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To the best of the engineer's  knowledge, the plans and
specifications comply with the applicable minimum building codes and
the applicable fire-safety standards as determined by the local authority
in accordance with this section and Chapter 633, Florida Statutes.
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To the best of the engineer's  knowledge, the plans and
specifications comply with the applicable minimum building codes and
the applicable fire-safety standards as determined by the local authority
in accordance with this section and Chapter 633, Florida Statutes.
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ROOF INSULATION

8" MIN.

REFRIGERANT LINES
(BY TENANT)

FLEXIBLE SEAL-TITE
CONDUIT (BY TENANT)

CLAMP - FASTEN

CANT STRIP

E.M.T CONDUIT SLEEVE

BELOW ROOF DECK

14" MIN.

A/C OR MC CABLE
IN SLEEVE (BY TENANT)

METAL SLEEVE SUPPORT 

INSULATING CONDUIT 
TERMINATION BUSHING

ROOF DECK
(METAL OR WOOD
AS APPLICABLE)

INSULATE METAL WORK

ACCESSIBLE JUNCTION BOX
(ONE PER CONDENSER

WITH 2" RIGID FIBERGLASS

BY TENANT)

2X4 NAILER

REMOVABLE SHEET METAL
ENCLOSURE - CROSSBREAK
AND SLOPE FOR DRAINAGE.

INSTRUCTIONS

MINIMUM 4" CLEARANCE FROM 

- MINIMUM 2" BETWEEN PIPES

MANUFACTURER'S INSTRUCTIONS

ROOFING SYSTEM (VARIES)

PIPE TO TOP OF CURB

SLOPE PIPES DOWN AWAY
FROM HOOD

FASTENERS MAX.

BASE FLASHING PER ROOFING

8" O.C.

SHEET METAL OR
FLEX-TUBE COLLAR

FLASHING RECIEVER

COUNTERFLASHING PER
ROOFING MANUFACTURERS

SEAL-TITE CONDUIT

FASTENERS APPROX. 24" O.C.

FLEXIBLE 

100% SILICONE CAULK

9
POWER THROUGH ROOF DECK
CONDENSER REFRIGERANT LINE PIPING AND

NOT TO SCALE

= 193" UP-
P

2

STRAP

SPECIAL ANALYSIS REQUIRED

SINGLE HANGER MAXIMUM ALLOWABLE LOAD

WIRE OR ROD (DIA.)

STRAP

1" x 18 GA.

1" x 22 GA.

1 1/2" x 16 GA.

1 1/2" x 16 GA.

1" x 16 GA.

= 120"

= 192"

= 168"
P
-

-

2

P

2

-
P

2

---

= 72"

= 30"

= 96"

-

-
P

2

2

-
P

2

P

1" x 22 GA.

1" x 22 GA.

1" x 18 GA.

1" x 16 GA.

1" x 16 GA.

1" x 20 GA.

1" x 20 GA.

1" x 22 GA.

1" x 16 GA.

1 1/2" x 16 GA.

1 1/2" x 16 GA.

1" x 18 GA.

1/2"

1/2"

1/2"

3/8"

3/8"

3/8"

1/2"

1/2"

1/4"

3/8"

1" x 22 GA.

1" x 22 GA.

1" x 18 GA.

1" x 22 GA.

1" x 20 GA.

1" x 16 GA.

3/8"

3/8"

3/8"

1/4"

3/8"

3/8"

3/8"

1/4"

1/4"

1/4"

STRAP STRAP STRAP

0.106"
0.135"
0.162"
1/4"
3/8"
1/2"
5/8"
3/4" -

-
-
-
-
-
-
-

3000 LBS.
2000 LBS.
1250 LBS.
680 LBS.
270 LBS.
160 LBS.
120 LBS.
80 LBS.1" x 22 GA.

1" x 20 GA.
1" x 18 GA.
1" x 16 GA.

1 1/2" x 16 GA.

-
-
-
-
-

260 LBS.
320 LBS.
420 LBS.
700 LBS.
1100 LBS.

NOTES:
1.  DIMENSIONS OTHER THAN GAUGE ARE IN INCHES.
2.  TABLES ALLOW FOR DUCT WEIGHT, 1 LB./SF INSULATION WEIGHT AND NORMAL REINFORCEMENT

AND TRAPEZE WEIGHT, BUT NO EXTERNAL LOADS.
3.  STRAPS ARE GALVANIZED STEEL; OTHER MATERIALS ARE UNCOATED STEEL.
4.  ALLOWABLE LOADS FOR P/2 ASSUME THAT DUCTS ARE 16 GA. MAXIMUM, EXCEPT THAT WHEN

MAXIMUM DUCT DIMENSION (W) IS OVER 60" THEN P/2 MAXIMUM IS 1.25 W.
5.  12, 10 OR 8 GA. WIRE IS STEEL OF BLACK ANNEALED, BRIGHT BASIC OR GALVANIZED TYPE.
6.  DUCTS SHALL BE SUPPORTED AT INTERVALS NOT EXCEEDING 10 FEET.

7
RECTANGULAR DUCT HANGER TABLE
NOT TO SCALE

STRAP OR
ANGLE

DUCT

SIZE BOLT(S)

TRAPEZE HANGER
FOR LOAD

NOTE: HANGERS MUST NOT DEFORM DUCT SHAPE

10"∅ MAX.

36"∅ MAX.

24"∅ MAX.

