DIVISION 230000 HEATING, VENTILATION, & AIR CONDITIONING

1. GENERAL.

A.

Hydronic systems utilizing chilled water and hot water with forced air ventilation
systems shall be utilized on campus. Electric resistance heating and DX cooling shall not
be utilized for building systems.

Unoccupied spaces that require continuous cooling such as telecom room and electrical
rooms shall be on separate systems.

Contractor shall obtain and pay for all permits, licenses and inspections.

Design chilled water systems with a 45°F entering water temperature and minimum
10°F temperature differential.

When stated by the manufacturer, equipment shall be installed by personnel certified
by the manufacturer.

Rooftop air handlers are prohibited.
Visible duct work on the roof or exterior of the building is prohibited.

Major heating and air conditioning equipment such as chillers, pumps, steam regulating
stations, expansion tanks, etc. shall be located in accessible mechanical rooms preferably
on the ground floor exterior wall with exterior access.

Construction moisture must be allowed to escape or be mechanically removed after the
building is enclosed and prior to the startup of mechanical equipment.

Install drains with valves, hose ends and caps at all low points to facilitate complete
drainage of the systems and equipment.

The installing contractor shall supply a list of all equipment filters. The list shall include
room number, quantity, type, and size(s).

Floor drains in mechanical areas shall be located near equipment to minimize trip
hazard from equipment drains.

. ldentify all pipe with paint, stenciling, or laminated printed labels attached by cable ties

to indicate pipe contents and direction of flow at least once in each space.
Decals/stickers are not acceptable alternatives. Piping identification should not include
contractor or manufacturer names, logos or other advertising.

Show all equipment service requirements on the drawings with a minimum clearance of
2’-6” from any wall adjacent to the mechanical equipment.
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DIVISION 230000 HEATING, VENTILATION, & AIR CONDITIONING

0.

Mechanical rooms shall be designed to provide adequate maintenance clearances for all
systems and equipment. Clearances around air handlers shall be a minimum of 3 feet
on each side, excluding coil and fan shaft pull clearances which are greater. Show
required coil/shaft removal space on the drawings.

Clearances shall be provided for maintenance activities for all equipment without the
removal of equipment, pipe or supports.

Provide motorized isolation valves with a manual override for domestic water systems
as the primary means of isolating the building from the campus distribution system.
Motorized isolation valves to be controlled by the campus BAS, and the associated
sequence of operation is to allow for each valve’s associated system to be shut down in
a controlled and safe manner. Refer to section 23 09 23 for additional information
regarding BAS. Provide these valves at the piping entrance to each building. The building
can be shut down through the building automation system.

Provide a full perimeter angle around all air handling units sealed to the concrete pad.
Provide leak detection within this perimeter angle to shut down the unit and close
supply and return valves at the AHU.

Provide epoxy floor finish in all mechanical penthouses around air handlers. Epoxy finish
shall extend 6” vertically at perimeter concrete curb.

Provide two floor drains and a wall hydrant at each air handler.
Generally, avoid the use of the phrase “or equal” in specification documents. Only list

approved manufacturers as noted in these guidelines. If there are any questions as to
preferred manufacturers, please verify with TTU representative.

SECTION 23 05 13 COMMON MOTOR REQUIREMENTS FOR HVAC EQUIPMENT

1. GENERAL.

A.

B.

Electric motors shall be new NEMA Standard size.

Any motor used with a variable speed controller shall be VFD compatible and provided
with shaft grounding rings.

2. PRODUCTS.

A.

APPROVED MANUFACTURERS:
1. General Electric

2. Lincoln Electric
3. Emerson

4. Baldor

5. U.S. Motors
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DIVISION 230000 HEATING, VENTILATION, & AIR CONDITIONING

SECTION 230548  VIBRATION AND SEISMIC CONTROLS FOR HVAC

1. GENERAL.
A. Equipment and systems shall be installed free of objectionable noise and vibrations.
Installed equipment shall not exceed 80 dBA measured three (3) feet from the device.

B. Inertia bases (when provided) for pumps shall incorporate the complete pump with
suction diffuser, and inlet/outlet pipe support.

