors. 
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b. Output Device: DDC system. 
 

5. Unoccupied Time Schedule: 
 

a. Input Device: DDC system time schedule. 
b. Output Device: Binary output. 
c. Action: Disable control. 

 
6. Display: 

 
a. Fan-discharge air-temperature indication. 
b. Fan-discharge air-temperature set point. 
c. Cooling-coil air-temperature indication. 
d. Cooling-coil air-temperature set point. 
e. Cooling-coil control-valve position. 
f. Cold-deck air-temperature indication. 
g. Cold-deck air-temperature set point. 

 
F. Coordination  of   Air-Handling Unit  Sequences: Ensure that cooling-coil controls have 

common inputs and do not overlap in function. 
 

G. Operator Station Display: Indicate the following on operator workstation display terminal: 
 

1. DDC system graphic. 
2. DDC system on-off indication. 
3. DDC system occupied/unoccupied mode. 
4. Outdoor-air-temperature indication. 
5. Supply-fan on-off indication. 
6. Supply-fan-discharge static-pressure indication. 
7. Supply-fan-discharge static-pressure set point. 
8. Supply-fan airflow rate. 
9. Supply-fan 

10. Building static-pressure indication. 
11. Building static-pressure set point. 
12. Filter air-pressure-drop indication. 
13. Filter low-air-pressure set point. 
14. Filter high-air-pressure set point. 
15. Fan-discharge air-temperature indication. 
16. Fan-discharge air-temperature set point. 
17. Cooling-coil air-temperature indication. 
18. Cooling-coil air-temperature set point. 
19. Cooling-coil control-valve position. 
20. Cold-deck air-temperature indication. 
21. Cold-deck air-temperature set point. 
22. Room temperature indication. 
23. Room temperature set point. 
24. Multi-zone damper position. 

 
H. Two-Pipe, Single-Coil, Fan-Coil Unit: 

 
1. Occupied Time Schedule: 

 
a. Input Device: DDC system time schedule. 
b. Output Device: Binary output. 
c. Action: Start and stop fan and enable control. 



Sequence of Operation 
SECTION 230993 

DIVISION 23 – MECHANICAL 

FOR TENDER 
Page 12 of 13 

MEINHARDT PHILIPPINES, INC. 

 

 

 

2. Room Temperature: 
 

a. Input Device: DDC (refer to Section 230900 – HVAC Instrumentation and 
Controls) 

b. Output Device: Electronic control-valve operator. 
c. Action: Modulate valve to maintain temperature. 

 
3. DDC System Changeover: 

 
a. Input Device: Thermostat 
b. Output Device: Hard-wired relay 
c. Action: Reverse control-valve action to switch from heating to cooling. 

 
4. Display: 

 
a. DDC system graphic. 
b. DDC system on-off indication. 
c. DDC system occupied/unoccupied mode. 
d. Room temperature indication. 
e. Room temperature set point. 
f. Control-valve position. 
g. Supply-water temperature indication. 

 
I. VAV, Terminal Air Units 

 
1. Occupancy: 

 
a. Input Device: Occupancy sensor. 
b. Output Device: DDC system binary output. 
c. Action: Report occupancy and enable occupied temperature set point. 

 
1. Occupied Temperature: 75 deg F (24 deg C). 
2. Unoccupied Temperature: 65 deg F (18 deg C). 

 
2. Room Temperature: 

 
a. Input Device Electronic temperature sensor. 
b. Action: Modulate damper and valve to maintain temperature. 

 
1. Sequence damper from full open to minimum position, then valve from 

closed to fully open. 
3. Display: 

a. Room/area served. 
b. Room occupied/unoccupied. 
c. Room temperature indication. 
d. Room temperature set point. 
e. Room temperature set point, occupied. 
f. Room temperature set point, unoccupied. 
g. Air-damper position as percent open. 
h. Control-valve position as percent open. 

 
 

1.9 VENTILATION SEQUENCES 

 
A. Exhaust Fan: wall mounted switch/room thermostat cycles fan. 
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PART 2 - PRODUCTS (Not Applicable) 
 
 

PART 3 - EXECUTION (Not Applicable) 
 
 

END OF SECTION 
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PART 1 – GENERAL 

 
1.1 DESCRIPTION 

 
A. Field refrigerant piping for direct expansion HVAC systems. Field refrigerant piping 

and associated drain and condenser water piping for walk-in refrigerators and 
freezers, including required pipe insulation. 

B. Definitions: 
 

1. Refrigerating system: Combination of interconnected refrigerant-containing 
parts constituting one closed refrigeration circuit in which a refrigerant is 
circulated for the purpose of extracting heat. 

 
a. Low side means the parts of a refrigerating system subjected to 

evaporator pressure. 

b. High side means the parts of a refrigerating system subjected to 
condenser pressure. 

 
2. Brazed joint: A gas-tight joint obtained by the joining of metal parts with alloys 

which melt at temperatures higher than 427 degrees C (800 degrees F) but 
less than the melting temperatures of the joined parts. 

 
1.2 RELATED WORK 

 
A. Section 230010 – Mechanical General Provisions 

 
B. Section 230050 – Basic Mechanical Materials And Methods: General mechanical 

requirements and items, which are common to more than one section of Division 23. 

C. Section 230700 – Mechanical Insulation: Requirements for piping insulation. 
 

D. Section 232113 – Hydronic Piping: Requirements for water and drain piping and 
valves. 

 
1.3 QUALITY ASSURANCE 

 
A. Refer to specification Section 230010 – Mechanical General Provisions. 

 
B. Comply with ASHRAE Standard 15, Safety Code for Mechanical Refrigeration. The 

application of this Code is intended to assure the safe design, construction, 
installation, operation, and inspection of every refrigerating system employing a fluid 
which normally is vaporized and liquefied in its refrigerating cycle. 

C. Comply with ASME Boiler and Pressure Vessel Code: Section IX: Welding and 
Brazing Qualifications. 

 
D. Products shall comply with UL 207 "Refrigerant–Containing Components and 

Accessories, "Nonelectrical"; or UL 429 "Electrical Operated Valves." 
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1.4 SUBMITTALS 

 
A.  Submit in accordance with specification Section 230010 - Mechanical General 

Provisions.. 
 

1. Sufficient information for components noted, including valves and refrigerant 
piping accessories, clearly presented, shall be included to determine 
compliance with drawings and specifications for components noted below: 

a. Tubing and fittings 

b. Valves 
 

c. Strainers 
 

d. Moisture-liquid indicators 
 

e. Filter-driers 
 

f. Flexible metal hose 

g. Liquid-suction interchanges 
 

h. Oil separators (when specified) 
 

i. Gages 
 

j. Pipe and equipment supports 
 

k. Flexible elastomeric pipe insulation 
 

l. Refrigerant and oil 
 

m. Pipe/conduit roof penetration cover 

n. Soldering and brazing materials 
 

2. Layout of refrigerant piping and accessories, including flow capacities, valves 
locations, and oil traps slopes of horizontal runs, floor/wall penetrations, and 
equipment connection details. 

 
B. Certification: Copies of certificates for welding procedure, performance qualification 

record and list of welders' names and symbols. 
 

C. Design Manual: Furnish two copies of design manual of refrigerant valves and 
accessories. 

D. For equipment and material submittals, provide certificate of origin to be included in the 
submittal and bill of lading before delivery to site. 

 
1.5 APPLICABLE PUBLICATIONS 

 
The publications listed below form a part of this specification to the extent referenced. The 
publications are referenced in the text by the basic designation only. 

 
A. Air Conditioning, Heating and Refrigeration Institute (AHRI): 

 
495 - Refrigerant Liquid Receivers 

 
760 - Solenoid Valves for Use with Volatile Refrigerants. 
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B. 

 
American 

 
Society of Heating Refrigerating and Air Conditioning Engineers (ASHRAE): 

 
15 - Safety Code for Mechanical Refrigeration 

 
17 - Method of Testing Capacity of Thermostatic Refrigerant 

Expansion Valves 

 
63.1 - Method of Testing Liquid Line Refrigerant Driers 

 
69 - Methods of Testing Discharge line Refrigerant-Oil Separators 

C. American National Standards Institute (ANSI): 

 
A13.1 - Scheme for Identification of Piping Systems 

 
B16.22 -  Wrought Copper and Copper Alloy Solder Joint Pressure 

Fittings 

 
B16.24 - Cast Copper Alloy Pipe Flanges and Flanged Fittings, Class 

150, 300, 400, 600, 900, 1500 and 2500, (Errata-1991, R 
(1998) 

 
B31.5 - Refrigeration Piping 

 
Z535.1 - Safety Color Code 

D. American Society of Mechanical Engineers (ASME): 

 
ASME - Boiler and Pressure Vessel Codes, Section 9 – Qualification 

Standard for Welding and Brazing Procedures, Welders, 
Brazers, and Welding and Brazing Operators 

E. American Society for Testing and Materials (ASTM) 

 
A126 - Gray Iron Castings for Valves, Flanges and Pipe Fittings. 

 
B32 - Standard Specification for Solder Metal 

 
B88 - Standard Specification for Seamless Copper Water Tube 

 
B88-M -  Standard Specification for Seamless Copper Water Tube 

(Metric) 

 
B280 - Standard Specification for Seamless Copper Tube for Air 

Conditioning and Refrigeration Field Service 

F. American Welding Society, Inc. (AWS): 

 
A5.8 - Standard Specification for Filler Metals for Brazing and Braze 

Welding. 
 

G. Federal Specifications (FS): 
 

GG - G -76 - Gages, Pressure and Vacuum, Dial Indicating (for Air, Steam, 
Oil, Water, Ammonia, Chloro-Flouro Hydrocarbon and 
Compressed Gases) 

 
H. National Electrical Manufacturer’s Association (NEMA): 

NEMA 250 - Enclosure for Electrical Equipment (1000 Volts) 
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I. Underwriters Laboratories (U.L.): 

UL 207 - Standard for Refrigerant-Containing Components and 
Accessories, Nonelectrical 

 
UL 429 - Standard for Electrically Operated Valves 

 
 

PART 2 - PRODUCTS 
 

2.1 PIPING AND FITTINGS 

 
A. Refrigerant Piping: Copper refrigerant tube, ASTM B280, cleaned, dehydrated and 

sealed, marked ACR on hard temper straight lengths. Coils shall be tagged ASTM 
B280 by the manufacturer. Or aluminum refrigerant tube, ASTM B75-02 (subject to 
extended warranty coverage by aluminum tube supplier). 

B. Water and Drain Piping: Un-plasticised Polyvinyl Chloride (uPVC) Plastic. 
 

C. Fittings, Valves and Accessories: 
 

1. Solder joints: Wrought copper fittings, ANSI B16.22. 
 

a. Solder, refrigerant tubing: Cadmium free, AWS A5.8, 45 percent 
silver brazing alloy, Class Bag-5. 

 
b. Solder, water and drain: 95-5 tin-antimony, ASTM B32 (95TA). 

2. Flanges and flanged fittings: ANSI B16.24. 
 

3. Refrigeration Valves: 
 

a. Stop Valves: Brass or bronze alloy, packless, or packed type with gas 
tight cap, frost proof, backseating. 

 
b. Pressure Relief Valves: Forged brass with nonferrous, corrosion 

resistant internal working parts of high strength, cast iron bodies 
conforming to ASTM A126, Grade B. Set valves in accordance with 
ASHRAE Standard 15. 

c. Solenoid Valves: ARI 760, UL-listed, two-position, direct acting or 
pilot-operated, moisture and vapor-proof type of corrosion resisting 
materials, designed for intended service, and solder-end connections. 
Fitted with suitable NEMA 250 enclosure of type required by location 
and normally open holding coil. 

d. Thermostatic Expansion Valves: Brass body with stainless- steel or 
non-corrosive non ferrous internal parts, diaphragm and spring- 
loaded (direct-operated) type with sensing bulb and distributor having 
side connection for hot-gas bypass and external equalizer. Size and 
operating characteristics as recommended by manufacturer of 
evaporator and factory set for superheat requirements. Solder-end 
connections. Testing and rating in accordance with ASHRAE 
Standard 17. 

e. Check Valves: Brass or bronze alloy with swing or lift type, with tight 
closing resilient seals for silent operation; designed for low pressure 
drop, and with solder-end connections. Direction of flow shall be 
legibly and permanently indicated on the valve body. 
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4. Strainers: Designed to permit removing screen without removing strainer from 
piping system, and provided with screens 80 to 100 mesh in liquid lines up to 
30 mm (1-1/8 inch), 60 mesh in liquid lines over 30 mm (1-1/8 inch), and 40 
mesh in suction lines. Provide strainers in liquid line serving each thermostatic 
expansion valve, and in suction line serving each refrigerant compressor not 
equipped with integral strainer. 

5. Refrigerant Moisture/Liquid Indicators: Double-ported type having heavy sight 
glasses sealed into forged bronze body and incorporating means of indicating 
refrigerant charge and moisture indication. Provide screwed brass seal caps. 

