
CD

HWR

HWS

G

(E)

16"x8"

16"/8"

(E)

F

S

M

B

D

C

16"Ø

E/A

O/A

T/A

L/A

R/A

S/A

CD 2

HWR 1

HWS 1

G 2

E/A 14

O/A 1

L/A 1

R/A 20

S/A 54

T/A 1

REF-L

REF-S

REF-L 1

REF-S 1

2"

CAP

PLUG

2"

4"

4" 4"

REF-HG REF-HG 1

PIPING SYMBOLS

KEYNOTE

CONTINUATION SYMBOL

EXISTING DUCT TAG

OVAL DUCT SIZE TAG (WIDTH / HEIGHT)

SQUARE DUCT SIZE TAG (WIDTH x HEIGHT)

NUMBER OF SHEET WHERE DETAIL APPEARS

NUMBER OF DETAIL ON SHEET

REVISION NUMBER - SHOWN ON PLANS

GENERAL MECHANICAL SYMBOLS

ROOM NAME AND NUMBER

POINT WHERE NEW CONNECTS TO EXISTING

HVAC SYMBOLS

MECHANICAL EQUIPMENT TAG

EXISTING MECHANICAL EQUIPMENT TAG
(TYPICAL FOR ALL EXISTING TAGS)

& AND
Ø ROUND
A AIR
AB ABOVE BASE
ABV ABOVE
AC AIR CONDITIONING
ACOUS ACOUSTICAL
AD AREA DRAIN
ADD ADDENDUM
ADDL ADDITIONAL
AFF ABOVE FINISHED FLOOR
AFUE ANNUAL FUEL UTILIZATION EFFICIENCY
AG ABOVE GROUND
ALT ALTERNATE
ALUM ALUMINUM
AP ACCESS PANEL
APPROX APPROXIMATE
ARCH ARCHITECT/ARCHITECTURAL
AV ACID RESISTANT VENT
AW ACID RESISTANT WASTE
AUTO AUTOMATIC
BFF BELOW FINISHED FLOOR
BLDG BUILDING
BLW BELOW
BM BEAM
BO BY OTHER
BOT BOTTOM
BSMT BASEMENT
BTU BRITISH THERMAL UNITS
BTUH BRITISH THERMAL UNITS PER HOUR
BTWN BETWEEN
CAP CAPACITY
CB CATCH BASIN
CCW COUNTER CLOCKWISE
CFCV CONSTANT FLOW CONTROL VALVE
CFM CUBIC FEET PER MINUTE
CHW CIRCULATING HOT WATER
CI CAST IRON
CLG CEILING
CLG COOLING
CO CLEAN OUT
COL COLUMN
COMB COMBINATION
CONC CONCRETE
COND CONDENSATE
CONF CONFERENCE
CONN CONNECT
CONST CONSTRUCTION
CONT CONTINUE/CONTINUATION
CONTR CONTRACT/CONTRACTOR
COORD COORDINATE
CTR CENTER
CUFT CUBIC FEET
CV CHECK VALVE
CW COLD WATER
CW CLOCKWISE
D DEGREE
DB DRY BULB
DET DETAIL
DIA DIAMETER
DIAG DIAGONAL
DISCH DISCHARGE
DIV DIVISION
DI DEIONIZED WATER
DMPR DAMPER
DN DOWN
DWG DRAWING
DW DISTILLED WATER
EA EACH
EAT ENTERING AIR TEMPERATURE
EL ELBOW
ELEC ELECTRICAL
ELEV ELEVATION
EP EXPLOSION PROOF
EQ EQUAL
EQUIP EQUIPMENT
EWC ELECTRIC WATER COOLER
EWT ENTERING WATER TEMPERATURE
E/A EXHAUST AIR
EAH EXHAUST HOOD
EXIST EXISTING
EXP EXPANSION
EXPJT EXPANSION JOINT
EXT EXTERIOR
F DEGREES FAHRENHEIT
FCO FLOOR CLEAN OUT
FD FLOOR DRAIN
FD FIRE DAMPER
FDV FIRE DEPARTMENT VALVE
FHC FIRE HOSE CABINET
FL FLOOR
FLEX FLEXIBLE
FLG FLANGE
FO FUEL OIL
FOV FUEL OIL VENT
FOR FUEL OIL RETURN
FOS FUEL OIL SUPPLY
FPM FEET PER MINUTE
FRP FIBERGLASS REINFORCED PIPE
FS FULL SIZE
FS FLOOR SINK
FT FOOT/FEET
FTG FOOTING
FTR FIN TUBE RADIATION
FUT FUTURE
GA GAGE/GAUGE
GAL GALLON
GALV GALVANIZED
GC GENERAL CONTRACTOR
GEN GENERATOR
GENL GENERAL
GPH GALLONS PER MINUTE
GR GRADE
GW GREASE WASTE
HB HOSE BIB
HD HEAD
HORZ HORIZONTAL
HP HORSE POWER
HP HIGH PRESSURE
HTG HEATING
HTR HEATER
HW HOT WATER
HYD HYDRANT

ID INDIRECT
IN INCH
INL INLET
INSUL INSULATION
INT INTERIOR
INV INVERT
INWG INCHES WATER GAUGE
JST SPC JOIST SPACE
JT JOINT
LAB LABORATORY
LB POUND
LB/HR POUNDS PER HOUR
LAT LEAVING AIR TEMPERATURE
LF LINEAL FOOT
LOC LOCATION
LP LOW PRESSURE
LPG LIQUEFIED PETROLEUM GAS
LR LIQUID REFRIGERANT
LS LAWN SPRINKLER
L  LOUVER
LWT LEAVING WATER TEMPERATURE
M/A MIXED AIR
MAN MANUAL
MATL MATERIAL
MAV MANUAL AIR VENT
MAX MAXIMUM
MBD MOTORIZED BYPASS DAMPER
MBH ONE THOUSAND BTU PER HOUR
MCF ONE THOUSAND CUBIC FEET
MCW MAKE-UP COLD WATER
MD MOTORIZED DAMPER
MECH MECHANICAL
MFR MANUFACTURER
MH MANHOLE
MIN MINIMUM
MISC MISCELLANEOUS
MTR MOTOR
MU/A MAKE-UP/AIR
N NECK
NC NOISE CRITERIA
NC NORMALLY CLOSED
NIC NOT IN CONTRACT
NO NUMBER
NO NORMALLY OPEN
NOM NOMINAL
NTS NOT TO SCALE
O OXYGEN
O/A OUTSIDE AIR
OC ON CENTER
OF OVERFLOW
OPNG OPENING
ORD OVERFLOW ROOF DRAIN
PD PRESSURE DROP
PIV POST INDICATOR VALVE
PLBG PLUMBING
PR PAIR
PREL PRELIMINARY
PRESS PRESSURE
PRIM PRIMARY
PRV PRESSURE REDUCING VALVE
PSI POUNDS PER SQUARE INCH
PSIG POUNDS PER SQUARE INCH GAUGE
PW POTABLE WATER
PWR POWER
R DUCT RISER
R/A RETURN AIR
RCP RADIANT CEILING PANEL
RD ROOF DRAIN
REC RECESSED
RED REDUCER
REFR REFRIGERATION
RH RELATIVE HUMIDITY
REQD REQUIRED
REV REVERSE
RL/A RELIEF AIR
RM ROOM
RPM REVOLUTIONS PER MINUTE
RW RAIN WATER
SF SQUARE FOOT
S/A SUPPLY AIR
SAN SANITARY
SCHED SCHEDULE
SECT SECTION
SF SQUARE FOOT
SD SMOKE DAMPER
SHT SHEET
SIM SIMILAR
SLV SLEEVE
SM SURFACE MOUNT
SP STANDPIPE
SP STATIC PRESSURE
SPEC SPECIFICATION
SPS STATIC PRESSURE STATION
SQ SQUARE
SR SUCTION REFRIGERANT
SSD SOIL SUBDRAIN
SS STAINLESS STEEL
STD STANDARD
STM STEAM
STRUCT STRUCTURAL
SUCT SUCTION
SUSP SUSPENDED
T THERMOSTAT
TCP TEMPERATURE CONTROL PANEL
TD TEMPERATURE DROP
TDR TRENCH DRAIN
TEFC TOTALLY ENCLOSED FAN COOLED
TEMP TEMPERATURE
TYP TYPICAL
UFD UNDER FLOOR DUCT
UG UNDERGROUND
VAC VACUUM
V VENT
VAV VARIABLE AIR VOLUME
VEL VELOCITY
VENT VENTILATION
VERT VERTICAL
VOL VOLUME
VTR VENT THROUGH ROOF
W WASTE
WB WET BULB
WCO WALL CLEAN OUT
WH WALL HYDRANT

ABBREVIATIONS

FIRE DAMPER

SMOKE DAMPER

MOTORIZED DAMPER

MANUAL BALANCING DAMPER

BACKDRAFT DAMPER

COMBINATION FIRE/SMOKE
DAMPER

RECTANGULAR SUPPLY/OUTSIDE AIR DUCT RISE

RECTANGULAR RETURN/TRANSFER AIR DUCT RISE

MECHANICAL EQUIPMENT

ROUND DUCT SIZE TAG (DIAMETER)

EXISTING PIPE TAG

DOMESTIC WATER METER

FLOW MEASURING AND 
BALANCING DEVICE

BALL VALVE

CHECK VALVE

ITEM TO BE DEMOLISHED

AREA NOT IN CONTRACT

AC AIR CONDITIONING UNIT
ACC AIR COOLED CONDENSER
ACCU AIR COOLING CONDENSING UNIT
AFMS AIR FLOW MEASURING STATION
AHU AIR HANDLING UNIT
AS AIR SEPARATOR
B BOILER
CF CABINET FAN
CF CHEMICAL FEEDER
CFP CHEMICAL FEEDER PUMP
CH CHILLER
CRU CONDENSATE RETURN UNIT
CT COOLING TOWER
CUH CABINET UNIT HEATER
CWP CONDENSER WATER PUMP
CHWP CHILLED WATER PUMP
DAH DUCTLESS AIR HANDLER
DHP DUCTLESS HEAT PUMP
DCP DOMESTIC WATER CIRCULATING PUMP
EUH ELECTRIC UNIT HEATER
EDC ELECTRIC DUCT COIL
ET EXPANSION TANK
EWH ELECTRIC WATER HEATER
FCU FAN COIL UNIT

FP FIRE PUMP
GI GREASE INTERCEPTOR
GRV GRAVITY ROOF VENTILATOR
H HUMIDIFIER
HWP HEATING WATER PUMP
HX HEAT EXCHANGER
HPU HEAT PUMP UNIT
HRU HEAT RECOVERY UNIT
ILC INLINE CENTRIFUGAL
PF PROPELLER FAN
PV       POWER VENTILATOR
PWF POWER WALL FAN
RE RETURN/EXHAUST FAN
RTU ROOFTOP UNIT
SA SHOCK ABSORBER
SAT SOUND ATTENUATOR
SEP SEWAGE EJECTOR PUMP
SF SUPPLY FAN
SP SUMP PUMP
UH UNIT HEATER
US UTILITY SET
UV UNIT VENTILATOR
VAV VARIABLE AIR VOLUME
WH WATER HEATER

EQUIPMENT ABBREVIATIONS

DUCT BEING DEMOLISHED

PIPING BEING DEMOLISHED

THREE WAY VALVE BUTTERFLY VALVE

ROUND SUPPLY/OUTSIDE AIR DUCT RISE

ROUND RETURN/TRANSFER AIR DUCT RISE

RECTANGULAR EXHAUST/RELIEF AIR DUCT RISE

ROUND EXHAUST/RELIEF AIR DUCT RISE

ABOVE GROUND PIPING

PIPE SIZE TAG (DIAMETER)

DROP

DROP

DROP

DROP

DROP

DROP

EXISTING MECHANICAL EQUIPMENT

PIPE RISE

PIPE DROP

PIPE TEE

REDUCING 45 DEGREE TEE

45 DEGREE TEE

1

BELOW GROUND PIPING

PIPE INVERT ELEVATION TAG

PIPE SLOPE TAG

GE/A GE/A 1

SE/A SE/A 1

MECHANICAL EQUIPMENT TAG
(REFER TO OTHER DISCIPLINE FOR 
ADDITIONAL INFORMATION)

MECHANICAL EQUIPMENT FOR REFERENCE

PG PG 1

MOTORIZED CONTROL VALVE

PRESSURE REDUCING VALVE

SOLENOID VALVE

THREE WAY MOTORIZED 
CONTROL VALVE

Room

6

FLUE FLUE 1

C/A C/A 1

S-O/A S-O/A 1

?

?

?

GRILLES, REGISTERS, AND DIFFUSERS TAG

CFM

SUPPLY OUTLET RETURN/EXHAUST INLET

LINEAR DIFFUSER

LINEAR DIFFUSER TAG

CFM

TYPE (SEE SCHEDULE)

TYPE (SEE SCHEDULE)

SECTORIZING BAFFLE OR BLANKOFF PANEL

S2

0

S7

0

CARBON DIOXIDE SENSOR

DUCT SMOKE DETECTOR

E-STOP

HUMIDITY SENSOR

TEMPERATURE SENSORT

CO2

H

E

D
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PERMIT SET

WWW.LS3P.COM

227 WEST TRADE STREET, SUITE 700

CHARLOTTE, NORTH CAROLINA 28202

TEL. 704.333.6686         FAX. 704.333.2926

1. SCOPE OF WORK:  THESE DRAWINGS AND SPECIFICATIONS DESCRIBE THE 
SCOPE OF WORK REQUIRED FOR PROJECT MECHANICAL HEATING, VENTILATING 
AND AIR CONDITIONING SYSTEMS. CONTRACTOR SHALL PROVIDE ALL LABOR AND 
MATERIAL REQUIRED FOR COMPLETE, FULLY FUNCTIONING MECHANICAL 
SYSTEMS COMPLYING WITH THE INTENT OF THE DRAWINGS AND SPECIFICATIONS.

2. CONTRACTOR: THE WORD "CONTRACTOR" AS USED HEREIN SHALL MEAN THE 
HVAC INSTALLER UNLESS OTHERWISE QUALIFIED.

3. DRAWINGS: DRAWINGS ARE DIAGRAMMATIC AND MAY NOT COMPLETELY 
DESCRIBE EVERY DETAIL OF THE INSTALLATION. HOWEVER, CONTRACTOR IS 
RESPONSIBLE FOR FURNISHING COMPLETE SYSTEMS INCLUDING ALL REQUIRED 
EQUIPMENT AND ACCESSORIES TO OBTAIN FULLY FUNCTIONING HVAC SYSTEMS.

4. CODE COMPLIANCE: COMPLY WITH THE LATEST EDITIONS OF THE FOLLOWING 
STANDARDS AND CODES, INSOFAR AS THEY APPLY:

A. NORTH CAROLINA STATE BUILDING CODE, LATEST EDITION AND REVISIONS

B. LOCAL JURISDICTION REQUIREMENTS

INCLUDE ALL WORK TO COMPLY WITH CODES WHETHER INDICATED ON 
DRAWINGS OR NOT. NOTIFY ENGINEER OF DISCREPANCIES BETWEEN DRAWINGS 
AND CODES PRIOR TO BEGINNING WORK.

5. PERMITS AND INSPECTIONS: OBTAIN ALL PERMITS, LICENSES, INSPECTIONS, 
ETC., REQUIRED FOR THE WORK AND PAY FOR SAME.  FURNISH A FINAL 
CERTIFICATE OF INSPECTION AND APPROVAL FROM THE AUTHORITY HAVING 
JURISDICTION PRIOR TO ACCEPTANCE OF THE WORK.

6. MANUFACTURER'S RECOMMENDATIONS: INSTALL ALL EQUIPMENT IN STRICT 
ACCORDANCE WITH MANUFACTURER'S RECOMMENDATIONS.

7. WORKMANSHIP: UTILIZE SKILLED MECHANICS TO OBTAIN A HIGH QUALITY 
PROFESSIONAL FINISH INSTALLATION WHEN COMPLETED. WORK OF 
UNACCEPTABLE QUALITY SHALL BE REMOVED AND REWORKED AT NO 
ADDITIONAL COST. ENGINEER SHALL BE THE JUDGE OF WORKMANSHIP AND THEIR 
OPINION WILL BE FINAL. IN ADDITION, ANY EXISTING CONSTRUCTION DAMAGED BY 
THE CONTRACTOR SHALL BE REPAIRED OR REPLACED TO THE SATISFACTION OF 
THE ENGINEER BY THE CONTRACTOR AT NO ADDITIONAL COST.

8. SUPERVISION:  PROVIDE SKILLED SUPERINTENDENTS TO SUPERVISE THE 
WORK FROM THE BEGINNING TO COMPLETION AND FINAL INSPECTION.

9. PROGRESS OF WORK:  PERFORM WORK IN ACCORDANCE WITH SCHEDULE 
AND REQUIREMENTS OF THE OWNER. UNDER NO CIRCUMSTANCES SHALL THIS 
CONTRACTOR DELAY THE OVERALL PROJECT SCHEDULE.

10. COORDINATION: COORDINATE MECHANICAL WORK WITH THE WORK OF OTHER 
TRADES. LOCATIONS SHOWN ON THE DRAWINGS ARE APPROXIMATE UNLESS 
SPECIFICALLY DIMENSIONED. LAYOUT MECHANICAL WORK SO AS NOT TO 
INTERFERE WITH THE WORK OF OTHER TRADES. VERIFY ACTUAL BUILDING 
STRUCTURE PRIOR TO DUCT FABRICATION AND ADJUST ARRANGEMENT AS 
REQUIRED. INCLUDE ALL OFFSETS IN DUCTS, FITTINGS, PIPING, ETC. AS REQUIRED 
TO PROPERLY INSTALL EQUIPMENT.

11. EQUIPMENT LOCATIONS:  DETERMINE EXACT EQUIPMENT AND MATERIALS 
LOCATIONS TO PROVIDE BEST ARRANGEMENT AND TO FACILITATE PROPER 
MAINTENANCE AND SERVICING OF EQUIPMENT.

12. LISTING AND LABELING: ALL EQUIPMENT SHALL BE LABELED OR LISTED BY UL 
OR OTHER APPROVED TESTING AGENCY WHERE REQUIRED.

13. STORAGE SPACE:  CONSULT WITH THE OWNER REGARDING JOB SITE 
STORAGE FOR MECHANICAL MATERIALS TO BE INSTALLED UNDER THIS PROJECT. 
STORAGE SPACE MUST BE SECURED AND CONTRACTOR'S REPRESENTATIVE 
MUST BE ON JOB BEFORE ANY MATERIAL MAY BE RECEIVED.

14. CLEANUP:  REMOVE ALL DEBRIS GENERATED IN THE ACCOMPLISHMENT OF 
WORK UNDER THIS PROJECT. CLEAN, REPLACE OR REPAIR ALL SURFACES SOILED 
OR DAMAGED DURING THE COURSE OF THE WORK. REMOVE DEBRIS DAILY SO TO 
MAINTAIN SAFE WORKING CONDITIONS.

15. ELECTRICAL WORK:

A. PERFORM ELECTRICAL WORK FOR MECHANICAL EQUIPMENT IN COMPLIANCE 
WITH PROJECT ELECTRICAL REQUIREMENTS. ELECTRICAL WORK FOR 
MECHANICAL EQUIPMENT NOT SPECIFICALLY INDICATED TO BE PROVIDED BY  THE 
ELECTRICAL CONTRACTOR IN THE ELECTRICAL DRAWINGS AND SPECIFICATIONS 
FOR THIS PROJECT SHALL BE FURNISHED BY THE MECHANICAL CONTRACTOR AS 
PART OF HIS WORK.

B. ELECTRICAL DRAWINGS ARE BASED ON ELECTRICAL CHARACTERISTICS 
INDICATED IN DRAWING MECHANICAL EQUIPMENT SCHEDULES. ANY EQUIPMENT 
FURNISHED BY THE MECHANICAL CONTRACTOR WHICH DOES NOT MATCH THE 
ELECTRICAL CHARACTERISTICS INDICATED IN THE DRAWING SCHEDULES SHALL 
BE COORDINATED WITH THE ELECTRICAL CONTRACTOR. ANY ADDITIONAL COSTS 
FOR ELECTRICAL INSTALLATION REQUIRED FOR EQUIPMENT NOT MATCHING THE 
DRAWING SCHEDULES SHALL BE BORNE BY THE MECHANICAL CONTRACTOR.

C. LOW VOLTAGE CONTROL WIRING FOR MECHANICAL SYSTEMS SHALL BE 
FURNISHED BY THE MECHANICAL CONTRACTOR.

16. SUBMITTALS: SUBMIT FOUR (4) COPIES OF DESCRIPTIVE DATA FOR 
MECHANICAL EQUIPMENT AND MATERIALS INCLUDING GRILLES AND DAMPERS 
FOR APPROVAL BY THE ENGINEER. CLEARLY IDENTIFY ALL ITEMS.

17. OPERATING AND MAINTENANCE MANUALS: SUBMIT TWO COPIES OF 
COMPLETE OPERATING AND MAINTENANCE INSTRUCTIONS FOR ALL EQUIPMENT, 
INCLUDING NECESSARY CUT SHEETS, CHARTS, WRITTEN INSTRUCTIONS, WIRING 
DIAGRAMS, FINAL AS-BUILT DRAWINGS WITH BALANCED AIRFLOWS INDICATED, 
ETC. BIND IN SUITABLE HARD BACK RING BINDERS, PROPERLY INDEXED, AND 
DELIVER TO THE OWNER PRIOR TO BUILDING OCCUPANCY. IN ADDITION, AFFIX A 
FOLDER WITH TYPICAL "OWNER'S INSTRUCTIONS" AND "MAINTENANCE 
INFORMATION" INSIDE THE MECHANICAL EQUIPMENT AS APPLICABLE. THE FOLDER 
SHALL ALSO INCLUDE A COMPLETE STARTUP LOG FOR EQUIPMENT.

18. RECORD DRAWINGS: MAINTAIN ONE SET OF "RED-LINED" RECORD DRAWINGS 
ON SITE AT ALL TIMES AND PROVIDE DRAWINGS TO ENGINEER PRIOR TO FINAL 
INSPECTION.

19. WARRANTY: WARRANTY THE MATERIALS AND WORKMANSHIP COVERED BY 
THESE DRAWINGS AND SPECIFICATIONS FOR A PERIOD OF ONE YEAR FROM THE 
DATE OF ACCEPTANCE BY THE OWNER. REPAIR AND/OR REPLACE ANY PARTS OF 
ANY SYSTEM THAT MAY PROVE TO BE DEFECTIVE AT NO ADDITIONAL COST TO 
THE OWNER WITHIN THE WARRANTY PERIOD. PROVIDE 5 YEAR WARRANTY FOR 
ALL AIR CONDITIONING COMPRESSORS.  FURNISH WARRANTY CERTIFICATES FOR 
ALL MECHANICAL EQUIPMENT. WARRANTY TO COMMENCE UPON DATE OF 
ACCEPTANCE OF WORK BY OWNER.

MECHANICAL GENERAL NOTES

LIST EQUIPMENT EFFICIENCIES: SEE SCHEDULES

SIZE CATEGORY, IF OVERSIZED... N/A

CHILLER

SIZE CATEGORY, IF OVERSIZED... N/A

BOILER

SIZE CATEGORY OF UNIT: SEE SCHEDULES

COOLING EFFICIENCY: SEE SCHEDULES

HEATING EFFICIENCY: SEE SCHEDULES

DESCRIPTION OF UNIT: SEE SCHEDULES

UNITARY

MECHANICAL SPACING CONDITIONING...

BUILDING COOLING LOAD: 1,758.4 MBH

BUILDING HEATING LOAD: 1,055.4 MBH

*DESIGN- NOT CONTROLLED

RELATIVE HUMIDITY 60% RH*

SUMMER DRY BULB 75  °F

WINTER DRY BULB 70  °F

INTERIOR DESIGN CONDITIONS

SUMMER DRY BULB 93  °F

WINTER DRY BULB: 23  °F

CLIMATE ZONE 3A - WARM/HUMID

MECHANICAL SYSTEMS, SERVICE SYSTEMS AND EQUIPMENT

MECHANICAL SUMMARY

SLAB HEATED: NO

HORIZONTAL/VERTICAL REQUIREMENT HORIZONTAL

R-VALUE OF INSULATION: N/A (HR-SF-F)/BTU

U-VALUE OF TOTAL ASSEMBLY: 0.9 BTU/HR/SF/F

DESCRIPTION OF ASSEMBLY: 5" CONCRETE SLAB

FLOORS SLAB ON GRADE

R-VALUE OF INSULATION: N/A

U-VALUE OF TOTAL ASSEMBLY: N/A

DESCRIPTION OF ASSEMBLY: N/A

FLOORS OVER UNCONDITIONED SPACE (EACH ASSEMBLY)

R-VALUE OF INSULATION: N/A

U-VALUE OF TOTAL ASSEMBLY: N/A

DESCRIPTION OF ASSEMBLY: N/A

WALLS BELOW GRADE (EACH ASSEMBLY)

DOOR R-VALUES: 1.5 (HR-SF-F)/BTU

PROJECTION FACTOR: <0.5

SHADING COEFFICIENT: 0.25

U-VALUE OF TOTAL ASSEMBLY 0.29 BTU/HR/SF/F

OPENINGS (WINDOWS OR DOORS WITH GLAZING)

R-VALUE OF INSULATION: 18 (HR-SF-F)/BTU

U-VALUE OF TOTAL ASSEMBLY: 0.046 BTU/HR/SF/F

DESCRIPTION OF ASSEMBLY: INSIDE SURFACE RESISTANCE, 5/8" GYPSUM BOARD,
R-11 BATT INSULATION, R-7.6 POLYSTYRENE

INSULATION,  AIR SPACE, CONCRETE TILT-UP PANEL,
OUTSIDE SURFACE RESISTANCE

EXTERIOR WALLS (EACH ASSEMBLY)

TOTAL SQ.FT OF SKYLIGHTS IN EA. ASSEMBLY: -

U-VALUE OF SKYLIGHT: -

SKYLIGHTS IN EACH ASSEMBLY: -

R-VALUE OF INSULATION: 25 (HR-SF-F)/BTU

U-VALUE OF TOTAL ASSEMBLY: 0.039 BTU/HR/SF/F

DESCRIPTION OF ASSEMBLY: INSIDE SURFACE RESISTANCE, METAL DECKING, R-25
BOARD INSULATION, MEMBRANE,OUTSIDE SURFACE

RESISTANCE

ROOF CEILING ASSEMBLY (EACH ASSEMBLY)

THERMAL ENVELOPE

PERFORMANCE (ASHRAE 90.1)

PRESCRIPTIVE (ASHRAE 90.1)

PERFORMANCE (ENERGY CODE)

X          PRESCRIPTIVE (ENERGY CODE )

METHOD OF COMPLIANCE:

CLIMATE ZONE: 3

THE FOLLOWING DATA SHALL BE CONSIDERED MINIMUM AND ANY SPECIAL ATTRIBUTE
REQUIRED TO MEET THE ENERGY CODE SHALL ALSO BE PROVIDED. EACH DESIGNER
SHALL FURNISH THE REQUIRED PORTIONS OF THE PROJECT INFORMATION FOR THE
PLAN DATA SHEET. IF PERFORMANCE METHOD, STATE THE ANNUAL ENERGY COST FOR
THE STANDARD REFERENCE DESIGN VS ANNUAL ENERGY COST FOR THE PROPOSED
DESIGN.