C. Provide flexible pipe connections for pump suction and discharge piping.

SECTION 230593  TESTING, ADJUSTING, AND BALANCING FOR HVAC

1. GENERAL.
A. Perform system balance in accordance with AABC or NEBB National Standards for total
system balance.

B. The TAB contractor shall be AABC or NEBB certified.

C. TAB contractor shall submit a written report to the designer and owner of all job site
visits.

D. Provide flexible fabric connections at any fan/duct connections.

E. Install spring/neoprene vibration isolation mounts on any hanger supporting a motor
driven device (i.e. ceiling mounted exhaust fans or isolation pumps.)

F. Install spring vibration isolators on pipe hangers immediately upstream and
downstream of motor driven devices.

SECTION 23 08 00 COMMISSIONING OF HVAC

1. GENERAL.
A. Commissioning shall be performed for all mechanical equipment and controls.

B. Functional Performance Test (FPT) procedures provided for each piece of equipment
shall be approved by the Designer.

C. Coordinate the schedule to allow the Designer and Owner to be present during FPT.
SECTION 230923  DIRECT-DIGITAL CONTROL FOR HVAC

1. GENERAL.
A. The approved campus standard is Schneider Electric EcoStruxure Building Automation
System. No substitutions are allowed.

. . I TTU CONSTRUCTION GUIDELINES
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DIVISION 230000 HEATING, VENTILATION, & AIR CONDITIONING

B. Building controls shall interface with the existing Chiller Plant Control system.

C. Controllers shall be EcoStruxure BACnetIP compatible. Programming of the controller
shall be achieved through the EcoStruxure software.

D. Provide a schedule of DDC points, control diagram, and comprehensive sequence of
operations for each type, piece, and configuration of HVAC equipment (e.g. fans, air
handler units, fan coil unit, chillers, etc.). Specify only those points necessary to operate
the system in accordance with the design intent. The sequence of operations should
address occupied and unoccupied operating modes. The BAS shall minimize or shut off
outside air and eliminate reheat during unoccupied periods and control humidity during
both occupied and unoccupied periods.

E. Provide automatic restart of all equipment to normal operation following a power
outage. Controllers shall have flash memory to utilize this function.

F. Provide graphical interface panels for systems and equipment. Reference EXECUTION
Graphics Standards below.

G. Prior to Substantial Completion of the project, demonstrate complete operating system
to the Owner. Provide basic training to the operator’s maintenance staff for
programming, alarm functions, and operation. Supply one (1) hard copy and one (1)
electronic copy of the control operation and instruction manuals.

H. Warranty service shall be provided by factory trained full-time employees of the control
system manufacturer.

I. Thermostats in public areas shall be equipped with keyed, tamper-proof covers.

2. PRODUCTS.
A. Flow Meter. Basis of Design: ONICON F-3500 (BACnet IP)
B. Power Monitors. Basis of Design: ONICON SYSTEM-10 BTU Meter (BACnet IP)

3. EXECUTION.
A. GENERAL GRAPHICS STANDARDS.
1. A Header will be at the top of each page with Menu drop down for that building. The
Header will also include Temperature, RH%, Date, and Time.

J— ) 65.4° 30.3%
= Science Bldg A > 2nd Floor - Part A 10/13/2022 2-40:15 PM
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k) DIVISION 230000 HEATING, VENTILATION, & AIR CONDITIONING

2. The upper left side of the graphic will have the room el IS
number. This will be bound to Note 1 in the controller. = Bruner Hall -

Room 209

3. There will be a floor layout for each floor. The room number will be on each room in
the layout. When the room or area served is hovered over the room or area served
will be highlighted and a box will pop up with the controller name, current room
temperature, and room setpoint. When the highlighted area is clicked on, the page
will change to the graphic for that room or area served. The circle T will be placed on
the room close to where the thermostat is mounted. It will also change color with
the temperature.

4. The Graphic file will reside in the Controller Application folder.

B. AHU GRAPHICS.

AHUs will have the Supply air temperature, setpoint, and RH% displayed.

Each coil will have the signal displayed as 0-100%.

Damper will have signal displayed as 0-100%.