6. Refrigerant Filter-Dryers: UL listed, angle or in-line type, as shown on 
drawings. Conform to ASHRAE Standard 63. Heavy gage steel shell 
protected with corrosion-resistant paint; perforated baffle plates to prevent 
desiccant bypass. Size as recommended by manufacturer for service and 
capacity of system with connection not less than the line size in which 
installed. Filter driers with replaceable filters shall be furnished with one spare 
element of each type and size. 

7. Flexible Metal Hose: Seamless bronze corrugated hose, covered with bronze 
wire braid, with standard copper tube ends. Provide in suction and discharge 
piping of each compressor. 

8. Liquid-Suction Heat Exchanger: Designed for counter flow and for free 
drainage of oil. Size shall suit system conditions and refrigerant used. 
Interchangers shall be ASME construction or UL listed. 

9. Water Piping Valves and Accessories: Refer to specification Section 232113. 

10. Oil Separators: Provide for condensing units, as shown. All welded steel 
construction with capacity to eliminate a minimum of 95 percent of the oil from 
the hot gas flowing through it. Provide manufacturer's published ratings for 
minimum and maximum refrigeration tonnage corresponding to this oil 
separating efficiency. Conform to ASHRAE Standard 69. Separator shall be 
equipped with a float valve to prevent return of the hot gas to crankcase, and 
shall have isolating stop valves so it can be opened and services without 
pumping out any other part of the system. ASME construction or UL listed. 

11. Receivers: Conform to ARI 495, steel construction, equipped with tappings for 
liquid inlet and outlet valves, pressure relief valve and liquid level indicator. 

 
2.2 PRESSURE-TEMPERATURE GAGES 

 
A. Fed. Spec. GG-G-76, Type III (freon), 65 mm (2-l/2 inch) minimum diameter, bottom 

connection, one percent accuracy, graduated in kPa gage (psig) and corresponding 
refrigerant temperature, with pressure snubber. 

 
B. Provide board-mounted gages of the following ranges for each compressor. Provide 

gage shut-off valve. 

1. Suction: 101 kPa (30 inches Hg) vacuum to 1723 kPa (gage) (250 psig). 
 

2. Discharge: 0 to 3445 kPa (gage) (0 to 500 psig). 

 
2.3 THERMOMETERS AND WELLS 

Refer to specification Section 232113. 
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2.4 PIPE SUPPORTS 

Refer to specification Section 230050. 

 
2.5 HEATING TAPE (WHERE APPLICABLE) 

Refer to specification Section 232113. Provide for freezer unit cooler drain piping. 

 
2.6 REFRIGERANTS AND OILS 

Provide required refrigerant and oil for proper system operation. Refrigerant gas to be used 
shall be HFC-407C, HFC-410A or equivalent type. 

 
2.7 PIPE/CONDUIT ROOF PENETRATION COVER 

 
A. Prefabricated Roof Curb: Galvanized steel or extruded aluminum 300 mm (12 inches) 

overall height, continuous welded corner seams, treated wood nailer, 40 mm (1-1/2 
inch) thick, 48 kg (3 pound) density rigid mineral fiberboard insulation with metal liner, 
built-in cant strip (except for gypsum or tectum decks). For surface insulated roof 
deck, provide raised cant strip (recessed mounting flange) to start at the upper 
surface of the insulation. Curbs shall be constructed for pitched roof or ridge mounting 
as required to keep top of curb level. 

B. Penetration Cover: Galvanized sheet metal with flanged removable top. Provide 40 
mm (1-1/2 inch) thick mineral fiber board insulation. 

C. Flashing Sleeves: Provide sheet metal sleeves for conduit and pipe penetrations of 
the penetration cover. Seal watertight penetrations. 

 
2.8 PIPE INSULATION FOR DX HVAC SYSTEMS 

 
Refer to specification Section 230700. 

 
2.9 PIPE INSULATION FOR WALK-IN REFRIGERATORS AND FREEZERS 

 
A. Flexible elastomeric: Refer to specification Section 230700. 

 
B. Insulate refrigerant suction piping from unit cooler to condensing unit. Use 20 mm 

(3/4-inch) thick insulation on piping inside the refrigerator or freezer and 40 mm (1-1/2 
inch) thick insulation (double layer required) on piping outside the refrigerated space. 

C. Insulate unit cooler drain piping in freezer units, over electric heat tracing tape, to 
prevent drain from freezing during defrost. 



DIVISION 23 – MECHANICAL Refrigerant Piping SECTION 232300 

FOR TENDER 
Page 7 of 9 

MEINHARDT PHILIPPINES, INC.

 

 

 

PART 3 - EXECUTION 
 

3.1 INSTALLATION 

 
A. Install refrigerant piping and refrigerant containing parts in accordance with ASHRAE 

Standard 15 and ANSI B31.5. Refrigerant piping shall be brazed with 15 percent silver 
solder in accordance with AWS A5.8. 

1. Install piping as short as possible, with a minimum number of joints, elbow 
and fittings. 

2. Install piping with adequate clearance between pipe and adjacent walls and 
hangers to allow for service and inspection. Space piping, including insulation, 
to provide 25 mm (one inch) minimum clearance between adjacent piping or 
other surface. Use pipe sleeves through walls, floors, and ceilings, sized to 
permit installation of pipes with full thickness insulation. 

3. Locate and orient valves to permit proper operation and access for 
maintenance of packing, seat and disc. Generally locate valve stems in 
overhead piping in horizontal position. Provide a union adjacent to one end of 
all threaded end valves. Control valves usually require reducers to connect to 
pipe sizes shown on the drawing. 

4. Use copper tubing in protective conduit when installed below ground. 
 

5. Swab fittings and valves with manufacturer's recommended cleaning fluid to 
remove oil and other compounds prior to installation. 

6. Install hangers and supports per ANSI B31.5 and the refrigerant piping 
manufacturer's recommendations. 

 
B. Protect refrigerant system during construction against entrance of foreign matter, dirt 

and moisture; have open ends of piping and connections to compressors, 
condensers, evaporators and other equipment tightly capped until assembly. 

C. Pass nitrogen gas through the pipe or tubing to prevent oxidation as each joint is 
brazed. Cap the system with a reusable plug after each brazing operation to retain the 
nitrogen and prevent entrance of air and moisture. 

D. Pipe relief valve discharge to outdoors for systems containing more than 45 kg (100 
pounds) of refrigerant. 

E. Firestopping: Fill openings around uninsulated piping penetrating floors or fire walls, 
with firestop material. For firestopping insulated piping refer to Section 230700. 

 
F. Seismic Bracing: Refer to specification Section 230548, for bracing of piping. 

 
3.2 PIPE AND TUBING INSULATION 

 
A. Apply flexible cellular insulation and fabricate fittings in accordance with the 

manufacturer's written instructions. 

B. Use proper size material. Do not stretch or strain insulation. 
 

C. To avoid undue compression of insulation, provide cork stoppers or wood inserts at 
supports as recommended by the insulation manufacturer. Insulation shields are 
specified under specification Section 230050. 
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D. Where possible, slip insulation over the pipe or tubing prior to connection, and seal 
the butt joints with adhesive. Where the slip-on technique is not possible, slit the 
insulation and apply it to the pipe sealing the seam and joints with contact adhesive. 
Optional tape sealing, as recommended by the manufacturer, may be employed. 

E. Apply two coats of weather-resistant finish as recommended by the manufacturer to 
insulation exposed to outdoor weather. 

 
3.3 SIGNS AND IDENTIFICATION 

 
A. Each refrigerating system erected on the premises shall be provided with an easily 

legible permanent sign securely attached and easily accessible, indicating thereon the 
name and address of the installer, the kind and total number of pounds of refrigerant 
required in the system for normal operations, and the field test pressure applied. 

B. Systems containing more than 50 kg (110 lb) of refrigerant shall be provided with 
durable signs, in accordance with ANSI A13.1 and ANSI Z53.1, having letters not less 
than 12.7 mm (0.5 inch) in height designating: 

 
1. Valves and switches for controlling refrigerant flow, the ventilation and the 

refrigerant compressor(s). 

2. Signs on all exposed high pressure and low pressure piping installed outside 
the machinery room, with name of the refrigerant and the letters "HP" or "LP." 

 
3.4 FIELD QUALITY CONTROL 

 
Prior to initial operation examine and inspect piping system for conformance to plans and 
specifications and ASME 31.5. Equipment, material, or work rejected because of defects or 
nonconformance with plans and specifications, and the Contractor shall correct ANSI codes 
for pressure piping. 

 
3.5 FIELD TESTS 

 
A. After completion of piping installation and prior to initial operation, conduct test on 

piping system according to ASME B31.5. Furnish materials and equipment required 
for tests. Perform tests in the presence of Consultant. If the test fails, correct defects 
and perform the test again until it is satisfactorily done and all joints are proved tight. 

1. Every refrigerant-containing parts of the system that is erected on the 
premises, except compressors, condensers, evaporators, safety devices, 
pressure gages, control mechanisms and systems that are factory tested, 
shall be tested and proved tight after complete installation, and before 
operation. 

2. The high and low side of each system shall be tested and proved tight at not 
less than the lower of the design pressure or the setting of the pressure-relief 
device protecting the high or low side of the system, respectively, except 
systems erected on the premises using non-toxic and non-flammable Group 
A1 refrigerants with copper tubing not exceeding 16 mm (0.62 in) O.D. This 
may be tested by means of the refrigerant charged into the system at the 
saturated vapor pressure of the refrigerant at 20 degrees C (68 degrees F) 
minimum. 
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B. Test Medium: A suitable dry gas such as nitrogen or shall be used for pressure 
testing. The means used to build up test pressure shall have either a pressure-limiting 
device or pressure-reducing device with a pressure-relief device and a gage on the 
outlet side. The pressure relief device shall be set above the test pressure but low 
enough to prevent permanent deformation of the system components. 

 
3.6 SYSTEM TEST AND CHARGING 

 
A. System Test and Charging: As recommended by the equipment manufacturer or as 

follows: 
 

1. Connect a drum of refrigerant to charging connection and introduce enough 
refrigerant into system to raise the pressure to 70 kPa (10 psi) gage. Close 
valves and disconnect refrigerant drum. Test system for leaks with halide test 
torch or other approved method suitable for the test gas used. Repair all 
leaking joints and retest. 

2. Connect a drum of dry nitrogen to charging valve and bring test pressure to 
design pressure for low side and for high side. Refer to Article 1.3, QUALITY 
ASSURANCE. Test entire system again for leaks. 

 
3. Evacuate the entire refrigerant system by the triplicate evacuation method 

with a vacuum pump equipped with an electronic gage reading in mPa 
(microns). Pull the system down to 665 mPa (500 microns) and hold for four 
hours then break the vacuum with dry nitrogen (or refrigerant). Repeat the 
evacuation two more times breaking the third vacuum with the refrigeration to 
be charged and charge with the proper volume of refrigerant. 

END OF SECTION 
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PART 1 - GENERAL 

 
1.1 DESCRIPTION 

 
Air terminal units, air flow control valves, and fan-coil units. 

 
1.2 RELATED WORK 

 
A. Section 230010 Mechanical General Provisions. 

 
B. Section 230050 Basic Mechanical Materials and Methods: General 

mechanical requirements and items, which are common to 
more than one section of Division 23. 

C. Section 230548 Mechanical Vibration and Seismic Control: Noise 
requirements. 

 
D. Section 233600 Air Terminal Units. 

 
E. Section 230900 HVAC Instrumentation and Controls 

F. Section 230593 Testing, Adjusting, and Balancing: Flow rates adjusting and 
balancing 

 
1.3 QUALITY ASSURANCE 

 
Refer to Paragraph, QUALITY ASSURANCE, in Section 230010 – Mechanical General 
Provisions. 

 
1.4 SUBMITTALS 

 
A. Submit in accordance with Section 230010 – Mechanical General Provisions. 

 
B. Manufacturer's Literature and Data: 

 
1. Air Terminal Units: Submit test data. 

 
2. Air flow control valves. 

 
3. Fan Coil units. 

 
C. Samples: Provide one typical air terminal unit for approval by the Consultant. This unit 

will be returned to the Contractor after all similar units have been shipped and 
deemed acceptable at the job site. 

D. Certificates: 
 

1. Compliance with paragraph, QUALITY ASSURANCE. 

2. Compliance with specified standards. 
 

E. Operation and Maintenance Manuals: Submit in accordance with paragraph, 
INSTRUCTIONS, in Section 01001. 

 
F. For equipment and material submittals, provide certificate of origin to be included in 

the submittal and bill of lading before delivery to site. 
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1.5 APPLICABLE PUBLICATIONS 

 
The publications listed below form a part of this specification to the extent referenced. The 
publications are referenced in the text by the basic designation only. 

 
A. Air Conditioning, Heating and Refrigeration Institute (AHRI): 

 
 440R Room Fan Coils 

 
880 Air Terminals 

B. National Fire Protection Association (NFPA): 

 
90A Standard for the Installation of Air Conditioning and 

Ventilating Systems 
 

C. Underwriters Laboratories, Inc. (UL): 
 

181 Factory-Made Air Ducts and Connectors 
 

883 Fan Coil Units and Room-Fan Heater Units 
 

1.6 GUARANTY 

 
In accordance with Section 01001. 