SCREW

HANGER

SECURE WIRE

STRAP HANGER

SCREWS MAY BE OMMITED
IF HANGER LOOPS

LOAD RATED
FASTENER

HANGER STRAPS

UNLESS FOOT OF STRAP

BOTTOM REINFORCEMENT
IS PLACED UNDER A 

DUCT

BAND

HANGER RODS,
WIRES OR STRAPS

ROD

6
DUCT HANGER DETAIL
NOT TO SCALE

**  DETAIL COURTESY OF MORGAN THERMAL CERAMICS.

1 1/2"

NOTES:

UL LISTED - FASTDOOR XL

2
FIREMASTER FASTWRAP XL DETAIL
NOT TO SCALE

1
KITCHEN HOOD EXHAUST FAN
NOT TO SCALE

1" MIN.

UP BLAST EXHAUST FAN

MIN. 40"

ROOF

MIN. 18"

FROM KITCHEN
EXHAUST DUCT

HOOD

4
DUCT SUPPORT DETAIL
EXPOSED RECTANGULAR 

NOT TO SCALE

5
HANGER TABLE
ROUND DUCT

NOT TO SCALE

61-84" TWO 3/8" TWO 1" x 16 GA.

85-96" -

-

TWO 1/2" TWO 1 1/2" x 16 GA.

DIA.

10" DN

11-18"

19-24"

25-36"

37-50"

51-60"

TWO 8 GA.

TWO 10 GA.

TWO 12 GA. OR ONE 8 GA.

ONE 12 GA.

-

- TWO 3/8"

TWO 3/8"

1/4"

3/8"

1/4"

1/4"

ROD

1" x 22 GA.

1" x 20 GA.

TWO 1" x 20 GA.

TWO 1" x 18 GA.

STRAP

1" x 22 GA.

1" x 22 GA.

CONTINUOUS AROUND JOINT
SMOOTH AT ALL JOINTS
DUCT SEALANT CALKED

UP TO BLDG. STRUCTURE
CONTINUOUS AROUND DUCT
1" WIDE GALV. STL. STRAP

RECT. DUCTWORK

10
HOOD FASTENING DETAIL
NOT TO SCALE

3

8
CEILING FAN DETAIL
NOT TO SCALE

FINISHED CEILING

EXHAUST FAN

BACKDRAFT DAMPER

EXHAUST DUCT

RECTANGULAR TO ROUND
TRANSITION (IF REQUIRED)

AIR FLOW

3
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ISSUE FOR CONSTRUCTION04/15/20243

M501

MECHANICAL DETAILS

City of Tampa 
CONSTRUCTION SERVICES DIVISION 

PLAN APPROVAL 

THIS SET OF PLANS MUST BE KEPT ON 
THE JOB AT ALL TIMES 

It is unlawful to make changes or 
alterations without written approval 
from the City of Tampa Construction 

Services Division. 
The Stamping of this plan shall not be 

held to permit or approve the violation 
of any City or State Codes 
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1.  DUCT SMOKE DETECTOR ON RETURN AND/OR SUPPLY SIDE DUCT AND SHUTDOWN RELAY

   MECHANICAL CONTRACTOR.  ALL WIRING SHALL BE BY THE ELECTRICAL CONTRACTOR.
   SHALL BE FURNISHED BY THE ELECTRICAL CONTRACTOR FOR INSTALLATION BY THE
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MOUNTING FRAME DETAIL
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24", 20", 18" OR 12"

1-1/2"

NOTE:

1-1/8"

DRYWALL CEILING
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3" DIAM. PIPE

4" x 4" x 1/4" ANGLE

3" x 3" x 3/16" ANGLE

2 1/8" x 2 1/8" x 3/16" ANGLE

2" x 2" x 3/16" ANGLE

    THE TOP OF PIPE TO THE BOTTOM OF THE SUPPORT
    BY INDIVIDUAL HANGERS 12" OR LESS IN LENGTH FROM
*B.  BRACING CAN BE OMITTED ON ALL PIPING SUSPENDED 

    FOR THE HANGER.

 A.  DUCTS WHICH ARE LARGER THAN OR EQUAL TO
    6 SQUARE FEET IN CROSS SECTION AREA SHALL BE
    BE BRACED LATERALLY 7'-0" ON CENTERS WITH
    2" x 2" x 3/16" ANGLE.

2 1/2" TO 3"

4" AND UP

UP TO 1 1/2"

13'-0"

13'-0" TO
18'-0"

11'-6"

10'-0"

NOTES:

8'-0"

6'-0"

2"

10'-0"

10'-0"

7'-0"

10'-0"

10'-0"

7'-0"

NOT REQUIRED

NOT REQUIRED

BRACE SIZE

BRACE SIZING
SEISMIC BRACING AND SIZING

BRACING SPACING
MAXIMUM
LENGTH

PIPE SIZE MAXIMUM
HANGER SPACING BRACE SPACING*

(SEE NOTE B)

MAXIMUM
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TYPICAL ROOF TOP UNIT DETAIL
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ROOF MEMBRANE

PER LOCAL CODES.
2. DUCT SMOKE DETECTOR SHALL BE MOUNTED AND INSTALLED 

PENETRATIONS OF ELECTRICAL CONDUITS WILL BE ACCEPTABLE.
1. PROVIDE THROUGH CURB ELECTRICAL CONNECTIONS. NO ROOF 

SUPPLY AIR DUCT

RETURN AIR DUCT

INSULATION

FLEXIBLE CONNECTION

ROOF JOIST

METAL DECK

NOTES:

7
HURRICANE TIE DOWN DETAIL
ROOF TOP UNIT

NOT TO SCALE

4. CONTRACTOR IS RESPONSIBLE FOR VERIFICATION OF, AND

2. PLATE MUST BE PAINTED WHERE IT CONTACTS RAIL.
3. USE (8) SCREWS TO SECURE PLATE, NO SMALLER THAN #10x1/2''

1. USE A MINIMUM OF (1) PLATE PER SIDE OF UNIT.
NOTES:

OF FACTORY CURB
AS REQUIRED FOR FULL PERIMETER

COMPLIANCE WITH ALL LOCAL CODES

WOOD NAILER

(4) #10 1/2'' TEK SCREWS
ATTACH TO UNIT:

PLATE, BENT TO SHAPE
6'' WIDE 16 GAUGE

STRUCTURAL SUPPORT AND FRAME

FACTORY CURB:  14" MIN. HEIGHT,
16 GAUGE, SQUARE WITHIN 1/8" ON
DIAGONAL MEASUREMENT, WITH A
MINIMUM OF 8" ABOVE TOP OF ROOF

1 1/2" RIGID INSULATION

WELD ROOF CURB TO SUPPORT FRAME

ROOF INSULATION
METAL DECKING

ATTACH TO UNIT:
(4) #10 1/2" TEK SCREWS

3/4" MAXIMUM

3" CANT STRIP
ROOF MEMBRANE

ROOF JOIST BEYOND

UNIT BASE RAIL
OR LIFTING LUG

ROOFTOP UNIT

10
RETURN AIR TRANSFER
NOT TO SCALE

TRANSFER GRILLE TRANSFER GRILLE

STRUCTURE ABOVE

3

9
FIRE DAMPER DETAIL
NOT TO SCALE

D) METAL FASTENERS SPACED A MINIMUM OF 16" O.C.

WIDE OR 24" HIGH, AND 14 GAUGE ON LARGER DAMPERS:
GAUGE OF THE SLEEVE SHALL BE 16 GAUGE ON DAMPERS NOT EXCEEDING 36"
WHEN THE FOLLOWING DUCT-SLEEVE CONNECTIONS ARE USED, THE MINIMUM
SO THAT THERE WILL BE A MIN. 1" OF OVERLAP ON THE PARTITION.
HEIGHT AND WIDTH, AND ANGLES SHALL INCREASE SIZE PROPORTIONATELY,
THE SLEEVE. DAMPERS SHALL HAVE A CLEARANCE OF 1/8" PER FOOT ON
ONLY USING THE SAME MEANS AS REQUIRED FOR FASTENING THE DAMPER TO
ANGLES SHALL BE A MINIMUM OF 1 1/2" X 2" X 16 GA. FASTEN TO SLEEVE
SECURE ANGLES TO SLEEVE ONLY, SO AS TO FRAME THE WALL OPENING.

SIZING MASONRY OPENING, ALLOW ONE INCH OVER BOTH LISTED WIDTH AND
HORIZONTAL INSTALLATIONS AND TOWARD ACCESS DOOR IN ALL CASES. WHEN
SLEEVE MUST BE INSTALLED SO DAMPER BLADE LOCKS ARE UPPERMOST IN

BEYOND THE WALL OR FLOOR OPENING SHALL NOT EXCEED 6" ON EACH SIDE
FLOOR SLAB ND SO THAT THE LENGTH OF THE SLEEVE OR FRAME EXTENDING
SLEEVES SHALL BE INSTALLED SO THE DAMPER IS WITHIN FIRE WALL OR

TO WHICH IT IS ATTACHED. GAUGES SHALL CONFORM TO SMACNA DUCT 
THE SLEEVE SHALL BE OF THE SAME GAUGE OR HEAVIER THAN THE DUCT

FASTENERS OR WELD BEADS SHOULD BE MAX 8" O.C'S AND 2/3/4"
WITH #10 SHEETMETAL SCREWS, OR WITH 3/16" POP STEEL RIVETS.
NUTS, OR BY TACK WELDING W/ BEADS 1/2" + 1/4" IN LENGTH, OR
BETWEEN SLEEVE ENDS AND DAMPER BODY, WITH 1/4" DIA. BOLTS AND
SECURE THE DAMPER TO THE SLEEVE, ALLOWING 1/2" CLEARANCE

HEIGHT FOR DAMPER BODY CLEARANCE.DAMPER FRAME

ACCESS DOOR 

FUSIBLE LINK

IN COMPLIANCE WITH UNIT'S UL LISTING.
FIRE DAMPER INSTALLATION SHALL BE
NOTE:

ANGLES

SLEEVE
MOUNTING

6.

5.

B) ANGLE REINFORCED POCKET LOCK.
C) COMPANION ANGLES.

A) ANGLE REINFORCED STANDING SEAM.

1" (25) MIN TYP
OVERLAP ON ALL
SIDES OF DAMPER

4.

3.

2.

(PER UL 555).

STANDARDS.
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To the best of the engineer's  knowledge, the plans and
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      C.    Install fireproofing on entire surface of ducts indicated, except where Contract 

AutoCAD SHX Text
            Documents explicitly indicate 3-sided or 2-sided installation. 

AutoCAD SHX Text
      D.    At penetrations of ducts through fire rated assemblies (walls, floors, roofs), 

AutoCAD SHX Text
            extend fireproofing through the opening and seal annular space between fireproofing 

AutoCAD SHX Text
            and edge of opening with firestopping. 

AutoCAD SHX Text
      E.    Fasten fireproofing to ducts using either banding or insulation pins welded 

AutoCAD SHX Text
            directly to surface of duct; do not use adhesives. 

AutoCAD SHX Text
      F.    Install fireproofing on supports and hangers unless hanger rods are at least 3/8 

AutoCAD SHX Text
            inch in diameter, spaced not more than 60 inches on center along length of duct, 

AutoCAD SHX Text
            and horizontal supports are at least 2 by 2 by 1/4 inch steel angle or equivalent 

AutoCAD SHX Text
            SMACNA support system. 

AutoCAD SHX Text
      G.    Access Panels:  Do not block access; install fireproofing so that panel can be 

AutoCAD SHX Text
            removed and reinstalled without damaging fireproofing. 