ENERGY REQUIREMENTS:

ENERGY SUMMARY

0 07-28-25 PERMIT SET

07/28/2025

RATED WALL COORDINATION:   
REFER TO ARCHITECTURAL DRAWINGS FOR FIRE-RATED

WALL ASSEMBLY TYPE DESIGNATIONS AND DETAILS.
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3. REFER TO ARCHITECTURAL DRAWINGS FOR RATED 
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RIGID ROUND 
DUCT

NYLON CLAMP OVER FLEX DUCT

(2) WRAPS "B" TAPE AND 
NYLON CLAMP OVER 
INSULATION

INSULATION

FLEX DUCT

#10 x 3/4" SELF TAPPING 
CADMIUM PLATED 
SHEET METAL SCREWS . 
NO POP RIVETS 
ALLOWED

HANGER STRAPS

45º EXPANDED THROAT 
TAKE-OFF

BALANCE DAMPER 
WITH LOCKING 
QUADRANT

WIRE HANGER TO STRUCTURE

FLEXIBLE DUCT (U.L.181 "B" ENCLOSURE 
SYSTEM) LIMIT RUN TO 5'-0" MAX.

ROUNF TO SQUARE OR RECTANGULAR ADAPTER

CEILING
RIGID ROUND DUCT. SEE 
PLANS FOR SIZE. WRAP 
WITH EXTERNAL 
INSULATION

12" WIDE 24 GA. SHIELD 2" x 24" GA. STRAPS

PIPE FULL SIZE OF 
EQUIPMENT 
DRAIN 
CONNECTION

THREADED 
CAP (TYP.)PIPE FULL SIZE OF 

EQUIPMENT 
DRAIN 
CONNECTION

THREADED 
CAP (TYP.)

SEE NOTE 3

SEE NOTE 4

FLOW

DRAW THRU DRAIN

UNION 
(TYP.)

"

2

SEE NOTE 2

BLOW THRU DRAIN

1. LOCATE TRAPS SO AS TO BE 
ACCESSIBLE FOR CLEANING.

2. HEIGHT SHALL BE EQUAL TO 
UNIT MAXIMUM TOTAL STATIC 
PRESSURE PLUS  1/2".

3. HEIGHT SHALL BE EQUAL TO 
UNIT MAXIMUM NEGATIVE 
STATIC PRESSURE PLUS 1".

4. HEIGHT SHALL BE 1/2" OF 
HEIGHT INSTALLED ON NOTE 3.

5. PIPE TO NEAREST DRAIN.

6. TRAP SHALL NOT BLOCK 
ACCESS TO EQUIPMENT.

7. PROVIDE UNIONS AT INLET 
AND OUTLET OF TRAP.

NOTES:

SPLITTER DAMPER TOP OF DUCT

SPLITTER ROD

TAKE-
OFF

AIR TURNING VANES

INSTRUMENT TEST HOLES

BRANCH 
TAKE-
OFF

INSIDE 
WALL OF 
DUCT

1-1/8" Ø 
TEST HOLE

BASE 
GASKET

DUCT INSULATION 
(WHEN 
REQUIRED)

SCREW CAP

VENTLOK No. 699 
INSTRUMENT 
TEST HOLE OR 
APPROVED 
EQUAL

TOP OF DUCT

BRANCH 
TAKE-
OFF

TAKE-
OFF

INSTRUMEN
T TEST HOLE

TC2R = TWO TAPS

V = 1.414(C+D)+9.66
Q = A/2+.707C+2.414
H = .707A+.5C+2"

DIE-STAMPED 45° AND 90°

DIMENSIONS:

CR = 1.5A

S = 2"

R

A

L

S

BA

1"

C

CONICAL LATERAL

H

4" S

1"
LC2 = TWO TAPS
V = 1.414C+4.83

1"
*

REDUCING CONICAL TEE

A

S
V

Q

5-1/4"

S

C

X

S = 2"
LC = ONE TAP

DIMENSIONS:

V = C+4"
TCR = ONE TAP

V = C+D+8"

S

*

DIMENSIONS:

1"

CONICAL TEE

S
V

5-1/4"

S

C

A

S = 2"

DIMENSIONS:

A-B(12" MAX)

V = C+4"

V = C+D+8"

TC = ONE TAP

TC2 = TWO TAPS

S = 2"

*

V
S

L = A/2+1"

DIMENSIONS:

M = .207A

Z = SPECIFY OFFSET
V = 2A UNLESS SPECIFIED

OFFSET

S
V

A

DIMENSIONS:

Z

S = 2"

A

Y-BRANCH 90°

1"
S

A

M

L

A

S

S = 2"

DIMENSIONS:

(4" MINIMUM & 12" MAXIMUM)

ECCENTRIC

S

REDUCERS

CONCENTRIC

A

S

Z

A
B

A-B

S

B

S

S = 2"

A-B (12" MAXIMUM)

DIVERGING FLOW

RADIUS ELBOW

20° MAXIMUM

AIR

FLOW

W

W

R=1.5 W

CONVERGING FLOW

RECTANGULAR ELBOW

30° MAXIMUM

AIR

FLOW

TURNING VANES
DOUBLE THICKNESS

W

W

(BRANCH FLOW LESS THAN 25% OF MAIN FLOW)

45°

  (4" MINIMUM)

W

BRANCH

BRANCH TAKE-OFFS

L

MAIN

L=1/4 W

DUCT OFFSETS

(R = W)

WHERE POSSIBLE

FULL RADIUS ELBOWS

W

R

R

W

SHEET METAL DUCT

SEAL WITH CAULKING ABOVE
AND BELOW FLOOR AROUND
PERIMETER OF 
PENETRATION

SHEET METAL ANGLE, ATTACH TO 
SLEEVE
12" ON CENTER (MINIMUM 2 PER SIDE)

PACK OPENING
WITH MINERAL WOOL

FLOOR

NOTE: EXTERNALLY WRAPPED DUCT
INSTALLED SIMILARLY, BLANKET
INSULATION SHALL BE INSTALLED OVER
ANGLES AND SEALED TO FLOOR 
BARRIER.

BRANCH
Y

VD

MAIN

Y

W

15° MAXIMUM BOTH SIDES

(BRANCH FLOW GREATER THAN 25% OF MAIN FLOW)

TAKE-OFF

STANDARD RECTANGULAR BRANCH

4" MINIMUM

L = 1/4 W OR

L

WVOLUME

FLOW

AIR

STANDARD RECTANGULAR

DUCT BRANCH TAKE-OFF

(BRANCH FLOW LESS THAN 25% OF MAIN FLOW)

(BRANCH FLOW LESS THEN 25% OF MAIN FLOW)

DUCT BRANCH CONNECTIONS

ALTERNATE RECTANGULAR TO ROUND

BELL MOUTH CONNECTION
WHERE HEIGHT OF
MAIN DUCT PERMITS

CONNECTION
TO ROUND BOOT
90° RECTANGULAR

CONNECTION
TO ROUND BOOT
45° RECTANGULAR

TO ROUND TRANSITION
BOOT WITH RECTANGULAR
STANDARD RECTANGULAR

FLOW

AIR

45°

45°
ELBOW WITH DOUBLE
THICKNESS TURNING
VANES

AIR

FLOW

VOLUME DAMPER

VOLUME DAMPER
DAMPER
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NO SCALE
3

TYPICAL LOW PRESSURE DUCT DETAILS

12" = 1'-0"
4

ROUND DUCT FITTING DETAILS

12" = 1'-0"
5

RECTANGULAR DUCT FITTING DETAILS

12" = 1'-0"
6

TYPICAL DUCT THROUGH NON-RATED WALL
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J PREMIUM EFFICIENT MOTOR (MIN 86.56%)

I MOTORIZED BACKDRAFT DAMPER, 24V

H SHAFT GROUNDING RING KIT

G VFD BY OTHERS

F FACTORY APPLIED POLYESTER POWDER COAT, MIN 2 MILS, CORROSTION RESISTANT FOR OUTDOOR USE (LORENIZED)

E ROOF CURB; RCG 28

D GRAVITY BACKDRAFT DAMPER

C BIRD SCREEN

B SERVICE SWITCH; NEMA 1, LOOSE

ACCESSORI... A UNIT MOUNTED SPEED CONTROLLER

4 SQUARE ROOF OPENING 25.5" X 25.5" WITH COOK SUPPLIED CURB.

3 UNIT TO RUN ON OCCUPIED SCHEDULE. REFER TO CONTROL SEQUENCE FOR ADDITIONAL INFORMATION.

2 UL 705 LISTED

NOTES: 1 REFER TO SPECIFICATIONS FOR FURTHER INFORMATION.

PV-3 COOK 195 R11D UPBLAST CENTRIFUGAL VENTILATOR - ROOF ALUMINUM HUB AND BLADES EXHAUST DIRECT VFD 19.5 13.5 BACKDRAFT TEFC 1.28 4,000 0.50 957 1160 ECM 1.5 460/3/60 - 3.0 - - 14.0 170 1,2,3,4 B,C,E,F,G,H,I,J
PV-2 COOK 180 ACRUD-HP UPBLAST CENTRIFUGAL VENTILATOR - ROOF ALUMINUM HUB AND BLADES EXHAUST DIRECT EC 18.0 13.5 BACKDRAFT TEFC 1.51 2,310 1.00 1234 1725 ECM 1 208/1/60 6.4 - - - 14.0 160 1,2,3,4 A,B,C,D,E,F
PV-1 COOK 195 ACRUD-HP UPBLAST CENTRIFUGAL VENTILATOR - ROOF ALUMINUM HUB AND BLADES EXHAUST DIRECT EC 19.5 13.5 BACKDRAFT TEFC 1.44 2,730 1.00 1138 1725 ECM 1 208/1/60 6.4 - - - 13.0 171 1,2,3,4 A,B,C,D,E,F

AIRFLOW
(CFM)

ESP
(IN....

FAN
RPM

TIP SPEED
(FPM)

MOTOR
RPM

MOTOR
TYPE

MOTOR
SIZE (HP)

V/PH/HZ RLA
(A)

FLA
(A)

MCA
(A)

MOCP
(A)

DRAWING CODE BASIS OF
DESIGN
MFR

BASIS OF DESIGN
MODEL

FAN TYPE FAN WHEEL SERVICE DRIVE
TYPE

SPEED
CONTROL

NOMINAL
IMPELLER
SIZE (IN)

CURB
HEIGHT
(IN)

DAMPER MOTOR
ENCLOSURE

FAN ENERGY
INDEX (FEI)

CAPACITIES ELECTRICAL SONES WEIGHT
(LBS.)

NOTES ACCESSORIES

POWER VENTILATOR SCHEDULE

D BACNET MSTP DDC CONTROL SYSTEM INTERFACE

C WIRED WALL-MOUNTED REMOTE CONTROLLER

B ROOF MOUNTING RAILS AND ACCESSORIES

ACCESSORIES: A SEACOAST COATING PROTECTION ON OUTDOOR UNIT.

8 **FOR FUTURE INSTALLATION, DO NOT INSTALL UNITS AS PART OF ORIGINAL CONSTRUCTION

7 INCLUDE ON EMERGENCY BACKUP GENERATOR

6 LOW AMBIENT COOLING DOWN TO 0 °F

5 LOW AMBIENT COOLING DOWN TO -40 °F

4 INSTALL BASE FOUNDATION BOLTS FOR HIGH WIND PROTECTION

3 MOUNT INDOOR UNIT AT MAXIMUM ALLOWED HEIGHT WHILE MAINTAINING MANUFACTURERS RECOMMENDED CLEARANCES.

2 ELECTRICAL CONTRACTOR TO PROVIDE CONDUIT AND CONDUCTOR FROM OUTDOOR UNIT TO INDOOR UNIT.

NOTES: 1 REFER TO SPECIFICATIONS FOR FURTHER INFORMATION.

**DAH-10 / DHP-10 TRANE TPCA0A0421KA80A / TRUZA0421KA70NA SUSPENDED HEAT PUMP 42.0 16.0 48.0 17.7 9.4 740 - 1025 208/1/60 1.0 79 208/1/60 25.0 31 214 R-410A 165 100 1221 - SHELL MRI SYSTEM 1 - 4, 6, 8 A - D

**DAH-09 / DHP-09 TRANE TPCA0A0421KA80A / TRUZA0421KA70NA SUSPENDED HEAT PUMP 42.0 16.0 48.0 17.7 9.4 740 - 1025 208/1/60 1.0 79 208/1/60 25.0 31 214 R-410A 165 100 1232 - SHELL IR SYSTEM 1 - 4, 6, 8 A - D

DAH-08 / DCU-08 TRANE TPKA0A0241KA80A / TRUYA0241HA70NA WALL MOUNTED AIR CONDITIONER 24.0 10.0 - 21.3 - 570 - 775 208/1/60 1.0 46 208/1/60 19.0 26 151 R-410A 225 100 1163 - VACUUM 1 - 5 A - D

DAH-07 / DCU-07 TRANE TPKA0A0181LA10A / TRUYA0181KA70NA WALL MOUNTED AIR CONDITIONER 18.0 5.6 - 20.2 - 265 - 450 208/1/60 1.0 28 208/1/60 11.0 28 99 R-410A 165 100 2024 - BLDG IT 1 - 5 A - D

DAH-06 / DCU-06 TRANE TPKA0A0181LA10A / TRUYA0181KA70NA WALL MOUNTED AIR CONDITIONER 18.0 5.6 - 20.2 - 265 - 450 208/1/60 1.0 28 208/1/60 11.0 28 99 R-410A 165 100 2022 - ELEC 1 - 5 A - D

DAH-05 / DCU-05 TRANE TPKA0A0181LA10A / TRUYA0181KA70NA WALL MOUNTED AIR CONDITIONER 18.0 5.6 - 20.2 - 265 - 450 208/1/60 1.0 28 208/1/60 11.0 28 99 R-410A 165 100 1002 - ELEV CTRL 1 - 5 A - D

DAH-04 / DCU-04 TRANE TPKA0A0181LA10A / TRUYA0181KA70NA WALL MOUNTED AIR CONDITIONER 18.0 5.6 - 20.2 - 265 - 450 208/1/60 1.0 28 208/1/60 11.0 28 99 R-410A 165 100 1003 - BLDG IT 1 - 5 A - D

DAH-03 / DCU-03 TRANE TPKA0A0181LA10A / TRUYA0181KA70NA WALL MOUNTED AIR CONDITIONER 18.0 5.6 - 20.2 - 265 - 450 208/1/60 1.0 28 208/1/60 11.0 28 99 R-410A 165 100 1005 - BLDG ELEC 1 - 5 A - D

DAH-02 / DCU-02 TRANE TPKA0A0181LA10A / TRUYA0181KA70NA WALL MOUNTED AIR CONDITIONER 18.0 5.6 - 20.2 - 265 - 450 208/1/60 1.0 28 208/1/60 11.0 28 99 R-410A 165 100 1166 - EMERG ELEC 1 - 5, 7 A - D

DAH-01 / DHP-01 TRANE TPKA0A0181LA10A / TRUZA0181KA70NA WALL MOUNTED HEAT PUMP 18.0 5.6 22.0 20.2 9.2 265 - 455 208/1/60 1.0 28 208/1/60 11.0 28 100 R-410A 100 100 1007 - BLDG ELEC 1 - 4, 6 A - D

TOTAL
(MBH)

MIN
(MBH)

TOTAL
(MBH)

SA MIN-MAX
(CFM)

VOLTAGE
(V/PH/HZ)

MCA
(A)

VOLTAGE
(V/PH/HZ)

MCA
(A)

MOCP
(A)

FAN ELECTRICAL WEIGHT
(LBS)

ELECTRICAL WEIGHT
(LBS)

TYPE MAXIMUM
LENGTH
(FT.)

MAXIMUM
HEIGHT DIFF.
(FT.)

DRAWING CODE (IDU /
ODU)

BASIS OF
DESIGN
MFR

BASIS OF DESIGN MODEL (IDU / ODU) INDOOR UNIT
CONFIGURATION

SYSTEM TYPE ARI COOLING
80/67/95

ARI HEATING
70/47

MIN
SEER2

MIN
HSPF
2

INDOOR UNIT OUTDOOR UNIT REFRIGERANT PIPING INDOOR UNIT LOCATION NOTES ACCESSORIES

MINI-SPLIT SYSTEM SCHEDULE

362.0

E ELECTRIC COIL AS SCHEDULED

D DISCHARGE AIR TEMP SENSOR
C AIRFLOW SENSOR
B ROUND AIR VALVE

ACCESSORIES: A 1" DUAL WALL INSULATION ON UNIT

4 RETURN AND EXHAUST VAVS WITHOUT REHEAT OR FAN ASSIST ARE AIRFLOW TRACKING BOXES. THESE BOXES ARE SET TO MAINTAIN A DIFFERENTIAL AIRFLOW RELATIVE TO THE ASSOCIATED SUPPLY VAV TO ACHIEVE REQUIRED ROOM
PRESSURIZATION. IN ROOMS REQUIRING CONSTANT PRESSURE DIFFERENTIALS, TRACKING VAVS ADJUST IN TANDEM WITH SUPPLY VAVS TO MAINTAIN THAT OFFSET. IN SELECT ROOMS, AIRFLOW IS HELD CONSTANT TO MAINTAIN STATIC
PRESSURE CONDITIONS. REFER TO CONTROL DRAWINGS FOR MORE INFORMATION.

3 REFER TO CONTROL DRAWINGS FOR MORE INFORMATION.
2 CONTROLS BY DDC CONTRACTOR. EXTEND 24V POWER FROM DESIGNATED 120V BREAKERS IN PANELS.

NOTES: 1 REFER TO SPECIFICATIONS FOR FURTHER INFORMATION.

VAV3-07E TRANE VCCF 300 300 300 6" 1,528 0.08 65.0 65.0 19.0 48 RTU-3 1,2,4 A,B,C

VAV3-06E TRANE VCCF 1,300 700 700 12" 1,655 0.01 65.0 65.0 17.0 24.0 77 RTU-3 1,2,4 A,B,C

VAV3-05E TRANE VCCF 800 400 400 10" 1,467 0.01 65.0 65.0 17.0 21.0 64 RTU-3 1,2,4 A,B,C

VAV3-04R TRANE VCCF 1,600 1,600 1,600 16" 1,146 0.01 65.0 65.0 18.0 23.0 98 RTU-3 1,2,4 A,B,C

VAV3-03R TRANE VCCF 1,600 1,600 1,600 16" 1,146 0.01 65.0 65.0 18.0 23.0 98 RTU-3 1,2,4 A,B,C

VAV3-02R TRANE VCCF 1,600 1,600 1,600 16" 1,146 0.01 65.0 65.0 18.0 23.0 98 RTU-3 1,2,4 A,B,C

VAV3-01R TRANE VCCF 1,600 1,600 1,600 16" 1,146 0.01 65.0 65.0 18.0 23.0 98 RTU-3 1,2,4 A,B,C

VAV5-14 TRANE VCEF 1,090 650 650 10" 1,998 0.03 8.0 1 55.0 93.7 460/3/60 9.6 12.0 15 24.0 25.0 117 RTU-5 1,2,3 A,B,C,D,E

VAV5-13 TRANE VCEF 400 170 170 6" 2,037 0.14 2.0 1 55.0 92.0 277/1/60 7.2 9.0 15 26.0 20.0 95 RTU-5 1,2,3 A,B,C,D,E

VAV5-12 TRANE VCEF 1,320 550 550 12" 1,681 0.03 6.5 1 55.0 92.2 460/3/60 7.8 9.8 15 22.0 24.0 134 RTU-5 1,2,3 A,B,C,D,E

VAV5-11 TRANE VCEF 1,050 370 370 10" 1,925 0.03 4.5 1 55.0 93.3 460/3/60 5.4 6.8 15 24.0 24.0 117 RTU-5 1,2,3 A,B,C,D,E

VAV5-10 TRANE VCEF 880 310 310 10" 1,613 0.02 4.0 1 55.0 95.6 277/1/60 14.4 18.1 20 22.0 21.0 117 RTU-5 1,2,3 A,B,C,D,E

VAV5-09 TRANE VCEF 870 300 300 10" 1,595 0.02 3.5 1 55.0 91.7 277/1/60 12.6 15.8 20 21.0 21.0 117 RTU-5 1,2,3 A,B,C,D,E

VAV5-08 TRANE VCEF 980 310 310 10" 1,797 0.03 4.0 1 55.0 95.6 277/1/60 14.4 18.1 20 23.0 23.0 117 RTU-5 1,2,3 A,B,C,D,E

VAV5-07 TRANE VCEF 740 270 270 8" 2,120 0.07 3.5 1 55.0 95.8 277/1/60 12.6 15.8 20 28.0 25.0 98 RTU-5 1,2,3 A,B,C,D,E

VAV5-06 TRANE VCEF 710 250 250 8" 2,034 0.07 3.0 1 55.0 92.8 277/1/60 10.8 13.5 15 27.0 24.0 98 RTU-5 1,2,3 A,B,C,D,E

VAV5-05 TRANE VCEF 1,535 550 550 12" 1,954 0.04 6.5 1 55.0 92.2 460/3/60 7.8 9.8 15 20.0 23.0 134 RTU-5 1,2,3 A,B,C,D,E

VAV5-04 TRANE VCEF 785 360 360 10" 1,439 0.02 4.5 1 55.0 94.3 460/3/60 5.4 6.8 15 20.0 20.0 117 RTU-5 1,2,3 A,B,C,D,E

VAV5-03 TRANE VCEF 550 200 200 8" 1,576 0.04 2.5 1 55.0 94.3 277/1/60 9.0 11.3 15 24.0 21.0 98 RTU-5 1,2,3 A,B,C,D,E

VAV5-02 TRANE VCEF 510 210 210 8" 1,461 0.04 2.5 1 55.0 92.5 277/1/60 9.0 11.3 15 24.0 20.0 98 RTU-5 1,2,3 A,B,C,D,E

VAV5-01 TRANE VCEF 1,355 550 550 12" 1,725 0.03 7.0 1 55.0 95.1 460/3/60 8.4 10.5 15 18.0 20.0 134 RTU-5 1,2,3 A,B,C,D,E

VAV4-17 TRANE VCEF 275 130 130 5" 2,017 0.02 1.5 1 55.0 91.3 277/1/60 5.4 6.8 15 24.0 95 RTU-4 1,2,3 A,B,C,D,E

VAV4-16 TRANE VCEF 870 520 520 10" 1,595 0.02 6.5 1 55.0 94.3 460/3/60 7.8 9.8 15 17.0 18.0 117 RTU-4 1,2,3 A,B,C,D,E

VAV4-15 TRANE VCEF 950 390 390 10" 1,742 0.03 5.0 1 55.0 95.4 460/3/60 6.0 7.5 15 23.0 23.0 117 RTU-4 1,2,3 A,B,C,D,E

VAV4-14 TRANE VCEF 1,200 550 550 10" 2,200 0.04 7.0 1 55.0 95.1 460/3/60 8.4 10.5 15 22.0 23.0 117 RTU-4 1,2,3 A,B,C,D,E

VAV4-13 TRANE VCEF 950 380 380 10" 1,742 0.03 4.5 1 55.0 92.3 460/3/60 5.4 6.8 15 23.0 23.0 117 RTU-4 1,2,3 A,B,C,D,E

VAV4-12 TRANE VCEF 260 170 170 6" 1,324 0.06 2.0 1 55.0 92.0 277/1/60 7.2 9.0 15 21.0 15.0 95 RTU-4 1,2,3 A,B,C,D,E

VAV4-11 TRANE VCEF 440 220 220 8" 1,261 0.03 3.0 1 55.0 97.9 277/1/60 10.8 13.5 15 22.0 19.0 98 RTU-4 1,2,3 A,B,C,D,E

VAV4-10 TRANE VCEF 445 200 200 8" 1,275 0.03 2.5 1 55.0 94.3 277/1/60 9.0 11.3 15 22.0 19.0 98 RTU-4 1,2,3 A,B,C,D,E

VAV4-09 TRANE VCEF 230 125 125 5" 1,687 0.01 1.5 1 55.0 92.8 277/1/60 5.4 6.8 15 23.0 17.0 95 RTU-4 1,2,3 A,B,C,D,E

VAV4-08 TRANE VCEF 1,360 550 550 12" 1,732 0.03 7.0 1 55.0 95.1 460/3/60 8.4 10.5 15 22.0 24.0 134 RTU-4 1,2,3 A,B,C,D,E

VAV4-07 TRANE VCEF 600 360 360 8" 1,719 0.05 4.5 1 55.0 94.3 460/3/60 5.4 6.8 15 25.0 23.0 98 RTU-4 1,2,3 A,B,C,D,E

VAV4-06 TRANE VCEF 1,210 550 550 12" 1,541 0.03 7.0 1 55.0 95.1 460/3/60 8.4 10.5 15 21.0 21.0 134 RTU-4 1,2,3 A,B,C,D,E

VAV4-05 TRANE VCEF 460 200 200 8" 1,318 0.03 2.5 1 55.0 94.3 277/1/60 9.0 11.3 15 22.0 20.0 98 RTU-4 1,2,3 A,B,C,D,E

VAV4-04 TRANE VCEF 320 210 210 8" 917 0.02 2.5 1 55.0 92.5 277/1/60 9.0 11.3 15 20.0 17.0 98 RTU-4 1,2,3 A,B,C,D,E

VAV4-03 TRANE VCEF 540 200 200 8" 1,547 0.04 2.5 1 55.0 94.3 277/1/60 9.0 11.3 15 24.0 21.0 98 RTU-4 1,2,3 A,B,C,D,E

VAV4-02 TRANE VCEF 1,610 625 625 12" 2,050 0.05 8.0 1 55.0 95.3 460/3/60 9.6 12.0 15 21.0 24.0 134 RTU-4 1,2,3 A,B,C,D,E

VAV4-01 TRANE VCEF 960 420 420 10" 1,760 0.03 5.5 1 55.0 96.2 460/3/60 6.6 8.3 15 19.0 19.0 117 RTU-4 1,2,3 A,B,C,D,E

VAV3-10 TRANE VCEF 1,000 750 750 10" 1,833 0.03 8.0 1 51.0 84.6 460/3/60 9.6 12.0 15 19.0 20.0 117 RTU-3 1,2,3 A,B,C,D,E

VAV3-09 TRANE VCEF 680 500 500 8" 1,948 0.06 6.5 1 51.0 91.9 460/3/60 7.8 9.8 15 24.0 20.0 98 RTU-3 1,2,3 A,B,C,D,E

VAV3-08 TRANE VCEF 400 320 320 6" 2,037 0.14 4.0 1 51.0 90.3 277/1/60 14.4 18.1 20 22.0 17.0 95 RTU-3 1,2,3 A,B,C,D,E

VAV3-07 TRANE VCEF 520 520 520 8" 1,490 0.04 5.0 1 51.0 81.3 460/3/60 6.0 7.5 15 19.0 17.0 98 RTU-3 1,2,3 A,B,C,D,E

VAV3-06 TRANE VCEF 1,100 500 500 10" 2,017 0.03 5.0 1 51.0 82.5 460/3/60 6.0 7.5 15 20.0 21.0 117 RTU-3 1,2,3 A,B,C,D,E

VAV3-05 TRANE VCEF 600 200 200 8" 1,719 0.05 2.5 1 51.0 90.3 277/1/60 9.0 11.3 15 25.0 23.0 98 RTU-3 1,2,3 A,B,C,D,E

VAV3-04 TRANE VCEF 1,800 1,800 1,800 16" 1,289 0.01 17.0 1 51.0 80.7 460/3/60 20.5 25.6 30 23.0 24.0 171 RTU-3 1,2,3 A,B,C,D,E