 
 

PART 2 - PRODUCTS 

 
2.1 AIR TERMINAL UNITS (BOXES) 

 
A. General: Factory built, pressure independent units, factory set-field adjustable volume, 

suitable for single or dual duct applications, as indicated. Clearly show on each unit 
the unit number and factory set air volumes corresponding to the contract drawings. 
Section 230593 - Testing, Adjusting and Balancing work assume factory set air 
volumes. Coordinate flow controller sequence and damper operation details with the 
drawings and Section 230900 – HVAC Instrumentation and Controls. 

B. Rating and Performance Certification: AHRI Industry Standard 880. 
 

1. Maximum pressure drop: As shown on the drawings. 

2. Maximum room sound levels: Not to exceed criteria stated in Section 230548 
– Mechanical Vibration and Seismic Control. (Low-pressure duct is usually 
unlined. The inlet pressure should not be less than 374 Pa (1-1/2 inches 
water gage), unless shown otherwise on drawings. Provide terminal sound 
attenuators where necessary to comply with the noise criteria. Sound tests 
and correction of deficiencies is specified in Section 230593 – Testing, 
Adjusting and Balancing. 

C. Casing: Unit casing shall be constructed of galvanized steel not lighter than 0.85 mm 
(22 gage) or aluminum sheet not lighter than 1.3 mm (18 gage). Casing of units 
serving surgery area (where applicable) shall be of aluminum. Provide hanger 
brackets for attachment of supports. 

1. Lining material: Suitable to provide required acoustic performance, thermal 
insulation and prevent sweating. Meet the requirements of NFPA 90A and 
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comply with UL 181 for erosion, 13 mm (one-half inch) minimum thickness, 
secured to supporting surfaces in such a manner that it will not sag, 
delaminate, or settle. 

Comply with UL Standard 181 for erosion. Surfaces, including all edges, shall 
be faced with perforated metal or coated so that the air stream will not detach 
material. No lining material is permitted in the boxes serving surgery areas. 

2. Access panels (or doors): Provide panels large enough for inspection, 
adjustment and maintenance without disconnecting ducts, and for cleaning 
heating coils attached to unit, even if there are no moving parts. Panels shall 
be flushed, gasketed airtight, and shall require no tool other than a 
screwdriver to remove. Access panels on low-pressure side, i.e., downstream 
of volume damper, do not require gasket if tightly fitted. 

3. Total leakage from casing: Not to exceed 2 percent of the nominal capacity of 
the unit when subjected to a static pressure of 747 pa (3 inch water gage), 
with all outlets sealed shut and inlets fully open. 

 
4. Octopus connector: Factory installed, lined air distribution terminal. Provide 

where flexible duct connections to terminals are shown on the drawings. 
Provide butterfly-balancing damper, with locking means, in connectors with 
more than one outlet. No lining material is permitted in the boxes serving 
surgery areas. 

D. Construct dampers and other internal devices of corrosion resisting materials which 
do not require lubrication or other periodic maintenance. The dampers and other 
internal or external devices for boxes serving surgery area shall be of stainless steel 
or aluminum. 

E. Single Duct Terminals: Provide manufacturer's standard catalogue. 
 

1. Variable Air Volume Units (VAV): Externally powered electronic DDC control 
capable of BMS interface, variable air volume, with field adjustable maximum 
and minimum set points. 

a. Volume damper or air valve with actuator and relays. 
 

b. Variable Air volume electronic controller: Provide pressure 
independent electronic controls, which can be reset to modulate 
airflow between, zero and the maximum cataloged CFM or L/s. 
Provide multi-point, center-averaging velocity sensor, with a minimum 
of four measuring ports. Provide a minimum differential pressure 
signal of 7.5 Pa (0.03 inch water gage) at inlet velocity of 2.6 m/s (500 
fpm). Provide control signal accuracy of plus or minus 5 percent with 
the same inlet size at any inlet condition. The velocity controller shall 
have a constant 2 degrees temperature reset span regardless of the 
minimum and maximum airflow limit. Provide 24 volt reversible 
actuator, class II 24 volt transformer, and disconnect switch. Actuator 
shall be direct connection shaft mount type without linkage, and be 
equipped with magnetic clutch. All controls shall be installed in 
approved NEMA 1 enclosure. 
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2. Constant volume single duct. The unit shall contain within the casing, a 
mechanical constant volume regulator. Volume regulator shall control air 
delivery to within plus or minus 5 percent of specified air flow subjected to 
inlet pressure up to 1500 pa (6 inches water gage). Controls will be designed 
to provide required sequence of operation. 

F. Terminal Sound Attenuators: Construction shall be similar to sound attenuators in 
Section 233600. 

 
2.2 THERMALLY-POWERED VAV DIFFUSER (WHERE APPLICABLE) 

 
A. Thermally powered VAV diffusers shall be a complete VAV terminal and thermostat 

self-contained in a nominal 24”x24” / 600mm square diffuser. They shall be thermally 
powered with one room thermostat/actuator and one changeover thermostat/actuator. 
External wiring or pneumatics shall not be allowed. 

B. The VAV diffusers shall have a thumbwheel and temperature scale to adjust the 
cooling set point and a separate thumbwheel and temperature scale for the heating 
set point. The adjustment shall be right above the hinged appearance panel and shall 
not require tools. Each set point shall be separately adjustable between 70ºF/21ºC 
and 78ºF/26ºC. The initial set point shall be factory set at 74ºF/23ºC. 

C. In the cooling mode the VAV diffusers shall open on a rise in room temperature and in 
the heating mode they shall close on a rise in room temperature. The changeover 
thermostat shall be factory installed and adjusted to engage the heating mode when 
the supply air temperature rises above 80ºF/27ºC and return to the cooling mode 
when the supply air temperature falls below 68ºF/20ºC. During the changeover the 
diffuser shall close or if a minimum flow is set, go to the minimum. Nothing, including 
the changeover mechanism, shall extend above the inlet of the diffuser. 

D. All VAV diffusers shall have a dial and scale to adjust minimum flow between 5 
cfm/2.4 l/s and 50% of maximum flow without tools. Minimum flow shall be factory 
step at 10%. A fixed maximum flow stop shall be factory set for the full open air flow of 
the specified inlet size. 

E. All VAV diffusers shall have a lever which will open the damper for balancing without 
tools. The balancing lever shall be accessible from the outside of the diffuser without 
folding down the appearance panel or removing any part of the diffuser. 

F. All VAV diffusers shall warrant that the diffuser shall be free from defects in materials 
and workmanship for a period of ten years from date of shipment. 

 
2.3 AIR FLOW CONTROL VALVE (AFCV) (WHERE APPLICABLE) 

 
A. Units shall be normally closed, constant volume, DDC control type with attenuators 

and/or lined duct required to meet room NC criteria. Air terminal units (boxes) may be 
used for this service. 

 
2.4 ROOM FAN COIL UNITS 

 
A. Capacity Certification: AHRI 440. 

 
B. Safety Compliance: NEC and UL 883. 
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C. Noise Levels: Operating at full cooling capacity, sound power level shall not exceed by 
more than 5 dB the numerical value of sound pressure levels associated with noise 
criteria specified in Section 230548. Select units at intermediate speed, for 
compliance with the noise criteria. 

D. Chassis: Galvanized steel, acoustically and thermally insulated to attenuate noise and 
prevent condensation. 

E. Cabinet Type: Not lighter than 1.3 mm (l8 gage) steel, reinforced and braced. Arrange 
components and provide adequate space for installation of piping package and 
control valves. Finish shall be factory-baked enamel in manufacturer's standard color 
as selected by the architect. Provide synthetic rubber or polyurethane gasket for air- 
tight installation to the wall for outside air to vertical units and return air to horizontal 
units. 

l. Vertical Unit: Provide 1.6 mm (16 gage) steel front panel with 13 mm (1/2- 
inch) thick fiberglass insulation and provide screw-type levelers. 

a. Air outlet grilles: Adjustable four-way air deflection located in the top 
panel. 

 
b. Provide two hinged access doors (one each side) equipped with key 

operated cam-lock fasteners in the unit top panel located to provide 
access to the unit controls. 

2. Horizontal Unit: Hinged bottom access panel with cam-lock fasteners. Provide 
stamped integral discharged grilles in front of cabinet. 

 
F. Concealed Units: Enclosed type with inlet and outlet duct collars. 

 
G. Fans: Centrifugal, direct drive, galvanized steel or polyester resin. 

 
l. Motors: 3-speed permanent split capacitor type with integral thermal overload 

protection, for operation at not more than 1200 RPM. 
 

2.  Provide a fan speed selector switch, with off position, mounted in a junction 
box in the cabinet of each unit. Switch shall have a set of auxiliary contacts 
which are open when the switch is in the "off" position and closed when the 
switch in either of the other positions. 

H. Cooling and Electric Heating Coils (where applicable): 
 

1. Cooling Coils: Copper tubes, 10 mm (three-eighths inch) minimum inside 
diameter, not less than 4.3 mm (0.017 inch) thick with copper of aluminum 
fins. Coils shall be pressure tested for bursting and strength in accordance 
with Underwriters Laboratories, Inc., requirements for pressure tested coils, 
and shall be designed to provide adequate heat transfer capacity. Provide 
manual air vent at high point of coil. 

2. Electrical heating coils: Spiral sheath or finned-tube construction with Cal-rod 
resistance elements in aluminum tubes. Units shall be UL listed and factory 
wired with unit mounted heat switch, magnetic contactors, high temperature 
cutout safety control, and fan override thermostat. 

I. Piping Package: Furnished with unit by the manufacturer to fit control valves provided 
by the controls supplier. Submit manufacturer's detailed drawings of the piping in the 
end compartments, for approval, prior to fabrication of the piping packages. Provide 
gate valves on the supply and return pipes and balancing fittings on the return pipes. 
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J. Drain Pan: Galvanized steel or carbon steel bonderized and finished with not less than 
two coats of baked enamel or equally durable finish, and of strength to requirement of 
function it performs in unit. Inside or outside surfaces of drain pan shall be coated with 
mastic type insulation or closed cell polyurethane. Provide a similar secondary drain 
pan, which may be steel or PVC, provided with a drain connection to catch 
condensation from all piping, coils and primary drain pan. 

K. Air Filter: Manufacturer's standard throwaway type, not less than one inch thick, 
supported to be concealed from sight and be tight fitting to prevent air by-pass. Filters 
shall have slide out frames and be easily replaced without removing enclosure or any 
part thereof. 

L. Control valves and unit mounted return air thermostats are to be field installed. 
 
 
 

PART 3 - EXECUTION 

 
3.1 INSTALLATION 

 
A. Work shall be installed as shown and according to the manufacturer’s diagrams and 

recommendations. 

B. Handle and install units in accordance with manufacturer's written instructions. 
 

C. Support units rigidly so they remain stationary at all times. Cross-bracing or other 
means of stiffening shall be provided as necessary. Method of support shall be such 
that distortion and malfunction of units cannot occur. 

 
D. Locate air terminal units to provide a straight section of inlet duct for proper 

functioning of volume controls. 
 

3.2 OPERATIONAL TEST 
 

Refer to Section 230050 – Basic Mechanical Materials and Methods. 
 

END OF SECTION 
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PART 1 - GENERAL 
 

1.1 DESCRIPTION 
 

A. Air filters for heating, ventilating and air conditioning. 
 

B. Definitions: Refer to ASHRAE 52.1 for definitions of face velocity, net effective filtering 
area, media velocity, resistance (pressure drop), atmospheric dust spot efficiency and 
dust-holding capacity. 

 
1.2 RELATED WORK 

 
A. Section 230050 -Basic Mechanical Materials and Methods. 

 
B. Section 238219 - Air Handling Units. 

 
1.3 QUALITY ASSURANCE 

 
A. Air Filter Performance Report for Extended Surface Filters: 

 
1. Submit a test report for each Grade of filter being offered. The report shall be 

less than five years old and will have been prepared by an independent 
testing laboratory using test equipment, method and duct section as specified 
by ASHRAE Standard 52.1 for type filter under test and acceptable to 
Consultant, indicating that filters comply with the requirements of this 
specification. Test for 150 m/min (500 fpm) will be accepted for lower velocity 
rated filters provided the test report of an independent testing laboratory 
complies with all the requirements of this specification. 

2. Selection procedures: All filters tested shall have been procured by the 
independent testing laboratory from the open market independent of 
manufacturer of these filters and a statement to this effect must accompany 
test report. 

3. Owner’s Option: The Owner at its option may take one of the filters for each 
different type submitted and run an independent test to determine if the filter 
meets the requirements of this specification. When the filter meets the 
requirements, the Owner will pay for the test. When the filter does not meet 
the specification requirements, the manufacturer will be required to pay for 
the test and replace the filters with filters that will perform as required by the 
specifications. 