AutoCAD SHX Text
      H.    Seal all cut edges and ends and repair tears in facing using aluminum foil tape.
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                                        END OF SECTION
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                            SECTION 230719 - HVAC PIPING INSULATION

AutoCAD SHX Text
PART 1  GENERAL

AutoCAD SHX Text
1.01  SECTION INCLUDES

AutoCAD SHX Text
      A.    Cooling condensate drain piping insulation.

AutoCAD SHX Text
      B.    Refrigerant piping insulation.

AutoCAD SHX Text
PART 2  PRODUCTS

AutoCAD SHX Text
2.01  REQUIREMENTS FOR ALL PRODUCTS OF THIS SECTION

AutoCAD SHX Text
      A.    Surface Burning Characteristics:  Flame spread/Smoke developed index of 25/50, 

AutoCAD SHX Text
            maximum, when tested in accordance with ASTM E 84, NFPA 255, or UL 723. 

AutoCAD SHX Text
      B.    The Contractor may use any of the following insulating/jacketing materials, at his 

AutoCAD SHX Text
            option, provided the selected material meets with the approval of all State, local 

AutoCAD SHX Text
            authorities and utility company requirements.  Verification of compliance of the 

AutoCAD SHX Text
            selected insulating/jacketing material is the sole responsibility of the installing 

AutoCAD SHX Text
            Contractor. 
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2.02  GLASS FIBER

AutoCAD SHX Text
      A.    Manufacturers:  Knauf Insulation; Johns Manville Corporation; Owens Corning Corp.; 

AutoCAD SHX Text
            CertainTeed Corporation. 

AutoCAD SHX Text
      B.    Insulation:  ASTM C 547 and ASTM C 795; rigid molded, noncombustible.
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            1.    'K' value:  ASTM C 177, 0.24 at 75 degrees F.
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            2.    Maximum service temperature:  850 degrees F.

AutoCAD SHX Text
            3.    Maximum moisture absorption:  0.2 percent by volume.
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      C.    Insulation:  ASTM C 547 and ASTM C 795; semi-rigid, noncombustible, end grain 

AutoCAD SHX Text
            adhered to jacket. 

AutoCAD SHX Text
            1.    'K' value:  ASTM C 177, 0.24 at 75 degrees F.

AutoCAD SHX Text
            2.    Maximum service temperature:  650 degrees F.

AutoCAD SHX Text
            3.    Maximum moisture absorption:  0.2 percent by volume.
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      D.    Vapor Barrier Jacket:  White kraft paper with glass fiber yarn, bonded to 

AutoCAD SHX Text
            aluminized film; moisture vapor transmission when tested in accordance with ASTM E 

AutoCAD SHX Text
            96/E 96M of 0.02 perm-inches. 
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      E.    Vapor Barrier Lap Adhesive:  Compatible with insulation.
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      F.    Insulating Cement/Mastic:  ASTM C 195; hydraulic setting on mineral wool.
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      G.    Fibrous Glass Fabric:
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            1.    Cloth:  Untreated; 9 oz/sq yd weight.
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            2.    Blanket:  1.0 lb/cu ft density.

AutoCAD SHX Text
            3.    Weave:  5x5.
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      H.    Indoor Vapor Barrier Finish:

AutoCAD SHX Text
            1.    Cloth:  Untreated; 9 oz/sq yd weight.

AutoCAD SHX Text
            2.    Vinyl emulsion type acrylic, compatible with insulation, black color.
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      I.    Insulating Cement:  ASTM C 449/C 449M.
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2.03  FLEXIBLE ELASTOMERIC CELLULAR INSULATION

AutoCAD SHX Text
      A.    Manufacturer:  Armacell International.

AutoCAD SHX Text
      B.    Insulation:  Preformed flexible elastomeric cellular rubber insulation complying 

AutoCAD SHX Text
            with ASTM C 534 Grade 3; use molded tubular material wherever possible. 

AutoCAD SHX Text
            1.    Minimum Service Temperature:  -40 degrees F.

AutoCAD SHX Text
            2.    Maximum Service Temperature:  220 degrees F.

AutoCAD SHX Text
            3.    Connection:  Waterproof vapor barrier adhesive.

AutoCAD SHX Text
      C.    Elastomeric Foam Adhesive:  Air dried, contact adhesive, compatible with 

AutoCAD SHX Text
            insulation. 
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2.04  JACKETS
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      A.    PVC Plastic.

AutoCAD SHX Text
            1.    Manufacturers:  Knauf Fiber Glass; Johns Manville Corporation; Owens Corning 

AutoCAD SHX Text
                  Corp.; CertainTeed Corporation. 

AutoCAD SHX Text
            2.    Jacket:  One piece molded type fitting covers and sheet material, off-white 

AutoCAD SHX Text
                  color. 
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                  a.    Minimum Service Temperature:  0 degrees F.
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                  b.    Maximum Service Temperature:  150 degrees F.
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                  c.    Moisture Vapor Permeability:  0.002 perm inch, maximum, when tested in 

AutoCAD SHX Text
                        accordance with ASTM E 96/E 96M. 

AutoCAD SHX Text
                  d.    Thickness:  10 mil.

AutoCAD SHX Text
                  e.    Connections:  Brush on welding adhesive.
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            3.    Covering Adhesive Mastic:  Compatible with insulation.
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      B.    ABS Plastic:

AutoCAD SHX Text
            1.    Jacket:  One piece molded type fitting covers and sheet material, off-white 

AutoCAD SHX Text
                  color. 

AutoCAD SHX Text
                  a.    Minimum Service Temperature:  -40 degrees F.
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                  b.    Maximum Service Temperature of 180 degrees F.

AutoCAD SHX Text
                  c.    Moisture Vapor Permeability:  0.012 perm inch, when tested in 

AutoCAD SHX Text
                        accordance with ASTM E 96/E 96M. 