VAV3-03 TRANE VCEF 1,800 1,800 1,800 16" 1,289 0.01 17.0 1 51.0 80.7 460/3/60 20.5 25.6 30 23.0 24.0 171 RTU-3 1,2,3 A,B,C,D,E

VAV3-02 TRANE VCEF 1,800 1,800 1,800 16" 1,289 0.01 17.0 1 51.0 80.7 460/3/60 20.5 25.6 30 23.0 24.0 171 RTU-3 1,2,3 A,B,C,D,E

VAV3-01 TRANE VCEF 1,800 1,800 1,800 16" 1,289 0.01 17.0 1 51.0 80.7 460/3/60 20.5 25.6 30 23.0 24.0 171 RTU-3 1,2,3 A,B,C,D,E

VAV2-08 TRANE VCEF 220 180 180 6" 1,120 0.04 2.0 1 55.0 90.0 277/1/60 7.2 9.0 15 20.0 95 RTU-2 1,2,3 A,B,C,D,E

VAV2-07 TRANE VCEF 370 250 250 6" 1,884 0.12 3.0 1 55.0 92.8 277/1/60 10.8 13.5 15 25.0 19.0 95 RTU-2 1,2,3 A,B,C,D,E

VAV2-06 TRANE VCEF 925 400 400 10" 1,696 0.02 5.0 1 55.0 94.3 460/3/60 6.0 7.5 15 22.0 23.0 117 RTU-2 1,2,3 A,B,C,D,E

VAV2-05 TRANE VCEF 685 420 420 8" 1,962 0.06 5.0 1 55.0 92.5 460/3/60 6.0 7.5 15 27.0 24.0 98 RTU-2 1,2,3 A,B,C,D,E

VAV2-04 TRANE VCEF 1,140 600 600 10" 2,090 0.03 7.5 1 55.0 94.3 460/3/60 9.0 11.3 15 21.0 23.0 117 RTU-2 1,2,3 A,B,C,D,E

VAV2-03 TRANE VCEF 590 590 590 10" 1,082 0.01 7.0 1 55.0 92.3 460/3/60 8.4 10.5 15 17.0 17.0 117 RTU-2 1,2,3 A,B,C,D,E

VAV2-02 TRANE VCEF 800 800 800 10" 1,467 0.02 9.0 1 55.0 90.4 460/3/60 10.8 13.5 15 16.0 17.0 117 RTU-2 1,2,3 A,B,C,D,E

VAV2-01 TRANE VCEF 890 890 890 12" 1,133 0.01 10.0 1 55.0 90.4 460/3/60 12.0 15.0 20 17.0 18.0 134 RTU-2 1,2,3 A,B,C,D,E

VAV1-22... TRANE VCEF 730 240 240 8" 2,091 0.07 3.0 1 55.0 94.3 277/1/60 10.8 13.5 15 28.0 25.0 98 RTU-1 1,2,3 A,B,C,D,E

VAV1-21... TRANE VCEF 850 275 275 10" 1,558 0.02 3.5 1 55.0 95.1 277/1/60 12.6 15.8 20 21.0 21.0 117 RTU-1 1,2,3 A,B,C,D,E

VAV1-20 TRANE VCEF 1,875 700 700 14" 1,754 0.01 9.0 1 55.0 95.5 460/3/60 10.8 13.5 15 24.0 26.0 157 RTU-1 1,2,3 A,B,C,D,E

VAV1-19 TRANE VCEF 435 315 315 8" 1,246 0.03 4.0 1 55.0 95.0 277/1/60 14.4 18.1 20 22.0 19.0 98 RTU-1 1,2,3 A,B,C,D,E

VAV1-18 TRANE VCEF 460 270 270 8" 1,318 0.03 3.5 1 55.0 95.8 277/1/60 12.6 15.8 20 22.0 20.0 98 RTU-1 1,2,3 A,B,C,D,E

VAV1-17 TRANE VCEF 330 200 200 6" 1,681 0.10 2.5 1 55.0 94.3 277/1/60 9.0 11.3 15 24.0 18.0 95 RTU-1 1,2,3 A,B,C,D,E

VAV1-16 TRANE VCEF 640 310 310 8" 1,833 0.06 4.0 1 55.0 95.6 277/1/60 14.4 18.1 20 26.0 23.0 98 RTU-1 1,2,3 A,B,C,D,E

VAV1-15 TRANE VCEF 480 270 270 8" 1,375 0.04 3.5 1 55.0 95.8 277/1/60 12.6 15.8 20 23.0 20.0 98 RTU-1 1,2,3 A,B,C,D,E

VAV1-14 TRANE VCEF 700 235 235 8" 2,005 0.06 3.0 1 55.0 95.2 277/1/60 10.8 13.5 15 27.0 24.0 98 RTU-1 1,2,3 A,B,C,D,E

VAV1-13 TRANE VCEF 630 195 195 8" 1,805 0.05 2.5 1 55.0 95.4 277/1/60 9.0 11.3 15 26.0 23.0 98 RTU-1 1,2,3 A,B,C,D,E

VAV1-12 TRANE VCEF 675 270 270 8" 1,934 0.06 3.5 1 55.0 95.8 277/1/60 12.6 15.8 20 27.0 24.0 98 RTU-1 1,2,3 A,B,C,D,E

VAV1-11 TRANE VCEF 665 315 315 8" 1,905 0.06 4.0 1 55.0 95.0 277/1/60 14.4 18.1 20 26.0 24.0 98 RTU-1 1,2,3 A,B,C,D,E

VAV1-10 TRANE VCEF 375 200 200 6" 1,910 0.12 2.5 1 55.0 94.3 277/1/60 9.0 11.3 15 25.0 19.0 95 RTU-1 1,2,3 A,B,C,D,E

VAV1-09 TRANE VCEF 465 195 195 8" 1,332 0.03 2.5 1 55.0 95.4 277/1/60 9.0 11.3 15 18.0 17.0 98 RTU-1 1,2,3 A,B,C,D,E

VAV1-08 TRANE VCEF 655 200 200 8" 1,876 0.06 2.5 1 55.0 94.3 277/1/60 9.0 11.3 15 26.0 24.0 98 RTU-1 1,2,3 A,B,C,D,E

VAV1-07 TRANE VCEF 535 190 190 8" 1,533 0.04 2.5 1 55.0 96.4 277/1/60 9.0 11.3 15 24.0 21.0 98 RTU-1 1,2,3 A,B,C,D,E

VAV1-06 TRANE VCEF 450 235 235 8" 1,289 0.03 3.0 1 55.0 95.2 277/1/60 10.8 13.5 15 22.0 19.0 98 RTU-1 1,2,3 A,B,C,D,E

VAV1-05 TRANE VCEF 545 235 235 8" 1,561 0.04 3.0 1 55.0 95.2 277/1/60 10.8 13.5 15 24.0 21.0 98 RTU-1 1,2,3 A,B,C,D,E

VAV1-04 TRANE VCEF 475 190 190 8" 1,361 0.03 2.5 1 55.0 96.4 277/1/60 9.0 11.3 15 23.0 20.0 98 RTU-1 1,2,3 A,B,C,D,E

VAV1-03 TRANE VCEF 545 190 190 8" 1,561 0.04 2.5 1 55.0 96.4 277/1/60 9.0 11.3 15 24.0 21.0 98 RTU-1 1,2,3 A,B,C,D,E

VAV1-02 TRANE VCEF 625 625 625 8" 1,790 0.05 4.5 1 55.0 77.7 460/3/60 5.4 6.8 15 26.0 23.0 98 RTU-1 1,2,3 A,B,C,D,E

VAV1-01 TRANE VCEF 1,190 620 620 12" 1,515 0.02 8.0 1 55.0 95.6 460/3/60 9.6 12.0 15 17.0 18.0 134 RTU-1 1,2,3 A,B,C,D,E

COOLING
MAX (CFM)

COOLING
MIN (CFM)

HEATING
(CFM)

INLET DIA.
(IN)

COOLING INLET
VELOCITY (FT/MIN)

APD @ COOLING
AIRFLOW (IN H2O)

CAPACITY
(KW)

ELEC.
STAGES

EAT
( °F)

LAT
( °F)

VOLTAGE
(V/PH/HZ)

FLA
(A)

MCA
(A)

MAX
FUSE (A)

DISCH
(NC)

RAD (NC)

DRAWING CODE BASIS OF
DESIGN
MFR

BASIS OF
DESIGN
MODEL

PRIMARY AIRFLOW HEATING COIL NOISE CRITERIA OPERATING
WEIGHT (LB)

UNIT
SERVED
FROM

NOTES ACCESSORIES

 SINGLE DUCT TERMMINAL UNIT SCHEDULE

F FREEZE PROTECTION SYSTEM

E STEAM MANIFOLD

D FACTORY INSULATION ON DUCT MOUNTED STEAM MANIFOLD

C BACNET CONTROL INTERFACE

B AIR PROVING SWITCH, DUCT MOUNTED

ACCESSORIES: A REMOTE FAULT INDICATION BOARD

6 FINAL LOCATION TO BE COORDINATED IN FIELD WITH RTU-3 ACCESS PANEL AND ACCESS CLEARANCES.

5 FACTORY STARTUP AND SUPPORT FOR CONTROL INTEGRATION

4 PROVIDE ALL NECESSARY CONTROL INTEGRATION TO RTU-3 BAS VIA BACNET OR DRY CONTACT AS REQUIRED.

3 PROVIDE DUCT MOUNTED ABSORPTION TUBE WITH REQUIRED MINIMUM ABSORPTION DISTANCE IN THE SUPPLY AIRSTREAM DOWNSTREAM OF DX COIL.

2 HUMIDIFIER SHALL BE DESIGNED FOR EXTERIOR INSTALLATION WITH FREEZE PROTECTION SYSTEM.

1 REFER TO SPECIFICATIONS FOR FURTHER INFORMATION.

HU-1 RTU-3 CONDAIR EL OC 100 100.0 52.0 / 88% 1 9 30 / 80 37.9 1 460/3/60 45.6 60 172 1 - 6 A - F

TOTAL POWER
INPUT (KW)

NUMBER OF
CYLINDERS

VOLTAGE
(V/PH/HZ)

FLA
(A)

MCA
(A)

MOCP
(A)

DRAWING CODE LOCATION DESIGN
BASIS
MFR

MODEL
NUMBER

HUMIDIFICATIO
N RATE - MAX
(LBS/HR)

AIR TEMPERATURE
BEFORE
HUMIDIFICATION
(DB °F/%RH)

NUMBER OF
MANIFOLDS

ABSORPTION
DISTANCE -
MAX (IN.)

MAKEUP WATER
SUPPLY PRESSURE -
MIN / MAX (PSIG)

ELECTRIC RESISTANCE
HEATER CONTAINER

ELECTRICAL WEIGHT
(LBS)

NOTES ACCESSORIES

ELECTRIC STEAM HUMIDIFER SCHEDULE

0 07-28-25 PERMIT SET

07/28/2025



055307
SEAL

R

E
ENIG

N

P
R

O

F E S S I O

N
A

E

L

N
O

R

T H CAROL

I N
A

C
O

N

NOR R . GRE

E
N

E

c Copyright 2025 CBHF Engineers, PLLC

Engineers, PLLC
2246 Yaupon Drive

Wilmington, NC 28401

Phone:  910.791.4000

Fax:  910.791.5266
www.cbhfengineers.com

NC# P-0506

T
H

E
 L

IN
E

 S
H

O
W

N
 A

B
O

V
E

 I
S

  
E

X
A

C
T

L
Y

 
O

N
E

 I
N

C
H

 L
O

N
G

  
A

T
 T

H
IS

 S
H

E
E

T
S

 
O

R
IG

IN
A

L
 P

A
G

E
 S

IZ
E

L
S

3
P

 P
R

O
J
E

C
T

:

ORIG 
SUBMISSION:

SHEET NAME:

SHEET:

A

B

C

D

E

1 2 3 4 5 6

DATE DESCRIPTION∆

COPYRIGHT 2025 ALL RIGHTS RESERVED.  PRINTED OR 
ELECTRONIC DRAWINGS AND DOCUMENTATION MAY 

NOT BE REPRODUCED IN ANY FORM WITHOUT WRITTEN 
PERMISSION FROM LS3P ASSOCIATES LTD.

THESE DRAWINGS ARE FOR PERMIT 
PURPOSES ONLY AND ARE NOT 
INTENDED FOR CONSTRUCTION. 
THEY HAVE BEEN PREPARED BASED 
ON PRELIMINARY EQUIPMENT 
SELECTIONS AND MAY NOT BE 
COMPLETE. THE DRAWINGS 
REPRESENT THE DESIGN INTENT OF 
THE ENGINEERING TEAM AT THIS 
STAGE OF DEVELOPMENT. THE 
DESIGNER/ENGINEER ASSUMES NO 
RESPONSIBILITY FOR ANY ERRORS, 
OMISSIONS, OR DISCREPANCIES 
RESULTING FROM THE USE OF 
THESE DRAWINGS FOR ANY 
PURPOSE OTHER THAN THAT 
EXPLICITLY STATED.

7
/2

8
/2

0
2
5

 5
:2

9
:2

7
 P

M

M-602

MECHANICAL
SCHEDULES

9
4
0
3
-2

4
0
7
3
1

07/28/25

P
R

O
V

IS
IO

N
 P

A
R

K
W

A
Y

L
E

L
A

N
D

, 
N

O
R

T
H

 C
A

R
O

L
IN

A
 2

8
4
5
1

L
E

L
A

N
D

 M
O

B

PERMIT SET

WWW.LS3P.COM

227 WEST TRADE STREET, SUITE 700

CHARLOTTE, NORTH CAROLINA 28202

TEL. 704.333.6686         FAX. 704.333.2926

ACCESSORIES: A DUCT SMOKE DETECTOR IN RETURN

8 WARRANTY: PROVIDE FULL UNIT WARRANTY INCLUDING PARTS, LABOR, AND REFRIGERANT: 1 YEAR FROM STARTUP (OR 18 MONTHS FROM SHIPMENT) PLUS 2ND THROUGH 5TH YEAR PARTS, LABOR, AND REFRIGERANT WARRANTY ON ENTIRE UNIT

7 FACTORY MOUNTED SENSORS / CONTROL FEATURES - VFD ON SUPPLY FAN WITH BYPASS CONTROL; DISCHARGE AIR TEMPERATURE SENSOR; FACTORY-INSTALLED CLOGGED FILTER SWITCH WITH ZONE SENSOR LED;

6 BAS / BMS INTEGRATION CONTROLS - FACTORY BACNET MSTP CONTROLS WITH FULLY EXPOSED POINTS FOR THIRD-PARTY BMS INTEGRATION (DISTECH/NIAGARA COMPATIBLE); CONTROLS SHALL BE OPEN PROTOCOL WITH CONFIGURABLE SETPOINTS AND STATUS VIA BACNET WITHOUT
TRANE-PROPRIETARY TOOLS; SUPPORT FIELD MAPPING AND COMMISSIONING BY THIRD-PARTY INTEGRATOR

5 MECHANICAL / RELIABILITY - FIVE-STAGE SCROLL COMPRESSOR OPERATION (ESTAGE);  PHASE MONITOR (LOSS/REVERSAL/UNBALANCE PROTECTION); MOTOR SHAFT GROUNDING RING FOR VFD MOTORS; AHRI 340/360 CERTIFIED

4 COIL PROTECTION / MATERIALS - MICROCHANNEL CONDENSER COILS WITH FACTORY-APPLIED CORROSION RESISTANT COATING (6000 HR ASTM B117, 2400 HR ASTM G85 A2); LOUVERED HAIL GUARDS FOR COIL PROTECTION

3 SERVICE / MAINTENANCE ACCESS - HINGED ACCESS PANELS FOR FILTER AND FAN SECTIONS; STAINLESS STEEL DRAIN PAN WITH CONDENSATE OVERFLOW SWITCH; FACTORY-INSTALLED SUCTION AND DISCHARGE SERVICE VALVES

2 AIR QUALITY / FILTRATION / VENTILATION - 4" MERV 14 THROWAWAY FILTERS; TRAQ OUTSIDE AIRFLOW MEASUREMENT STATION MEETING ASHRAE 62.1 LEED IEQ CREDIT ACCURACY; ULTRA LOW LEAK ECONOMIZER AND EXHAUST DAMPERS CLASS 1A PER AMCA 500D (<3 CFM/SQFT @ 1" WC)

NOTES: 1 REFER TO SPECIFICATIONS FOR FURTHER INFORMATION.

RTU-5 TRANE TCD480 MULTI-ZONE VAV AC 75.6 / 64.4 51.7 / 51.6 55.5 / 53.2 40.0 450.4 412.9 314.1 276.6 EER 11.4 12,425 1,620 2.50 460/3/60 100.0 110 R-454B 5,789 1 - 8 A

RTU-4 TRANE TCD480 MULTI-ZONE VAV AC 76.6 / 65.5 52.9 / 52.8 56.6 / 54.4 40.0 460.8 422.9 313.8 275.9 EER 11.4 12,520 2,170 2.50 460/3/60 100.0 110 R-454B 5,789 1 - 8 A

RTU-1 TRANE TCD480 MULTI-ZONE VAV AC 75.8 / 64.7 53.3 / 53.2 57.1 / 54.8 40.0 463.2 417.8 333.4 288.1 EER 11.4 14,325 2,070 2.50 460/3/60 107.0 125 R-454B 5,789 1 - 8 A

GROSS NET GROSS NET

EAT
( °F  db/wb)

COIL LAT
( °F  db/wb)

UNIT LAT
( °F  db/wb)

NOMINAL
TONS

TOTAL (MBH) SENSIBLE (MBH) EFFICIENCY SUPPLY AIRFLOW
(CFM)

OUTSIDE AIRFLOW
(CFM)

ESP
(IN. WG.)

POWER SUPPLY
(V/PH/HZ)

MCA (A) MOP (A)

DRAWING CODE BASIS OF
DESIGN
MFR

BASIS OF
DESIGN
MODEL

SYSTEM TYPE COOLING (AMBIENT @ 95 °F) EVAPORATOR FAN ELECTRICAL REFRIG.
TYPE

WEIGHT
(LBS.)

NOTES ACCESSORIES

STANDARD VAV PACKAGED UNIT SCHEDULE

ACCESSORIES: A DUCT SMOKE DETECTOR IN RETURN

7 WARRANTY - PROVIDE MINIMUM 1-YEAR PARTS AND REFRIGERANT WARRANTY FROM STARTUP OR 18 MONTHS FROM SHIPMENT; EFLEX COMPRESSOR WARRANTY TO MATCH OEM STANDARD (TYPICALLY 5 YEARS PARTS);

6 CONTROLS / BMS INTEGRATION - SYMBIO 700 UNIT CONTROLS WITH BACNET MSTP AND IP COMMUNICATION; PROVIDES OPEN PROTOCOL POINT LIST FOR THIRD-PARTY INTEGRATION TO NIAGARA OR DISTECH SYSTEMS WITHOUT PROPRIETARY GATEWAYS; SUPPORTS FULLY EXPOSED
SETPOINTS, I/O STATUS, AND FAULT REPORTING; COMPATIBLE WITH STANDARD BACNET BAS COMMISSIONING TOOLS

5 FACTORY- MOUNTED SENSORS AND CONTROL FEATURES: INCLUDES FACTORY-INSTALLED CLOGGED FILTER SWITCH AND CONDENSATE OVERFLOW SWITCH; VARIABLE SPEED SUPPLY FAN CONTROL THROUGH SYMBIO CONTROLLER; BUILT-IN LOW AMBIENT COOLING CAPABILITY TO 0 °F
WITHOUT ADDITIONAL FIELD KITS

4 CONSTRUCTION / ACCESS / SERVICEABILITY - HINGED SERVICE ACCESS PANELS; STAINLESS STEEL DRAIN PAN; WEATHER-RESISTANT GALVANIZED STEEL CASING WITH FOIL-FACED INSULATION; 672 HR ASTM B117 SALT SPRAY TEST COMPLIANT; LIFTING PROVISIONS FOR CRANE/FORK
ACCESS ON THREE SIDES; BASE PAN INSULATED AND RAISED 1" AROUND SUPPLY/RETURN FOR WATER INTEGRITY

3 MECHANICAL / RELIABILITY - VARIABLE SPEED COMPRESSOR WITH EFLEX MODULATION (25% TO 100%) FOR COOLING AND DEHUMIDIFICATION; ALL-ALUMINUM MICROCHANNEL COILS WITH COMPLETECOAT  CORROSION RESISTANT COATING; DIRECT DRIVE PLENUM SUPPLY FANS WITH
BACKWARD CURVED BLADES; FACTORY-ASSEMBLED, INTERNALLY WIRED, R-454B REFRIGERANT; AHRI 340/360 CERTIFIED

2 AIR QUALITY / VENTILATION / DEHUMIDIFICATION - 2" MERV 13 FILTERS; LOW LEAK ECONOMIZER WITH BAROMETRIC RELIEF; FACTORY-INSTALLED POWERED EXHAUST FAN

NOTES: 1 REFER TO SPECIFICATIONS FOR FURTHER INFORMATION.

RTU-2 TRANE TZK210 MULTI-ZONE VAV AC 74.0 / 64.0 53.4 / 52.85 55.3 / 53.7 17.5 205.9 197.6 141.8 133.6 EER 12.7 5,620 865 1.50 460/3/60 54.0 70 R-454B 2,614 1 - 7 A

GROSS NET GROSS NET

EAT
( °F  db/wb)

COIL LAT
( °F  db/wb)

UNIT LAT
( °F  db/wb)

NOMINAL
TONS

TOTAL (MBH) SENSIBLE (MBH) EFFICIENCY SUPPLY AIRFLOW
(CFM)

OUTSIDE AIRFLOW
(CFM)

ESP      (IN.
WG.)

POWER SUPPLY
(V/PH/HZ)

MCA
(A)

MOP
(A)

DRAWING CODE BASIS OF
DESIGN
MFR

BASIS OF
DESIGN
MODEL

SYSTEM TYPE COOLING (AMBIENT @ 95 °F) EVAPORATOR FAN ELECTRICAL REFRIG
. TYPE

WEIGHT
(LBS.)

NOTES ACCESSORIES

UNITARY VAV PACKAGED UNIT SCHEDULE

..... ..... ..... ..... ..... ..... .....

D RETURN AIR CANOPY

C SDBI100, LINEAR SLOT DIFFUSER PLENUM W/ INTERNAL FIBER FREE FOAM INSULATION.

B SCREW MOUNTED FLUSH END CAP

ACCESSORIES: A VOLUME DAMPER

5 RETURN AIR CANOPY IS BI-DIRECTIONAL, INSTALL IN MANUFACTURER'S RECOMMENDED ORIENTATION FOR MAXIMUM SOUND REDUCTION.

4 1" SLOT LINEAR SUPPLY DIFFUSER, 2 SLOTS, 48" LENGTH, 180 ° AIR PATTERN ADJUSTMENT

3 PAINT ALL VISIBLE DUCTWORK THROUGH GRILLES AND REGISTERS FLAT BLACK.

2 DUCT BRANCH CONNECTION SIZE TO BE EQUAL TO THE NECK SIZE OF DIFFUSER UNLESS NOTED OTHERWISE ON PLANS.

NOTES: 1 REFER TO SPECIFICATIONS FOR FURTHER INFORMATION.