B. Filter Supplier Warranty for Extended Surface Filters: Guarantee the filters against 
leak, blow-outs, and other deficiencies during their normal useful life. Defective filters 
shall be replaced at no cost to the Owner. 

C. Nameplates: Each filter shall bear a label or name plate indicating manufacturer's 
name, filter size, rated efficiency, UL classification, and file number. 

 
1.4 SUBMITTALS 

 
A. Submit in accordance with Section 230010. 

 
B. Manufacturer's Literature and Data: 

 
1. Extended surface filters. 

2. Holding frames. Identify locations. 
 

3. Side access housings. Identify locations, verify insulated doors. 
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4. HEPA filters. 

5. Magnehelic gages. 
 

C. Air filter performance reports. 
 

D. Suppliers warranty. 
 

E. For equipment and material submittals, provide certificate of origin to be included in 
the submittal and bill of lading before delivery to site. 

 
1.5 APPLICABLE PUBLICATIONS 

 
The publications listed below form a part of this specification to the extent referenced. The 
publications are referenced in the text by basic designation only. 

 
A. American Society of Heating, Refrigerating and Air-conditioning Engineers, Inc. 

(ASHRAE): 
 

52.1.1 Methods of Testing Air Cleaning Devices Used in General 
Ventilation For Removing Particulate Matter 

B. American national Standards Institute (ANSI): 
 

ANSI N45.2 Quality Assurance Requirements for Nuclear Power Plants 
 

C. Underwriters Laboratories, Inc. (UL): 
 

900 UL Standard for Safety Test Performance of Air Filter Units 
 
 

PART 2 - PRODUCTS 
 

2.1 REPLACEMENT FILTER ELEMENTS TO BE FURNISHED 
 

A. To allow temporary use of HVAC systems for testing and in accordance with 
Paragraph, TEMPORARY USE OF MECHANICAL AND ELECTRICAL SYSTEMS in 
Section 230010, provide one complete set of additional (replacement) filter elements. 

B. The Consultant will direct whether these additional filters will either be installed as 
replacements for dirty units or turned over to the Owner for future use as 
replacements. 

 
2.2 EXTENDED SURFACE AIR FILTERS 

 
A. Use factory assembled air filters of the extended surface type with supported or non- 

supported cartridges for removal of particulate matter in air conditioning, heating and 
ventilating systems. Filter units shall be of the extended surface type fabricated for 
disposal when the dust-load limit is reached as indicated by maximum (final) pressure 
drop. 

B. Filter Classification: UL approved Class 1 or Class 2 conforming to UL Standard 900. 
 

C. Filter Grades, Percent, Nominal Efficiency and Application: 
 

1. Grade A: 90-95 after-filter. 
 

2. Grade B: 80-85 after-filter. 
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3. Grade C: 50-60 pre-filter. 

4. Grade D: 25-30 pre-filter. 
 

D. Filter Media: 
 

1. Grade A, B and C Non-supported (Bag) Type: Construct media of high 
density glass fibers or other suitable fibers. Enclose or pocket each pleat in 
woven or non-woven backing material. Seal and fasten (stitch) to maintain 
pleat shape in a proper frame to insure no air leakage for life of filter. Staples 
and stays are prohibited. 

2. Grade A, B and C Supported (Rigid Pleated) Type: Media shall be composed 
of high density glass fibers or other suitable fibers. Fastening methods used 
to maintain pleat shape, (metal backing or aluminum separators) shall be 
sealed in a proper enclosing frame to insure no air leakage for life of filter. 
Staples and stays are prohibited. 

3. Grade D (Pleated) Type: Media shall be composed of synthetic/natural fibers. 
A metal grid backing shall be bonded to the air leaving side of the media to 
maintain uniform pleat shape and stability for proper air flow and maximum 
dust loading. The media frame shall be constructed of high strength moisture 
resistant fiber or beverage board. Bond the pleated media pack on all four 
edges to insure no air leakage for the life of the filter. Staples and stays are 
prohibited. 

E. Filter Efficiency and Arrestance: Efficiency and arrestance of filters shall be 
determined in accordance with ASHRAE 52.1-92. Atmospheric dust spot efficiency 
and synthetic dust weight arrestance shall not be less than the following: 

 

 
Percentage of Initial 
Efficiency 

Percentage of Average 
Efficiency 

Percentage of 
Average Arrestance 

Grade A 75.4 86.4 99.0 

Grade B 58.0 79.0 98.0 

Grade C 25.0 53.0 97.0 

Grade D Less than 20.0 22.0 89.0 

F. Maximum initial and final resistance, Pa (inches of water), for each filter cartridge 
when operated at 150 m/min (500 feet per minute) face velocity: 

 

 
Initial Resistance Final Resistance 

Grade A (Bag) 130 (0.52) 250 (1.00) 

Grade A (Rigid Pleated) 185 (0.74) 250 (l.00) 

Grade B (Bag) 100 (0.40) 250 (l.00) 

Grade B (Rigid Pleated) 150 (0.60) 250 (l.00) 

Grade C (Bag) 70 (0.28) 200 (0.80) 

Grade C (Rigid Pleated) 85 (0.35) 200 (0.80) 

Grade D (2-inch deep) 80 (0.32) 175 (0.70) 
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Grade D (4-inch deep) 65 (0.27) 175 (0.70) 

G. Dust Holding Capacity: When tested to 250 Pa (l.00-inch water) at 150 m/min (500 
fpm) face velocity, the dust holding capacity for each 600 mm by 600 mm (24 inches 
by 24 inches) (face area) filter shall be at least the values listed below. For other filter 
sizes the dust holding capacity shall be proportionally higher or lower to the face area. 

 

Grade A (Bag) 300 grams 

Grade A (Rigid Pleated) 90 grams 

Grade B (Bag) 430 grams 

Grade B (Rigid Pleated) 175 grams 

Grade C (Bag) 910 grams 

Grade C (Rigid Pleated) 250 grams 

Grade D (2 inch deep) 150 grams 

Grade D (4 inch deep) 300 grams 

 
H. Minimum Media Area: The minimum net effective media area in square meter (square 

feet) for each 600 mm by 600 mm (24 inches by 24 inches) (face area) filter at 150 
m/min (500 fpm) face velocity shall be at least the values listed below. For other filter 
sizes the net effective media area shall be proportionally higher or lower. 

 

Grade A (Bag) 8.5 (9l.0) 

Grade A (Rigid Pleated) 5.3 (57.0) 

Grade B (Bag) 8.5 (9l.0) 

Grade B (Rigid Pleated) 5.3 (57.0) 

Grade C (Bag) 8.5 (9l.0) 

Grade C (Rigid Pleated) 5.3 (57.0) 

Grade D (2-inch deep) 1.4 (l4.8) 

Grade D (4-inch deep) 2.1 (23.0) 

 
I. Side Servicing Housings (Where Applicable): 

 
1. Minimum 1.6 mm (l6 gage galvanized steel, or aluminum, completely factory 

assembled with upstream and downstream flanges for connection into the 
duct system. Furnish housing length sufficient to provide for fully extended 
operating filter elements. 

2. Access doors: Double skin insulated, at each end of the housing with 
continuous gasketing on the perimeter and positive locking devices. Design 
doors to withstand a minimum positive/negative 1.0 kPa (four inches of water) 
static pressure. 
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3. Filter slide channels: Channels shall incorporate a positive-sealing gasket 

material to seal the top and bottom of the filter cartridge frames to prevent 
bypass. Provide factory installed gasketing to prevent leakage between 
cartridges, and between cartridges and doors. 

J. Holding Frame System (Where Applicable): 

1. Minimum 1.6 mm (l6 gage) galvanized steel, 100 mm (4 inches) deep, factory 
complete with hardware necessary for field assembly, suitable for either 
upstream or downstream filter servicing. All members shall be cut to size and 
prepunched for easy assembly into modules of the size and capacity noted in 
the schedules. 

2. The framing members shall be permanently gasketed to prevent the bypass 
of unfiltered air. If required, furnish suitable vertical support members to 
prevent deflection of horizontal members. The vertical support members shall 
not interfere with either the installation or operation of the filters. 

3. The framing system shall incorporate a factory installed positive sealing 
device for each row of filters. This device shall allow for easy installation and 
removal of cartridges and shall insure the seal between the gasketed filter 
elements while the building is in operation. 

K. Magnehelic Differential Pressure Filter Gages: Nominal 100 mm (four inch) diameter, 
zero to 500 Pa (zero to two inch water gage) range, flush mounted in aluminum panel 
board, complete with static tips, copper or aluminum tubing, and accessory items to 
provide zero adjustment. Provide one gage for each extended surface filter section. 
Provide Petcocks for each gauge. 

L. Equipment Identification: Section 230050. 
 

2.3 HEPA FILTERS 

A. High Efficiency Particulate Air (HEPA) filters shall be individually tested and certified to 
be 99.97 percent minimum efficient when handling 0.3 micron particles in accordance 
with DOP test method. Filters shall be factory scanned. The DOP efficiency along with 
filter serial number and name of manufacturer shall be marked on the filter. HEPA 
filter shall have maximum pressure drop of 250 Pa (1” WG) when clean at rated flow 
with a final pressure drop of 500 Pa (2” WG). 

B. Filter media: Factory constructed by pleating a continuous sheet of media into closely 
spaced pleats with kraft or aluminum separators. Sealer shall be self-extinguishing. 

 
C. Enclosing frame shall be 16 gauge galvanized steel. Provide pre-filters in the same 

housing with a separate removal assembly that operates independently from the 
HEPA filters. 

 
D. Pre-filter: Type D, 2 inches deep. See paragraph 2.2 

E. Bag-In/Bag-Out Housing for HEPA Filters: 
 

1. Housing shall be fabricated of 15 gauge type 304 stainless steel. 
 

2. Housing shall be equipped with weather covers, drilled face flanges and 
factory mounted Magnehelic gauges with Petcocks housed in stainless steel 
brackets. 

 
3. Housing shall be pressure tested in factory for high quality to withstand a 

positive or negative pressure of 10” WG. If HEPA filters are specified for TB 
Isolation Rooms, perform a quantitative leakage and filter performance DOP 
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(Dioctyl Phthalate Penetration) field test in addition to factory test at the initial 
installation recommended by the Center for Disease Control (CDC). 

4. Housing shall incorporate a spring loaded clamping mechanism that is 
operated from outside and which is capable of exerting a 5340 N (1,200 lb.) 
sealing force across the top and bottom of each filter. 

 
5. Each housing shall have a bagging ring around the access port that is sealed 

by a removable, gasketed access door. The bagging ring shall have two (2) 
continuous ribs to secure the plastic change-out bag and be hemmed on its 
outer edge to prevent the bag from tearing. 

6. One 87 mil thick PVC change-out bag shall be supplied for each access door. 
The bag shall include approximately 300 mm (12 inches) of transparent PVC 
at the open end and three glove sleeves built into the body to assist in filter 
change-out. Bag-In/Bag-Out housings shall be manufactured under a quality 
assurance program that addresses the requirements of ANSI N45.2, “Quality 
Assurance Requirements for Nuclear Power Plants.” 

 
2.4 HEPA FILTER CEILING MODULE 

 
1. Design for optimum filter performance with an individually ducted system for use in 

laminar and non-laminar flow cleanroom Class 100,000 to 10. 
 

2. Hermetically sealed to prevent voids and leaks to meet stringent air quality 
requirements of cleanrooms. It is typically installed in a T-Bar grid system suspended 
from the ceiling or installed in a modular ceiling grid. Hold-down clamping is not 
required. 

 
Its low profile, lightweight, and disposable design makes it deal for use in hospital 
operating theatres and laboratories, pharmaceutical, microelectric, film and optical 
fiber facilities, food processing plants and other applications where airborne 
contaminants must be carefully controlled. 

 
3. Hermetically sealed and tested to prevent leakage between hood inlet and air leaving 

side. All metal to metal joints are bonded to eliminate bypass leakage. 
 

4. The standard module comes with a 250mm (10”) diameter inlet, a fixed distribution 
plate, an integral round duct connection and a white epoxy coated faceguard on the 
downstream side to protect the HEPA mini-pleat pack. 

 
5. Lightweight anodised extruded aluminium. The low profile and lightweight of the 

Disposable Ceiling Module helps to reduce handling and installation time. 
 

6. Filter is made of water-resistant and fire retardant glass fiber media, as follows: 

H14 HEPA filter – 99.999% minimum efficiency on 0.3 m particles. 

7. All HEPA filers are leak tested. ULPA filters are scanned with a laser spectometer with 
PSL particles for leaks, and tested for efficiency and air distribution. 

 
8. Standard Specifications: 

 
a. Operating Temperature : 70 ºC (158 ºF) 

 
b. Housing : Anodized   aluminium extrusion, standard 

profile 
 

c. Gasket : Neoprene 
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d. Faceguard Location : Air leaving side 
 

e. Media : H14 HEPA Filter (99.999% efficiency on 0.3 
m particles) 

 
f. Accessories: 

 
- Flat profile, closed cell neoprene gasket on air leaving side 
- Divider and volume control damper 
- Adjustable distribution plate with divider. 