Return air, outside air (if applicable) and mixed air temperature will be displayed.
Preheat temperature and setpoint will be displayed.

1.
2.
3.
4.
5.
6.

Freezestat and pressure switches will be displayed and change color when tripped.

62.6° 0.0%
11/11/2022 2:31:40 PM

&S Student Rec > AHU-02 Mode: Occupied

56.3° F 1.74 psi

B850 5P 1.76 5P

Al

Supply =

20% -
|
-~ T
Cutside \
/e

0% 80%

. ) I TTU CONSTRUCTION GUIDELINES
Not intended as comprehensive specifications
March 2026 TTU CPP page 5 of 19 DIVISION 23 00 00



DIVISION 230000 HEATING, VENTILATION, & AIR CONDITIONING

7. Adropdown box will be visible with Dehumidify Status. Mode and on and off
setpoints will be displayed.

8. Fans will have a dropdown box with the Run/Enable signal, Amp draw, and speed
signal (0-100%) displayed.

9. The animated portion of the fan motor graphic will be on as if the fan motor was
running when the fan motor status variable is on.

10. All Status information should be in drop down boxes.

C. VAV GRAPHICS.

Damper signal displayed as 0-100%.

Reheat Valve Position displayed as 0-100%.

Air Flow will be displayed.

Air Flow Setpoint will be displayed.

Supply Air Temperature will be displayed.
Reheat coil will have red animation.

AHU status will be displayed.

AHU discharge air temperature will be displayed.

© 00 NUAEWDNRE

Status information boxes will be dropdown boxes except

Status [ 46.08 A |
Static Pres. [ 0.5"

Supply Air [ 54.7° F |

for the room temperature, AHU status, and setpoint box.

= 60.3° 30.2%
= Bruner Hall - 4th Floor Mech > VV-03-006 11/10/2022 2:35:52 PM

Room 407
Damper Command

C_21% ) Status

_ Supply Air Temperature
‘] I 4 (_s86°F )
U’ .

Air Flow
(243 ®/min

HVAC Mode Status (___ Heating )

Effective Occupancy Occupied )

— Temperature Setpoints

Room Cooling Setpoint | 725 °F

Air Flow Selpoml Reheat Valve Position Room Heating Setpoint T

(240 fimin__) ( 0% ,‘—J,
Unoccupied Cooling Setpoint 850 °F

Unoccupied Heating Setpoint(___ 55.0°F )

00 OB

Room Unit Device

Room Temperature (___71.4°F ) — Air Flow Setpoints
( O ) 253 PM (8001 )
Room Temp Setpoint (__72.0°F ) o i Max Flow Setpoint (__800 fé/min
Room Overide(_____Off 714 Max Reheat Flow Setpoint (__600 ft/min__)
Min Flow Setpoint (240 ft/min )
Min L Setpoint (__0ftmin__)
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DIVISION 230000 HEATING, VENTILATION, & AIR CONDITIONING

FCU GRAPHICS.
10.
11. Each coil will have the signal displayed as 0-100%.
12.
13.
14.
15.

Display Supply air temperature, setpoint, and RH%

Dehumidify Status and Dehumidify Setpoint.
Display Room Temperature and Room Temperature Setpoint.

Display requested Fan Speed.

Display Fan Status and use for the fan automation.

727" 30.3%

= Bruner Hall - 15t Floor Mech > FCU-02-004 11/7/2022 3.07:37 PM

Dehuradily Selpoint

Room 203
Supply Air Tamg
[ 56.6 °F
Reom203 — — _!._. .
-~ il -
- Fenan - i ! -
Riocen Temporature | 6B.2°F i R
Rioom Temp Setpoint (68,0 °F ] | Acting CCH
Chilled Water Vahoe JHoI Water Vahe
100 % L 0%
682 Room Status @ Temperature Setpoints
r Status 1 — Temperature Setpoints - 1
Fan Mode |_ Cycka Room Gooling Setpoint |___ B85S F
HYAE Mode Sahsted Rioom Heating Selpoin ETEF ]
Cecuparcy Stats | Oocupisd Unaccupied Caolng Setpaint | BOG F
Dahumidity Mo On ) Unaciupied Hestng Setpoint | B0 F ]