E2 PRICE 630 GREENHECK, TITUS FIXED FACE GRILLE EXHAUST 22 X 22 24 X 24 ALUMINUM WHITE T-BAR 1,2 A

E1 PRICE 630 GREENHECK, TITUS FIXED FACE GRILLE EXHAUST 10 X 10 12 X 12 ALUMINUM WHITE CEILING SURFACE 1,2 A

R1 PRICE 630 GREENHECK, TITUS FIXED FACE GRILLE RETURN 22 X 22 24 X 24 ALUMINUM WHITE T-BAR 1,2,5 D

S7 PRICE RCD GREENHECK, TITUS ROUND CONE DIFFUSER SUPPLY 6%%C - ALUMINUM WHITE DUCT SURFACE 1,2,3 A

S6 PRICE LFD GREENHECK, TITUS LAMINAR FLOW CEILING DIFFUSER SUPPLY 12%%C 24 X 72 ALUMINUM WHITE CEILING SURFACE 1,2 A

S5 PRICE SDS100 GREENHECK, TITUS LINEAR SLOT DIFFUSER - 2 SLOT - 48" LENGTH SUPPLY 8%%C - ALUMINUM WHITE CEILING SURFACE 1,2,4 A,B,C

S4 PRICE ASPD GREENHECK, TITUS SQUARE PLAQUE DIFFUSER SUPPLY 12%%C 24 X 24 ALUMINUM WHITE T-BAR 1,2,3 A

S3 PRICE ASPD GREENHECK, TITUS SQUARE PLAQUE DIFFUSER SUPPLY 10%%C 24 X 24 ALUMINUM WHITE T-BAR 1,2,3 A

S2 PRICE ASPD GREENHECK, TITUS SQUARE PLAQUE DIFFUSER SUPPLY 8%%C 24 X 24 ALUMINUM WHITE T-BAR 1,2,3 A

S1 PRICE ASPD GREENHECK, TITUS SQUARE PLAQUE DIFFUSER SUPPLY 6%%C 24 X 24 ALUMINUM WHITE T-BAR 1,2,3 A

DRAWING CODE BASIS OF
DESIGN
MFR

BASIS OF
DESIGN
MODEL

ALTERNATE
APPROVED
MANUFACTURERS

TYPE SERVICE NECK
SIZE (IN.)

MODULE
SIZE (IN.)

MATERIAL FINISH MOUNTING NOTES ACCESSORIES

DIFFUSERS, REGISTERS AND GRILLES SCHEDULE

ACCESSORIES: A DUCT SMOKE DETECTOR IN SUPPLY AND RETURN

9 HUMIDIFICATION - PROVIDE 100 LBS/HR STEAM HUMIDIFIER INSTALLED EXTERNAL TO RTU; STEAM MANIFOLD TO BE INTEGRATED INTO SUPPLY AIR DUCT; UNIT CONTROLS SHALL INTERFACE WITH HUMIDIFIER FOR SPACE RH MANAGEMENT. THIS UNIT WILL BE SCHEDULED SEPERATELY.

8 WARRANTY - INCLUDE STANDARD 1-YEAR PARTS WARRANTY, 5-YEAR COMPRESSOR WARRANTY, AND 10-YEAR HEAT EXCHANGER WARRANTY AS PER MANUFACTURER POLICY

7 SERVICEABILITY / CONSTRUCTION - HINGED TOOL-LESS ACCESS PANELS, FACTORY-INSTALLED SERVICE LIGHT AND GFCI OUTLET, INTEGRAL BASE RAIL WITH FORKLIFT CHANNELS AND LIFTING LUGS, 2-INCH RIGID FOAM INSULATION WITH THERMAL BREAK CONSTRUCTION, STAINLESS STEEL DRAIN PAN

6 SENSORS / MONITORING -FACTORY SUPPLIED SUPPLY, RETURN, AND OUTDOOR AIR TEMPERATURE SENSORS; RETURN AIR HUMIDITY SENSOR WITH LOW-DEWPOINT CONTROL ALGORITHM; COMPATIBLE WITH FIELD-INSTALLED SPACE HUMIDITY SENSORS; INCLUDE DISCHARGE AIR TEMPERATURE SENSOR FOR CONTROL AND
MONITORING VIA BAS

5 CONTROLS & INTEGRATION - FACTORY BACNET IP CARD REQUIRED FOR THIRD PARTY INTEGRATION WITH DISTECH OR NIAGARA SYSTEM, PROVIDE FULL POINT LIST INCLUDING BUT NOT LIMITED TO COMPRESSORS, FANS, AIR TEMPERATURES, FILTER DIFFERENTIALS, ECONOMIZER POSITION, DAMPERS, REHEAT STATUS

4 FILTRATION - FILTER BANKS TO INCLUDE 2" MERV 8 PANEL PREFILTERS FOLLOWED BY 2" MERV 8 AND MERV 14 CARTRIDGE FILTERS, HINGED ACCESS WITH DIFFERENTIAL PRESSURE SWITCHES FACTORY-INSTALLED FOR EACH FILTER BANK

3 COOLING / DEHUMIDIFICATION - DX COOLING WITH MODULATING DIGITAL SCROLL COMPRESSORS, MICROCHANNEL CONDENSER COILS WITH FACTORY-APPLIED CORROSION-RESISTANT COATING FOR EXTENDED OUTDOOR DURABILITY; MODULATING ELECTRONIC EXPANSION VALVES FOR HUMIDITY AND DEWPOINT CONTROL
UNDER LOW LOAD CONDITIONS

2 GENERAL - LOW-DEWPOINT PACKAGED RTU WITH FOAM-INJECTED DOUBLE WALL CONSTRUCTION (R-9, DOORS, BASE, ROOF) VAV, FACTORY-INSTALLED ECONOMIZER, MOTORIZED OA DAMPER,  TOOLLESS ACCESS PANELS, UNIT IS DOWNFLOW CONFIGURATION WITH DUAL SUPPLY FANS EACH WITH 7.5 HP MOTOR AND
INDIVIDUAL VFD; ULTRA LOW-LEAK ECONOMIZER WITH REFERENCE ENTHALPY CONTROL AND INTEGRAL BAROMETRIC RELIEF DAMPER

NOTES: 1 REFER TO SPECIFICATIONS FOR FURTHER INFORMATION.

RTU-3 TRANE RX040 VAV A/C 71.8 / 61.5 47.7 / 47.6 51.2 / 49.3 40.0 434.9 303.4 397.9 266.0 EER 11.0 11,500 2,470 2.50 460/3/60 112.0 125 R-454B 6,581 1 - 9 A

GROSS NET GROSS NET

EAT
( °F  db/wb)

COIL LAT
( °F  db/wb)

UNIT LAT
( °F  db/wb)

NOMINAL
TONS

TOTAL (MBH) SENSIBLE (MBH) EFFICIENCY SUPPLY AIRFLOW
(CFM)

OUTSIDE AIRFLOW
(CFM)

ESP      (IN.
WG.)

POWER SUPPLY
(V/PH/HZ)

MCA (A) MOP (A)

DRAWING CODE BASIS OF
DESIGN
MFR

BASIS OF
DESIGN MODEL

SYSTEM TYPE COOLING (AMBIENT @ 95 °F) EVAPORATOR FAN ELECTRICAL REFRIG. TYPE WEIGHT (LBS.) NOTES ACCESSORIES

LOW DEWPOINT VAV PACKAGED UNIT SCHEDULE

0 07-28-25 PERMIT SET

07/28/2025



CND OVRFL (BI)

SAF (AO)

OAT (AI)

RLF DPR (AO)

CMP1 (BO)

RAD (AO)

CMP2 (BO)

SAF (BO)

RLF (BO)

R PPM (AI)

CMP5 (BO)

OAD (AO)
FROSTAT (BI)

SP P (AI)

OA FLW (AI)

CMP3 (BO)

RA CO2 (AI)

SAF (BI)

CMP4 (BO)

FIL (BI)
DAT (AI)

DA SP (AI)

Flow Diagram:  PACKAGED RTU
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Points List:  PACKAGED RTU
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BUILDING STATIC PRESSURE LOCAL
SP P

X X X X X

COMPRESSOR 1 COMMAND
CMP1

X X

COMPRESSOR 2 COMMAND
CMP2

X X

COMPRESSOR 3 COMMAND
CMP3

X X

COMPRESSOR 4 COMMAND
CMP4

X X

COMPRESSOR 5 COMMAND
CMP5

X X

CONDENSATE OVERFLOW

DETECTION LOCAL
CND OVRFL

X X X

COOLING OUTPUT COMMAND
CLG

X X

DISCHARGE AIR STATIC PRESSURE

LOCAL
DA SP

X X X X

DISCHARGE AIR TEMPERATURE
DAT

X X X

DX COIL FROST STAT
FROSTAT

X X X

MIXED AIR DAMPER
MAD

X X

OUTSIDE AIR DAMPER COMMAND
OAD

X X

OUTSIDE AIR FLOW LOCAL
OA FLW

X X

OUTSIDE AIR TEMPERATURE LOCAL
OAT

X X X

PRIMARY FILTER STATUS LOCAL
FIL

X X X

REFRIGERANT LFL

CONCENTRATION ALARM

THRESHOLD SENSOR A
R ALM A

X

REFRIGERANT LFL

CONCENTRATION ALARM

THRESHOLD SENSOR B
R ALM B

X

REFRIGERANT LFL

CONCENTRATION ALARM

THRESHOLD SENSOR C
R ALM C

X

REFRIGERANT LFL

CONCENTRATION ALARM

THRESHOLD SENSOR D
R ALM D

X

REFRIGERANT CONCENTRATION

BAS
R PPM

X

REFRIGERANT HIGH SIDE

PRESSURE (63HS1)
R HI

X

REFRIGERANT LOW SIDE

PRESSURE (63LS)
R LO

X

DUCT REFRIGERANT MONITOR
R PPM

X

REFRIGERANT LEAK DETECTION

SYSTEM INPUT
R IN

X

REFRIGERANT LEAK SENSOR

COMMUNICATION STATUS SENSOR

A
R STS A

X

REFRIGERANT LFL

CONCENTRATION SENSOR A
R PPM A

X

REFRIGERANT LFL

CONCENTRATION SENSOR B
R PPM B

X

REFRIGERANT LFL

CONCENTRATION SENSOR C
R PPM C

X

REFRIGERANT LFL

CONCENTRATION SENSOR D
R PPM D

X

REFRIGERANT MITIGATION ACTIVE
R MGT

X

REFRIGERANT TYPE
R TYPE

X

RELIEF AIR DAMPER COMMAND
RLF DPR

X X

RELIEF AIR FAN START/STOP
RLF

X X

RETURN AIR CO2 LOCAL
RA CO2

X X X

RETURN AIR DAMPER COMMAND
RAD

X X

SUPPLY FAN SPEED
SAF

X

SUPPLY FAN START/STOP
SAF

X X

SUPPLY FAN STATUS LOCAL
SAF

X X

APPLICATION MODE
APP MODE

X

BAS COMMUNICATION STATE
BAS COM

X X

COMPRESSOR ENABLE
CMP ENA

X X

COMPRESSOR LOCKOUT STATUS
CMP LCK

X

COOL OUTPUT
CLG

X

DISCHARGE AIR STATIC PRESSURE

SETPOINT
DA SP SPT

X X

ECONOMIZER ENABLE
ECON ENA

X

ECONOMIZER MINIMUM POSITION

SETPOINT
ECON MIN POS SP

X X

FAN MODE COMMAND
FAN MODE

X

FILTER TIMER HOURS
FIL HRS

X

HEAT / COOL MODE REQUEST
H/C REQ

X X

OCCUPANCY
OCC

X X

OCCUPIED COOLING SETPOINT
OCC CLG SP

X X

SPACE CO2 HIGH LIMIT
SP CO2 HL

X

TIMED OVERRIDE STATUS
TOV

X

UNOCCUPIED COOLING SETPOINT
UNOCC  CLG SP

X X

SEQUENCE OF OPERATION:  PACKAGED RTU GUIDE SPECIFICATION:  PACKAGED RTU

BUILDING AUTOMATION SYSTEM INTERFACE:

THE BUILDING AUTOMATION SYSTEM (BAS) SHALL SEND THE CONTROLLER OCCUPIED

BYPASS, PRE-COOL, OCCUPIED/UNOCCUPIED AND HEAT/COOL MODES. THE BAS SHALL

ALSO SEND THE DISCHARGE AIR TEMPERATURE SETPOINT AND THE DUCT STATIC

PRESSURE SETPOINT. IF A BAS IS NOT PRESENT, OR COMMUNICATION IS LOST WITH THE

BAS THE CONTROLLER SHALL OPERATE USING DEFAULT MODES AND SETPOINTS.

OCCUPIED:

DURING OCCUPIED PERIODS, THE SUPPLY FAN SHALL RUN CONTINUOUSLY AND THE

MIXED AIR DAMPERS SHALL OPEN TO MAINTAIN MINIMUM VENTILATION REQUIREMENTS.

THE UNIT CONTROLLER SHALL CONTROL THE SUPPLY FAN SPEED TO MAINTAIN THE

CURRENT SUPPLY DUCT STATIC PRESSURE SETPOINT (ADJ.). UPON A CALL FOR DX

COOLING, THE UNIT CONTROLLER SHALL ENABLE THE FIRST FIXED SPEED COMPRESSOR.

IF THE FIXED SPEED COMPRESSOR CANNOT SATISFY THE LOAD CONDITIONS, THE UNIT

CONTROLLER SHALL START THE NEXT FIXED SPEED COMPRESSOR IN SEQUENCE TO ADD

TO THE TOTAL UNIT COOLING LOAD PERCENTAGE.  THIS PROCESS SHALL REPEAT UNTIL

ALL OF THE FIXED SPEED COMPRESSORS HAVE BEEN STARTED OR UNTIL THE ACTIVE

DISCHARGE AIR TEMPERATURE SETPOINT IS SATISFIED. IF ECONOMIZING IS ENABLED, THE

OUTDOOR AIR OR MIXED AIR DAMPERS SHALL MODULATE TO MAINTAIN THE DISCHARGE

AIR TEMPERATURE SETPOINT AND THE RELIEF AIR DAMPER SHALL TRACK THE MIXED AIR

DAMPERS. IF THE DISCHARGE AIR TEMPERATURE SENSOR FAILS, THE DX COOLING SHALL

BE DISABLED AND AN ALARM SHALL ANNUNCIATE AT THE BAS.

UNOCCUPIED:

WHEN THE SPACE TEMPERATURE IS ABOVE THE UNOCCUPIED COOLING SETPOINT OF 85.0

DEG. F (ADJ.) THE SUPPLY FAN SHALL BE COMMANDED ON, THE OUTSIDE AIR DAMPER

SHALL OPEN IF ECONOMIZING IS ENABLED AND REMAIN CLOSED IF ECONOMIZING IS

DISABLED AND THE DX COOLING SHALL BE ENABLED.  WHEN THE SPACE TEMPERATURE

FALLS BELOW THE UNOCCUPIED COOLING SETPOINT OF 85.0 DEG. F MINUS THE

UNOCCUPIED DIFFERENTIAL OF 4.0 DEG. F (ADJ.) THE SUPPLY FAN SHALL STOP, THE DX

COOLING SHALL BE DISABLED AND THE OUTSIDE AIR DAMPER SHALL CLOSE.

OPTIMAL START:

THE BAS SHALL MONITOR THE SCHEDULED OCCUPIED TIME, OCCUPIED SPACE SETPOINTS

AND SPACE TEMPERATURE TO CALCULATE WHEN THE OPTIMAL START OCCURS.

OPTIMAL STOP:

THE BAS SHALL MONITOR THE SCHEDULED UNOCCUPIED TIME, OCCUPIED SETPOINTS AND

SPACE TEMPERATURE TO CALCULATE WHEN THE OPTIMAL STOP OCCURS. WHEN THE

OPTIMAL STOP MODE IS ACTIVE THE UNIT CONTROLLER SHALL MAINTAIN THE SPACE

TEMPERATURE TO THE SPACE TEMPERATURE OFFSET SETPOINT. OUTSIDE AIR DAMPER

SHALL REMAIN ENABLED TO PROVIDE MINIMUM VENTILATION.

PRE-COOL MODE:

DURING OPTIMAL START, IF THE AVERAGE SPACE TEMPERATURE IS ABOVE THE OCCUPIED

COOLING SETPOINT, PRE-COOL MODE SHALL BE ACTIVATED. WHEN PRE-COOL IS INITIATED

THE UNIT SHALL ENABLE THE FAN AND COOLING OR ECONOMIZER. THE OUTSIDE AIR

DAMPER SHALL REMAIN CLOSED, UNLESS ECONOMIZING. WHEN THE SPACE

TEMPERATURE REACHES OCCUPIED COOLING SETPOINT (ADJ.), THE UNIT SHALL

TRANSITION TO THE OCCUPIED MODE.

OCCUPIED BYPASS:

THE BAS SHALL MONITOR THE STATUS OF THE ON AND CANCEL BUTTONS OF THE SPACE

TEMPERATURE SENSORS. WHEN AN OCCUPIED BYPASS REQUEST IS RECEIVED FROM A

SPACE SENSOR, THE UNIT SHALL TRANSITION FROM ITS CURRENT OCCUPANCY MODE TO

OCCUPIED BYPASS MODE AND THE UNIT SHALL MAINTAIN THE SPACE TEMPERATURE TO

THE OCCUPIED SETPOINTS (ADJ.).

HEAT/COOL MODE:

COOLING: THE UNIT CONTROLLER SHALL USE THE DISCHARGE AIR TEMPERATURE SENSOR

AND DISCHARGE AIR TEMPERATURE COOLING SETPOINT TO DETERMINE WHEN TO INITIATE

REQUESTS FOR COOLING.  DISCHARGE AIR SETPOINT SHALL BE MAINTAINED BY

CONTROLLING THE COOLING AS REQUIRED.

DISCHARGE AIR TEMPERATURE RESET CONTROL:

THE DISCHARGE AIR TEMPERATURE SETPOINT, 55.0 DEG. F - 65.0 DEG. F (ADJ.) SHALL BE

RESET BASED ON EITHER THE OUTSIDE AIR TEMPERATURE OR SPACE AVERAGE

TEMPERATURE (ADJ.). THE MINIMUM DISCHARGE AIR SETPOINT SHALL BE SET AT 55.0 DEG.

F (ADJ.). THE DISCHARGE TEMPERATURE SENSOR SHALL PREVENT THE DISCHARGE AIR

TEMPERATURE FROM FALLING BELOW THE MINIMUM DISCHARGE AIR SETPOINT (ADJ.).  IF

THE DISCHARGE AIR TEMPERATURE CONTINUES TO FALL, THE DISCHARGE TEMPERATURE

SENSOR SHALL ACT AS A LOW DISCHARGE TEMPERATURE LIMIT, A LOW TEMPERATURE

ALARM SHALL ANNUNCIATE, AND THE UNIT SHALL SHUT DOWN.  IF THE DISCHARGE

TEMPERATURE RISES ABOVE THE HIGH LIMIT SETPOINT THE SENSOR SHALL ACT AS A

HIGH DISCHARGE TEMPERATURE LIMIT AND SHALL KEEP THE UNIT RUNNING, A HIGH

TEMPERATURE ALARM SHALL ANNUNCIATE.

OUTDOOR AIR TEMPERATURE RESET: THE DISCHARGE AIR TEMPERATURE SETPOINT

SHALL BE ADJUSTED BASED ON THE OUTSIDE AIR TEMPERATURE AND THE COOLING AND

HEATING LOAD OF THE BUILDING.

SPACE TEMPERATURE RESET: THE DISCHARGE AIR TEMPERATURE SETPOINT SHALL BE

ADJUSTED BASED ON THE TEMPERATURE OF THE CRITICAL SPACE(S).

ECONOMIZER:

ENABLE (REFERENCE DRY BULB): OUTSIDE AIR (OA) TEMPERATURE SHALL BE COMPARED

WITH A REFERENCE DRY BULB SETPOINT. THE ECONOMIZER SHALL ENABLE WHEN THE OA

TEMPERATURE IS LESS THAN REFERENCE DRY BULB SETPOINT.  THE ECONOMIZER SHALL

BE DISABLED WHEN OA TEMPERATURE IS GREATER THAN REFERENCE DRY BULB

SETPOINT + 2.0 DEG. F.

OPERATION: THE SUPPLY AIR SENSOR SHALL MEASURE THE DRY BULB TEMPERATURE OF

THE AIR LEAVING THE EVAPORATOR COIL WHILE ECONOMIZING. WHEN ECONOMIZING IS

ENABLED AND THE UNIT IS OPERATING IN THE COOLING MODE, THE ECONOMIZER DAMPER

SHALL BE MODULATED BETWEEN ITS MINIMUM POSITION AND 100% TO MAINTAIN THE

DISCHARGE AIR TEMPERATURE SETPOINT. THE ECONOMIZER DAMPER SHALL MODULATE

TOWARD MINIMUM POSITION IN THE EVENT THE DISCHARGE AIR TEMPERATURE FALLS

BELOW THE DISCHARGE LOW LIMIT TEMPERATURE SETPOINT. COMPRESSORS SHALL BE

DELAYED FROM OPERATING UNTIL THE ECONOMIZER HAS OPENED TO 100%.

VENTILATION CONTROL:

WHEN THE SPACE CO2 LEVEL IS GREATER THAN OR EQUAL TO THE DESIGN MINIMUM CO2

SETPOINT, THE OUTDOOR AIR DAMPER SHALL OPEN TO THE DESIGN MINIMUM OUTDOOR

AIR DAMPER SETPOINT. WHEN THE SPACE CO2 LEVEL IS LESS THAN OR EQUAL TO THE

DCV MINIMUM CO2 SETPOINT, THE OUTDOOR AIR DAMPER SHALL CLOSE TO THE DCV

MINIMUM OUTDOOR AIR DAMPER SETPOINT. IF THERE IS A CALL FOR ECONOMIZER

COOLING, THE DAMPER SHALL BE OPENED FURTHER TO SATISFY THE COOLING REQUEST.

SUPPLY FAN:

THE SUPPLY FAN SHALL BE ENABLED WHILE IN THE OCCUPIED MODE AND CYCLED ON

DURING THE UNOCCUPIED MODE.

SUPPLY DUCT STATIC PRESSURE CONTROL:

DURING THE OCCUPIED MODE THE UNIT CONTROLLER SHALL MODULATE THE OUTPUT TO

THE VARIABLE FREQUENCY DRIVE AS REQUIRED TO MAINTAIN THE SUPPLY DUCT STATIC

PRESSURE SETPOINT OF 1.5 INCHES OF W.C. (ADJ.).  IF THE SUPPLY DUCT STATIC

PRESSURE FALLS BELOW 1.3 INCHES OF W.C. (ADJ.) THE UNIT CONTROLLER SHALL

INCREASE THE OUTPUT TO THE VARIABLE FREQUENCY DRIVE TO MAINTAIN SETPOINT.  IF

THE SUPPLY DUCT STATIC PRESSURE RISES ABOVE 1.7 INCHES OF W.C. (ADJ.) THE UNIT

CONTROLLER SHALL DECREASE THE OUTPUT TO THE VARIABLE FREQUENCY DRIVE TO

MAINTAIN SETPOINT.  UPON A CALL FOR HEATING OR COOLING IN THE UNOCCUPIED MODE

THE UNIT CONTROLLER SHALL MODULATE THE SPEED OF THE VARIABLE FREQUENCY

DRIVE TO 100%.

STATIC PRESSURE HIGH LIMIT:

IF FOR ANY REASON THE SUPPLY AIR PRESSURE EXCEEDS THE SUPPLY AIR PRESSURE

HIGH LIMIT, THE SUPPLY FAN SHALL SHUT DOWN. THE UNIT SHALL BE ALLOWED TO

RESTART THREE TIMES AFTER A 15 MINUTE OFF PERIOD. IF THE OVERPRESSURIZATION

CONDITION OCCURS ON THE FOURTH RESTART, THE UNIT SHALL SHUT DOWN AND A

MANUAL RESET DIAGNOSTIC IS DISPLAYED AT THE REMOTE PANEL AND/OR THE BAS

SYSTEM. IF FOR ANY REASON THE SUPPLY AIR PRESSURE EXCEEDS THE FIXED SUPPLY

AIR PRESSURE LIMIT OF 3.5 INCHES OF W.C. THE SUPPLY FAN SHALL SHUT DOWN. THE

UNIT SHALL BE ALLOWED TO RESTART THREE TIMES. IF THE OVER PRESSURIZATION

CONDITION OCCURS ON THE FOURTH RESTART, THE UNIT SHALL SHUT DOWN AND A

MANUAL RESET DIAGNOSTIC IS DISPLAYED AT THE REMOTE PANEL AND/OR THE BAS

SYSTEM.

RELIEF AIR AND BUILDING PRESSURE CONTROL:

A DIFFERENTIAL PRESSURE TRANSDUCER SHALL ACTIVELY MONITOR THE DIFFERENCE IN

PRESSURE BETWEEN THE BUILDING (INDOORS) AND OUTDOORS. IF THE BUILDING

PRESSURE INCREASES ABOVE THE DIFFERENTIAL PRESSURE SETPOINT, THE UNIT

CONTROLLER SHALL OPEN THE RELIEF AIR DAMPER, TURN ON THE RELIEF FAN AND

MODULATE THE RELIEF AIR DAMPER TO CONTROL BUILDING PRESSURE TO THE

DIFFERENTIAL PRESSURE SETPOINT. IF THE BUILDING PRESSURE DECREASES BELOW THE

DIFFERENTIAL PRESSURE SETPOINT, THE ASSOCIATED CONTROLLER SHALL DEACTIVATE

THE RELIEF FAN AND CLOSE THE RELIEF AIR DAMPER.