AutoCAD SHX Text
                  d.    Thickness:  30 mil.

AutoCAD SHX Text
                  e.    Connections:  Brush on welding adhesive.

AutoCAD SHX Text
PART 3  EXECUTION

AutoCAD SHX Text
3.01  INSTALLATION

AutoCAD SHX Text
      A.    Install in accordance with manufacturer's instructions.

AutoCAD SHX Text
      B.    Install in accordance with NAIMA National Insulation Standards.
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      C.    Inserts and Shields:

AutoCAD SHX Text
            1.    Application:  Piping 2 inches diameter or larger.

AutoCAD SHX Text
            2.    Shields:  Galvanized steel between pipe hangers or pipe hanger rolls and 

AutoCAD SHX Text
                  inserts. 

AutoCAD SHX Text
            3.    Insert location:  Between support shield and piping and under the finish 

AutoCAD SHX Text
                  jacket. 

AutoCAD SHX Text
            4.    Insert configuration:  Minimum 6 inches long, of same thickness and contour 

AutoCAD SHX Text
                  as adjoining insulation; may be factory fabricated. 
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            5.    Insert material:  Hydrous calcium silicate insulation or other heavy density 

AutoCAD SHX Text
                  insulating material suitable for the planned temperature range. 
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      D.    Continue insulation through walls, sleeves, pipe hangers, and other pipe 

AutoCAD SHX Text
            penetrations.  Finish at supports, protrusions, and interruptions. 

AutoCAD SHX Text
      E.    Exposed Piping:  Locate insulation and cover seams in least visible locations.
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3.02  SCHEDULE
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      A.    Cooling Systems:
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            1.    Cold Condensate Drains:
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                  a.    Glass Fiber Insulation:
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                        1.    Pipe Size Range:  All Sizes.
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                              a.    Thickness:  1/2 inch.
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                  b.    Flexible Elastomeric Cellular Foam Insulation:
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                        1.    Pipe Size Range:  All Sizes.
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                              a.    Thickness:  1/2 inch.
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      B.    Refrigerant Suction:
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                  a.    Glass Fiber Insulation:
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                        1.    Pipe Size Range:  All Sizes.
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                              a.    Thickness:  3/4 inch.
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                  b.    Flexible Elastomeric Cellular Foam Insulation:
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                        1.    Pipe Size Range:  All Sizes.
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                              a.    Thickness:  3/4 inch.
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      C.    Refrigerant Hot Gas:
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                  a.    Glass Fiber Insulation:
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                        1.    Pipe Size Range:  All Sizes.

AutoCAD SHX Text
                              a.    Thickness:  1/2 inch.
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                  b.    Flexible Elastomeric Cellular Foam Insulation:
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                        1.    Pipe Size Range:  All Sizes.

AutoCAD SHX Text
                              a.    Thickness:  1/2 inch.
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                                        END OF SECTION
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                            SECTION 230800 - COMMISSIONING OF HVAC
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PART 1  GENERAL

AutoCAD SHX Text
1.01  SUMMARY

AutoCAD SHX Text
      A.    See Section 01 9113 - General Commissioning Requirements for overall objectives; 

AutoCAD SHX Text
            comply with the requirements of Section 01 9113. 

AutoCAD SHX Text
      B.    This section covers the Contractor's responsibilities for commissioning; each 

AutoCAD SHX Text
            subcontractor or installer responsible for the installation of a particular system 

AutoCAD SHX Text
            or equipment item to be commissioned is responsible for the commissioning 

AutoCAD SHX Text
            activities relating to that system or equipment item. 

AutoCAD SHX Text
      C.    The Commissioning Authority (CA) directs and coordinates all commissioning 

AutoCAD SHX Text
            activities and provides Pre-functional Checklists and Functional Test Procedures 

AutoCAD SHX Text
            for Contractor's use. 

AutoCAD SHX Text
      D.    The entire HVAC system is to be commissioned, including commissioning activities 

AutoCAD SHX Text
            for the following specific items: 

AutoCAD SHX Text
            1.    Control system.
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            2.    Major and minor equipment items.
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            3.    Piping systems and equipment.

AutoCAD SHX Text
            4.    Ductwork and accessories.
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            5.    Terminal units.

AutoCAD SHX Text
            6.    Sound control devices.

AutoCAD SHX Text
            7.    Vibration control devices.

AutoCAD SHX Text
            8.    Variable frequency drives.

AutoCAD SHX Text
            9.    Special Ventilation: Hoods, pressurization, exhaust, etc.

AutoCAD SHX Text
            10.   Other equipment and systems explicitly identified elsewhere in Contract 

AutoCAD SHX Text
                  Documents as requiring commissioning. 

AutoCAD SHX Text
            11.   Indoor Air Quality Procedures:  The Commissioning Authority will coordinate; 

AutoCAD SHX Text
                  Contractor will execute; see Section 01 5719. 

AutoCAD SHX Text
      E.    The Pre-functional Checklist and Functional Test requirements specified in this 

AutoCAD SHX Text
            section are in addition to, not a substitute for, inspection or testing specified 

AutoCAD SHX Text
            in other sections. 
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1.02  RELATED REQUIREMENTS

AutoCAD SHX Text
      A.    Section 23 0993 - Sequence of Operations for HVAC Controls.

AutoCAD SHX Text
      B.    Section 23 0593 - Testing, Adjusting, and Balancing for HVAC.

AutoCAD SHX Text
1.03  REFERENCE STANDARDS

AutoCAD SHX Text
      A.    ASHRAE Guideline 1.1 - The HVAC Commissioning Process; 2012.

AutoCAD SHX Text
1.04  SUBMITTALS

AutoCAD SHX Text
      A.    Updated Submittals:  Keep the Commissioning Authority informed of all changes to 

AutoCAD SHX Text
            control system documentation made during programming and setup; revise and resubmit 

AutoCAD SHX Text
            when substantial changes are made. 