 
PART 3 – EXECUTION 

 
3.1 INSTALLATION 

 
Install supports, filters and gages in accordance with manufacturer's instructions. 

 
3.2 START-UP AND TEMPORARY USE 

 
A. Clean and vacuum air handling units and plenums to the satisfaction of the Consultant 

prior to starting air handling systems. 
 

B. Install or deliver replacement filter units as directed by the Consultant. 
 

END OF SECTION 



DIVISION 23 – MECHANICAL DX Split System & Window Type Air-Conditioning Units 
SECTION 238126 

 

 

 
 
 
 
 

 
PART 1– GENERAL ..................................................................................................................................... 1 

1.1 SCOPE OF THE SECTION ........................................................................................................................................... 1 
1.2 WORK INCLUDED ........................................................................................................................................................ 1 
1.3 QUALITY ASSURANCE................................................................................................................................................ 1 
1.4 APPLICABLE CODES AND STANDARDS ................................................................................................................... 1 
1.5 SUBMITTALS ................................................................................................................................................................ 2 
1.6 OPERATION AND MAINTENANCE DATA ................................................................................................................... 2 
1.7 WARRANTY .................................................................................................................................................................. 2 
1.8 APPROVED MANUFACTURERS ................................................................................................................................. 2 

PART 2 – PRODUCT .................................................................................................................................... 2 

2.1 DX SPLIT SYSTEM AIR CONDITIONERS ................................................................................................................. 2 

PART 3 – EXECUTION ................................................................................................................................ 4 

3.1 PRODUCT STORAGE AND HANDLING ...................................................................................................................... 4 
3.2 INSTALLATION ............................................................................................................................................................. 4 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

MEINHARDT PHILIPPINES, INC. FOR TENDER 



DIVISION 23 – MECHANICAL DX Split System & Window Type Air-Conditioning Units 
SECTION 238126 

FOR TENDER 
Page 1 of 4 

MEINHARDT PHILIPPINES, INC. 

 

 

PART 1– GENERAL 

 
1.1 SCOPE OF THE SECTION 

 
A. This technical specification establishes the quality of materials and workmanship to be 

used in the supply and installation of the DX Split type and Window Type air conditioners 
units. 

 
1.2 WORK INCLUDED 

 
A. The provision of all equipment , labor, materials and the performance of all operations in 

connection with the supply and installation of packaged and room air conditioners as 
specified herein and shown on the drawings. 

 
B. Coordination. The Contractor shall be responsible for proper coordination of the work of all 

trades. 
 

1.3 QUALITY ASSURANCE 

 
A. Manufacturers: Firms regularly engaged in the manufacture of packaged and room air 

conditioning equipment and fittings whose products have been in satisfactory use in similar 
service for not less than 10 years. 

 
B. Installer: Firms regularly engaged in the installation of packaged and room air conditioning 

equipment of a similar quality and scope as this project for at least five years. 
 

1.4 APPLICABLE CODES AND STANDARDS 

 
A. The DX Split System and room air conditioners shall comply fully with the latest relevant 

International (American, British) and local Standards (PSME, PGBC) in all respects. 
 

B. The following are the most commonly used standards associated with packaged air 
conditioners, however the Contractor shall ensure that all applicable standards are 
complied with, whether listed here or not. 

 
BS 3456 Part 2 Room Air Conditioners Section 2.34 

 
BS 2852 Testing for Rating of Room Air Conditioners 

 
BS 5491 Testing Unit Air Conditioners Above 7 Kw Capacity 

 
UL 465-82 Central Cooling Air Conditioners 

 
UL 484-82 Room Air Conditioners 

 
NFPA 90A Installation of Air Conditioning and Ventilating Systems 

NFPA 70 National Electrical Code 

ASHRAE 37-1978 Methods of Testing for Rating Unitary Air Conditioners 

ASHRAE 15-78 Safety Code for Mechanical Refrigeration 

NEC Article 44 Air Conditioning and Refrigerating Equipment 
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IEC 328-ANSI Safety Requirements for the Electrical Equipment Room Air 
Conditioners 

 
ISO R859 Testing and Rating Room Air Conditioners 

 
ARI 210 Unitary Air Conditioning Equipment 

 
ARI 270 Sound Rating of Outdoor Unitary Equipment 

 
ARI 360 Commercial Industrial Air Conditioning Equipment 

 
PGBC Philippine Green Building Code 

PMEC 2012 

1.5 SUBMITTALS 

 
A. Drawings: Refer to Section 230010 – Mechanical General Provisions 

 
B. Products: Submit full manufacturer’s data for every item 

 
C. For equipment and material submittals, provide certificate of origin to be included in the 

submittal and bill of lading before delivery to site. 
 

1.6 OPERATION AND MAINTENANCE DATA 

 
A. Comply with Section 230010 – Mechanical General Provisions 

 
1.7 WARRANTY 

 
A. Provide minimum 12 months warranty or as in accordance with contract conditions 

agreed with the Client. 
 

1.8 APPROVED MANUFACTURERS 

 
A. Refer to Section 230010 - Alternative Equipment and Suppliers. 

 
 

PART 2 – PRODUCT 

 
2.1 DX SPLIT SYSTEM AIR CONDITIONERS 

 
A. Direct Expansion (DX) split system air conditioning units shall be installed as indicated on 

the drawings and shall be complete with all required refrigerant piping, temperature 
controls and all other necessary ancillary items. 

 
B. The units shall deliver the design cooling capacity at the external ambient specified. The 

units are rated at 35°C and shall be suitable for continuous operation with reduced 
capacity at an external ambient temperature 40°C. 

 
C. Controls shall be factory wired and completely enclosed within the unit. All operating 

controls shall be located in a single area. Adjustable thermostats shall automatically 
cycle the compressor to maintain space conditions and the sensing element shall extend 
across the complete face of the cooling coil. 
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D. Energy Efficiency Ratio (EER) 
 

Submit data to demonstrate that the units will produce the efficiency rates specified. 

All equipment shall comply to the EER ratings specified in the Philippine Green Building 
Code. 

 
E. Exhaust Air 

 
Provisions shall be made in the unit for controlled exhausting of room air and/or the 
controlled admittance of fresh air from the unit. 

 
F. Unit Supports 

 
Provide supports and mounts in accordance with manufacturer’s recommendation or as 
indicated on drawings. 

 
G. Condensate removal shall be by means of gravity drainage. 

 
H. Unit electrical power shall be 230 volts three phase, 60 hertz or as indicated on the 

drawings. The unit shall be capable of operating within line voltage limits of + 3 % to - 
4.6 %. 

 
I. Evaporator and condenser coils shall be of copper tube construction with aluminium 

fins and additional anti corrosion coating suitable for salty spray atmosphere. 
(“Thermoguard”, “Eroguard”, or equal). 

 
J. Compressor motors shall be two pole, permanent split capacitor type protected 

against both thermal and electrical overload. 
 

K. Filters shall be washable type, easily accessible, and shall cover the full unit area of 
re-circulated air. Air filter shall be of aluminium wood material and shall have a 
minimum efficiency of 60% when tested in accordance with BS; 2831 Test Dust No. 
3. 

 
L. Refrigerant stop valves which incorporate a spindle gland shall be serviceable with 

the valves “in situ”. 
 

M. For refrigerant piping insulation, Refer to Section 230700 – Mechanical Insulation  
and the required manufacturer insulation. Tape all joints to form a good vapor seal, 
then wrap with glass cloth and paint with two coats of approved vapor seal. 

 
N. For refrigerant piping specifications, refer to Section 232300 – Refrigerant Piping. 

 
O. The evaporator/fan coil section shall be ceiling, wall or floor standing and complete 

with concealed control panel and finishes as indicated on the drawings. 
 

P. The control panels shall have at least the following functions: 
 

1. On/Off/Heat/Cool Control. 
2. Low/High Heating and Cooling Control. 
3. Adjustable Thermostat. 
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PART 3 – EXECUTION 

 
3.1 PRODUCT STORAGE AND HANDLING 

 
A. All products shall be delivered in manufacturer’s original protective packaging. 

 
B. All products shall be inspected at time of delivery for damage and for compliance with specifications. 

 
C. All products that are found to be damaged, or not in accordance with the specifications shall 

immediately be repaired or removed from the site and replaced. Repairs shall not be undertaken 
before Engineer’s review of the Contractor’s proposed action. 

 
D. All products shall be handled and stored as recommended by manufacturer to prevent damage and 

deterioration. 
 

E. The Contractor shall supply handling equipment such as lifting beams, reinforced canvas slings, 
protective paddings, struts, cradles, etc., required to handle products without damaging hardware or 
linings and coatings. 

 
3.2 INSTALLATION 

 
A. All units mounted externally shall have a raised concrete base with a minimum height of 

150mm above surrounding surfaces. The base shall be sloped to provide natural 
drainage and ensure that ponding does not occur under the unit. 

 
B. Each packaged unit of whichever type shall be complete with a local electrical disconnect 

switch. 
 

C. The units shall be of the sizes, capacities, duties and types indicated on the drawings 
and shall be installed in strict accordance with the manufacturers requirements. 

 
 

END OF SECTION 
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PART 1 - GENERAL 
 

Unit shall be air cooled, split type multi-system air conditioner consisting of one outdoor unit 
and plural indoor units, each having capability to cool independently for the requirements of 
the rooms. 

 
Up to 10 different type and capacity indoor units can be connected to one refrigerant circuit 
and controlled individually. Compressor shall be equipped with inverter controller, and 
capable of changing the rotating speed to follow variations in cooling load. 

 
Outdoor units shall be suitable for mix-match connection of following models: 

 
 Ceiling mounted cassette type (Double flow) 
 Ceiling mounted cassette type (Multi flow) – Super Cassette – 
 Ceiling mounted low silhouette duct type 
 Ceiling mounted built-in type 
 Ceiling mounted duct type 
 Ceiling suspended type 
 Wall mounted type 
 Floor standing type 
 Concealed floor standing type 
 Ceiling mounted cassette corner type 
 Ceiling concealed (all fresh air type) 

 
The refrigerant piping shall be extended up to 100m with 50m (*1) level difference without any 
oil traps. 

 
 Air conditioner shall operate continuously at the ambient temperature of – 5oC in cooling. 

Both indoor unit outdoor unit are assembled, tested, and charged with refrigerant at the 
factory. 

 
*1: The value is based on the case where the outdoor unit is located above indoor unit. 

Where the outdoor unit is located under the indoor unit, the level difference is a 
maximum of 40m. 

 
 The refrigerant to be utilized shall be environmentally friendly with zero ODP. 

 
 R410A 

 
 R407C 

 

PART 2 - PRODUCTS 
 

2.1 OUTDOOR UNIT 

 
The outdoor unit shall be a factory assembled unit housed in a sturdy weatherproof casing 
constructed from rust-proofed mild steel panels coated with a baked enamel finish. 

 
 The outdoor unit of 8 and 10HP shall have two of scroll compressors and be able to 

operate even in case that inverter compressor is out of order. The outdoor unit of  
5HP shall have one scroll compressor. 

 
 The connectable range of indoor units shall be from 0.8 to 10HP with all outdoor 

units. 
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 The noise level shall not be more than 58 dB(A) at normal operation measured 
horizontally 1m away and 1.5m above ground. The outdoor unit shall be modular in 
design and should be allowed for side by side installation. 

 
A. Compressor 

 
The compressor shall be of highly efficient hermetic scroll type and equipped with 
inverter control capable of changing the speed in accordance to the cooling  or 
heating load requirement. 

 
 The inverter shall be IGBT type to be efficient and quiet. (*2) 

 
 The 8 and 10HP outdoor unit shall have at least 20 steps of capacity control to 

meet load fluctuation and indoor unit individual control. The 5HP outdoor unit 
shall have at least 13 steps of capacity control. 

 
*2: IGBT represents insulated Gate Bipolar Transistor. 

 
B. Refrigerant Circuit 

 
The refrigerant circuit shall include an accumulator, liquid and gas shut off valves and 
a solenoid vales. 

 
All necessary safety devices shall be provided to ensure the safety operation of the 
system. 

 
C. Safety Devices 

The following safe 

 
ty devices shall be part of the outdoor unit; high pressure switch, fuse, crankcase 
heater, fusible plug, over current protector for inverter, and short recycling guard time. 

 
D. Oil Recovery System 

 
Unit shall be equipped with an oil recovery system to ensure stable operation with 
long refrigerant piping. 

 
2.2 INDOOR UNIT 

 
A. Heat Exchanger 

 
The heat exchanger shall be constructed with copper tubes mechanically bonded to 
aluminum fins to form a cross fin coil. 

 
 The aluminum fins shall be covered by anti-corrosion resin film. 

 
Each indoor unit shall be of the ceiling mounted cassette type (Double flow type), or 
ceiling mounted cassette type (Multi-flow type), or ceiling mounted ducted type, or 
wall mounted type. 