A DIFFERENTIAL PRESSURE SWITCH SHALL MONITOR THE DIFFERENTIAL PRESSURE

ACROSS THE RELIEF AIR FAN. IF THE SWITCH IS DETECTED TO BE OPEN FOR 40

CONSECUTIVE SECONDS AFTER A REQUEST FOR RELIEF FAN OPERATION A FAN FAILURE

ALARM SHALL ANNUNCIATE AT THE BAS AND THE RELIEF FAN SHALL STOP. A MANUAL

RESET SHALL BE REQUIRED.

FILTER STATUS:

A DIFFERENTIAL PRESSURE SWITCH SHALL MONITOR THE DIFFERENTIAL PRESSURE

ACROSS THE FILTER(S) WHEN THE FAN IS RUNNING. IF THE SWITCH CLOSES DURING

NORMAL OPERATION A DIRTY FILTER ALARM SHALL ANNUNCIATE AT THE BAS.

CONDENSATE OVERFLOW SHUTDOWN:

THE UNIT SHALL SHUT DOWN IN RESPONSE TO A SIGNAL FROM THE CONDENSATE

OVERFLOW SENSOR. THE SENSOR SHALL BE INTERLOCKED TO THE UNIT COOLING

CONTROLLER FOR IMMEDIATE SHUTDOWN OF COOLING.

REFRIGERANT MITIGATION MODE:

THE UNIT CONTROLLER WILL MONITOR THE LEAK DETECTION SYSTEM, WHEN A LEAK IS

DETECTED, AN ALARM WILL PROMPTLY ALERT THE BAS VIA BACNET CHANGE-OF-VALUE

(COV) AND MITIGATION WILL BE ACTIVATED.

IN OCCUPIED MODE, THE SUPPLY FAN WILL
REMAIN OPERATIONAL, AND THE COMPRESSOR(S), ELECTRIC HEATING, FUEL-FIRED

HEATING, ELECTROSTATIC DEVICES, AND ANY OTHER IGNITION DEVICE STARTERS SHALL

BE DISABLED, AND ACTIVATE MECHANICAL VENTILATION (IF IT’S REQUIRED BY SECTION

7.6.4 OF THE ASRAE STANDARD).  FOR THE DURATION OF THE MITIGATION PROCESS PLUS

AN ADDITIONAL 5 MINUTES.

IN UNOCCUPIED MODE, THE SUPPLY FAN WILL REMAIN
OPERATIONAL, AND THE COMPRESSOR(S), ELECTRIC HEATING, FUEL-FIRED HEATING,

ELECTROSTATIC DEVICES, AND ANY OTHER IGNITION DEVICE STARTERS SHALL BE

DISABLED, AND ACTIVATE MECHANICAL VENTILATION (IF IT’S REQUIRED BY SECTION 7.6.4

OF THE ASRAE STANDARD).  FOR THE DURATION OF THE MITIGATION PROCESS PLUS AN

ADDITIONAL 5 MINUTES.

1.1 APPLICATION CONTROLLER FOR PACKAGED ROOFTOP UNITS

A. THE ROOFTOP UNIT (RTU) APPLICATION CONTROLLER SHALL BE A

MICROPROCESSOR-BASED DDC CONTROLLER WHICH, THROUGH HARDWARE OR

FIRMWARE DESIGN, CONTROLS SPECIFIED EQUIPMENT. THE CONTROLLER IS NOT USER

PROGRAMMABLE, BUT IS CUSTOMIZED FOR OPERATION WITHIN THE CONFINES OF THE

EQUIPMENT IT IS DESIGNED TO SERVE.

B. THE APPLICATION CONTROLLER SHALL BE CAPABLE OF OPERATING AS A STAND-ALONE

CONTROLLER OR AS A MEMBER OF A BUILDING AUTOMATION SYSTEM (BAS).

C. WHEN THE APPLICATION CONTROLLER IS OPERATING AS A MEMBER OF A BUILDING

AUTOMATION SYSTEM (BAS), THE APPLICATION CONTROLLER SHALL OPERATE AS

FOLLOWS:

1. APPLICATION CONTROLLER WILL RECEIVE OPERATION MODE COMMANDS FROM THE

BAS NETWORK CONTROLLER. THE BAS COMMANDS SHALL INCLUDE BUT NOT BE LIMITED

TO THE FOLLOW: OCCUPIED HEAT/COOL, UNOCCUPIED HEAT/COOL, MORNING WARM-UP, /

PRE-COOL, OCCUPIED BYPASS).

2. APPLICATION CONTROLLER WILL PROVIDE EQUIPMENT STATUS PARAMETERS TO THE

BAS THROUGH BACNET COMMUNICATION.

3. APPLICATION CONTROLLER WILL OPERATE AS A STAND-ALONE CONTROLLER IN THE

EVENT OF COMMUNICATION FAILURE WITH THE BAS.

4. IN CASE OF COMMUNICATIONS FAILURE STAND-ALONE OPERATION SHALL USE DEFAULT

VALUES OR LAST KNOWN VALUES FOR REMOTE SENSORS READ OVER THE NETWORK

SUCH AS OUTDOOR AIR TEMPERATURE.

D. SOFTWARE

1. TO MEET THE SEQUENCE OF OPERATION FOR EACH ZONE CONTROL, THE CONTROLLER

SHALL USE PROGRAMS DEVELOPED AND TESTED BY THE CONTROLLER MANUFACTURER

THAT ARE EITHER FACTORY LOADED OR CUSTOMIZED WITH USE OF SERVICE TOOL NATIVE

TO THE CONTROLLER.

E. ENVIRONMENT:   CONTROLLER HARDWARE SHALL BE SUITABLE FOR THE ANTICIPATED

AMBIENT CONDITIONS.

1. STORAGE:  -55° TO 203° F (-48° TO 95° C) AND 5 TO 95% RH, NON-CONDENSING.

2. OPERATING:  -40° TO 158° F (-40 TO 70° C) AND 5 TO 95% RH, NON-CONDENSING.

3. CONTROLLERS USED INDOORS SHALL BE MOUNTED IN A NEMA 1 ENCLOSURE AT A

MINIMUM.

4. CONTROLLERS USED OUTDOORS AND/OR IN WET AMBIENT SHALL BE MOUNTED WITHIN

NEMA 4 TYPE WATERPROOF ENCLOSURES, AND SHALL BE RATED FOR OPERATION AT  -40°

TO 158° F  [-40° TO 70° C].

F. CONTROLLER INPUT/OUTPUT:  THE CONTROLLER SHALL HAVE ON BOARD CAPABLE OF

PERFORMING ALL FUNCTIONALITY NEEDED FOR THE APPLICATION.  CONTROLS PROVIDED

BY THE EQUIPMENT MANUFACTURE MUST SUPPLY THE REQUIRED I/O FOR THE

EQUIPMENT.

1. FOR FLEXIBILITY IN SELECTION AND REPLACEMENT OF VALVES, THE CONTROLLERS

SHALL BE CAPABLE OF SUPPORTING ALL OF THE FOLLOWING OUTPUT TYPES; 0-10VDC,

0-5VDC, 4-20MA, BINARY.

2. FOR FLEXIBILITY IN SELECTION AND REPLACEMENT OF SENSORS, THE CONTROLLERS

SHALL BE CAPABLE OF READING SENSOR INPUT RANGES OF 0 TO10V, 0 TO 20MA, PULSE

COUNTS, AND 200 TO 20KOHM.

G. SERVICEABILITY – THE CONTROLLER SHALL PROVIDE THE FOLLOWING IN ORDER TO

IMPROVE SERVICEABILITY OF THE CONTROLLER.

1. DIAGNOSTIC LEDS SHALL INDICATE CORRECT OPERATION OR FAILURES/FAULTS FOR ALL

OF THE FOLLOWING:  POWER, SENSORS, BACNET COMMUNICATIONS, AND I/O

COMMUNICATIONS BUS.

2. ALL BINARY OUTPUT SHALL HAVE LED’S INDICATING THE OUTPUT STATE.

3. ALL WIRING CONNECTORS SHALL REMOVABLE WITHOUT THE USE OF A TOOL.

4. SOFTWARE SERVICE TOOL CONNECTION THROUGH THE FOLLOWING METHODS:  DIRECT

CABLE CONNECTION TO THE CONTROLLER, CONNECTION THROUGH ANOTHER

CONTROLLER ON BACNET LINK.

H. SOFTWARE RETENTION:  ALL ZONE CONTROLLER OPERATING PARAMETERS,

SETPOINTS, BIOS, AND SEQUENCE OF OPERATION CODE MUST BE STORED IN

NON-VOLATILE MEMORY IN ORDER TO MAINTAIN SUCH INFORMATION FOR MONTHS

WITHOUT POWER.

I. CONTROLLER SHALL MEET THE FOLLOWING AGENCY COMPLIANCE:

1. UL916 PAZX, OPEN ENERGY MANAGEMENT EQUIPMENT

2. UL94-5V, FLAMMABILITY

3. FCC PART 15, SUBPART B, CLASS B LIMIT

4. BACNET TESTING LABORATORY (BTL) LISTED

SYSTEM
CONTROLLER

PACKAGED RTU

VAV
TERMINAL

UNIT

PACKAGED RTU
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Flow Diagram:  VARIABLE AIR VOLUME SYSTEM
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Points List:  VARIABLE AIR VOLUME SYSTEM
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Sequence of Operation:  VARIABLE AIR VOLUME SYSTEM

ROOFTOP UNIT VAV AIR SYSTEM:

NOTE:
THIS SEQUENCE OF OPERATIONS DESCRIBES THE “SYSTEM-LEVEL”CONTROL FUNCTIONS OF A ROOFTOP UNIT (RTU) WITH VAV TERMINAL

UNITS THAT ARE PART OF THE AIR SYSTEM, WHICH INCLUDES

COORDINATING THE OPERATION OF THE RTU AND THE ZONE-LEVEL VAV

UNITS DURING THE VARIOUS OPERATING MODES. THE

“EQUIPMENT-LEVEL” CONTROL FUNCTIONS OF THE RTU AND THE

TERMINAL UNITS ARE CONTAINED IN THEIR RESPECTIVE SEQUENCE OF

OPERATIONS DOCUMENTS.

SYSTEM OPERATING MODES:

THE BUILDING AUTOMATION SYSTEM (BAS) CONTROLLER SHALL INCLUDE

A USER-ADJUSTABLE TIME-OF-DAY SCHEDULE TO DEFINE WHEN THE

VARIOUS AREAS OF THE FACILITY ARE EXPECTED TO BE OCCUPIED

VERSUS UNOCCUPIED. THEN, BASED ON CURRENT ZONE CONDITIONS,

THE BAS DETERMINES THE CURRENT SYSTEM OPERATING MODE. THE

BAS CONTROLLER SHALL SEND THE FOLLOWING OPERATING MODES TO

THE UNIT LEVEL CONTROLLERS THAT ARE A MEMBER OF THE AIR SYSTEM:

OCCUPIED HEAT/COOL, UNOCCUPIED HEAT/COOL AND MORNING

WARMUP/PRE-COOL.

OCCUPIED HEAT/COOL:

DURING THE OCCUPIED MODE, EACH VAV TERMINAL UNIT SHALL BE

ACTIVATED TO MAINTAIN ZONE TEMPERATURE AT THE OCCUPIED

SETPOINT (COOLING OR HEATING). MEANWHILE, THE ROOFTOP UNIT (RTU)

MODULATES THE SUPPLY FAN TO DELIVER THE REQUIRED AIRFLOW TO

THE ZONES, POSITIONS THE OUTDOOR-AIR DAMPER TO BRING IN

REQUIRED AMOUNT OF VENTILATION, AND INCREASES/DECREASES THE

SOURCE OF COOLING OR HEATING TO MAINTAIN DISCHARGE AIR AT THE

DESIRED SETPOINT.

UNOCCUPIED HEAT/COOL:

DURING THE UNOCCUPIED MODE, EACH VAV TERMINAL UNIT SHALL BE

ACTIVATED TO MAINTAIN ZONE TEMPERATURE AT THE UNOCCUPIED

SETPOINT (COOLING OR HEATING). MEANWHILE, THE RTU SHUTS OFF,

UNLESS A ZONE REQUIRES UNOCCUPIED COOLING OR HEATING. IF

NEEDED TO OPERATE, THE RTU MODULATES THE SUPPLY FAN TO

DELIVER THE REQUIRED AIRFLOW TO THE ZONES, CLOSES THE

OUTDOOR-AIR DAMPER AND INCREASES/DECREASES THE SOURCE OF

COOLING OR HEATING TO MAINTAIN DISCHARGE AIR AT THE DESIRED

SETPOINT.

MORNING WARM-UP/PRE-COOL:

DURING THE MORNING WARM-UP/PRE-COOL MODE, EACH VAV TERMINAL

SHALL BE ACTIVATED TO RAISE OR LOWER THE ZONE TEMPERATURE TO

THE OCCUPIED SETPOINT (HEATING OR COOLING) AND THEN CLOSES.

MEANWHILE, THE RTU MODULATES THE SUPPLY FAN TO DELIVER THE

REQUIRED AIRFLOW TO THE ZONES, CLOSES THE OUTDOOR-AIR DAMPER

AND INCREASES/DECREASES THE SOURCE OF COOLING OR HEATING TO

MAINTAIN DISCHARGE AIR AT THE DESIRED SETPOINT.

REFRIGERANT MITIGATION MODE:

UPON MITIGATION ACTIVATION, THE VARIABLE AIR SYSTEM (VAS)

APPLICATION IN THE BAS WILL OVERRIDE ALL IDENTIFIED VAV MEMBERS

TO FULLY OPEN DURING MITIGATION WHILE DISABLING ELECTRIC HEAT IN

ANY VAV TERMINALS EQUIPPED WITH IT.

IN OCCUPIED MODE, THE VAS
WILL RELEASE ALL OVERRIDES ONCE THE MITIGATION ACTION HAS

CONCLUDED.

IN UNOCCUPIED MODE, AFTER THE MITIGATION ACTION
HAS CONCLUDED, THE VAS APPLICATION WILL RELEASE ALL OVERRIDES,

EXCEPT FOR THE DESIGNATED BOXES THAT REMAIN OVERRIDDEN IN

UNOCCUPIED MODE IN PREPARATION FOR FUTURE LEAK DETECTION AND

MITIGATION.

OPTIMIZED SYSTEM-LEVEL CONTROL SEQUENCES:

THE BAS CONTROLLER SHALL PERFORM THE FOLLOWING OPTIMIZED

SYSTEM-LEVEL CONTROL STRATEGIES:

OPTIMAL START:

THE BAS SHALL INITIATE OPTIMAL START MODE SUCH THAT THE RTU IS

STARTED AND VAV BOXES ARE ENABLED TO ALLOW THE ZONE

TEMPERATURE TO REACH THE OCCUPIED HEATING OR COOLING

SETPOINT PRIOR TO SCHEDULED OCCUPANCY. THE SYSTEM SHALL WAIT

AS LONG AS POSSIBLE BEFORE STARTING, SO THAT THE TEMPERATURE

IN EACH ZONE REACHES THE OCCUPIED SETPOINT JUST IN TIME FOR

SCHEDULED OCCUPANCY.

OPTIMAL STOP:

THE BAS SHALL INITIATE OPTIMAL STOP MODE SUCH THAT COOLING OR

HEATING IS DISABLED SO THAT THE ZONE TEMPERATURE DOES NOT

DRIFT BEYOND THE OCCUPIED STANDBY SETPOINT BY THE END OF THE

SCHEDULED OCCUPANCY PERIOD. THE RTU SUPPLY FAN SHALL

CONTINUE OPERATING, AND VENTILATION CONTROL SHALL CONTINUE,

THROUGH THE END OF THE SCHEDULED OCCUPANCY PERIOD.

UNOCCUPIED ECONOMIZING (NIGHT PURGE):

BETWEEN 4:00 AM (ADJ.) AND 6:00 AM (ADJ), THE SYSTEM CONTROLLER

SHALL INITIATE UNOCCUPIED ECONOMIZING MODE IF THE CURRENT ZONE

TEMPERATURE IS AT LEAST 1°F WARMER THAN THE OCCUPIED COOLING

SETPOINT AND THE OUTDOOR DRY-BULB TEMPERATURE IS MORE THAN

15°F (ADJ) COOLER THAN THE CURRENT ZONE TEMPERATURE. WHEN

INITIATED, THE RTU IS STARTED (OA DAMPER FULLY OPEN, COOLING

SOURCE IS OFF) AND VAV BOXES ARE ENABLED TO ALLOW THE ZONE

TEMPERATURE TO COOL TO THE OCCUPIED COOLING SETPOINT.

OPTIMIZED CONTROL OF SUPPLY DUCT STATIC PRESSURE

(FAN-PRESSURE OPTIMIZATION):

ALL VALUES BELOW ARE ADJUSTABLE:

1.  IF THE MEASURED AIRFLOW IS LESS THAN 50% OF SET POINT WHILE

SET POINT IS GREATER THAN ZERO AND THE DAMPER POSITION IS

GREATER THAN 95% FOR 1 MINUTE, SEND 3 REQUESTS.

2.   ELSE IF THE MEASURED AIRFLOW IS LESS THAN 70% OF SET POINT

WHILE SET POINT IS GREATER THAN ZERO AND THE DAMPER POSITION IS

GREATER THAN 95% FOR 1 MINUTE, SEND 2 REQUESTS.

3.   ELSE IF THE DAMPER POSITION IS GREATER THAN 95%, SEND 1

REQUEST UNTIL THE DAMPER POSITION IS LESS THAN 85%.

4.   ELSE IF THE DAMPER POSITION IS LESS THAN 95%, SEND 0 REQUESTS.

SYSTEM SHALL DEFAULT TO IGNORING THE FIRST 2 REQUESTS (ADJ).

WHEN REQUESTS > IGNORES THE SYSTEM SHALL RESPOND BY

ADJUSTING SETPOINT UPWARD BY (REQUESTS – IGNORES) * .06 INH20

(ADJ), BUT NO LARGER THAN .13 INH20 (ADJ).  WHEN REQUESTS ARE

EQUAL TO, OR LESS THAN IGNORES THE SETPOINT SHALL BE RESET

DOWNWARD BY -.05 INH20 (ADJ).  SETPOINT SHALL BE BOUND BY A

MINIMUM AND MAXIMUM VALUE WHICH CAN BE SET PER AIR HANDLER.

OPTIMIZED CONTROL OF DISCHARGE AIR TEMPERATURE (DAT RESET):

AT A FREQUENCY OF ONCE EVERY 2 MINUTES (ADJ), THE SYSTEM

CONTROLLER SHALL MONITOR THE ZONE TEMPERATURE AND DAMPER

POSITION OF ALL VAV TERMINAL UNITS. THE SYSTEM CONTROLLER SHALL

CALCULATE A NEW DISCHARGE AIR TEMPERATURE (DAT) SETPOINT

BASED ON THE CRITERIA SHOWN BELOW, AND SEND THIS

NEWLY-CALCULATED DAT SETPOINT TO THE RTU CONTROLLER.

ALL VALUES BELOW ARE ADJUSTABLE.

1.   IF THE ZONE TEMPERATURE EXCEEDS THE ZONE’S COOLING SET

POINT BY 5°F FOR 2 MINUTES, SEND 3 REQUESTS.

2.   ELSE IF THE ZONE TEMPERATURE EXCEEDS THE ZONE’S COOLING SET

POINT BY 3°F FOR 2 MINUTES, SEND 2 REQUESTS.

3.   ELSE IF THE COOLING LOOP IS GREATER THAN 95%, SEND 1 REQUEST

UNTIL THE COOLING LOOP IS LESS THAN 85%.

4.   ELSE IF THE COOLING LOOP IS LESS THAN 95%, SEND 0 REQUESTS.

SYSTEM SHALL DEFAULT TO IGNORING THE FIRST 2 REQUESTS (ADJ).

WHEN REQUESTS > IGNORES THE SYSTEM SHALL RESPOND BY

ADJUSTING SETPOINT DOWNWARD BY (REQUESTS – IGNORES) * -0.3°F

(ADJ), BUT NO LARGER THAN 1.0 °F (ADJ).  WHEN REQUESTS ARE EQUAL

TO, OR LESS THAN IGNORES THE SETPOINT SHALL BE RESET UPWARD BY

0.2°F (ADJ).  SETPOINT SHALL BE BOUND BY A MINIMUM AND MAXIMUM

VALUE WHICH CAN BE SET PER AIR HANDLER.

OPTIMIZED CONTROL OF VENTILATION (DEMAND-CONTROLLED

VENTILATION) WITH RTU RETURN AIR CO2:

WHEN THE BAS TIME-OF-DAY SCHEDULE INDICATES THAT A ZONE IS

OCCUPIED, IF THE CO2 CONCENTRATION MEASURED IN THE ZONE RISES

ABOVE THE DESIRED UPPER LIMIT, THE VAV CONTROLLER SHALL

MODULATE THE VAV DAMPER FURTHER OPEN. INCREASING PRIMARY

AIRFLOW RESULTS IN MORE OUTDOOR AIR DELIVERED TO THE ZONE, BUT

MAY ACTIVATE LOCAL OR REMOTE HEAT (IF EQUIPPED) TO PREVENT THE

ZONE FROM OVER COOLING. CONCURRENTLY, THE RTU CONTROLLER

SHALL ADJUST THE POSITION OF THE OUTDOOR-AIR DAMPER IN

RESPONSE TO THE CO2 CONCENTRATION MEASURED IN THE COMMON

RETURN-AIR DUCT.

Guide Specification:  VARIABLE AIR VOLUME SYSTEM

1.1 VARIABLE AIR SYSTEM - CONTROL SYSTEM DESCRIPTION

A. PROVIDE A NEW AIR SYSTEM CONTROLLER OR BUILDING

AUTOMATION SYSTEM (BAS) TO INTEGRATE AND CONTROL ALL

MECHANICAL EQUIPMENT ASSOCIATED WITH THE VARIABLE AIR

SYSTEM.

1. THE BUILDING AUTOMATION SYSTEM SHALL BE AS INDICATED

ON THE DRAWINGS AND DESCRIBED IN THESE SPECIFICATIONS.

SYSTEM MUST BE FULLY INTEGRATED AND COORDINATED WITH

MECHANICAL EQUIPMENT DDC CONTROLLERS FURNISHED AND

INSTALLED IN THE EQUIPMENT MANUFACTURER’S FACTORY AS

SPECIFIED IN THOSE SECTIONS.  THE INTENT OF THE BAS IS TO

INTEGRATE ALL MECHANICAL EQUIPMENT INTO ONE SYSTEM FOR

GLOBAL MONITORING, CONTROL, AND ALARMING ASSOCIATED

WITH THE BUILDING.  IT IS THE BAS MANUFACTURER’S

RESPONSIBILITY TO PROVIDE ALL THE DESIGN, ENGINEERING,

AND FIELD COORDINATION REQUIRED TO ENSURE ALL

EQUIPMENT SEQUENCE OF OPERATIONS ARE MET AS SPECIFIED

AND THE DESIGNATED BAS OPERATORS HAVE THE CAPABILITY OF

MANAGING THE BUILDING MECHANICAL SYSTEM TO ENSURE

OCCUPANT COMFORT WHILE MAINTAINING ENERGY EFFICIENCY.

2. THE BAS SHALL MEET OPEN STANDARD PROTOCOL

COMMUNICATION STANDARDS (AS DEFINED IN SYSTEM

COMMUNICATIONS SECTION) TO ENSURE THE SYSTEM MAINTAINS

“INTEROPERABILITY” TO AVOID PROPRIETARY ARRANGEMENTS

THAT WILL MAKE IT DIFFICULT FOR THE OWNER TO CONSIDER

OTHER BAS MANUFACTURERS IN FUTURE PROJECTS.

3. DIRECT DIGITAL CONTROL (DDC) TECHNOLOGY SHALL BE USED

TO PROVIDE THE FUNCTIONS NECESSARY FOR CONTROL OF

MECHANICAL SYSTEMS AND TERMINAL DEVICES ON THIS

PROJECT.

4. THE BAS SHALL ACCOMMODATE SIMULTANEOUS MULTIPLE

USER OPERATION.  ACCESS TO THE CONTROL SYSTEM DATA

SHOULD BE LIMITED ONLY BY THE SECURITY PERMISSIONS OF

THE OPERATOR ROLE.  MULTIPLE USERS SHALL HAVE ACCESS TO

ALL VALID SYSTEM DATA.  AN OPERATOR SHALL BE ABLE TO LOG

ONTO ANY WORKSTATION ON THE CONTROL SYSTEM AND HAVE

ACCESS TO ALL APPROPRIATE DATA.

1.2 VARIABLE AIR SYSTEM - APPROVED CONTROL SYSTEM

MANUFACTURES

A. THE FOLLOWING BUILDING AUTOMATION SYSTEM

MANUFACTURES ARE APPROVED TO PROVIDE CONTROLS

SYSTEMS FOR THE VARIABLE AIR SYSTEM PROJECT

1. TRANE TRACER® - BASIS OF DESIGN

1.3 VARIABLE AIR SYSTEM - COMMUNICATIONS

A. SYSTEM COMMUNICATIONS

1. EACH WORKSTATION, BUILDING CONTROLLER, AND EQUIPMENT

CONTROLLER COMMUNICATION INTERFACE SHALL UTILIZE THE

BACNET PROTOCOL WITH AN ETHERNET (IEEE 802.3, 802.11),

RS485 (EIA-485), OR ZIGBEE (802.15.4) PHYSICAL INTERFACE AND

AN APPROPRIATE DATA LINK TECHNOLOGY AS DEFINED IN

ANSI®/ASHRAE® STANDARD 135-2012.  (E.G. BACNET IP, BACNET

IPV6, BACNET MS/TP, BACNET ZIGBEE).

2. ALL SYSTEM CONTROLLERS SHALL BE BTL LISTED AS A BACNET

BUILDING CONTROLLER (B-BC) AS DEFINED IN ANSI®/ASHRAE®

STANDARD 135-2012.

3. ALL DOCUMENTED STATUS AND CONTROL POINTS, SCHEDULE,

ALARM, AND DATA-LOG SERVICES OR OBJECTS SHALL BE

AVAILABLE AS STANDARD OBJECT TYPES AS DEFINED IN

ANSI®/ASHRAE® STANDARD 135-2012.