AutoCAD SHX Text
      B.    DRAFT Pre-functional Checklists and Functional Test Procedures for Control System:  

AutoCAD SHX Text
            Detailed written plan indicating the procedures to be followed to test, checkout 

AutoCAD SHX Text
            and adjust the control system prior to full system Functional Testing; include at 

AutoCAD SHX Text
            least the following for each type of equipment controlled: 

AutoCAD SHX Text
            1.    System name.

AutoCAD SHX Text
            2.    List of devices.

AutoCAD SHX Text
            3.    Step-by-step procedures for testing each controller after installation, 

AutoCAD SHX Text
                  including: 

AutoCAD SHX Text
                  a.    Process of verifying proper hardware and wiring installation.
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                  b.    Process of downloading programs to local controllers and verifying that 

AutoCAD SHX Text
                        they are addressed correctly. 
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                  c.    Process of performing operational checks of each controlled component.
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                  d.    Plan and process for calibrating valve and damper actuators and all 

AutoCAD SHX Text
                        sensors. 
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                  e.    Description of the expected field adjustments for transmitters, 

AutoCAD SHX Text
                        controllers and control actuators should control responses fall outside 

AutoCAD SHX Text
                        of expected values. 
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            4.    Copy of proposed log and field checkout sheets to be used to document the 

AutoCAD SHX Text
                  process; include space for initial and final read values during calibration 

AutoCAD SHX Text
                  of each point and space to specifically indicate when a sensor or controller 

AutoCAD SHX Text
                  has "passed" and is operating within the contract parameters. 
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            5.    Description of the instrumentation required for testing.

AutoCAD SHX Text
            6.    Indicate what tests on what systems should be completed prior to TAB using 

AutoCAD SHX Text
                  the control system for TAB work.  Coordinate with the Commissioning Authority 

AutoCAD SHX Text
                  and TAB contractor for this determination. 
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      C.    Startup Reports, Pre-functional Checklists, and Trend Logs:  Submit for approval of 

AutoCAD SHX Text
            Commissioning Authority. 
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      D.    HVAC Control System O&M Manual Requirements.  In addition to documentation 

AutoCAD SHX Text
            specified elsewhere, compile and organize at minimum the following data on the 

AutoCAD SHX Text
            control system: 

AutoCAD SHX Text
            1.    Specific step-by-step instructions on how to perform and apply all functions, 

AutoCAD SHX Text
                  features, modes, etc. mentioned in the controls training sections of this 

AutoCAD SHX Text
                  specification and other features of this system.  Provide an index and clear 

AutoCAD SHX Text
                  table of contents.  Include the detailed technical manual for programming and 

AutoCAD SHX Text
                  customizing control loops and algorithms. 
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            2.    Full as-built set of control drawings.

AutoCAD SHX Text
            3.    Full as-built sequence of operations for each piece of equipment.

AutoCAD SHX Text
            4.    Full points list; in addition to the information on the original points list 

AutoCAD SHX Text
                  submittal, include a listing of all rooms with the following information for 

AutoCAD SHX Text
                  each room: 

AutoCAD SHX Text
                  a.    Floor.

AutoCAD SHX Text
                  b.    Room number.

AutoCAD SHX Text
                  c.    Room name.
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                  d.    Air handler unit ID.
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                  e.    Reference drawing number.
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                  f.    Air terminal unit tag ID.

AutoCAD SHX Text
                  g.    Heating and/or cooling valve tag ID.
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                  h.    Minimum air flow rate.
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                  i.    Maximum air flow rate.
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            5.    Full print out of all schedules and set points after testing and acceptance 
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                  of the system. 
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            6.    Full as-built print out of software program.
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            7.    Electronic copy on disk of the entire program for this facility.
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            8.    Marking of all system sensors and thermostats on the as-built floor plan and 

AutoCAD SHX Text
                  HVAC drawings with their control system designations. 
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            9.    Maintenance instructions, including sensor calibration requirements and 

AutoCAD SHX Text
                  methods by sensor type, etc. 

AutoCAD SHX Text
            10.   Control equipment component submittals, parts lists, etc.

AutoCAD SHX Text
            11.   Warranty requirements.

AutoCAD SHX Text
            12.   Copies of all checkout tests and calibrations performed by the Contractor 

AutoCAD SHX Text
                  (not commissioning tests). 

AutoCAD SHX Text
            13.   Organize and subdivide the manual with permanently labeled tabs for each of 

AutoCAD SHX Text
                  the following data in the given order: 

AutoCAD SHX Text
                  a.    Sequences of operation.
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                  b.    Control drawings.

AutoCAD SHX Text
                  c.    Points lists.

AutoCAD SHX Text
                  d.    Controller and/or module data.

AutoCAD SHX Text
                  e.    Thermostats and timers.

AutoCAD SHX Text
                  f.    Sensors and DP switches.

AutoCAD SHX Text
                  g.    Valves and valve actuators.

AutoCAD SHX Text
                  h.    Dampers and damper actuators.

AutoCAD SHX Text
                  i.    Program setups (software program printouts).
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      E.    Project Record Documents:

AutoCAD SHX Text
            1.    Submit updated version of control system documentation, for inclusion with 

AutoCAD SHX Text
                  operation and maintenance data. 

AutoCAD SHX Text
            2.    Show actual locations of all static and differential pressure sensors (air, 

AutoCAD SHX Text
                  water and building pressure) and air-flow stations on project record 

AutoCAD SHX Text
                  drawings.  
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      F.    Draft Training Plan:

AutoCAD SHX Text
            1.    Follow the recommendations of ASHRAE Guideline 1.1.