60.0 % Rh

Dehumidity Deacband |___20%An )

SHNAQ S&SE

= Bruner Hall - 1st Floor Mech > FCU-02-004

72, 30.3%

6°
11/7/2022 3:11:24 PM

Supely Air Temp
| 586 °F |

m

Room 203
Roam 203
Room Temperaiurs [ 682 °F f—
Focm Termg Sa 8.0 °F -

T -
L
[t |
I Sy
T

Activi L J

Rioam Hus &7 % Rh

68:

Ragqueidtod Spoed

Medmum |
QBRI )
ane (incin) [$a [$a
Medium on_ |
High os Chillad Wolsr Valve Hal Wiatar Vil

100 % l 0% |

Temperature Setpoints
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DIVISION 230000 HEATING, VENTILATION, & AIR CONDITIONING

IEC %

D. HYDRONIC SYSTEM GRAPHICS.
1. Colors will be yellow-steam, red-hot water, blue-chilled water.
Steam valves will have the percentage open displayed.
Lead lag will be displayed.
HW pumps and CHW pumps will be displayed with automation.

uvk W

Pumps will have a dropdown box with the Run/Enable signal, Amp draw, and speed

signal (0-100%) displayed.

6. HW setpoint will be displayed with HW supply temperature. The HW return
temperature will be displayed.

7. The differential pressure and setpoint will be displayed for HW and CHW.

8. The CW differential pressure entering the building will be displayed.

9. The supply and return CHW temperature will be displayed.

10. The steam pressure will be displayed.

11. Historical and other data when required will be displayed on a separate page with a

button linking the page.

AHYQRA D% 0

— . .
= Bruner Hall - 1st Floor Mech > Hydronic System 50.4° 30.2% 1:43 PM Schneider
Lead Lag=|_1 Lead Lag={_1
HWP-1 CHWP-1
161.9°F - . <
::;T (1800 sP | [__100% [ 458°F |
: l 18.98 psi —
F: Gz
H — 18.27 psi |
Fan Coll (= ‘
3 Al
Units U ‘ -
(501°F ) 0% J
_E 1=
[ 128.7 psi |
..é — Steam Info. — — Hot Water Info. — Chilled Water Info. ~ Misc. Info. —
p D d | D d —
Demand( 23 ) emand__28 emand__35 CRU Pump01 Status(___ Off |
- Peak Month-To-Date | Peak Month-To-Date | ) - \
Peak Month-To-Date |_ ) ear Monf-fo-bate - ear Moni-fo-bate P— CRU Pump02 Status Off
- ~ Peak Today | 0 Peak Today | 147 ——
Peak Today J i A eak foday o CRU Alarm Off
—_— Peak Year-to-Date | Peak Year-to-Date ___ 194 R
Peak Year-to-Date J eak Yearto-Date 0 eak Year-to-Date { 9 g CHWPO01 Runtime [ 3004
—— Usage Month-To-Date | 18064876 Usage Month-To-Date [ 95693 |

Usage Month-To-Date ( )

Usage Today | 0 Usage Today (3867

Usage Today (_ 3210765 ) HWPO1 Runtime [ 3311

Usage Year-to-Date | 221

)

CHWPO2 Runtime (2585 )

J

Usage Year-to-Date | 35620872 | )

Usage Year-to-Date ) HWP02 Runtime [ 3165

Flow in GPM | 0 Flow in GPM | 74
Most Open Vlv. Pos. | 28 Most Open Vlv. Pos. ( 35
Temperature Diff. | 12 Temperature Diff. | 4
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DIVISION 230000 HEATING, VENTILATION, & AIR CONDITIONING

o =

= Bruner Hall - 1st Floor Mech > Hydronic System 51.5° 30.2% 2:15PM Schneider
Lead Lag=_1 LeadLag=_1_
-1.‘:6 F : -1\1
._q___ B .
F @ cm'.'Pz VJ::J:
@
497 F
SECTION 23 21 00 HYDRONIC PIPING AND PUMPS
1. GENERAL.
A. Where dissimilar metals are joined, utilize dielectric nipples. Use of dielectric unions is
prohibited.