4. EACH SYSTEM CONTROLLER SHALL COMMUNICATE WITH A

NETWORK OF CUSTOM APPLICATION AND APPLICATION SPECIFIC

CONTROLLERS UTILIZING ONE OR MORE OF THE INTERFACES

DOCUMENTED WITHIN FIELD BUS COMMUNICATIONS BELOW.

5. FOR MINIMALLY MANAGED IP NETWORKS, BACNET

COMMUNICATION SHALL SUPPORT BACNET SECURE CONNECT

(BACNET/SC), A SECURE AND ENCRYPTED DATALINK LAYER

SPECIFICALLY DESIGN FOR THOSE NETWORKS.

B. FIELD BUS COMMUNICATIONS

1. BACNET

A. ALL EQUIPMENT AND PLANT CONTROLLERS SHALL BE BTL

LISTED AS A BACNET APPLICATION SPECIFIC CONTROLLER

(B-ASC) OR A BACNET ADVANCED APPLICATION CONTROLLER

(B-AAC) AS DEFINED IN ANSI®/ASHRAE® STANDARD 135-2012.

B. ALL COMMUNICATION SHALL CONFORM TO ANSI®/ASHRAE®

STANDARD 135-2012.

C. SYSTEM CONTROLLER SHALL FUNCTION AS A BACNET ROUTER

TO EACH UNIT CONTROLLER PROVIDING A GLOBALLY UNIQUE

BACNET DEVICE ID FOR ALL BACNET CONTROLLERS WITHIN THE

SYSTEM.

D. BACNET ZIGBEE

1) COMMUNICATION BETWEEN SYSTEM CONTROLLER AND

EQUIPMENT/PLANT CONTROLLERS SHALL UTILIZE BACNET ZIGBEE

AS DEFINED IN ANSI®/ASHRAE® STANDARD 135-2012.

2) EACH EQUIPMENT CONTROLLER WIRELESS COMMUNICATION

INTERFACE SHALL SELF-HEAL TO MAINTAIN OPERATION IN THE

EVENT OF NETWORK COMMUNICATION FAILURE.

3) EACH ZONE SENSOR WIRELESS COMMUNICATION INTERFACE

SHALL BE CAPABLE OF MANY-TO-ONE SENSORS PER

CONTROLLER TO SUPPORT AVERAGING, MONITORING, AND

MULTIPLE ZONE APPLICATIONS.  SENSING OPTIONS SHALL

INCLUDE TEMPERATURE, RELATIVE HUMIDITY, CO2, AND

OCCUPANCY.

E. BACNET MS/TP

1) COMMUNICATION BETWEEN SYSTEM CONTROLLER AND

EQUIPMENT/PLANT CONTROLLERS SHALL UTILIZE BACNET MS/TP

AS DEFINED IN ANSI®/ASHRAE® STANDARD 135-2012.

F. POINTS WITHIN LONTALK EQUIPMENT/PLANT CONTROLLERS

SHALL BE EXPOSED AS STANDARD BACNET POINTS WITHIN THE

SYSTEM CONTROLLER WITHOUT NEED FOR MANUAL

INTERVENTION BY AN OPERATOR.

1.4 VARIABLE AIR SYSTEM - OPERATOR INTERFACE

A. PROVIDE OPERATOR WEB INTERFACE TO ALLOW SYSTEM

OPERATORS TO VIEW AND ADJUST VARIABLE AIR SYSTEM

STATUS, SET-POINTS AND ALARMS.

1. MANUFACTURER SHALL PROVIDE A USER INTERFACE WITH

TIME-OF-DAY SCHEDULES, DATA COLLECTION, DASHBOARDS,

REPORTS AND BUILDING SUMMARY, SYSTEM APPLICATIONS, AND

SELF-EXPIRING TIMED OVERRIDES.  MANUFACTURER SHALL

PROVIDE A PUBLISHED USER AND APPLICATIONS GUIDE(S) THAT

DETAIL THE SYSTEM APPLICATION OPERATION, CONFIGURATION,

SETUP AND TROUBLESHOOTING.

2. THE BUILDING OPERATOR WEB INTERFACE SHALL BE

ACCESSIBLE VIA A WEB BROWSER WITHOUT REQUIRING ANY

“PLUG-INS” (I.E. JAVA RUNTIME ENVIRONMENT (JRE), ADOBE

FLASH).

3. USER ROLES

A. THE SYSTEM SHALL INCLUDE PRE-DEFINED “ROLES” THAT

ALLOW A SYSTEM ADMINISTRATOR TO QUICKLY ASSIGN

PERMISSIONS TO A USER.

B. USER LOGON/LOGOFF ATTEMPTS SHALL BE RECORDED.

C. THE SYSTEM SHALL PROTECT ITSELF FROM UNAUTHORIZED

USE BY AUTOMATICALLY LOGGING OFF FOLLOWING THE LAST

KEYSTROKE.  THE DELAY TIME SHALL BE USER DEFINABLE.

4. ON-LINE HELP AND TRAINING

A. PROVIDE A CONTEXT SENSITIVE, ON LINE HELP SYSTEM TO

ASSIST THE OPERATOR IN OPERATION AND CONFIGURATION OF

THE SYSTEM.

B. ON-LINE HELP SHALL BE AVAILABLE FOR ALL SYSTEM

FUNCTIONS AND SHALL PROVIDE THE RELEVANT DATA FOR EACH

PARTICULAR SCREEN.

5. EQUIPMENT AND APPLICATION PAGES

A. THE OPERATOR WEB INTERFACE SHALL INCLUDE STANDARD

PAGES FOR ALL EQUIPMENT AND APPLICATIONS.  THESE PAGES

SHALL ALLOW AN OPERATOR TO OBTAIN INFORMATION RELEVANT

TO THE OPERATION OF THE EQUIPMENT AND/OR APPLICATION,

INCLUDING:

1) ANIMATED EQUIPMENT GRAPHICS FOR EACH MAJOR PIECE OF

EQUIPMENT AND FLOOR PLAN IN THE SYSTEM.  THIS INCLUDES:

A) EACH CHILLER, AIR HANDLER, VAV TERMINAL, FAN COIL,

BOILER, AND COOLING TOWER.  THESE GRAPHICS SHALL SHOW

ALL POINTS DYNAMICALLY AS SPECIFIED IN THE POINTS LIST.

B) ANIMATION CAPABILITIES SHALL INCLUDE THE ABILITY TO

SHOW A SEQUENCE OF IMAGES REFLECTING THE POSITION OF

ANALOG OUTPUTS, SUCH AS VALVE OR DAMPER POSITIONS.

GRAPHICS SHALL BE CAPABLE OF LAUNCHING OTHER WEB PAGES.

2) ALARMS RELEVANT TO THE EQUIPMENT OR APPLICATION

WITHOUT REQUIRING A USER TO NAVIGATE TO AN ALARM PAGE

AND PERFORM A FILTER.

3) HISTORICAL DATA (AS DEFINED IN DATA LOG SECTION BELOW)

FOR THE EQUIPMENT OR APPLICATION WITHOUT REQUIRING A

USER TO NAVIGATE TO A DATA LOG PAGE AND PERFORM A FILTER.

6. PROVIDE VARIABLE AIR SYSTEM GRAPHICS:  AN OPERATOR

SHALL BE ABLE TO VIEW AND CONTROL (WHERE APPLICABLE) THE

FOLLOWING PARAMETERS VIA THE OPERATOR WEB INTERFACE:

A. SYSTEM MODE

B. SYSTEM OCCUPANCY

C. VENTILATION (OUTDOOR AIR FLOW) SETPOINT

D. VENTILATION (OUTDOOR AIR FLOW) STATUS

E. AIR HANDLER STATIC PRESSURE SETPOINT

F. AIR HANDLER STATIC PRESSURE STATUS

G. AIR HANDLER OCCUPANCY STATUS

H. AIR HANDLER SUPPLY AIR COOLING AND HEATING SET POINTS

I. AIR HANDLER MINIMUM, MAXIMUM AND NOMINAL STATIC

PRESSURE SETPOINTS

J. VAV BOX MINIMUM AND MAXIMUM FLOW

K. VAV BOX DRIVE OPEN AND CLOSE OVERRIDES

L. VAV BOX AIRFLOW TO SPACE

M. AVERAGE SPACE TEMPERATURE

N. MINIMUM SPACE TEMPERATURE

O. MAXIMUM SPACE TEMPERATURE

7. SYSTEM GRAPHICS. BUILDING OPERATOR WEB INTERFACE

SHALL BE GRAPHICALLY BASED AND SHALL INCLUDE AT LEAST

ONE GRAPHIC PER PIECE OF EQUIPMENT OR OCCUPIED ZONE,

GRAPHICS FOR EACH CHILLED WATER AND HOT WATER SYSTEM,

AND GRAPHICS THAT SUMMARIZE CONDITIONS ON EACH FLOOR

OF EACH BUILDING INCLUDED IN THIS CONTRACT. INDICATE

THERMAL COMFORT ON FLOOR PLAN SUMMARY GRAPHICS USING

COLORS TO REPRESENT ZONE TEMPERATURE RELATIVE TO ZONE

SET POINT.

A. GRAPHIC IMAGERY – GRAPHICS SHALL USE 3D IMAGES FOR ALL

STANDARD AND CUSTOM GRAPHICS.  THE ONLY ALLOWABLE

EXCEPTIONS WILL BE PHOTO IMAGES, MAPS, SCHEMATIC

DRAWINGS, AND SELECTED FLOOR PLANS.

B. ANIMATION. GRAPHICS SHALL BE ABLE TO ANIMATE BY

DISPLAYING DIFFERENT IMAGE LIES FOR CHANGED OBJECT

STATUS.

C. ALARM INDICATION. INDICATE AREAS OR EQUIPMENT IN AN

ALARM CONDITION USING COLOR OR OTHER VISUAL INDICATOR

8. GRAPHICS LIBRARY.  FURNISH A LIBRARY OF STANDARD HVAC

EQUIPMENT SUCH AS CHILLERS, AIR HANDLERS, TERMINALS, FAN

COILS, UNIT VENTILATORS, ROOFTOP UNITS, AND VAV BOXES, IN

3-DIMENSIONAL GRAPHIC DEPICTIONS. THE LIBRARY SHALL BE

FURNISHED IN A FILE FORMAT COMPATIBLE WITH THE GRAPHICS

GENERATION PACKAGE PROGRAM

9. MANUAL CONTROL AND OVERRIDE.

A. POINT CONTROL.  PROVIDE A METHOD FOR A USER TO VIEW,

OVERRIDE, AND EDIT IF APPLICABLE, THE STATUS OF ANY OBJECT

AND PROPERTY IN THE SYSTEM.  THE POINT STATUS SHALL BE

AVAILABLE BY MENU, ON GRAPHICS OR THROUGH CUSTOM

PROGRAMS.

B. TEMPORARY OVERRIDES.  THE USER SHALL BE ABLE TO

PERFORM A TEMPORARY OVERRIDE WHEREVER AN OVERRIDE IS

ALLOWED, AUTOMATICALLY REMOVING THE OVERRIDE AFTER A

SPECIFIED PERIOD OF TIME.

C. OVERRIDE OWNERS.  THE SYSTEM SHALL CONVEY TO THE

USER THE OWNER OF EACH OVERRIDE FOR ALL PRIORITIES THAT

AN OVERRIDE EXISTS.

D. PROVIDE A SPECIFIC ICON TO SHOW TIMED OVERRIDE OR

OPERATOR OVERRIDE, WHEN A POINT, UNIT CONTROLLER OR

APPLICATION HAS BEEN OVERRIDDEN MANUALLY.

10. SCHEDULING. - THE SCHEDULING APPLICATION SHALL

PROVIDE GRAPHICAL REPRESENTATION OF THE DAY, WEEK,

MONTH AND EXCEPTION EVENTS.

11. ALARM/EVENT NOTIFICATION

A. ALARM/EVENT LOG.  THE OPERATOR SHALL BE ABLE TO VIEW

ALL LOGGED SYSTEM ALARMS/EVENTS FROM ANY BUILDING

OPERATOR WEB INTERFACE.

1) THE OPERATOR SHALL BE ABLE TO SORT AND FILTER ALARMS

FROM EVENTS. ALARMS SHALL BE SORTED IN A MINIMUM OF 4

CATEGORIES BASED ON SEVERITY.

2) THE OPERATOR SHALL BE ABLE TO ACKNOWLEDGE AND ADD

COMMENTS TO ALARMS

3) ALARM/EVENT MESSAGES SHALL USE FULL LANGUAGE, EASILY

RECOGNIZED DESCRIPTORS.

B. ALARM SUPPRESSION. ALARMS SHALL BE ABLE TO BE

SUPPRESSED BASED ON LOAD/SOURCE RELATIONSHIPS TO

PRESENT THE LIKELY ROOT CAUSE TO THE BUILDING OPERATOR

AS DESCRIBED IN ASHRAE GUIDELINE 36. LOAD/SOURCE

RELATIONSHIPS SHALL BE CONFIGURABLE BY THE USER

THROUGH A WEB INTERFACE.

12. REPORTS AND LOGS.

A. THE BUILDING OPERATOR WEB INTERFACE SHALL PROVIDE A

REPORTING PACKAGE THAT ALLOWS THE OPERATOR TO SELECT

REPORTS.

B. THE BUILDING OPERATOR WEB INTERFACE SHALL PROVIDE THE

ABILITY TO SCHEDULE REPORTS TO RUN AT SPECIFIED

INTERVALS OF TIME.

C. THE FOLLOWING STANDARD REPORTS SHALL BE AVAILABLE

WITHOUT REQUIRING A USER TO MANUALLY CONFIGURE THE

REPORT:

1) ALL POINTS IN OVERRIDE REPORT: PROVIDE AN ON DEMAND

REPORT SHOWING ALL OVERRIDES IN EFFECT.

2) COMMISSIONING REPORT: PROVIDE A ONE-TIME REPORT THAT

LISTS ALL EQUIPMENT WITH THE UNIT CONFIGURATION AND

PRESENT OPERATION.

3) ALL POINTS IN ALARM REPORT: PROVIDE AN ON DEMAND

REPORT SHOWING ALL CURRENT ALARMS.

4) POINTS REPORT: PROVIDE A REPORT THAT LISTS THE

CURRENT VALUE OF ALL POINTS

D. THE CONTROLS VENDOR SHALL PROVIDE A HARDENING

REPORT THAT SUMMARIZES THE PORT CONFIGURATION DETAILS

TO ENSURE SITES HAVE NOT BEEN EXPOSED TO THE INTERNET IN

ALIGNMENT WITH CYBER SECURITY BEST PRACTICES.

B. PROVIDE MOBILE APP INTERFACE

1. CONTROLS MANUFACTURER SHALL PROVIDE A PHONE/TABLET

INTERFACE WITH THE ABILITY TO VIEW/OVERRIDE STATUS AND

SETPOINTS, VIEW/CHANGE SCHEDULES,

VIEW/ACKNOWLEDGE/COMMENT ON ALARMS, AND VIEW

GRAPHICS FOR ALL SPACES AND EQUIPMENT.  THIS

PHONE/TABLET INTERFACE SHALL RESIZE ITSELF

APPROPRIATELY FOR THE SIZE OF THE INTERFACE (I.E. NO

"PINCHING AND ZOOMING" REQUIRED).  THIS PHONE/TABLET

INTERFACE SHALL FUNCTION REMOTELY FROM THE FACILITY

WHILE FOLLOWING IT SECURITY BEST PRACTICES (E.G. NO PORTS

EXPOSED TO THE INTERNET).

2. PROVIDE MOBILE (SMART PHONE OR TABLET) INTERFACES TO

THE BUILDING AUTOMATION SYSTEM, COMPATIBLE WITH IOS AND

ANDROID OPERATING SYSTEMS.

3. CONTROLS MANUFACTURER SHALL PROVIDE A PHONE/TABLET

INTERFACE WITH THE ABILITY TO VIEW/OVERRIDE STATUS AND

SETPOINTS, VIEW/CHANGE SCHEDULES,

VIEW/ACKNOWLEDGE/COMMENT ON ALARMS, AND VIEW

GRAPHICS FOR ALL SPACES AND EQUIPMENT.

4. THIS PHONE/TABLET INTERFACE SHALL RESIZE ITSELF

APPROPRIATELY FOR THE SIZE OF THE INTERFACE (I.E. NO

"PINCHING AND ZOOMING" REQUIRED).

5. THIS PHONE/TABLET INTERFACE SHALL FUNCTION REMOTELY

FROM THE FACILITY WHILE FOLLOWING IT SECURITY BEST

PRACTICES (E.G. NO PORTS EXPOSED TO THE INTERNET).

6. THE OPERATOR INTERFACE SHALL SUPPORT SYSTEM ACCESS

ON A MOBILE DEVICE VIA A MOBILE APP TO:

A. ALARM LOG

B. SYSTEM STATUS

C. EQUIPMENT STATUS

D. SPACE STATUS

E. STANDARD EQUIPMENT GRAPHICS

F. OVERRIDE SET POINTS

G. OVERRIDE OCCUPANCY

H. ACKNOWLEDGE ALARMS

I. ADD COMMENT(S) TO ALARMS

1.5 VARIABLE AIR SYSTEM - BUILDING / SYSTEM CONTROLLERS

A. THERE SHALL BE ONE OR MORE INDEPENDENT, STANDALONE

MICROPROCESSOR BASED SYSTEM CONTROLLERS TO MANAGE

THE GLOBAL STRATEGIES DESCRIBED IN CONTROLLER

SOFTWARE SECTION.

1. THE CONTROLLER SHALL PROVIDE A USB COMMUNICATIONS

PORT FOR CONNECTION TO A PC.

2. THE OPERATING SYSTEM OF THE CONTROLLER SHALL MANAGE

THE INPUT AND OUTPUT COMMUNICATIONS SIGNALS TO ALLOW

DISTRIBUTED CONTROLLERS TO SHARE REAL AND VIRTUAL POINT

INFORMATION AND ALLOW CENTRAL MONITORING AND ALARMS.

3. ALL SYSTEM CONTROLLERS SHALL HAVE A REAL TIME CLOCK

AND SHALL BE ABLE TO ACCEPT A BACNET TIME

SYNCHRONIZATION COMMAND FOR AUTOMATIC TIME

SYNCHRONIZATION.

4. DATA SHALL BE SHARED BETWEEN NETWORKED SYSTEM

CONTROLLERS.

5. SERVICEABILITY – THE SYSTEM CONTROLLER SHALL HAVE A

DISPLAY ON THE MAIN BOARD THAT INDICATES THE CURRENT

OPERATING MODE OF THE CONTROLLER.

B. CONTROLS MANUFACTURER SHALL PROVIDE SECURE REMOTE

ACCESS TO THE BUILDING AUTOMATION SYSTEM (BAS).  SECURE

REMOTE ACCESS SHALL NOT REQUIRE IP PORTS TO BE

"EXPOSED" (I.E. PORT-FORWARDED OR EXTERNAL PUBLIC IP

ADDRESSES) TO THE INTERNET.  CONTROLS MANUFACTURER

SHALL UPDATE SECURE REMOTE ACCESS SOFTWARE AS

NECESSARY TO FOLLOW CYBER SECURITY BEST PRACTICES AND

RESPOND TO CYBER SECURITY EVENTS.

1.6 VARIABLE AIR SYSTEM - CONTROLLER SOFTWARE

A. VARIABLE AIR SYSTEM CONTROLS MANUFACTURER SHALL

PROVIDE STANDARD APPLICATIONS TO DELIVER HVAC SYSTEM

CONTROL.  STANDARD APPLICATIONS INCLUDE TIME OF DAY

SCHEDULING WITH OPTIMAL START/STOP, VAV AIR SYSTEMS

CONTROL, CHILLER PLANT CONTROL, HISTORICAL TREND LOGS

AND TRIM AND RESPOND.  MANUFACTURER SHALL PROVIDE

SYSTEM OPTIMIZATION STRATEGIES FOR FUNCTIONS SUCH AS

FAN PRESSURE OPTIMIZATION AND VENTILATION OPTIMIZATION.

B. FURNISH THE FOLLOWING APPLICATIONS SOFTWARE FOR

BUILDING AND ENERGY MANAGEMENT. ALL SOFTWARE

APPLICATIONS SHALL RESIDE AND RUN IN THE SYSTEM

CONTROLLERS.  EDITING OF APPLICATIONS SHALL OCCUR AT THE

BUILDING OPERATOR INTERFACE.

1. VAV AIR SYSTEMS APPLICATIONS

A. THE BAS SHALL PROVIDE AIR SYSTEM APPLICATIONS THAT

COORDINATE AIR HANDLERS (AHU)/ROOFTOP UNITS (RTU) AND

VARIABLE AIR VOLUME TERMINAL EQUIPMENT.

B. THE AIR SYSTEM APPLICATIONS SHALL PERFORM THE

FOLLOWING FUNCTIONS:

1) STARTUP AND SHUTDOWN THE AIR HANDLER SAFELY. ENSURE

THE VAV BOXES ARE OPEN SUFFICIENTLY WHEN THE AIR

HANDLER IS RUNNING, TO PREVENT DAMAGE TO THE DUCTWORK

AND VAV BOXES DUE TO HIGH AIR PRESSURE.

2) OPTIMIZED CONTROL OF SUPPLY DUCT STATIC PRESSURE

(ASHRAE 90.1, GUIDELINE 36) - MINIMIZE ENERGY USAGE BY

CONTROLLING SYSTEM STATIC PRESSURE TO THE LOWEST LEVEL

WHILE MAINTAINING ZONE AIRFLOW REQUIREMENTS. TRIM AND

RESPOND RESET LOGIC SHALL RESET SETPOINT WITHIN THE

RANGE OF  MIN AND MAX VALUES BASED ON ZONE REQUESTS.

3) DURING COMMISSIONING, AND WITH THE ENGINEER/OWNER,

THE CONTROLS CONTRACTOR SHALL CONFIRM THE

PERFORMANCE OF OPTIMIZED CONTROL OF SUPPLY DUCT STATIC

PRESSURE BY CONDUCTING A FIELD FUNCTIONAL TEST THAT

DEMONSTRATES CRITICAL ZONE RESET.

4) DEMAND CONTROLLED VENTILATION – THE ACTIVE

VENTILATION SETPOINT SHALL MODULATE BETWEEN THE

OCCUPIED VENTILATION AND OCCUPIED STANDBY VENTILATION

SETPOINT; RESETTING THE SETPOINT BASED ON CO2 LEVELS IN

THE SPACE.

5) DISCHARGE  AIR TEMPERATURE RESET (ASHRAE 90.1,

GUIDELINE 36) - MINIMIZE ENERGY USAGE BY CONTROLLING

DISCHARGE AIR TEMPERATURE IN RESPONSE TO BUILDING

LOADS AND OUTDOOR AIR TEMPERATURE.  TRIM AND RESPOND

RESET LOGIC SHALL RESET SETPOINT WITHIN THE RANGE OF MIN

AND MAX VALUES BASED ON ZONE REQUESTS.

C. THE AIR SYSTEMS APPLICATION SHALL PROVIDE A USER

INTERFACE THAT INCLUDES STATUS OF CURRENT SYSTEM

OPERATION WITH REAL TIME DATA OF KEY OPERATING

PARAMETERS. KEY OPERATING PARAMETERS FOR GUIDELINE 36

INCLUDE:

1) DUCT STATIC PRESSURE

2) DUCT STATIC OPTIMIZATION SETPOINT

3) OUTDOOR AIRFLOW

4) VENTILATION OPTIMIZATION SETPOINT

5) DUCT STATIC OPTIMIZATION MAXIMUM VAV DAMPER/SOURCE

VAV BOX

6) VENTILATION OPTIMIZATION MAXIMUM VAV VENT

RATIO/SOURCE VAV BOX

7) DISCHARGE AIR TEMPERATURE

8) DISCHARGE AIR TEMPERATURE OPTIMIZATION SETPOINT

9) DUCT STATIC OPTIMIZATION SYSTEM REQUESTS

10) DISCHARGE AIR TEMPERATURE OPTIMIZATION SYSTEM

REQUESTS

D. THE AIR SYSTEM APPLICATION STATUS SCREENS SHALL

EXPLAIN WHAT OPTIMIZATION CALCULATIONS ARE OCCURRING,

CRITICAL PARAMETERS, AND SOURCE EQUIPMENT MEMBERS.

E. THE AIR SYSTEMS APPLICATIONS SHALL PROVIDE A USER

INTERFACE THAT ENABLES CONFIGURATION CHANGES MADE BY

SWIPE AND TYPE FIELDS, SELECTION LIST, AND CHECK BOX

ENTRY FOR FEATURE DEFINITION:

1) VAV AUXILIARY NIGHT HEAT

2) VAV SOURCE TEMPERATURE DISTRIBUTION

3) START/STOP DELAY OPERATION

4) ENABLE/DISABLE OPTIMIZATION STRATEGIES

F. THE OPERATION OF VAV TERMINAL EQUIPMENT MEMBERS OF

THE VAV AIR SYSTEM SHALL BE SELECTED BY CHECK BOX TO

OPTIONALLY PARTICIPATE IN THE FOLLOWING FUNCTIONS WHEN

FOR GUIDELINE 36 APPLICATIONS:

1) SYSTEM CALCULATIONS (MIN, MAX, AVERAGE)

2) DUCT PRESSURE OPTIMIZATION

3) VENTILATION OPTIMIZATION

4) DRIVE TO MAXIMUM OVERRIDE

5) COMMON SOURCE TEMPERATURE

6) COMMON SPACE

7) DISCHARGE AIR TEMPERATURE OPTIMIZATION

G. THE AIR SYSTEM APPLICATION VENDOR SHALL PROVIDE A

PUBLISHED APPLICATIONS GUIDE THAT DETAILS THE AIR SYSTEM

APPLICATION OPERATION, CONFIGURATION, SETUP, AND

TROUBLESHOOTING.  THE APPLICATIONS GUIDE DOCUMENTATION

SHALL BE MAINTAINED UNDER VERSION CONTROL, AND UPDATED

BY THE MANUFACTURE TO REFLECT MOST RECENT FEATURE

UPDATES AS MADE AVAILABLE. CONTENTS OF THE GUIDE SHALL

INCLUDE:

1) DESCRIPTION OF SYSTEM OPERATION

2) REQUIRED COMPONENTS

3) SEQUENCES OF OPERATION

4) INSTALLATION

5) CONTROLLER SETUP

6) REQUIRED PROGRAMMING

7) COMMISSIONING

8) OPTIMIZATION STRATEGIES

9) SPECIAL APPLICATIONS

10) TROUBLESHOOTING

H. THE AIR SYSTEM APPLICATION SHALL PRESENT IN PLAIN USER

LANGUAGE THE CURRENT OPERATION WITH SOURCE ZONE

INFORMATION AND RESET EVENTS.