AutoCAD SHX Text
            2.    Control system manufacturer's recommended training.

AutoCAD SHX Text
            3.    Demonstration and instruction on function and overrides of any local packaged 

AutoCAD SHX Text
                  controls not controlled by the HVAC control system. 

AutoCAD SHX Text
      G.    Training Manuals:

AutoCAD SHX Text
            1.    Provide three extra copies of the controls training manuals in a separate 

AutoCAD SHX Text
                  manual from the O&M manuals. 
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      H.    Submittals are reviewed only for general compliance with the Contract Documents.  

AutoCAD SHX Text
            Dimensions, quantities and details are not checked during submittal review.  Review 

AutoCAD SHX Text
            of the submittals does not relieve the Contractor of the responsibility for 

AutoCAD SHX Text
            providing all materials, equipment and accessories necessary for a complete and 

AutoCAD SHX Text
            operational system meeting the requirements of the project and the intent of the 

AutoCAD SHX Text
            Contract Documents. The responsibility for coordination of substituted materials 

AutoCAD SHX Text
            and equipment lies solely with the substituting Contractor. 
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PART 2 PRODUCTS
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2.01  TEST EQUIPMENT

AutoCAD SHX Text
      A.    Provide all standard testing equipment required to perform startup and initial 

AutoCAD SHX Text
            checkout and required functional performance testing; unless otherwise noted such 

AutoCAD SHX Text
            testing equipment will NOT become the property of Owner. 

AutoCAD SHX Text
      B.    Equipment-Specific Tools:  Where special testing equipment, tools and instruments 

AutoCAD SHX Text
            are specific to a piece of equipment, are only available from the vendor, and are 

AutoCAD SHX Text
            required in order to accomplish startup or Functional Testing, provide such 

AutoCAD SHX Text
            equipment, tools, and instruments as part of the work at no extra cost to Owner; 

AutoCAD SHX Text
            such equipment, tools, and instruments are to become the property of Owner. 
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PART 3 EXECUTION
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3.01  PREPARATION
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      A.    Cooperate with the Commissioning Authority in development of the Pre-functional 
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            Checklists and Functional Test Procedures. 

AutoCAD SHX Text
      B.    Furnish additional information requested by the Commissioning Authority.

AutoCAD SHX Text
      C.    Prepare a preliminary schedule for HVAC pipe and duct system testing, flushing and 

AutoCAD SHX Text
            cleaning, equipment start-up and testing, adjusting, and balancing start and 

AutoCAD SHX Text
            completion for use by the Commissioning Authority; update the schedule as 

AutoCAD SHX Text
            appropriate. 

AutoCAD SHX Text
      D.    Notify the Commissioning Authority when pipe and duct system testing, flushing, 

AutoCAD SHX Text
            cleaning, startup of each piece of equipment and testing, adjusting, and balancing 

AutoCAD SHX Text
            will occur; when commissioning activities not yet performed or not yet scheduled 

AutoCAD SHX Text
            will delay construction notify ahead of time and be proactive in seeing that the 

AutoCAD SHX Text
            Commissioning Authority has the scheduling information needed to efficiently 

AutoCAD SHX Text
            execute the commissioning process. 
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      E.    Put all HVAC equipment and systems into operation and continue operation during 

AutoCAD SHX Text
            each working day of testing, adjusting, and balancing and commissioning, as 

AutoCAD SHX Text
            required. 
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            1.    Include cost of sheaves and belts that may be required for testing, 

AutoCAD SHX Text
                  adjusting, and balancing. 
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      F.    Provide test holes in ducts and plenums where directed to allow air measurements 

AutoCAD SHX Text
            and air balancing; close with an approved plug. 

AutoCAD SHX Text
      G.    Provide temperature and pressure taps in accordance with the Contract Documents.
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3.02  INSPECTING AND TESTING - GENERAL

AutoCAD SHX Text
      A.    Submit startup plans, startup reports, and Pre-functional Checklists for each item 

AutoCAD SHX Text
            of equipment or other assembly to be commissioned. 

AutoCAD SHX Text
      B.    Perform the Functional Tests directed by the Commissioning Authority for each item 

AutoCAD SHX Text
            of equipment or other assembly to be commissioned. 

AutoCAD SHX Text
      C.    Provide two-way radios for use during the testing.

AutoCAD SHX Text
      D.    Valve/Damper Stroke Setup and Check:

AutoCAD SHX Text
            1.    For all valve/damper actuator positions checked, verify the actual position 

AutoCAD SHX Text
                  against the control system readout.  

AutoCAD SHX Text
            2.    Set pump/fan to normal operating mode.

AutoCAD SHX Text
            3.    Command valve/damper closed; visually verify that valve/damper is closed and 

AutoCAD SHX Text
                  adjust output zero signal as required.  

AutoCAD SHX Text
            4.    Command valve/damper open; verify position is full open and adjust output 

AutoCAD SHX Text
                  signal as required. 

AutoCAD SHX Text
            5.    Command valve/damper to a few intermediate positions.  

AutoCAD SHX Text
            6.    Verify proper operational of Normally Open or Normally closed positions of 

AutoCAD SHX Text
                  all valves/dampers by means of normal operating mode tests plus removal of 

AutoCAD SHX Text
                  power to confirm proper closure or opening upon failure of power or control 

AutoCAD SHX Text
                  signal. 

AutoCAD SHX Text
            7.    Perform valve/damper leakage testing on all dampers by applying normal 

AutoCAD SHX Text
                  operating pressure with the valve/damper in the closed position and measure 

AutoCAD SHX Text
                  either the delta T across coils or airflow through dampers to confirm 

AutoCAD SHX Text
                  compliance with specification requirements for dampers and zero leakage for 

AutoCAD SHX Text
                  valves. 