B. Provide isolation valves, flanges, unions, and couplings for servicing equipment.
Connections shall allow minimal disassembly for replacement of components.

C. Install reduced pressure backflow preventers on make-up lines to closed loop water
systems. Backflow preventers are to be located where they can be easily tested and
repaired.

D. Locate thermometers and pressure gauges in accessible areas no higher than 7 feet
above finished floor elevation.

E. Install air vents at all high points in water systems. Automatic float type vents shall be
used in equipment rooms only and piped to a floor drain. Manual vents shall be
furnished with minimum %” ball valve and soft copper shepherd’s hook suitable for a
rubber hose connection.

F. PICCV’s (Pressure Independent Characterized Control Valve) shall be used in lieu of
standard 2-way valve with separate balancing valve in VAV reheat systems and chilled
water systems. PICCV’s are utilized to minimize energy consumption and increase
system temperature differential.

G. Supply and return distribution pipe shall have an isolation valve for each branch.

. ) I TTU CONSTRUCTION GUIDELINES
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DIVISION 230000 HEATING, VENTILATION, & AIR CONDITIONING

H. Fluid in the supply side of a hydronic system shall

L.

Branch

not enter a tee fitting though the branch opening connection
; . \
(known as a bull head tee connection). Figure H

—
‘./—Flowfrom

supply main
Branch /I
connection .

Figure H

Thermometers shall be required on the supply and return of all cooling coils, heating
coils, heat exchangers, chillers, boilers, and cooling towers. A thermometer shall be
installed at the discharge of all pumps.

A single pressure gauge with interconnecting piping shall be
required upstream and downstream of all pumps, strainers,
cooling or heating coils sized 10 GPM or larger, heat
exchangers, chillers, boilers, and cooling towers. A single
ball valve shall be installed at each pressure tap, manifold
valve fittings shall not be used. Figure J.

Figure J

Flanges, unions, and grooved pipe fittings shall not be used except for equipment
connections. Extra fittings shall not be acceptable.

Saddle tee fittings shall not be used.

2. PRODUCTS.
A. For shut-off and isolation of equipment use ball valves for pipe sizes 2” and smaller and

butterfly valves for sizes 2-1/2” and larger.

Heating water and chilled water pipe (above grade) shall be black steel, schedule 40, or
copper tubing, Type L.

Water condensate drain piping shall be Type M copper tubing. Drains shall be gravity
fed, condensate pumps are prohibited.

Gaskets for chilled water and hot water shall be made of Teflon.

TTU CONSTRUCTION GUIDELINES
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DIVISION 230000 HEATING, VENTILATION, & AIR CONDITIONING

E. Butterfly valves to be lug style, extended neck, EPDM seat, aluminum-bronze disc, 10
position lever handle.

1. APPROVED MANUFACTURERS:
a. Stockham
b. Nibco
c. Milwaukee
d. Hammond

F. Coalescing Air-Dirt Separator; full flow, removable head, maximum entering velocity 10
FPS. Separator drain is to be hard piped to nearby floor drain.
1. APPROVED MANUFACTURERS:
a. Spirotherm
b. Taco
c. Bell and Gossett

G. Pressure Gauges shall be glycerin filled, 3-1/2” dial, impulse damper
1. APPROVED MANUFACTURERS:

a. Trerice
b. Norgren
c. Wika

H. Digital Thermometers: Supply solar digital vari-angle Weiss Instruments Model DVU-35
with adjustable angle. Thermometer to be self-powered and within 1% accuracy.

SECTION 23 21 13.13 UNDERGROUND HYDRONIC PIPING
1. GENERAL

A. Provide a completely operational prefabricated and pre-insulated underground
distribution system for all underground chilled water supply and return pipe.

B. Carrier pipes shall be black steel, ASTM A53 Schedule 40.

C. Insulation for pipe and fittings shall be polyurethane foam.

D. Jacketing for all pipe and fittings shall be seamless, High Density Polyethylene (HDPE).
E. Comply with manufacturer cathodic protection requirements.