 
It shall have electronic control valve which control refrigerant flow rate in respond to 
load variations of the room. 
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B. Fan Section 
 

The fan shall be of the dual suction multi blade type and statically and dynamically 
balanced to ensure low noise and vibration free operation. 

 
 The address of the indoor unit shall be set automatically in case of individual and 

group control. 
 In case of centralized control, it shall be set by liquid crystal remote controller. 

 
C. Casing 

 
Casing shall be fabricated from Electro-Galvanized mild steel all metals in  their 
casing shall be given rust preventive treatment. The casing shall be insulated 
internally with EDS Polyethylene Foam to prevent sweating of the casing under 
normal operating condition. 

 
2.3 CONTROL 

 
Computerized PID control shall be used to maintain a correct room temperature. 

 
Unit shall be equipped with a self-diagnosis for easy and quick maintenance and service. 

 
The LCD (Liquid Crystal Display) remote controller shall memorize the latest malfunction code 
for easy maintenance. 

 
It shall be able to control up to 16 indoor units and change fan speed and angle of swing flap 
individually in the group. 

 
A. Local Remote Controller 

 
a. On/Off Operation for a single group 
b. Temperature setting for a single group 

 Cool/dry 
 Heat 
 Auto 

c. Fanspeed Setting 
 Hi/Mid-2/Mid-1 Low 
 Hi/Low 

d. Airflow Direction Setting 
 Air Flow Direction Angles; 100% -80% -60% -40% Swing. 
 Louver On/Off 

e. Indoor unit intake temp. 
f. Test run mode 

 To simplify operation of the system, the range of control has been limited 
to temperature and fanspeed. 

 The only wiring required is crossover wiring based on two wires signal 
lines. 

 Room temperature sensor is built in to the unit. 
 The indoor unit can be replaced with the body thermostat. 

 
B. Central Remote Group Controller 

 
A multi-functional centralized controller (central remote controller) shall be supplied  
as shown on the drawings. 

 
 It shall be able to control up to 64 zones or 64 groups (each group 

consists of Max. 16 units) or 128 nos. of indoor units with the following 
functions. 
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a. Temperature setting for each zone, or group, or indoor unit. 
b. On/Off as a zone or individual unit. 
c. Indication of operating condition. 
d. Select one of 10 operation modes for each zone. 

 
 The controller shall have wide screen liquid crystal display and can be 

wired by a non-polar 2-wire transmission cable to a distance of 1 km 
away from the indoor unit. 

 
2.4 ACCEPTABLE MANUFACTURERS 

 
See Section 230007 - Alternative Equipment and Supplier. 

 
 

PART 3 - EXECUTION 
 

Follow strictly manufacturer’s recommendation on system installation, testing and commissioning. 
 

3.1 INSTALLATION 

 
A. Assemble air handling unit components following manufacturer's instructions for 

handling, testing and operation. Repair damaged galvanized areas with paint in 
accordance with Military Spec. DOD-P-21035. Repair painted units by touch up of all 
scratches with finish paint material. Vacuum clean interior of air handling units prior to 
operation. 

 
B. Leakage and test requirements for air handling units shall not exceed Leakage Class 

(CL) 12 listed in SMACNA HVAC Air Duct Leakage Test Manual when tested at 1.5 
times the design static pressure. Repair casing air leaks that can be heard or felt 
during normal operation and to meet test requirements. 

 
C. Perform field mechanical (vibration) balancing in accordance with Section 230548 – 

Mechanical Vibration and Seismic Controls. 
 

D. Seal and/or fill all openings between the casing and AHU components and utility 
connections to prevent air leakage or bypass. 

 
E. Make casing penetrations according to the casing manufacturer's instructions and 

details. Provide sleeves through the unit casing. 
 

F. AHU Manufacturer shall provide factory service for pre-start-up site inspection, start- 
up and operating instruction to Owner personnel. 

 
G. Support interconnecting piping independently to prevent stresses from being 

transmitted casing. 
 

H. Lubricate in accordance with manufacturer’s instructions before operation. 
 

3.2 WARRANTY AND FIRST YEAR PLANNED MAINTENANCE 

 
A. Provide manufacturer's warranty against defects in materials and workmanship for a 

period a minimum of 12 months (or as per client agreement) from acceptance of 
equipment. Substantial performance of the work. 

 
B. Include replacement of oil lost due to leaks during the warranty period. 

 
C. Include all labour costs for replacement and/or repair of defective equipment and 

materials. 
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D. Include for any additional costs to provide a complete planned maintenance program 
during the warranty period including for the costs of all labour and materials 
necessary to maintain the air handling units, starters and controls in first class 
working condition. 

 
3.3 EXTENDED PLANNED MAINTENANCE CONTRACT 

 
A. Submit a separate price to provide an extended warranty complete with planned and 

emergency maintenance services on the air handling units for the first year following 
the completion of the standard warranty period in accordance with the manufacturer's 
recommended standard and schedule. Base price upon work being executed during 
normal working hours. Include separate emergency call out provisions. Prices 
submitted should be based upon current price lists and labour rates, details of which 
shall be included within the bid. 

 
B. The planned maintenance contract may be renewed annually, at the option of the 

owner, up to a total term of 10 years. The price shall be negotiated three months in 
advance of each annual contract expiry and shall be at the mutual agreement of both 
parties. Variation in annual prices shall reflect only changes in material and labour 
costs that can be substantiated by the manufacturer and agreed to by the Owner. 

 
C. It shall be understood that the planned maintenance contract shall be commence in 

any event before the termination of the warranty period. 
 

D. The planned maintenance contract services at each location shall, at minimum, 
include: 
1. Checking the performance of all equipment and components provided under 

this contract on a regular schedule basis. Performance checking shall involve 
diagnostic tests, examination, cleaning, lubrication, adjustment and 
calibration, as appropriate, together with other function as recommended by 
the component manufacturer or as required to maintain the air handling units 
fully operational and in compliance with these Specifications. 

2. Provide labour and material for the repair or replacement of worn or defective 
equipment and components where such items were initially provided as part 
of this Contract or the Preventative Maintenance Contract. Provide 
replacement items of the same quality as parts that are replaced. 

 
E. Maintain an inventory of sufficient normal replacement parts, components, materials, 

tools, equipment and testing devices such that repairs or parts replacement can 
commence within 8 hours of notification that a machine is malfunctioning or 
inoperable. Have major replacement components available within 24 hours of 
component malfunction. 

 
F. Undertake planned and emergency maintenance with qualified technicians who have 

received adequate training in the maintenance and repair of the equipments and its 
components. 

 
G. If overtime work is required to meet the intent of the planned maintenance contract, 

then perform this work at no additional cost to the Owner. 
 

END OF SECTION 
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PART 1 - GENERAL 

 
1.1 DESCRIPTION 

 
A. Air handling units including integral components specified herein. 

 
B. Definitions: 

 
1. Air Handling Unit (AHU) / Dedicated Outdoor Air System (DOAS): A factory 

fabricated assembly consisting of fan, coils, filters, and other necessary 
equipment to perform one or more of the following functions of circulating, 
cleaning, heating, cooling, humidifying, dehumidifying, and mixing of air. 
Design capacities of units shall be as scheduled on the drawings. 

 
1.2 RELATED WORK 

 
A. Section 230010 - Mechanical General Provisions 

 
B. Section 230050 - Basic Mechanical Materials and Methods. 

 
C. Section 230055 - Motors, Starters, Control Centers, and Wiring 

 
D. Section 230548 - Mechanical Vibration and Seismic Controls. 

 
E. Section 230700 – HVAC Insulation. 

 
F. Section 232113 - Hydronic Piping 

 
H. Section 233113 - Metal Ducts and Accessories. 

 
I. Section 234000 - Air Filters. 

 
J. Section 230900 - HVAC Instrumentation and Controls 

 
K. Section 230593 - Testing, Adjusting and Balancing. 

 
 

1.3 QUALITY ASSURANCE 
 

A. Refer to Article, Quality Assurance, in Section 230050. 
 

B. Air Handling Units Certification: 
 

1. AHRI Certified AHUs/DOAS: AHUs/DOAS shall have been tested, rated, and 
certified in accordance with AHRI 430, shall bear the AHRI certification label, 
and shall be listed in the AHRI Directory of Certified Applied air-conditioning 
Products. 

2. Non-AHRI certified AHUs/DOAS: If AHRI certification is not available for the 
complete air handling unit, compliance with the following minimum 
requirements shall be established for approval and acceptance. 

a. The individual components of the AHU/DOAS shall be certified by the 
applicable standards, that is, ASHRAE, AMCA, AHRI, and UL, and 
shall bear the certification label. 

b. All air handling units shall be factory tested prior to shipment, in 
accordance with paragraph Test Procedure. 
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C. Performance Criteria: 
 

1. The fan schedule indicates design liters per second (cubic feet per minute) 
and design static pressure. Scheduled fan motors, 375 watts (1/2 
horsepower) and larger, are sized for the maximum of present or future 
design liters per second (cubic feet per minute) at 110 percent design static 
pressure, but not to exceed 187 Pa (3/4 inch water) additional pressure. 

2. Provide fans and motors capable of stable operation at design conditions and 
at design liters per second (cubic feet per minute) and 110 percent pressure 
as stated above. 

3. Lower than design pressure drop of approved individual components may 
allow use of a smaller fan motor and still provide the safety factor. When 
submitted as a deviation, a smaller motor may be approved in the interest of 
energy conservation. Such a deviation shall not qualify for any value 
engineering incentive claim or reward. 

4. Select fan operating point to right hand side of peak static pressure point and 
near the peak of static efficiency. 

5. Heating, Cooling, and Air Handling Capacity and Performance Standards: 
AHRI 430, AHRI 410, ASHRAE 51, and AMCA 210. 

6. Operating Limits: AMCA 99. 
 

D. Units shall be constructed by a manufacturer who has been manufacturing air 
handling units for at least five (5) years. 

E. Condensation: During first year guarantee period, if condensation forms on any 
section of air handler when unit is operating at design conditions, contractor shall 
replace or repair unit to correct the situation. Repairs shall not impair unit or 
component accessibility and future repairability and inherent access for maintenance. 
All repairs shall be subject to Consultant’s approval. 

 
1.4 SUBMITTALS 

 
A. The contractor shall, in accordance with Section 230010. Furnish a complete 

submission for all air handling units covered in the project. The submission shall 
include all information listed below. Partial and incomplete submissions shall be 
rejected without reviews. 

B. Manufacturer's Literature and Data: 
 

1. Submittals for AHUs/DOAS shall include fans, drives, motors, coils, 
humidifiers, sound attenuators, mixing box with outside/return air dampers, 
filter housings, and all other related accessories. The contractor shall provide 
custom drawings showing total air handling unit assembly including 
dimensions, access sections, diffusion plates, flexible connections, door 
swings, control penetrations, electrical disconnect, lights, duplex outlets, 
switches, wiring, utility connection points, unit support system, vibration 
isolators, drain pan, and rigging points. Submittal drawings of section or 
component only, will not be acceptable. Contractor shall also submit 
performance data including performance test results, charts, curves or 
certified computer selection data; data sheets; fabrication and insulation 
details; and the number of pieces that each unit will have to be broken into to 
meet shipping and job site rigging requirements. 

2. Submit sound power levels in each octave band for fan and at entrance and 
discharge of AHUs/DOAS at both present and future scheduled conditions. 
Include sound attenuator capacities and itemized internal component 
attenuation.  Internal  lining  of  supply  air  ductwork  with  sound  absorbing 
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material is not permitted. In absence of sound power ratings refer to Section 
230548. 

 
3. Provide fan curves showing liters per second (cubic feet per minute), static 

pressure, efficiency, and horsepower for both present and future design point 
of operation and at maximum of present and future design liters per second 
(cubic feet per minute) and 110 percent of design static pressure. 

4. Submit total fan static pressure, external static pressure, for AHU/DOAS 
including total, inlet and discharge pressures, and itemized specified internal 
losses and unspecified internal losses using average pressure drop for air 
filter. Refer to air handling unit schedule on drawings. 

C. Maintenance and operating manuals in accordance with Section 230010. 
 

D. Submit written test procedures two weeks prior to factory testing. Submit written 
results of factory tests for approval prior to shipping. 

E. For equipment and material submittals, provide certificate of origin to be included in 
the submittal and bill of lading before delivery to site. 

 
1.5 APPLICABLE PUBLICATIONS 

 
The publications listed below form a part of this specification to the extent referenced. The 
publications are referenced in the text by the basic designation only. 