C. TREND LOGS

1. THE SYSTEM SHALL HARVEST TREND LOGS FOR DEFINED KEY

MEASUREMENTS FOR EACH CONTROLLED HVAC DEVICE AND

HVAC APPLICATION. TREND LOGS SHALL BE CAPTURED FOR A

MINIMUM OF 5 KEY OPERATING POINTS FOR EACH PIECE OF HVAC

EQUIPMENT AND HVAC APPLICATION AND STORED FOR NO LESS

THAN 1 YEAR AT 15-MINUTE INTERVALS.  DATA LOGS SHALL BE

CAPABLE OF BEING CONFIGURED ON AN INTERVAL OR CHANGE

OF VALUE BASIS.

A. VARIABLE AIR SYSTEM (VAS)

1) DUCT STATIC OPTIMIZATION DUCT STATIC SETPOINT

2) SPACE TEMPERATURE AVERAGE

3) VENTILATION OPTIMIZATION AIR SETPOINT

4) OPERATING MODE

5) DUCT PRESSURE OPTIMIZATION MAXIMUM

B. AIR HANDLING UNIT/ROOFTOP (VAV)

1) DISCHARGE AIR TEMPERATURE

2) DISCHARGE AIR TEMPERATURE SETPOINT ACTIVE

3) SPACE TEMPERATURE ACTIVE

4) COOLING CAPACITY STATUS

5) DISCHARGE AIR FLOW

C. VAV BOX

1) DISCHARGE AIR TEMPERATURE

2) SPACE TEMPERATURE ACTIVE

3) SPACE TEMPERATURE SETPOINT ACTIVE

4) AIR FLOW SETPOINT ACTIVE

5) DISCHARGE AIR FLOW

D. TRIM AND RESPOND

1. THE BAS SHALL PROVIDE A SETPOINT RESET APPLICATION

PROGRAM BASED ON ‘TRIM AND RESPOND’ FUNCTIONALITY AS

OUTLINED IN ASHRAE GUIDELINE 36.

1.7 VARIABLE AIR SYSTEM - BYPASS DAMPER CONTROLLER

1. SOFTWARE SERVICE TOOL CONNECTION THROUGH ALL OF THE

FOLLOWING METHODS:  DIRECT CABLE CONNECTION TO THE

CONTROLLER, CONNECTION THROUGH ANOTHER CONTROLLER

ON BACNET LINK
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Flow Diagram:  VAV TERMINAL UNIT
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Points List:  VAV TERMINAL UNIT
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AIR VLV

X X

DISCHARGE AIR TEMPERATURE
DAT

X X X X X

LOCAL HEAT ELECTRIC SCR OUTPUT
EH

X X

SPACE OCCUPANCY INPUT
SP OCC

X X

SPACE TEMPERATURE LOCAL
SPT

X X

SPACE TEMPERATURE SETPOINT

LOCAL
SPT SP

X X

SUPPLY AIRFLOW
DA FLW

X X X X

BAS COMMUNICATION STATE
BAS COM

X X

DESIGN HEAT DISCHARGE AIR TEMP

SETPOINT
DSNG HT DAT SP

X

MAXIMUM COOLING AIRFLOW

SETPOINT
MAX CLG FLW SP

X

MINIMUM COOLING AIRFLOW

SETPOINT
MIN CLG FLW SP

X

MAXIMUM HEATING AIRFLOW

SETPOINT
MAX HTG FLW SP

X

MINIMUM HEATING AIRFLOW

SETPOINT
MIN HTG FLW SP

X

OCCUPIED BYPASS TIMER
OCC TMR

X X

OCCUPIED COOLING SETPOINT
OCC CLG SP

X X

OCCUPIED HEATING SETPOINT
OCC HTG SP

X X

UNOCCUPIED COOLING SETPOINT
UNOCC CLG SP

X X

UNOCCUPIED HEATING SETPOINT
UNOCC HTG SP

X X

Sequence of Operation:  VAV TERMINAL UNIT

BUILDING AUTOMATION SYSTEM INTERFACE:

THE BUILDING AUTOMATION SYSTEM (BAS) SHALL SEND THE CONTROLLER

OCCUPIED, AND UNOCCUPIED COMMANDS. THE BAS MAY ALSO SEND A

HEAT/COOL MODE, PRIORITY SHUTDOWN COMMANDS, SPACE

TEMPERATURE AND/OR SPACE TEMPERATURE SETPOINT.  IF

COMMUNICATION IS LOST WITH THE BAS, THE CONTROLLER SHALL

OPERATE USING ITS LOCAL SETPOINTS.

OCCUPIED:

THE OCCUPANCY MODE SHALL BE COMMUNICATED OR HARDWIRED TO

THE CONTROLLER VIA A BINARY INPUT. WHEN THE UNIT IS IN THE

OCCUPIED MODE THE VAV SHALL MAINTAIN THE SPACE TEMPERATURE AT

THE ACTIVE OCCUPIED HEATING OR COOLING SETPOINT. APPLICABLE

VENTILATION AND AIRFLOW SETPOINTS SHALL BE ENFORCED. THE

OCCUPIED MODE SHALL BE THE DEFAULT MODE OF THE VAV. APPLICABLE

VENTILATION AND AIRFLOW SETPOINTS SHALL BE ENFORCED. THE

OCCUPIED MODE SHALL BE THE DEFAULT MODE OF THE VAV.

OCCUPIED STANDBY:

THE OCCUPANCY MODE SHALL BE COMMUNICATED OR HARDWIRED TO

THE CONTROLLER VIA A BINARY INPUT, EVEN THOUGH THE BAS HAS

SCHEDULED THE SPACE AS OCCUPIED. IN THE OCCUPIED STANDBY

MODE, THE ACTIVE COOLING AND HEATING SETPOINTS SHALL BE

RELAXED (SEE COOLING AND HEATING MODE) AND BOTH THE

VENTILATION AIRFLOW AND MINIMUM AIRFLOW SETPOINTS SHALL BE

LOWERED (SEE VAV SCHEDULE).

UNOCCUPIED:

NORMAL OPERATING MODE FOR UNOCCUPIED SPACES OR NIGHTTIME

OPERATION. WHEN THE UNIT IS IN UNOCCUPIED MODE THE VAV

CONTROLLER SHALL MAINTAIN THE SPACE TEMPERATURE AT THE

STORED UNOCCUPIED HEATING OR COOLING SETPOINT REGARDLESS OF

THE PRESENCE OF A HARDWIRED OR COMMUNICATED SETPOINT. WHEN

THE SPACE TEMPERATURE DROPS BELOW ITS UNOCCUPIED HEATING

SETPOINT, THE CONTROLLER SHALL MODULATE THE AIR DAMPER AND

THE HOT WATER VALVE UNTIL THE ZONE TEMPERATURE RISES BACK TO

2.0 DEG. F ABOVE THE UNOCCUPIED HEATING SETPOINT. WHEN THE

SPACE TEMPERATURE EXCEEDS THE ACTIVE UNOCCUPIED SETPOINT THE

HOT WATER VALVE SHALL THE AIR DAMPER AND HOT WATER VALVE

SHALL MODULATE FULLY CLOSED.

OCCUPIED BYPASS:

MODE USED TO TEMPORARILY PLACE THE UNIT INTO THE OCCUPIED

OPERATION. TENANTS SHALL BE ABLE TO OVERRIDE THE UNOCCUPIED

MODE FROM THE SPACE SENSOR.  THE OVERRIDE SHALL LAST FOR A

MAXIMUM OF 4 HOURS (ADJ.). THE TENANTS SHALL BE ABLE TO CANCEL

THE OVERRIDE FROM THE SPACE SENSOR AT ANY TIME. DURING THE

OVERRIDE THE UNIT SHALL OPERATE IN OCCUPIED MODE.

HEAT/COOL MODE:

THE HEAT/COOL MODE SHALL BE SET BY A COMMUNICATED VALUE OR

AUTOMATICALLY BY THE VAV. IN STANDALONE OR AUTO MODE THE VAV

SHALL COMPARE THE PRIMARY AIR TEMPERATURE WITH THE

CONFIGURED AUTO CHANGEOVER SETPOINT TO DETERMINE IF THE AIR IS

"HOT" OR "COLD". HEATING MODE IMPLIES THE PRIMARY AIR

TEMPERATURE IS HOT. COOLING MODE IMPLIES THE PRIMARY AIR

TEMPERATURE IS COLD.

COOLING MODE:

WHEN THE UNIT IS IN COOLING MODE, THE VAV CONTROLLER SHALL

MAINTAIN THE SPACE TEMPERATURE AT THE ACTIVE COOLING SETPOINT

BY MODULATING THE AIRFLOW BETWEEN THE ACTIVE COOLING MINIMUM

AIRFLOW SETPOINT TO THE MAXIMUM COOLING AIRFLOW SETPOINT.  THE

VAV SHALL USE THE MEASURED SPACE TEMPERATURE AND THE ACTIVE

COOLING SETPOINT TO DETERMINE THE REQUESTED COOLING CAPACITY

OF THE UNIT. THE OUTPUTS SHALL BE CONTROLLED BASED ON THE UNIT

CONFIGURATION AND THE REQUESTED COOLING CAPACITY.

BASED ON THE VAV CONTROLLER OCCUPANCY MODE, THE ACTIVE

COOLING SETPOINT SHALL BE ONE OF THE FOLLOWING:

SETPOINT                                                                  DEFAULT VALUE

OCCUPIED COOLING SETPOINT                                 74.0 DEG.F
UNOCCUPIED COOLING SETPOINT                             85.0 DEG.F
OCCUPIED STANDBY COOLING SETPOINT                  78.0 DEG. F

OCCUPIED MIN COOLING AIRFLOW SETPOINT            SEE VAV SCHEDULE

OCCUPIED MAX COOLING AIRFLOW SETPOINT           SEE VAV SCHEDULE

HEAT/COOL SETPOINT:

THE SPACE TEMPERATURE SETPOINT SHALL BE DETERMINED EITHER BY

A LOCAL (E.G., THUMBWHEEL) SETPOINT, THE VAV DEFAULT SETPOINT OR

A COMMUNICATED VALUE. THE VAV SHALL USE THE LOCALLY STORED

DEFAULT SETPOINTS WHEN NEITHER A LOCAL SETPOINT NOR

COMMUNICATED SETPOINT IS PRESENT. IF BOTH A LOCAL SETPOINT AND

COMMUNICATED SETPOINT EXIST, THE VAV SHALL USE THE

COMMUNICATED VALUE.

REHEAT CONTROL MODE:

REHEAT SHALL ONLY BE ALLOWED WHEN THE SUPPLY AIR TEMPERATURE

IS 5.0 DEG. F BELOW THE CONFIGURED REHEAT ENABLE SETPOINT OF 70.0

DEG. F (ADJ.). THE REHEAT SHALL BE ENABLED WHEN THE SPACE

TEMPERATURE DROPS BELOW THE ACTIVE HEATING SETPOINT AND THE

MINIMUM AIRFLOW REQUIREMENTS ARE MET. DURING REHEAT THE VAV

SHALL OPERATE AT ITS MINIMUM HEATING AIRFLOW SETPOINT AND

ENERGIZE THE HEAT AS FOLLOWS:

SETPOINT                                                                              DEFAULT VALUE

OCCUPIED HEATING SETPOINT                                              71.0 DEG.F
UNOCCUPIED HEATING SETPOINT                                         60.0 DEG. F

OCCUPIED STANDBY HEATING SETPOINT                              67.0 DEG. F

OCCUPIED MIN HEATING AIRFLOW SETPOINT                        SEE VAVSCHEDULE
OCCUPIED MAX HEATING AIRFLOW SETPOINT                       SEEVAV SCHEDULE WHEN REHEAT IS ENABLED, THE VAV SHALL OPERATE AT

ITS MINIMUM HEATING AIRFLOW SETPOINT AND CONTROL THE HEAT AS

FOLLOWS: MODULATING HOT WATER REHEAT: IF THE SPACE

TEMPERATURE IS BELOW THE HEATING SETPOINT THE HOT WATER

REHEAT VALVE SHALL MODULATE AS REQUIRED TO MAINTAIN SPACE

TEMPERATURE AT THE ACTIVE HEATING SETPOINT WHILE THE VAV

OPERATES AT ITS MINIMUM HEATING AIRFLOW SETPOINT.

ELECTRIC SILICON CONTROLLED RECTIFIER REHEAT (SCR):

IF THE SPACE TEMPERATURE IS AT THE HEATING SETPOINT, THE

ELECTRIC HEATER SHALL MODULATE AS REQUIRED TO MAINTAIN SPACE

TEMPERATURE AT THE ACTIVE HEATING SETPOINT WHILE THE VAV

OPERATES AT ITS MINIMUM HEATING AIRFLOW SETPOINT. IF THE

DISCHARGE AIR TEMPERATURE REACHES THE DESIGN HEATING

DISCHARGE AIR TEMPERATURE SETPOINT (ADJ.), THE VAV SHALL

MODULATE AIRFLOW BETWEEN THE MINIMUM HEATING AIRFLOW

SETPOINT AND THE MAXIMUM HEATING AIRFLOW SETPOINT AS REQUIRED

TO MAINTAIN SPACE TEMPERATURE AT THE ACTIVE HEATING SETPOINT,

WHILE THE ELECTRIC HEATER MODULATES TO MAINTAIN DISCHARGE AIR

TEMPERATURE AT THE DESIGN HEATING DISCHARGE AIR TEMPERATURE

SETPOINT. IF THE AIRFLOW REACHES THE MAXIMUM HEATING AIRFLOW

SETPOINT, THE VAV SHALL MODULATE THE ELECTRIC HEATER AS

REQUIRED TO MAINTAIN SPACE TEMPERATURE AT THE ACTIVE HEATING

SETPOINT, WHILE THE VAV OPERATES AT ITS MAXIMUM HEATING AIRFLOW

SETPOINT

SPACE SENSOR FAILURE:

IF THERE IS A FAULT WITH THE OPERATION OF THE ZONE SENSOR AN

ALARM SHALL BE ANNUNCIATED AT THE BAS. SPACE SENSOR FAILURE

SHALL CAUSE THE VAV TO DRIVE THE DAMPER TO MINIMUM AIR FLOW IF

THE VAV IS IN THE OCCUPIED MODE, OR DRIVE IT CLOSED IF THE VAV IS IN

THE UNOCCUPIED MODE.

Guide Specification:  VAV TERMINAL UNIT

1.1 VARAIBLE AIR VOLUME TERMINAL UNIT CONTROLLERS

A. GENERAL DESCRIPTION

1. VARIABLE AIR VOLUME (VAV) CONTROLLERS SHALL BE MICROPROCESSOR-BASED DDC

CONTROLLERS WHICH, THROUGH HARDWARE OR FIRMWARE DESIGN, CONTROL SPECIFIED

EQUIPMENT. THEY ARE TYPICALLY NOT USER PROGRAMMABLE, BUT ARE CONFIGURABLE

FOR OPERATION OF VAV TERMINAL UNITS.

2. VARIABLE AIR VOLUME (VAV) CONTROLLERS ARE CONTROLLERS THAT OPERATE

EQUIPMENT THAT CONTROL THE SPACE TEMPERATURE OF SINGLE ZONE.

B. THE VAV CONTROLLER SHALL BE CAPABLE OF OPERATING AS A STAND-ALONE

CONTROLLER OR AS A MEMBER OF A BUILDING AUTOMATION SYSTEM (BAS).

C. WHEN THE VAV CONTROLLER IS OPERATING AS A MEMBER OF A BUILDING AUTOMATION

SYSTEM (BAS), THE APPLICATION CONTROLLER SHALL OPERATE AS FOLLOWS:

1. THE VAV CONTROLLER WILL RECEIVE OPERATION MODE COMMANDS FROM THE BAS

NETWORK CONTROLLER. THE BAS COMMANDS SHALL INCLUDE BUT NOT BE LIMITED TO

THE FOLLOWING: OCCUPIED HEAT/COOL, UNOCCUPIED HEAT/COOL, MORNING WARM-UP, /

PRE-COOL, OCCUPIED BYPASS).

2. THE VAV CONTROLLER WILL PROVIDE EQUIPMENT STATUS PARAMETERS TO THE BAS

THROUGH BACNET COMMUNICATION.

3. THE VAV CONTROLLER WILL OPERATE AS A STAND-ALONE CONTROLLER IN THE EVENT

OF COMMUNICATION FAILURE WITH THE BAS.

4. IN CASE OF COMMUNICATIONS FAILURE STAND-ALONE OPERATION SHALL USE DEFAULT

VALUES OR LAST KNOWN VALUES FOR REMOTE SENSORS READ OVER THE NETWORK

SUCH AS OUTDOOR AIR TEMPERATURE.

D. STAND-ALONE OPERATION:  EACH VAV TERMINAL UNIT SHALL BE CONTROLLED BY A

SINGLE CONTROLLER AND PROVIDE STAND-ALONE CONTROL IN THE EVENT THAT A BAS IS

NOT PRESENT.

E. THE VAV CONTROLLER SHALL COMMUNICATE TO THE BUILDING AUTOMATION SYSTEM

VIA ONE OF THE FOLLOWING PROTOCOLS: BACNET™ MS/TP, BACNET™ ZIGBEE OR

BACNET™ IP AS DEFINED IN ANSI®/ASHRAE® STANDARD 135-2020.

1. BACNET™ MS/TP

A. TO ALLOW MAXIMUM COMMUNICATIONS SPEED AND CO-EXISTENCE WITH OTHER

CONTROLLERS, THE CONTROLLER SHALL SUPPORT AT A MINIMUM THE FOLLOWING

BACNET MS/TP MANAGER BAUD RATES: 9600, 19200, 38400, 76800.

2. BACNET™ IP

A. BACNET IP CONTROLLERS PROVIDE BACNET COMMUNICATIONS OVER INTERNET

PROTOCOL VIA
LOCAL AREA NETWORKS (LAN), AN OPEN STANDARD BUILDINGAUTOMATION COMMUNICATION PROTOCOL THAT ENABLES CONNECTIONS TO OTHER

BUILDING AUTOMATION SYSTEMS AND CONTROLLERS

3. BACNET™ ZIGBEE

A. VAV CONTROLLER WIRELESS COMMUNICATION INTERFACE SHALL SELF-FORM AND

SELF-HEAL TO MAINTAIN OPERATION IN THE EVENT OF NETWORK COMMUNICATION

FAILURE.

B. IEEE 802.15.4 RADIOS TO MINIMIZE RISK OF INTERFERENCE, RELIABILITY, AND RANGE.

C. OPERATING RANGE SHALL BE A MINIMUM OF 200 FEET; OPEN RANGE SHALL BE 2,500 FT.

(762 M) WITH LESS THAN 2% PACKET ERROR RATE.

D. TO PROTECT AGAINST HARMFUL INTERFERENCE, CERTIFICATIONS SHALL INCLUDE

ENERGY MANAGEMENT EQUIPMENT FCC CFR47, SECTION 15.247 & SUBPART E, DIGITAL

MODULATION TRANSMISSION WITH NO SAR (FCC ID: TPF-251701)

F. EACH VAV TERMINAL UNIT SHALL USE A SPACE ZONE SENSOR(S) TO MEASURE THE

SPACE CONDITION IT IS SERVING.

G. SOFTWARE

1. TO MEET THE SEQUENCE OF OPERATION FOR EACH ZONE CONTROL, THE CONTROLLER

SHALL USE PROGRAMS DEVELOPED AND TESTED BY THE CONTROLLER MANUFACTURER

THAT ARE EITHER FACTORY LOADED OR DOWNLOADED WITH SERVICE TOOL TO THE

CONTROLLER.

2. FOR CONTROLLING ANCILLARY DEVICES AND FOR FLEXIBILITY TO CHANGE THE

SEQUENCE OF OPERATION IN THE FUTURE, THE CONTROLLER SHALL BE CAPABLE

RUNNING CUSTOM PROGRAMS WRITTEN IN A GRAPHICAL PROGRAMMING LANGUAGE.

H. ENVIRONMENT:   CONTROLLER HARDWARE SHALL BE SUITABLE FOR THE ANTICIPATED

AMBIENT CONDITIONS.

1. STORAGE:  -55° TO 203° F (-48° TO 95° C) AND 5 TO 95% RH, NON-CONDENSING.

2. OPERATING:  -40° TO 158° F (-40 TO 70° C) AND 5 TO 95% RH, NON-CONDENSING.

3. CONTROLLERS USED INDOORS SHALL BE MOUNTED IN A NEMA 1 ENCLOSURE AT A

MINIMUM.

4. CONTROLLERS USED OUTDOORS AND/OR IN WET AMBIENT SHALL BE MOUNTED WITHIN

NEMA 4 TYPE WATERPROOF ENCLOSURES, AND SHALL BE RATED FOR OPERATION AT  -40°

TO 158° F  [-40° TO 70° C].

I. INPUT/OUTPUT:

1. FOR FLEXIBILITY IN SELECTION AND REPLACEMENT OF VALVES, THE CONTROLLERS

SHALL BE CAPABLE OF SUPPORTING ALL OF THE FOLLOWING VALVE CONTROL TYPES

0-10VDC, 0-5VDC, 4-20MA, 24VAC FLOATING POINT, 24VAC - 2 POSITION (NORMALLY OPEN

OR NORMALLY CLOSED).

2. FOR FLEXIBILITY IN SELECTION AND REPLACEMENT OF SENSORS, THE CONTROLLERS

SHALL BE CAPABLE OF READING SENSOR INPUT RANGES OF 0 TO10V, 0 TO 20MA, AND 200

TO 20KOHM.

3. FOR FLEXIBILITY IN SELECTION AND REPLACEMENT OF BINARY DEVICES, THE

CONTROLLER SHALL SUPPORT DRY AND WETTED (24VAC) BINARY INPUTS.

4. FOR FLEXIBILITY IN SELECTION AND REPLACEMENT DEVICES, THE CONTROLLER SHALL

HAVE BINARY OUTPUT WHICH ARE ABLE TO DRIVE AT LEAST 12VA EACH.

5. FOR FLEXIBILITY IN SELECTION AND REPLACEMENT OF MOTORS, THE CONTROLLER

SHALL BE CAPABLE OF OUTPUTTING 24VAC (BINARY OUTPUT), DC VOLTAGE (0 TO 10VDC

MINIMUM RANGE) AND PWM (IN THE 80 TO 100 HZ RANGE).

J. SERVICEABILITY – THE CONTROLLER SHALL PROVIDE THE FOLLOWING IN ORDER TO

IMPROVE SERVICEABILITY OF THE CONTROLLER.

1. DIAGNOSTIC LEDS SHALL INDICATE CORRECT OPERATION OR FAILURES/FAULTS FOR ALL

OF THE FOLLOWING:  POWER, SENSORS, BACNET COMMUNICATIONS, AND I/O

COMMUNICATIONS BUS.

2. ALL BINARY OUTPUT SHALL HAVE LED’S INDICATING THE OUTPUT STATE.

3. ALL WIRING CONNECTORS SHALL REMOVABLE WITHOUT THE USE OF A TOOL.

4. SOFTWARE SERVICE TOOL CONNECTION THROUGH ALL OF THE FOLLOWING METHODS:

DIRECT CABLE CONNECTION TO THE CONTROLLER, CONNECTION THROUGH ANOTHER

CONTROLLER ON BACNET LINK AND THROUGH THE CONTROLLER’S ZONE SENSOR.

5. FOR SAFETY PURPOSES, THE CONTROLLER SHALL BE CAPABLE OF BEING POWERED BY

A PORTABLE COMPUTER FOR THE PURPOSES OF CONFIGURATION, PROGRAMMING, AND

TESTING PROGRAMS SO THAT THIS WORK CAN BE ACCOMPLISHED WITH THE POWER OFF

TO THE EQUIPMENT.

6. CAPABILITIES TO TEMPORARILY OVERRIDE OF BACNET POINT VALUES WITH BUILT-IN

TIME EXPIRATION IN THE CONTROLLER.

7. BACNET MAC ADDRESS SHALL BE SET USING DECIMAL (0-9) BASED ROTARY SWITCHES.

A. CONFIGURATION CHANGE SHALL NOT BE MADE IN A PROGRAMMING ENVIRONMENT, BUT

RATHER BY A CONFIGURATION PAGE UTILIZING DROPDOWN LIST, CHECK BOXES, AND

NUMERIC BOXES.

8. FOR EASE OF TROUBLESHOOTING, THE CONTROLLER SHALL SUPPORT BACNET DATA

TREND LOGGING.

A. TRENDS SHALL BE CAPABLE OF BEING COLLECTED AT A MINIMUM SAMPLE RATE OF

ONCE EVERY SECOND.

B. SHALL BE CAPABLE OF TRENDING ALL BACNET POINTS USED BY CONTROLLER

C. TRENDS SHALL BE CAPABLE OF BEING SCHEDULED OR TRIGGERED

K. SOFTWARE RETENTION:  ALL ZONE CONTROLLER OPERATING PARAMETERS,

SETPOINTS, BIOS, AND SEQUENCE OF OPERATION CODE MUST BE STORED IN

NON-VOLATILE MEMORY IN ORDER TO MAINTAIN SUCH INFORMATION FOR MONTHS

WITHOUT POWER.