F. Close-out submittals shall include photographs of trenches prior to backfilling.

. . I TTU CONSTRUCTION GUIDELINES
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DIVISION 230000 HEATING, VENTILATION, & AIR CONDITIONING

G. Provide detectable aluminum plastic backed tape or detectable magnetic plastic tape,
minimum 3” wide, manufactured specifically for warning and identification of buried
utility piping. Bury tape with the printed side up, 12” below the surface.

H. Thrust blocks shall be installed per design requirements.

I. Isolation valves shall be installed in manholes or in green spaces where possible.

2. PRODUCTS.
A. APPROVED MANUFACTURERS:

1. Thermacor
2. Perma-Pipe
3. Rovanco

SECTION 23 21 23 HYDRONIC PUMPS

1. GENERAL.
A. Centrifugal end suction pumps are to be used.
B. Base mounted.
C. 75% minimum efficiency.
D. Bronze impeller, keyed to shaft.
E. Carbon seal rotating against stationary ceramic seat.
F. Pumps that use a VFD shall be supplied with a shaft grounding ring for the motor.
G. Install Rexnord Omega elastomeric style coupling with split-in-half flex element and
polyurethane to metal bond.
H. Triple duty valves shall not be used. Install separate isolation balancing and non-slam

check valve. If a VFD controls the pump, a balancing valve is not required.

After the pump frame has been grouted and before startup, use a dial indicator or laser
alignment to certify pump alignment. Submit written documentation that this
certification is performed.

2. APPROVED MANUFACTURERS:

A.
B.
C.

Bell & Gossett Series 1510
Taco Fl Series
Armstrong 4030

TTU CONSTRUCTION GUIDELINES
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DIVISION 230000 HEATING, VENTILATION, & AIR CONDITIONING

SECTION 23 22 00 STEAM AND CONDENSATE PIPING AND PUMPS

1. PRODUCTS.
A. Steam Piping
1. Steel Pipe, ASTM A52, Schedule 40, Black
2. All steam pipe fittings shall be class 300 malleable iron, cast steel, or forged steel
(not cast iron).
Welded joints
Teflon gaskets rated for 500 degrees Fahrenheit
5. Steam piping shall be installed with eccentric reducers (flat on bottom) to minimize
accumulation of condensate in the pipe and the risk of water hammer.

W

B. Steam Condensate Piping
1. Steel Pipe, ASTM A52, Schedule 80, Black
2. Size 2” and larger welded joints, size 1-1/2” and smaller threaded joints
3. Teflon gaskets rated for 500 degrees Fahrenheit

C. Valves
1. Ball valve
a. Size 2” and smaller
b. APPROVED MANUFACTURERS:
i. Flow-Tek
ii. FlowServe
iii. Jamesbury

2. Butterfly valve

a. Size 2-1/2” and larger

b. Ductile iron

c. APPROVED MANUFACTURERS:
i. FlowServe
ii. ABZ
iii. Jamesbury
iv. Nibco

3. Globe valve
a. Used for bypass valves
b. APPROVED MANUFACTURERS:
i. Stockham
ii. Nibco
iii. Crane

D. Condensate Pumps
1. Cast Iron or Stainless-Steel Tank
2. Unit shall incorporate duplex pumps

. . I TTU CONSTRUCTION GUIDELINES
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k) DIVISION 230000 HEATING, VENTILATION, & AIR CONDITIONING

3. Hand-Off-Auto switch with pilot light for each pump
4. APPROVED MANUFACTURERS:
a. Aurora, Skidmore
b. Bell and Gossett Domestic Pump
c. Shipco
d. Weinman

E. Steam Traps
1. Free-Float Ball Trap — float and thermostatic design
2. APPROVED MANUFACTURERS:
a. Nicholson
b. TLV
c. Spence

F. Pressure Reducing Stations
1. Pilot Operated
2. Provide adequate space and clearance to service steam reducing stations.
3. APPROVED MANUFACTURERS:
a. Spence type ED
b. ITT-Hoffman Series 200
c. Fisher

SECTION 23 22 13.13 UNDERGROUND STEAM AND CONDENSATE HEATING PIPING
1. GENERAL.

A. Provide a completely operational prefabricated and pre-insulated underground
distribution system for all underground steam and condensate return pipe.