A. Military Specifications (Mil. Spec.): 
 

DOD-P-21035A Paint, High Zinc Dust Content, Galvanizing Repair 
 

B. Air-Conditioning, Heating and Refrigeration Institute (AHRI): 

410 Standard for Forced-Circulation Air-Heating and Air-Cooling 

Coils 

430 Standard for Central Station Air Handling Units 
 

ARI-DCAACP Directory of Certified Applied Air Conditioning Products 
 

C. Air Moving and Conditioning Association (AMCA): 
 

99 Standard Handbook 
 

210 Laboratory Methods of Testing Fans for Rating 

D. American Society of Heating, Refrigerating and Air Conditioning Engineers 
(ASHRAE): 

 
51 Standard, Laboratory Methods of Testing Fans for Rating. 

 
E. American Society for Testing and Materials (ASTM): 

B117 Salt Spray (Fog) Testing 

C1071 Thermal and Acoustical Insulation (Mineral Fiber, Duct Lining 
Material) 

 
D1654 Standard Method for Evaluation of Painted or Coated 

Specimens Subjected to Corrosive Environments 
 

D1735 Water Resistance of Coatings Using Water Fog Apparatus 
 

D3359 Measuring Adhesion by Tape Test 
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G23 Operating Light-Exposure Apparatus 
 

F. Anti-Friction Bearing Manufacturer's Association, Inc. (AFBMA): 
 

9 Load Ratings and Fatigue life for Ball Bearings 
 

G. National Fire Protection Association (NFPA): 
 

90A Installation of Air Conditioning and Ventilating Systems 
 
 
 

PART 2 – PRODUCTS 

 
2.1 AIR HANDLING UNITS 

 
A. General: 

 
1. AHUs/DOAS shall be entirely of double wall galvanized steel construction. 

Galvanizing shall be hot dipped conforming to ASTM A525 and shall provide a 
minimum of 0.275 kg of zinc per square meter (0.90 oz. of zinc per square 
foot) (G90). Aluminum constructed units may be provided subject to 
Consultant’s approval and documentation that structural rigidity is equal or 
greater than the galvanized steel specified. 

2. The contractor and the AHU/DOAS manufacturer shall be responsible for 
insuring that the unit will not exceed the allocated space shown on the 
drawings, including required clearances for service and future overhaul or 
removal of unit components. All structural, piping, wiring, and ductwork 
alterations of units, which are dimensionally different than those specified, 
shall be the responsibility of the contractor at no additional cost to the Owner. 

3. AHUs/DOAS shall be fully assembled by the manufacturer in the factory in 
accordance with the arrangement shown on the drawings. The unit shall be 
assembled into the largest sections possible subject to shipping and rigging 
restrictions. The correct fit of all components and casing sections shall be 
verified in the factory for all units prior to shipment. Factory tested units shall 
be fully assembled, tested and then split to accommodate shipment and job 
site rigging. On units not shipped fully assembled, the manufacturer shall tag 
each section and include air flow direction to facilitate assembly at the job 
site. Lifting lugs or shipping skids shall be provided for each section to allow 
for field rigging and final placement of unit. 

4. The AHU/DOAS manufacturer shall provide the necessary gasketing, 
caulking, and all screws, nuts, and bolts required for assembly. The 
manufacturer shall provide a local representative at the job site to supervise 
the assembly and to assure the units are assembled to meet manufacturer's 
recommendations and requirements noted on the drawings. Provide 
documentation that this representative has provided this service on similar 
jobs to the Consultant. If a local representative cannot be provided, the 
manufacturer shall provide a factory representative. 

5. Gaskets: All door and panel gaskets shall be high quality which seal air tight 
and retain their structural integrity and sealing capability after repeated 
assembly and disassembly of bolted panels and opening and closing of 
hinged components. Bolted sections may use a more permanent gasketing 
method provided they are not disassembled. 

6. Structural Rigidity: Provide structural reinforcement when required by span or 
loading so that the deflection of the assembled structure shall not exceed 
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B. Base: 

1/200 of the span based on a differential static pressure of 1991 Pa (8 inches 
water) or 1-1/2 times design static pressure whichever is greater. 

 

1. Provide a heavy duty steel base for supporting all AHU/DOAS major 
components. Bases shall be constructed of wide-flange steel I-beams, 
channels, or minimum 152 mm (6 inch) high 3.5 mm (10 gauge) steel base 
rails. Welded or bolted cross members shall be provided as required for 
lateral stability. Contractor shall provide supplemental steel supports as 
required to obtain proper operation heights for cooling coil condense drain 
trap and steam coil condensate return trap as shown on drawings. 

2. AHUs/DOAS shall be completely self supporting for installation on concrete 
housekeeping pad, steel support pedestals, or suspended as shown on 
drawings. 

3. The AHU/DOAS bases not constructed of galvanized material shall be 
cleaned, primed with a rust inhibiting primer, and finished with a rust inhibiting 
exterior enamel. 

 
C. Casing (including wall, floor and roof): 

1. General: AHU/DOAS shall be designed and constructed such that removal of 
any panel shall not affect the structural integrity of the unit. Plug panels may 
be used to enhance structural stability provided access space is not reduced. 

NOTE: Use 50 mm (2 inch) panels unless sound analysis indicates that thicker 
sections of the AHU/DOAS assembly are required. If thicker panels are used they 
shall be a perforated panel design. 

 
2. Casing shall be double wall galvanized steel, minimum 50 mm (2 inches) 

thick, constructed of minimum 1.3 mm (18 gauge) outer skin and 1.0 mm (20 
gauge) solid or perforated inner skin. Perforated panels are not allowed in 
cooling coil sections, floors, door panels and where solid sheet is required to 
avoid air bypass. 

3. Blank-Off: Provide where required to insure no air bypass between sections, 
through perforated panels or around coils or filters. Blank-Off shall be 
installed at each component of the air handling unit and also at the internal 
panels to prevent recirculation of the air through perforated panels. Seal any 
holes where bypass occurs. 

4. Thermal Conductance (C): Maximum overall thermal conductance of casing 
panels shall not exceed 0.68 W/square meter. K (0.12 Btu/h. sq. ft. ºF). 

 
5. Condensation Requirements: AHUs/DOAS shall be designed to insure that 

there is no condensation on the exterior of the unit based on outside design 
conditions. Through metal connections between inner and outer panels shall 
be kept to an absolute minimum. If tubular structural members are used 
inside of tube shall be insulated equal to casing. 

6. Unit sections shall be tightly joined in the field through the use of all-thread 
rod or casing brackets and shall be gasketed to make air tight. 

 
7. Exterior and interior panels shall be secured to the support channels with 

stainless steel or zinc-chromate plated screws and gaskets installed around 
the panel perimeter. Screw spacing shall not be greater than 229 mm (nine 
inches). Panels shall be completely removable to allow removal of fan, coils, 
and other internal components for future maintenance, repair, or 
modifications. Welded exterior panels are not acceptable. 
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8. Access Doors: Provide where shown in each access section and where 
shown on drawings. Doors shall be a minimum of 50 mm (2 inches) thick with 
same construction as the unit casing. Doors shall be a minimum of 600 mm 
(24 inches) wide and shall be the full casing height up to a maximum of 1850 
mm (6 feet). Doors shall be gasketed, hinged, and latched to provide an 
airtight seal. Each door shall include a minimum 150 mm x 150 mm (6 inch x 
6 inch) double thickness reinforced glass or Plexiglas window in a gasketed 
frame. 

a. Hinges: Manufacturers standard, designed for door size, weight and 
pressure classifications. Hinges shall hold door completely rigid with 
minimum 45 kg (100 pound) weight hung on latch side of door. 

b. Latches: Non-corrosive alloy construction, with operating levers for 
positive cam action, operable from either inside or outside. Doors that 
do not open against unit operating pressure shall be provided with 
safety "Vent lock"-style latches which allow the door to open 
approximately 75 mm (3 inches) and then require approximately 
0.785 radian (45 degrees) further movement of the handle for 
complete opening. Latch shall be capable of restraining explosive 
opening of door with a force equal to a minimum of 2986 Pa (12 
inches water) of differential static pressure or 1-1/2 times operating 
differential pressure whichever is greater. 

c. Gaskets: Neoprene, continuous around door, positioned for direct 
compression with no sliding action between the door and gasket. 
Secure with high quality mastic to eliminate possibility of gasket 
slipping or coming loose. 

9. Provide sealed sleeves, metal or plastic escutcheons or grommets for 
penetrations through casing for power and temperature control wiring and 
pneumatic tubing. Coordinate number and location with electrical and 
temperature control subcontractors. Coordinate lights, switches, and duplex 
outlets and disconnect switch location and mounting. All penetrations and 
equipment mounting may be provided in the factory or in the field. All field 
penetrations shall be performed neatly by drilling or saw cutting. No cutting by 
torches will be allowed. Neatly seal all openings airtight. 

D. Painted Exterior Finish: Galvanized steel (G90) exterior shall be mill prepared for 
painting by bonderizing and factory prepared for prime coat of paint by acid etch 
cleaning, as required, to assure paint adhesion. Provide factory applied prime coat 
and enamel finish coat of paint of color selected by owner. Paint corrosion resistance 
and adhesion shall have satisfactorily passed ASTM B117, D1654, D1735, D3359 and 
G23 for a minimum of 500 hours. Rating of failure at the scribe mark shall be not less 
than 6, average creepage not greater than 3 mm (1/8 inch). Rating of the inscribed 
area shall not be less than 10, no failure. Refer to Section 099000. 

E. Insulation: 
 

1. Insulation: Section 230700 

2. The walls, roof and floor of the AHU/DOAS shall be insulated. Insulation shall 
be held securely in position between the inner and outer skin of casing. 

3. The insulation of the panels shall be injected CFC-free polyurethane foam 
with a thermal conductivity (K-value) of no more than 0.025 w/m-k and density 
of 50 kg/cubic meter. 

4. Materials shall meet NFPA 90A flame spread and smoke generation 
requirements. 
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F. Floor: 
 

1. Unit floor shall be level without offset space or gap and designed to support a 
minimum of 488 kg/square meter (100 pounds per square foot) distributed 
load without permanent deformation or crushing of internal insulation. Provide 
adequate structural base members beneath floor in service access sections 
to support typical service foot traffic and to prevent damage to unit floor or 
internal insulation. Unit floors in casing sections, which may contain water or 
condensate, shall be watertight with drain pan. 

2. Thermal Conductance (C): Maximum overall thermal conductance of casing 
floors shall not exceed 0.025 w/m-k. 

3. Where indicated, furnish and install floor drains, flush with the floor, with 
nonferrous grate cover and stub through floor for external connection. 

 
G. Condensate Drain Pan: Drain pan shall be designed to extend entire length of cooling 

coils including headers and return bends. Depth of drain pan shall be at least 43 mm 
(1.7 inches) and shall handle all condensate without overflowing. Drain pan shall be 
constructed of #304 stainless steel and shall be sloped to drain. Drain pan shall be 
continuous metal or welded watertight. No mastic sealing of joints exposed to water 
will be permitted. Drain pan shall placed on top of casing floor or integrated into 
casing floor assembly. Maximum overall thermal conductance of floor/drain pan 
assembly shall not exceed 0.025 w/m-k. 

1. An intermediate condensate drip pan shall be provided on stacked cooling 
coils and shall be constructed of #304 stainless steel with copper downspouts 
factory piped to main condensate pan. Use of intermediate condensate drain 
channel on upper casing of lower coil is permissible provided it is readily 
cleanable. Design of intermediate condensate drain shall prevent upper coil 
condensate from flowing across face of lower coil. 

2. Drain pan shall be piped to the exterior of the unit. Drain pan shall be readily 
cleanable. 

 
3. Installation, including frame, shall be designed and sealed to prevent blow-by. 

H. Diffuser Section: Furnish a diffuser section, with perforated diffuser plate, on 
discharge of supply fan and return fan where indicated or where recommended by 
manufacturer. The diffusion plate shall be located to assure uniform distribution of 
leaving air across the face of the downstream cooling coil and filters to create uniform 
velocity profiles across the entire opening, with variances not to exceed 25% at any 
location more than 150 mm (6 inches) from perimeter of casing. Maximum air 
pressure drop across distribution plate for scheduled air volume shall not exceed 25 
Pa (0.10" water). Bolt or weld diffuser plate to a sturdy steel support frame so that it 
remains rigid. Manufacturer shall include any diffuser section pressure loss in excess 
of diffuser plate and this value shall be included in unspecified internal losses when 
selecting fan. 

I. Fans Sections: 
 

NOTE: Use forward curve fans only for low static pressure applications, typically 747 
Pa (3 inches of water) total static pressure or less. 

1. Fans shall be minimum Class II construction, double width, double inlet 
centrifugal, air foil or backward inclined or forward curved type as indicated on 
drawings, factory balanced and rated in accordance with AMCA 210 or 
ASHRAE 51. Provide self-aligning, pillow block, regreasable ball-type 
bearings selected for a B (10) life of not less than 40,000 hours and an L (50) 
average fatigue life of 200,000 hours per AFBMA Standard 9. Extend bearing 
grease lines to motor and drive side of fan section. Fan shall be located in 
airstream to assure proper airflow. 
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2. Allowable vibration tolerances for fan shall not exceed a self-excited vibration 
maximum velocity of 0.005 m/s (0.20 inch per second) RMS, filter in, when 
measured with a vibration meter on bearing caps of machine in vertical, 
horizontal and axial directions or measured at equipment mounting feet if 
bearings are concealed. After field installation, compliance to this requirement 
shall be demonstrated with field test in accordance with Section 230548 and 
Section 230593. 