L. CONTROLLER SHALL MEET THE FOLLOWING AGENCY COMPLIANCE:

1. UL916 PAZX, OPEN ENERGY MANAGEMENT EQUIPMENT

2. UL94-5V, FLAMMABILITY

3. FCC PART 15, SUBPART B, CLASS B LIMIT

4. AS/NZS CISPR 32:2016

5. VCCI-CSPR 32:2016

6. CAN ICES-003(B)/NMB-003(B)

7. TO ENSURE INTEGRATION TO THE BUILDING AUTOMATION SYSTEM THE CONTROLLER

MUST BE BTL (BACNET TESTING LAB) LISTED.  THE FOLLOWING BACNET PROFILES ARE IN

ORDER OF MOST FUNCTIONALITY (B-BC) TO LEAST FUNCTIONALITY (B-ASC).

A. BACNET BUILDING CONTROLLER (B-BC)

B. BACNET ADVANCE APPLICATIONS CONTROLLER (B-AAC)

C. BACNET APPLICATION SPECIFIC CONTROLLER (B-ASC)
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GUIDE SPECIFICATION:  SYSTEM CONTROLLER

1.1 BUILDING AUTOMATION SYSTEM - GENERAL DESCRIPTION

A. PROVIDE A NEW BUILDING AUTOMATION SYSTEM (BAS) TO INTEGRATE AND CONTROL

ALL MECHANICAL EQUIPMENT ASSOCIATED WITH THIS PROJECT.

1. THE BUILDING AUTOMATION SYSTEM SHALL BE AS INDICATED ON THE DRAWINGS AND

DESCRIBED IN THESE SPECIFICATIONS.  THE SYSTEM MUST BE FULLY INTEGRATED AND

COORDINATED WITH MECHANICAL EQUIPMENT DDC CONTROLLERS FURNISHED AND

INSTALLED IN THE EQUIPMENT MANUFACTURER’S FACTORY AS SPECIFIED IN THOSE

SECTIONS.  THE INTENT OF THE BAS IS TO INTEGRATE ALL MECHANICAL EQUIPMENT INTO

ONE SYSTEM FOR GLOBAL MONITORING, CONTROL, AND ALARMING ASSOCIATED WITH THE

BUILDING.  IT IS THE BAS MANUFACTURER’S RESPONSIBILITY TO PROVIDE ALL THE DESIGN,

ENGINEERING, AND FIELD COORDINATION REQUIRED TO ENSURE ALL EQUIPMENT

SEQUENCE OF OPERATIONS ARE MET AS SPECIFIED AND THE DESIGNATED BAS

OPERATORS HAVE THE CAPABILITY OF MANAGING THE BUILDING MECHANICAL SYSTEM TO

ENSURE OCCUPANT COMFORT WHILE MAINTAINING ENERGY EFFICIENCY.

2. THE BAS SHALL MEET OPEN STANDARD PROTOCOL COMMUNICATION STANDARDS (AS

DEFINED IN SYSTEM COMMUNICATIONS SECTION) TO ENSURE THE SYSTEM MAINTAINS

“INTEROPERABILITY” TO AVOID PROPRIETARY ARRANGEMENTS THAT WILL MAKE IT

DIFFICULT FOR THE OWNER TO CONSIDER OTHER BAS MANUFACTURERS IN FUTURE

PROJECTS.

3. DIRECT DIGITAL CONTROL (DDC) TECHNOLOGY SHALL BE USED TO PROVIDE THE

FUNCTIONS NECESSARY FOR CONTROL OF MECHANICAL SYSTEMS AND TERMINAL

DEVICES ON THIS PROJECT.

4. APPROVED VENDORS, PRODUCTS AND WEB SERVICES SHALL COMPLY WITH SOC2 TYPE

II AS DEFINED BY THE AICPA.  SOC2 TYPE II COMPLIANCE IS A CERTIFICATION THAT

CONFIRMS THAT A SERVICE PROVIDER HAS ESTABLISHED AND IMPLEMENTED EFFECTIVE

CONTROLS TO SECURE THEIR CLIENTS' DATA IN ACCORDANCE WITH THE TRUST SERVICES

CRITERIA (TSC).

A. SOC2 TYPE II COMPLIANCE PROVIDES ASSURANCE TO CUSTOMERS THAT THE SERVICE

PROVIDER HAS ESTABLISHED AND IMPLEMENTED EFFECTIVE SECURITY CONTROLS AND IS

COMMITTED TO PROTECTING THEIR DATA.

B. TO ACHIEVE SOC2 TYPE II COMPLIANCE, THE MANUFACTURER SHALL HAVE COMPLETED

AN INDEPENDENT AUDIT TO ASSESS DESIGN AND IMPLEMENTATION OF THEIR CONTROLS,

POLICIES, AND PROCEDURES.

5. THE BAS SHALL ACCOMMODATE SIMULTANEOUS MULTIPLE USER OPERATION.  ACCESS

TO THE CONTROL SYSTEM DATA SHOULD BE LIMITED ONLY BY THE SECURITY

PERMISSIONS OF THE OPERATOR ROLE.  MULTIPLE USERS SHALL HAVE ACCESS TO ALL

VALID SYSTEM DATA.  AN OPERATOR SHALL BE ABLE TO LOG ONTO ANY WORKSTATION ON

THE CONTROL SYSTEM AND HAVE ACCESS TO ALL APPROPRIATE DATA.

1.2 APPROVED CONTROL SYSTEM MANUFACTURERS

A. APPROVED BAS MANUFACTURERS:

1. TRANE TRACER®

1.3 SYSTEM COMMUNICATION

A. SYSTEM COMMUNICATIONS

1. EACH WORKSTATION, BUILDING CONTROLLER, AND EQUIPMENT/PLANT CONTROLLER

COMMUNICATION INTERFACE SHALL UTILIZE THE BACNET™ PROTOCOL WITH AN

ETHERNET (IEEE 802.3) OR RS485 (EIA-485) PHYSICAL INTERFACE AND AN APPROPRIATE

DATA LINK TECHNOLOGY AS DEFINED IN ANSI®/ASHRAE® STANDARD 135-2012.  (E.G.

BACNET OVER IP, BACNET OVER IPV6, BACNET SC, BACNET OVER MS/TP).

2. ALL SYSTEM CONTROLLERS SHALL BE BTL LISTED AS A BACNET BUILDING CONTROLLER

(B-BC) AS DEFINED IN ANSI®/ASHRAE® STANDARD 135-2012.

3. THE SYSTEM SHALL SUPPORT BOTH BACNET OVER IP AND BACNET OVER MS/TP,

ALLOWING FOR A HYBRID APPROACH TO MEET VARIOUS PERFORMANCE AND COST

REQUIREMENTS.  SUPPORTING BOTH TWISTED-PAIR AND ETHERNET TOPOLOGIES TO

OFFER FLEXIBILITY AND COST-EFFECTIVENESS.

4. ALL DOCUMENTED STATUS AND CONTROL POINTS, SCHEDULE, ALARM, AND DATA-LOG

SERVICES OR OBJECTS SHALL BE AVAILABLE AS STANDARD OBJECT TYPES AS DEFINED IN

ANSI®/ASHRAE® STANDARD 135-2012.

5. EACH SYSTEM CONTROLLER SHALL COMMUNICATE WITH A NETWORK OF CUSTOM

APPLICATION AND APPLICATION SPECIFIC CONTROLLERS UTILIZING ONE OR MORE OF THE

INTERFACES DOCUMENTED WITHIN FIELD BUS COMMUNICATIONS BELOW.

6. THE CONTROL SYSTEM SHALL BE CAPABLE OF OBTAINING AND USING DATA FROM A

RESTFUL API DATA SERVER (E.G. CURRENT WEATHER, FORECAST WEATHER, ETC.) TO

ENHANCE ENERGY EFFICIENCY, COST SAVINGS, AND/OR USER COMFORT. THE CONTROL

SYSTEM SHALL ACCOUNT FOR A COMMUNICATION LOSS TO THE API SERVER SUCH THAT

THE SYSTEM WILL CONTINUE TO OPERATE.

7. ALL OPERATOR WORKSTATIONS (B-OWS, B-AWS) AND BUILDING CONTROLLERS (B-BC)

SHALL SUPPORT BACNET SECURE CONNECT (BACNET SC), A SECURE AND ENCRYPTED

DATALINK LAYER SPECIFICALLY DESIGNED FOR THOSE NETWORKS.

B. FIELD BUS COMMUNICATIONS

1. BACNET™

A. ALL EQUIPMENT AND PLANT CONTROLLERS SHALL BE BTL LISTED AS A BACNET

APPLICATION SPECIFIC CONTROLLER (B-ASC) OR A BACNET ADVANCED APPLICATION

CONTROLLER (B-AAC) AS DEFINED IN ANSI®/ASHRAE® STANDARD 135-2012.

B. ALL COMMUNICATION SHALL CONFORM TO ANSI®/ASHRAE® STANDARD 135-2012.

C. SYSTEM CONTROLLER SHALL FUNCTION AS A BACNET ROUTER TO EACH UNIT

CONTROLLER PROVIDING A GLOBALLY UNIQUE BACNET DEVICE ID FOR ALL BACNET

CONTROLLERS WITHIN THE SYSTEM.

D. BACNET MS/TP

1) COMMUNICATION BETWEEN SYSTEM CONTROLLER AND EQUIPMENT/PLANT

CONTROLLERS SHALL UTILIZE BACNET MS/TP AS DEFINED IN ANSI®/ASHRAE® STANDARD

135-2012.

1.4 OPERATOR INTERFACE

A. PROVIDE BUILDING OPERATOR WEB INTERFACE

1. MANUFACTURER SHALL PROVIDE A USER INTERFACE WITH TIME-OF-DAY SCHEDULES,

DATA COLLECTION, DASHBOARDS, REPORTS AND BUILDING SUMMARY, SYSTEM

APPLICATIONS, AND SELF-EXPIRING TIMED OVERRIDES.  MANUFACTURER SHALL PROVIDE

A PUBLISHED USER AND APPLICATIONS GUIDE(S) THAT DETAIL THE SYSTEM APPLICATION

OPERATION, CONFIGURATION, SETUP AND TROUBLESHOOTING.

2. THE BUILDING OPERATOR WEB INTERFACE SHALL BE ACCESSIBLE VIA A WEB BROWSER

WITHOUT REQUIRING ANY “PLUG-INS” (I.E. JAVA RUNTIME ENVIRONMENT (JRE), ADOBE

FLASH).

3. USER ROLES

A. THE SYSTEM SHALL INCLUDE PRE-DEFINED “ROLES” THAT ALLOW A SYSTEM

ADMINISTRATOR TO QUICKLY ASSIGN PERMISSIONS TO A USER.

B. USER LOGON/LOGOFF ATTEMPTS SHALL BE RECORDED.

C. THE SYSTEM SHALL PROTECT ITSELF FROM UNAUTHORIZED USE BY AUTOMATICALLY

LOGGING OFF FOLLOWING THE LAST KEYSTROKE.  THE DELAY TIME SHALL BE USER

DEFINABLE.

4. ON-LINE HELP AND TRAINING

A. PROVIDE A CONTEXT SENSITIVE, ON LINE HELP SYSTEM TO ASSIST THE OPERATOR IN

OPERATION AND CONFIGURATION OF THE SYSTEM.

B. ON-LINE HELP SHALL BE AVAILABLE FOR ALL SYSTEM FUNCTIONS AND SHALL PROVIDE

THE RELEVANT DATA FOR EACH PARTICULAR SCREEN.

5. EQUIPMENT AND APPLICATION PAGES

A. THE BUILDING OPERATOR WEB INTERFACE SHALL INCLUDE STANDARD PAGES FOR ALL

EQUIPMENT AND APPLICATIONS.  THESE PAGES SHALL ALLOW AN OPERATOR TO OBTAIN

INFORMATION RELEVANT TO THE OPERATION OF THE EQUIPMENT AND/OR APPLICATION,

INCLUDING:

1) ANIMATED EQUIPMENT GRAPHICS FOR EACH MAJOR PIECE OF EQUIPMENT AND FLOOR

PLAN IN THE SYSTEM.  THIS INCLUDES:

A) EACH CHILLER, AIR HANDLER, VAV TERMINAL, FAN COIL, BOILER, AND COOLING TOWER.

THESE GRAPHICS SHALL SHOW ALL POINTS DYNAMICALLY AS SPECIFIED IN THE POINTS

LIST.

B) ANIMATION CAPABILITIES SHALL INCLUDE THE ABILITY TO SHOW A SEQUENCE OF

IMAGES REFLECTING THE POSITION OF ANALOG OUTPUTS, SUCH AS VALVE OR DAMPER

POSITIONS. GRAPHICS SHALL BE CAPABLE OF LAUNCHING OTHER WEB PAGES.

2) ALARMS RELEVANT TO THE EQUIPMENT OR APPLICATION WITHOUT REQUIRING A USER

TO NAVIGATE TO AN ALARM PAGE AND PERFORM A FILTER.

3) HISTORICAL DATA (AS DEFINED IN TREND LOGS SECTION OF CONTROLLER SOFTWARE)

FOR THE EQUIPMENT OR APPLICATION WITHOUT REQUIRING A USER TO NAVIGATE TO A

DATA LOG PAGE AND PERFORM A FILTER.

6. SYSTEM GRAPHICS. BUILDING OPERATOR WEB INTERFACE SHALL BE GRAPHICALLY

BASED AND SHALL INCLUDE AT LEAST ONE GRAPHIC PER PIECE OF EQUIPMENT OR

OCCUPIED ZONE, GRAPHICS FOR EACH CHILLED WATER AND HOT WATER SYSTEM, AND

GRAPHICS THAT SUMMARIZE CONDITIONS ON EACH FLOOR OF EACH BUILDING AREA

INCLUDED IN THIS CONTRACT. INDICATE THERMAL COMFORT ON FLOOR PLAN SUMMARY

GRAPHICS USING COLORS TO REPRESENT ZONE TEMPERATURE RELATIVE TO ZONE SET

POINT.

A. GRAPHIC IMAGERY – GRAPHICS SHALL USE 3D IMAGES FOR ALL STANDARD AND

CUSTOM GRAPHICS.  THE ONLY ALLOWABLE EXCEPTIONS WILL BE PHOTO IMAGES, MAPS,

SCHEMATIC DRAWINGS, AND SELECTED FLOOR PLANS.

B. ANIMATION. GRAPHICS SHALL BE ABLE TO ANIMATE BY DISPLAYING DIFFERENT IMAGE

LIES FOR CHANGED OBJECT STATUS.

C. ALARM INDICATION. INDICATE AREAS OR EQUIPMENT IN AN ALARM CONDITION USING

COLOR OR OTHER VISUAL INDICATOR.

7. GRAPHICS LIBRARY.  FURNISH A LIBRARY OF STANDARD HVAC EQUIPMENT SUCH AS

CHILLERS, AIR HANDLERS, TERMINALS, FAN COILS, UNIT VENTILATORS, ROOFTOP UNITS,

AND VAV BOXES, IN 3-DIMENSIONAL GRAPHIC DEPICTIONS. THE LIBRARY SHALL BE

FURNISHED IN A FILE FORMAT COMPATIBLE WITH THE GRAPHICS GENERATION PACKAGE

PROGRAM.

8. MANUAL CONTROL AND OVERRIDE

A. POINT CONTROL.  PROVIDE A METHOD FOR A USER TO VIEW, OVERRIDE, AND EDIT IF

APPLICABLE, THE STATUS OF ANY OBJECT AND PROPERTY IN THE SYSTEM.  THE POINT

STATUS SHALL BE AVAILABLE BY MENU, ON GRAPHICS OR THROUGH CUSTOM PROGRAMS.

B. TEMPORARY OVERRIDES.  THE USER SHALL BE ABLE TO PERFORM A TEMPORARY

OVERRIDE WHEREVER AN OVERRIDE IS ALLOWED, AUTOMATICALLY REMOVING THE

OVERRIDE AFTER A SPECIFIED PERIOD OF TIME.

C. OVERRIDE OWNERS.  THE SYSTEM SHALL CONVEY TO THE USER THE OWNER OF EACH

OVERRIDE FOR ALL PRIORITIES THAT AN OVERRIDE EXISTS.

D. PROVIDE A SPECIFIC ICON TO SHOW TIMED OVERRIDE OR OPERATOR OVERRIDE, WHEN

A POINT, UNIT CONTROLLER OR APPLICATION HAS BEEN OVERRIDDEN MANUALLY.

9. SCHEDULING. - THE SCHEDULING APPLICATION SHALL PROVIDE GRAPHICAL

REPRESENTATION OF THE DAY, WEEK, MONTH AND EXCEPTION EVENTS.

10. ALARM/EVENT NOTIFICATION

A. ALARM/EVENT LOG.  THE OPERATOR SHALL BE ABLE TO VIEW ALL LOGGED SYSTEM

ALARMS/EVENTS FROM ANY BUILDING OPERATOR WEB INTERFACE.

1) THE OPERATOR SHALL BE ABLE TO SORT AND FILTER ALARMS FROM EVENTS. ALARMS

SHALL BE SORTED IN A MINIMUM OF 4 CATEGORIES BASED ON SEVERITY.

2) THE OPERATOR SHALL BE ABLE TO ACKNOWLEDGE AND ADD COMMENTS TO ALARMS

3) ALARM/EVENT MESSAGES SHALL USE FULL LANGUAGE, EASILY RECOGNIZED

DESCRIPTORS.

B. ALARM SUPPRESSION. ALARMS SHALL BE ABLE TO BE SUPPRESSED BASED ON

LOAD/SOURCE RELATIONSHIPS TO PRESENT THE LIKELY ROOT CAUSE TO THE BUILDING

OPERATOR AS DESCRIBED IN ASHRAE GUIDELINE 36. LOAD/SOURCE RELATIONSHIPS

SHALL BE CONFIGURABLE BY THE USER THROUGH A WEB INTERFACE.

11. REPORTS AND LOGS.

A. THE BUILDING OPERATOR WEB INTERFACE SHALL PROVIDE A REPORTING PACKAGE

THAT ALLOWS THE OPERATOR TO SELECT REPORTS.

B. THE BUILDING OPERATOR WEB INTERFACE SHALL PROVIDE THE ABILITY TO SCHEDULE

REPORTS TO RUN AT SPECIFIED INTERVALS OF TIME.

C. THE FOLLOWING STANDARD REPORTS SHALL BE AVAILABLE WITHOUT REQUIRING A

USER TO MANUALLY CONFIGURE THE REPORT:

1) ALL POINTS IN ALARM REPORT: PROVIDE AN ON DEMAND REPORT SHOWING ALL

CURRENT ALARMS.

2) ALL POINTS IN OVERRIDE REPORT: PROVIDE AN ON DEMAND REPORT SHOWING ALL

OVERRIDES IN EFFECT.

3) COMMISSIONING REPORT: PROVIDE A ONE-TIME REPORT THAT LISTS ALL EQUIPMENT

WITH THE UNIT CONFIGURATION AND PRESENT OPERATION.

4) POINTS REPORT: PROVIDE A REPORT THAT LISTS THE CURRENT VALUE OF ALL POINTS

D. THE CONTROLS VENDOR SHALL PROVIDE A HARDENING REPORT THAT SUMMARIZES

THE PORT CONFIGURATION DETAILS TO ENSURE SITES HAVE NOT BEEN EXPOSED TO THE

INTERNET IN ALIGNMENT WITH CYBER SECURITY BEST PRACTICES.

B. PROVIDE MOBILE APP INTERFACE

1. PROVIDE MOBILE (SMART PHONE OR TABLET) INTERFACES TO THE BUILDING

AUTOMATION SYSTEM, COMPATIBLE WITH IOS AND ANDROID™ OPERATING SYSTEMS.

2. CONTROLS MANUFACTURER SHALL PROVIDE A PHONE/TABLET INTERFACE WITH THE

ABILITY TO VIEW/OVERRIDE STATUS AND SETPOINTS, VIEW/CHANGE SCHEDULES,

VIEW/ACKNOWLEDGE/COMMENT ON ALARMS, AND VIEW GRAPHICS FOR ALL SPACES AND

EQUIPMENT.

3. THIS PHONE/TABLET INTERFACE SHALL RESIZE ITSELF APPROPRIATELY FOR THE SIZE

OF THE INTERFACE (I.E. NO "PINCHING AND ZOOMING" REQUIRED).

4. THIS PHONE/TABLET INTERFACE SHALL FUNCTION REMOTELY FROM THE FACILITY WHILE

FOLLOWING IT SECURITY BEST PRACTICES (E.G. NO PORTS EXPOSED TO THE INTERNET).

5. THE OPERATOR INTERFACE SHALL SUPPORT SYSTEM ACCESS ON A MOBILE DEVICE VIA

A MOBILE APP TO:

A. ALARM LOG

B. SYSTEM STATUS

C. EQUIPMENT STATUS

D. SPACE STATUS

E. STANDARD EQUIPMENT GRAPHICS

F. OVERRIDE SET POINTS

G. OVERRIDE OCCUPANCY

H. ACKNOWLEDGE ALARMS

I. ADD COMMENT(S) TO ALARMS

1.5 BUILDING / SYSTEM CONTROLLERS

A. THERE SHALL BE ONE OR MORE INDEPENDENT, STANDALONE MICROPROCESSOR

BASED SYSTEM CONTROLLERS TO MANAGE THE GLOBAL STRATEGIES DESCRIBED IN

CONTROLLER SOFTWARE SECTION.

1. THE CONTROLLER SHALL PROVIDE A USB COMMUNICATIONS PORT FOR CONNECTION TO

A PC.

2. THE OPERATING SYSTEM OF THE CONTROLLER SHALL MANAGE THE INPUT AND OUTPUT

COMMUNICATIONS SIGNALS TO ALLOW DISTRIBUTED CONTROLLERS TO SHARE REAL AND

VIRTUAL POINT INFORMATION AND ALLOW CENTRAL MONITORING AND ALARMS.

3. ALL SYSTEM CONTROLLERS SHALL HAVE A REAL TIME CLOCK AND SHALL BE ABLE TO

ACCEPT A BACNET TIME SYNCHRONIZATION COMMAND FOR AUTOMATIC TIME

SYNCHRONIZATION.

4. DATA SHALL BE SHARED BETWEEN NETWORKED SYSTEM CONTROLLERS.

5. SERVICEABILITY – THE SYSTEM CONTROLLER SHALL HAVE A DISPLAY ON THE MAIN

BOARD THAT INDICATES THE CURRENT OPERATING MODE OF THE CONTROLLER.

B. CONTROLS MANUFACTURER SHALL PROVIDE SECURE REMOTE ACCESS TO THE

BUILDING AUTOMATION SYSTEM (BAS).  SECURE REMOTE ACCESS SHALL NOT REQUIRE IP

PORTS TO BE "EXPOSED" (I.E. PORT-FORWARDED OR EXTERNAL PUBLIC IP ADDRESSES) TO

THE INTERNET.  CONTROLS MANUFACTURER SHALL UPDATE SECURE REMOTE ACCESS

SOFTWARE AS NECESSARY TO FOLLOW CYBER SECURITY BEST PRACTICES AND RESPOND

TO CYBER SECURITY EVENTS.

1.6 BUILDING CONTROLLER SOFTWARE

A. MANUFACTURER SHALL PROVIDE STANDARD APPLICATIONS TO DELIVER HVAC SYSTEM

CONTROL.  STANDARD APPLICATIONS INCLUDE TIME OF DAY SCHEDULING WITH OPTIMAL

START/STOP, VAV AIR SYSTEMS CONTROL, CHILLER PLANT CONTROL, HISTORICAL TREND

LOGS AND TRIM AND RESPOND.  MANUFACTURER SHALL PROVIDE SYSTEM OPTIMIZATION

STRATEGIES FOR FUNCTIONS SUCH AS FAN PRESSURE OPTIMIZATION AND VENTILATION

OPTIMIZATION.

1. TREND LOGS

A. THE SYSTEM SHALL HARVEST TREND LOGS FOR DEFINED KEY MEASUREMENTS FOR

EACH CONTROLLED HVAC DEVICE AND HVAC APPLICATION. TREND LOGS SHALL BE

CAPTURED FOR A MINIMUM OF 5 KEY OPERATING POINTS FOR EACH PIECE OF HVAC

EQUIPMENT AND HVAC APPLICATION AND STORED FOR NO LESS THAN 1 YEAR AT

15-MINUTE INTERVALS. DATA LOGS SHALL BE CAPABLE OF BEING CONFIGURED ON AN

INTERVAL OR CHANGE OF VALUE BASIS.

1) FAN COIL

A) DISCHARGE AIR TEMPERATURE

B) SPACE TEMPERATURE ACTIVE

C) SPACE TEMPERATURE SETPOINT ACTIVE

D) AIR FLOW SETPOINT ACTIVE

E) DISCHARGE AIR FLOW

2) WATER SOURCE HEAT PUMP

A) DISCHARGE AIR TEMPERATURE

B) SPACE TEMPERATURE ACTIVE

C) SPACE TEMPERATURE SETPOINT ACTIVE

D) AIR FLOW SETPOINT ACTIVE

E) DISCHARGE AIR FLOW

3) AIR HANDLING UNIT/ROOFTOP (VAV)

A) DISCHARGE AIR TEMPERATURE

B) DISCHARGE AIR TEMPERATURE SETPOINT ACTIVE

C) SPACE TEMPERATURE ACTIVE

D) COOLING CAPACITY STATUS

E) DISCHARGE AIR FLOW

4) AIR HANDLING UNIT/ROOFTOP (CV)

A) DISCHARGE AIR TEMPERATURE

B) SPACE TEMPERATURE ACTIVE

C) SPACE TEMPERATURE SETPOINT ACTIVE

D) COOLING CAPACITY STATUS

E) HEATING CAPACITY PRIMARY STATUS

F) OUTDOOR AIR DAMPER POSITION

5) VAV BOX

A) DISCHARGE AIR TEMPERATURE

B) SPACE TEMPERATURE ACTIVE

C) SPACE TEMPERATURE SETPOINT ACTIVE

D) AIR FLOW SETPOINT ACTIVE

E) DISCHARGE AIR FLOW
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PRELIMINARY CONTROL DRAWING NOTE:
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FINAL CONTROL DESIGN, DETAILED SEQUENCES, AND 
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AND REFLECTED IN THE CONSTRUCTION DRAWING SET.
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