B. Computer aided stress calculations shall be provided by the manufacturer and stamped
by a TN registered Professional Engineer in accordance with ANSI B31.1, latest edition.

C. Design Layout Drawings, with appropriate expansion loops, shall be provided by the
manufacturer and stamped by a TN registered Professional Engineer.

D. Condensate carrier pipe shall be extra strong (Schedule 80) stainless steel, ASTM A312
304L seamless.

E. Steam carrier pipe shall be black steel, ASTM A53 Schedule 40.
F. Class “A” pipe Insulation shall be mineral wool.

G. All pipe exposed in manholes shall be insulated with foam glass with aluminum jacket.

. . I TTU CONSTRUCTION GUIDELINES
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DIVISION 230000 HEATING, VENTILATION, & AIR CONDITIONING

H. Conduit for all pipe and fittings shall be steel with jacket of extruded, seamless, High
Density Polyethylene (HDPE).

I. Comply with manufacturer cathodic protection requirements.
J. Close-out submittals shall include photographs of trenches prior to backfilling.

K. Steam and condensate pipe systems shall incorporate a leak detection system by means
of manufacturing into the system a copper wire through each piece of pre-insulated
pipe and fittings. A leak detection panel shall be provided for continuous leak detection
monitoring.

L. Provide detectable aluminum plastic backed tape or detectable magnetic plastic tape,
minimum 3” wide, manufactured specifically for warning and identification of buried
utility piping. Bury tape with the printed side up, 12” below the surface.

2. PRODUCTS.
A. APPROVED MANUFACTURERS:
1. Thermacor
2. Perma-Pipe
3. Rovanco

SECTION 23 29 23 VARIABLE-FREQUENCY MOTOR CONTROLLERS

1. GENERAL.
A. A manual bypass contactor shall be included in the bypass circuitry for constant speed
motor operation when the VFD is taken out of service. Include isolation switch to allow
operation of the motor while performing maintenance for the VFD.

B. The VFD shall be warranted by the manufacturer for 36 months from the date of
startup.

C. During construction, VFD is to be covered with plastic/cardboard to protect it during the
construction period. If the VFD is to be operated while construction is ongoing, the
cooling intake fan shall be covered with filter media to prevent construction dust from
entering into the unit.

D. Provide graphical interface panels for systems and equipment. Panels shall conform to
campus graphic standards. Refer to Section 23 09 23 Direct-Digital Control for HVAC.

E. BACnet IP must be used for all VFD communication.

F. Each VFD shall have its own dedicated circuit to an Ethernet switch and not be in series.

. . I TTU CONSTRUCTION GUIDELINES
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DIVISION 230000 HEATING, VENTILATION, & AIR CONDITIONING

G. VFD with BACnet IP gateway is acceptable, preferably with the same manufacturer.
1. Individual gateway shall be provided for each VFD.
2. BACnet MSTP with a BACnet IP gateway at the VFD is acceptable.
3. Ethernet IP with a BACnet IP gateway at the VFD is acceptable.

H. Wire individual input and output signals to and from BAS controllers.

2. PRODUCTS.
A. APPROVED MANUFACTURERS:
1. VFDs.
a. Schneider Electric
b. Toshiba
c. ABB

d. Allen-Bradley

SECTION 23 30 00 HVAC AIR DISTRIBUTION

1. GENERAL.

A. Specify on the plans that HVAC equipment installed above the ceiling, such as VAV boxes,
shall be mounted as low as possible for ease of maintenance. Avoid installing such
equipment over hard ceilings, tall spaces (such as entrance lobbies) or close to critical
noise areas such as conference rooms. If installation above a hard ceiling is unavoidable,
an access panel of sufficient size for maintenance shall be provided.

B. Rectangular ceiling diffusers shall include volume damper adjustable from diffuser face.

C. The maximum length of flexible duct shall be 6’-0”. The total limit shall be one 90-
degree bend for each branch.

D. Flexible duct shall not be used in exposed applications.

E. Rectangular ell or tee fittings shall be equipped with turning vanes. Turning vanes are
not required if a full radius elbow is used.