J. Fan Motor, Drive and Mounting Assembly: 
 

1. Provide internally vibration isolated fan (Seismic spring-type), motor and drive, 
mounted on a common integral bolted or welded structural steel base with 
adjustable motor slide rail with locking device. Provide vibration isolators with 
50 mm minimum deflection and flexible duct connections at fan discharge to 
completely isolate fan assembly. Refer to Section 230548, for additional 
requirements. 

2. Fan Motor and Drive: Motors shall be energy efficient type (per NEMA 
Standard) and suitable for use in variable frequency drive applications on 
AHU/DOAS where this type of drive is indicated. The fan motor shall be totally 
enclosed fan cooled (TEFC) type with IP54 protection and class F insulation 
with class B temperature rise complying with BS2757. Refer to Section 
230055 and Section 230075, for additional motor and drive specifications. 
Where Variable Speed Motor Controllers (VSMC) are required they shall be 
compatible with fan and motor. Refer to Division 26. 

3. Fan drive and belts shall be factory mounted with final alignment and belt 
adjustment to be made by the Contractor after installation. Drive and belts 
shall be as specified in Section 230050. Unit manufacturer shall provide 
additional drive(s) and/or speed up the blowers if required during balancing, to 
achieve desired airflow. Size the fan motor liberally to allow for speeding up; 
otherwise, replace the motor and associated electricals at no additional cost 
to the owner. 

4. Fan TSP: The External Static Pressure (ESP) shall be specified by the 
Consultant. However the internal component losses (coil, filters, etc.) and the 
unspecified internal losses (fan section, inlet/outlet system effect losses, etc.) 
shall be the sole responsibility of the AHU/fan manufacturer and same is true 
for the fan motor sizing and selection. 

5. Some AHU’s/DOAS and related fans may initially be operated at partial 
capacity as indicated on the equipment schedule. In these cases, the 
pulleys/sheaves shall be sized at the reduced capacity subject for future 
replacement, and the fans shall have satisfactory and stable operation at the 
specified initial partial capacity although shall be sized at full capacity. 

K. Mixing Boxes (Where Applicable): Mixing box shall consist of casing and outdoor air 
and return air dampers in opposed blade arrangement with damper linkage for 
automatic operation. Coordinate damper operator with Section 230900. Dampers 
shall be of low leak design with metal compressible bronze jamb seals and extruded 
vinyl edge seals on all blades. Blades shall rotate on stainless steel sleeve bearings or 
bronze bushings. Maximum damper length shall be 1500 mm (60 inches). Leakage 
rate shall not exceed 2.5 cubic meters/min/square meter (8 cfm per square foot) at 
250 Pa (1 inch water) and 3.7 cubic meters/min/square meter (12 cfm per square 
foot) at 995 Pa (4 inches water). Electronic damper operators shall be furnished and 
mounted in an accessible and easily serviceable location by the air handling unit 
manufacturer at the factory. Damper operators shall be of same manufacturer as 
controls furnished under Section 230900. 
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L. Filter Section: Refer to Section 234000, for additional filter requirements. 
 

1. General 

All AHUs/DOAS and fresh air intakes and where indicated on the tender 
drawings shall be provided with primary and secondary air filters of the types 
as specified herein. 

 
a. Air filters shall comply with the requirements of ANSI/ASHRAE 52.1 – 

1992 Standard or an approved equivalent standard. Reference shall 
made to ANSI/ASHRAE 52.1 – 1992 Standard or to relevant 
approved equivalent standard from definition of terms employed. 

b. Air filters test shall be performed by an independent Testing 
Laboratory. Test certificate shall be produced on request. 

c. The filters shall be installed complete with all accessories and other 
minor necessary for their satisfactorily installation and performance 
whether individually specifies or not. 

d. Uniform air velocity through the media shall be achieved, if necessary 
by means of air screens, baffles and other devices to approval. 

 
2. Pre-Filter 

 
a. The filters shall have a rated average dust spot efficiency of 25-30% 

(MERV 7) when tested in accordance with ANSI/ASHRAE 52.1 – 
1992 Standard atmospheric dust spot method. 

b. Both fresh and return air filters shall have pleated surface media. The 
filter shall be throwaway type. Normal filter depth shall be 50 mm. 

c. The filters, with non-woven synthetic fabric media shall be classified 
by the Underwriter Laboratories. 

d. For fan TSP calculations; use mid-life filter pressure drop or 160 Pa, 
whichever is higher. 

 
3. Final Filters 

 
a. Use air filter of the rigid, pleated extended surface type fabricated for 

disposal when the dust load limit reached as indicated by maximum 
(final) pressure drop. 

b. Average atmospheric dust spot efficiency shall be 85% or above 
(MERV 13) in accordance to ASHRAE 52-I 1992 Test Standard. Filter 
shall be classified as Underwriter Laboratory Class 2. 

c. For fan TSP calculations; use mid-life filter pressure drop or 330 Pa, 
whichever is higher. 

 
4. Filter Media and Frame Construction 

 
a. Media Support Grid 

 The media shall be treated with adhesive and continuously 
laminated to a supported steel wire grid. 

 The media shall be sandwiched to maintain the designed space 
for each pleat to maximize dust collection capacity and to avoid 
the possibility of media oscillation and media being pulled away. 

b. Enclosing Frame 
 The enclosing frame shall made of heavy duty rigid and high wet 

strength double wall beverage board. 
 The frame with two of its largest surfaces being die-cut into 

mating openings with diagonal supports, shall be a square box of 
about 50 mm depth capable of totally encasing the filter media. 

 The filter media shall be perfectly bonded to the internal periphery 
of the frame to prevent air leak. 
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c. Rear Access Filter Frames 
 The rear access filter frames shall be in modular form with each 

module designed to accommodate a standard size pleated filter. 
 Constructed with galvanized steel, each filter holding frame shall 

be equipped with holding clips to hold the filter. 
 

 
 
 
 
 

 
M. Coils: 

a. Side Access Filter Frame 
 Side access filter section shall be accessible from the side of an 

AHU/DOAS. 
 The access panel shall be sealed by gasket, double wall fastened 

with latches. Inside the section, standard sized, 50 mm deep 
pleated filters shall be held by extruded aluminum track. 

 

1. The cooling coil shall be fabricated by the AHU/DOAS manufacturer. The 
cooling coil for the AHU/DOAS shall be suitable for chilled water application. 

2. The coils shall be constructed of copper tubes and mechanically expanded 
into aluminum fins to enhance heat transfer. 

3. Suitable provision shall be made to facilitate adequate draining and cleaning 
through removable plugs at both ends of each tubes. Each set of coils shall 
be fitted with air vent at the highest point. 

4. All coil capacities, pressure drops and selection procedures shall be rated in 
accordance to AHRI Standard 410. 

5. The coil shall be fitted with supply and return headers, made of steel pipes, to 
ensure even distribution of chilled water throughout the coil. 

6. Coil shall be designed to utilize the full available unit cross section area. 
7. Coil shall be proof tested at 26 bar (375 psig) and leak tested at 17 bar (250 

psig). 
8. Coils shall be limited to six (6) rows and 12 FPI maximum. 

N. Humidifier: When indicated on the drawings, AHUs/DOAS shall include factory 
installed humidifiers. Refer to Drawings and Section 232113, for additional 
requirements. 

O. Sound Attenuators: Refer to Drawings, Specification Section 230548 and Section 
233113 for additional unit mounted sound attenuator requirements. AHU/DOAS sound 
attenuators shall be factory installed as an integral part of AHU/DOAS. Provide 
required sound attenuators if required NC level is not met after installation. This 
should be at no additional cost to the Owner. 

P. Discharge Section: Provide aerodynamically designed framed discharge openings or 
spun bellmouth fittings to minimize pressure loss. 

 
Q. Electrical and Lighting: Wiring and equipment specifications shall conform to Division 

26, Electrical. 
 

1. Vapor-proof lights using cast aluminum base style with glass globe and cast 
aluminum guard shall be installed in each access section. A switch shall 
control the lights in each compartment with pilot light mounted outside the 
respective compartment access door. Wiring between switches and lights 
shall be factory installed. All wiring shall run in neatly installed electrical 
conduits and terminate in a junction box for field connection to the building 
system. Provide single point 115 volt - one phase connection at junction box. 

2. Install compatible 100 watts bulb in each light fixture. 

3. Provide a convenience duplex outlet next to the light switch. 
 

4. Disconnect switch and power wiring: Provide factory or field mounted 
disconnect switch. Coordinate with Electrical Specifications. 
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R. Electric Heater: Factory Standard electric heater coil/section shall be provided where 
specified and shown. 

 
2.2. TESTING 

 
A. General: 

 
1. ARI certified AHUs/DOAS: The following AHUs/DOAS shall be factory 

assembled and tested prior to shipment and shall be shipped prior to any 
untested units. Substitutions for specific AHUs/DOAS may be made with 
Consultant’s approval. 

2. Non-ARI certified AHUs/DOAS: All units shall be factory assembled and 
tested. 

 
3. Units specified to be tested shall be factory assembled and tested in 

accordance with specified Test Procedure to demonstrate compliance with 
required unit capacities, ensure correct fit of all components and minimize 
field assembly labor. 

B. Factory Test: 
 

1. General: The test procedure, instrumentation and calculation shall use those 
methods specified in Specification Section 230593, however test methods 
including instruments used must be submitted and approved by the 
Consultant prior to initiating testing. The AHUs/DOAS shall be tested for air 
volume, static pressure for AHU/DOAS and each component, fan RPM and 
power consumption for the maximum of present or future design conditions. 
Submit fan curves showing test results. 

2. Test Procedure (Airflow): 

a. Provide straight runs of full size ducts at inlet and discharge of 
AHU/DOAS with lengths equal to 2-1/2 times fan diameter and with 
volume dampers to adjust static pressure located at ends. Locate a 
four-point static pressure sensor 2/3 the distance down the discharge 
duct and connected to an inclined manometer to be used to measure 
external static pressure. 

b. Six static pressure tap sensors shall be located on both entering and 
leaving sides of cooling coil and a Meriam micro manometer used to 
read cooling coil pressure drop. Unit cubic meters per minute (cubic 
feet per minute) may be determined by dry coil air friction curve. 

c. Adjust dampers to compensate for variations in pressure drops  due 
to clean vs. dirty filters, dry vs. wet cooling coils, and as required to 
simulate fan design conditions. 

d. Drain connections shall be plugged. Piped connection openings shall 
be sealed. 

e. Correct cubic meters per minute (cubic feet per minute), static 
pressure and watts (horsepower) to standard air conditions of 1.2 
kg/cubic meter (0.075 lbs. per cubic foot) density, 21oC (70oF) 
temperature, and 101 kPa (29.92 in. Hg) barometric pressure at sea 
level. Measure supply air wet bulb and dry bulb temperatures. Obtain 
barometric pressure readings from local airport. 

f. Determine fan motor watts (horsepower) consumption by use of 
wattmeter, voltmeter, ammeter and obtaining motor efficiency from 
manufacturer. Refer to standard testing and balancing procedure. 
Determine fan RPM by use of tachometer. 
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g. Obtain values for the items in the following formula. (Fan Total Static 
Pressure = External Static Pressure + Specified Internal Losses + 
Unspecified Internal Losses). Refer to AHU/DOAS schedule on the 
drawings for additional information. 

 

C. Approval: 
 

1. Tests shall be witnessed by the Consultant or authorized representative. 
Contractor shall provide the Consultant’s with a minimum two-week notice 
prior to proposed schedule test. 

2. Failure of AHU/DOAS to meet test requirements shall require correction of 
deficiency and re-testing of unit. 

 
3. Submit written results of factory tests for approval prior to shipping. 

 
 

PART 3 - EXECUTION 

 
3.1 INSTALLATION 

 
A. Assemble air handling unit/fresh air handling unit components following 

manufacturer's instructions for handling, testing and operation. Repair damaged 
galvanized areas with paint in accordance with Military Spec. DOD-P-21035. Repair 
painted units by touch up of all scratches with finish paint material. Vacuum clean 
interior of air handling units prior to operation. 

B. Leakage and test requirements for air handling units shall be the same as specified 
for ductwork in Specification Section 233113 & 233300 except leakage shall not 
exceed Leakage Class (CL) 12 listed in SMACNA HVAC Air Duct Leakage Test 
Manual when tested at 1.5 times the design static pressure. Repair casing air leaks 
that can be heard or felt during normal operation and to meet test requirements. 

C. Perform field mechanical (vibration) balancing in accordance with Section 230548. 
 

D. Seal and/or fill all openings between the casing and AHU/DOAS components and 
utility connections to prevent air leakage or bypass. 

 
E. Make casing penetrations according to the casing manufacturer's instructions and 

details. Provide sleeves through the unit casing. 

F. AHU/DOAS Manufacturer shall provide factory service for pre-start-up site inspection, 
start-up and operating instruction to Owner personnel. 

 
 

END OF SECTION 