F. Preference that duct insulation to be external where feasible.
SECTION 23 57 16 STEAM-TO-WATER HEAT EXCHANGER

1. GENERAL.
A. Shell and tube, U-Bends, with removable tube bundle.

B. Provide two modulating steam control valves with 1/3 and 2/3 capacity if system
capacity exceeds 2” control valve size.
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DIVISION 230000 HEATING, VENTILATION, & AIR CONDITIONING

C. Tube bundle shall be supplied with copper tubes: minimum %” diameter; 0.049” (18

D.

E.

gauge) minimum wall thickness.

Baffles, tie rods, spacers shall be brass.

Install with isolation valves and connections to allow removal of the tube bundle with
minimal disturbance.

2. PRODUCTS.

A.

APPROVED MANUFACTURERS:
1. Armstrong

2. Bell & Gossett

3. Taco

SECTION 23 70 00 AIR HANDLING UNITS

1. GENERAL.

A. Rooftop air handlers are prohibited.

B. Systems shall include air-side economizer mode to reduce energy consumption.

C. Double wall panel construction

D. Stainless Steel drain pans

E. Ground level air intakes shall be elevated a minimum of 2-feet above grade. Vegetation,
mulch, etc. shall be a minimum of 3 feet away from intakes.

F. Access doors full size to allow service and removal of coils, fan, bearings, motor and
filter. Access for each coil shall be provided upstream, downstream and at each end.

G. AHU access sections shall be equipped with internal lights.

H. Hot Water and Chilled Water Coils shall have aluminum fins, aluminum casing, copper
tubes minimum 0.025” wall thickness.

I. Provide a dirt leg with blowdown valve on all chilled water supply and returns at the
coil.

J.  Coil vent and drain connections shall be extended to outside of the AHU cabinet and
fitted with a ball valve and plug.

K. Provide extensions to lubricate fittings which are difficult or hazardous to reach.
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DIVISION 230000 HEATING, VENTILATION, & AIR CONDITIONING

L. Steam preheat coils shall be used for outside air. Coils shall have sufficient pitch to
completely drain the coil in the event of a trap failure. Controls shall utilize a 2-position
control valve with modulating face/bypass damper for temperature control.

M. Freeze protection shall be provided on all air handling units utilizing fresh air makeup.
Freezestat shall stop the supply fan, close outside air damper, open heating coil valve
and open cooling coil valve. Freezestat shall alarm to the DDC system and require a
manual reset.

N. Provide factory-built filter section with minimum MERV 8, 2” thick pleated pre-filters.
Provide factory-built filter section with minimum MERV 14, 22” depth pocket filters for
primary filters. Only filters for critical areas are to have DP sensors connected to the
campus BAS System. Provide Magnehelic or inclined manometer on other filters.

O. Install new filters at substantial completion. Submit written documentation indicating
the date and equipment where new filters are installed.

P. Fans shall be mounted on spring isolators, ensure shipping chocks are removed.

2. PRODUCTS.
A. APPROVED MANUFACTURERS:
1. Trane
2. Daikin
3. Carrier
4. York-JCI

SECTION 23 82 19 FAN COIL UNITS

1. GENERAL.
A. DP sensors are not required for fan coil unit filters.

B. Condensate removal shall be gravity flow. Condensate pumps are prohibited unless
specifically approved by the owner.

C. Provide extended end pockets for piping, controls, and accessories.
D. Hot water coil shall be in the reheat position.

E. Earlyin the project, construct a mock-up installation for one fan coil. Mock-up shall be
typical of piping, wiring, accessories and controls. Mock-up shall be approved prior to
shipment of the remaining units from the factory.

F. The campus DDC system shall control fan speed (Hi-Med-Low), cooling valve, and
heating valve.
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G. Hot Water and Chilled Water Coils shall have aluminum fins, aluminum casing, copper
tubes minimum 0.025” wall thickness.

H. Filter shall be 1” thick, throw-away type located in the return air.

I. At the end of the project, clean all units of construction debris by:
1. Vacuum clean coils and inside of cabinets
2. Repair or replace construction damage to maintain new factory finish
3. Install new filters at substantial completion

2. PRODUCTS.
A. APPROVED MANUFACTURERS:
1. Trane
2. Daikin
3. York-ICI
4, |EC
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