AutoCAD SHX Text
            8.    If actual valve/damper position does not reasonably correspond, replace 

AutoCAD SHX Text
                  actuator. 
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3.03  TAB COORDINATION

AutoCAD SHX Text
      A.    TAB:  Testing, adjusting, and balancing of HVAC.

AutoCAD SHX Text
      B.    Coordinate commissioning schedule with TAB schedule.

AutoCAD SHX Text
      C.    Review the TAB plan to determine the capabilities of the control system toward 

AutoCAD SHX Text
            completing TAB. 

AutoCAD SHX Text
      D.    Provide all necessary unique instruments and instruct the TAB technicians in their 

AutoCAD SHX Text
            use; such as handheld control system interface for setting terminal unit boxes, 

AutoCAD SHX Text
            etc. 

AutoCAD SHX Text
      E.    Have all required Pre-functional Checklists, calibrations, startup and component 

AutoCAD SHX Text
            Functional Tests of the system completed and approved by the Commissioning 

AutoCAD SHX Text
            Authority prior to starting TAB. 

AutoCAD SHX Text
      F.    Provide a qualified control system technician to operate the controls to assist the 

AutoCAD SHX Text
            TAB technicians or provide sufficient training for the TAB technicians to operate 

AutoCAD SHX Text
            the system without assistance. 
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3.04  CONTROL SYSTEM FUNCTIONAL TESTING

AutoCAD SHX Text
      A.    Pre-functional Checklists for control system components will require a signed and 

AutoCAD SHX Text
            dated certification that all system programming is complete as required to 

AutoCAD SHX Text
            accomplish the requirements of the Contract Documents and the detailed Sequences of 

AutoCAD SHX Text
            Operation documentation submittal. 

AutoCAD SHX Text
      B.    Do not start Functional Testing until all controlled components have themselves 

AutoCAD SHX Text
            been successfully Functionally Tested in accordance with the Contract Documents. 

AutoCAD SHX Text
      C.    Using a skilled technician who is familiar with this building, execute the 

AutoCAD SHX Text
            Functional Testing of the control system as required by the Commissioning 

AutoCAD SHX Text
            Authority. 

AutoCAD SHX Text
      D.    Functional Testing of the control system constitutes demonstration and trend 

AutoCAD SHX Text
            logging of control points monitored by the control system. 

AutoCAD SHX Text
            1.    The scope of trend logging is partially specified; trend log up to 50 percent 

AutoCAD SHX Text
                  more points than specified at no extra cost to Owner. 

AutoCAD SHX Text
            2.    Perform all trend logging specified in Pre-functional Checklists and 

AutoCAD SHX Text
                  Functional Test procedures. 

AutoCAD SHX Text
      E.    Functionally Test integral or stand-alone controls in conjunction with the 

AutoCAD SHX Text
            Functional Tests of the equipment they are attached to, including any interlocks 

AutoCAD SHX Text
            with other equipment or systems; further testing during control system Functional 

AutoCAD SHX Text
            Test is not required unless specifically indicated below. 

AutoCAD SHX Text
      F.    Demonstrate the following to the Commissioning Authority during testing of 

AutoCAD SHX Text
            controlled equipment; coordinate with commissioning of equipment. 

AutoCAD SHX Text
            1.    Setpoint changing features and functions.

AutoCAD SHX Text
            2.    Sensor calibrations.

AutoCAD SHX Text
      G.    Demonstrate to the Commissioning Authority:

AutoCAD SHX Text
            1.    That all specified functions and features are set up, debugged and fully 

AutoCAD SHX Text
                  operable. 

AutoCAD SHX Text
            2.    That scheduling features are fully functional and setup, including holidays.

AutoCAD SHX Text
            3.    That all graphic screens and value readouts are completed.

AutoCAD SHX Text
            4.    Correct date and time setting in central computer.

AutoCAD SHX Text
            5.    That field panels read the same time as the central computer; sample 10 

AutoCAD SHX Text
                  percent of field panels; if any of those fail, sample another 10 percent; if 

AutoCAD SHX Text
                  any of those fail test all remaining units at no extra cost to Owner. 

AutoCAD SHX Text
            6.    Functionality of field panels using local operator keypads and local ports 

AutoCAD SHX Text
                  (plug-ins) using portable computer/keypad; demonstrate 100 percent of panels 

AutoCAD SHX Text
                  and 10 percent of ports; if any ports fail, sample another 10 percent; if any 

AutoCAD SHX Text
                  of those fail, test all remaining units at no extra cost to Owner. 

AutoCAD SHX Text
            7.    Power failure and battery backup and power-up restart functions.

AutoCAD SHX Text
            8.    Global commands features.

AutoCAD SHX Text
            9.    Security and access codes.

AutoCAD SHX Text
            10.   Occupant over-rides (manual, telephone, key, keypad, etc.).

AutoCAD SHX Text
            11.   O&M schedules and alarms.

AutoCAD SHX Text
            12.   Occupancy sensors and controls.

AutoCAD SHX Text
            13.   "After hours" use tracking and billing.

AutoCAD SHX Text
            14.   Communications to remote sites.

AutoCAD SHX Text
            15.   Fire alarm interlocks and response.

AutoCAD SHX Text
            16.   Fire protection and suppression systems interfaces.

AutoCAD SHX Text
            17.   Security system interlocks.
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            18.   That points that are monitored only, having no control function, are 
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                  reporting properly to the control system. 

AutoCAD SHX Text
            19.   All control strategies and sequences not tested during controlled equipment 

AutoCAD SHX Text
                  testing. 
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            20.   Trend logging and graphing features that are specified.

AutoCAD SHX Text
            21.   Other integrated tests specified in the Contract Documents

AutoCAD SHX Text
            22.   That control system features that are included but not specified to be setup 

AutoCAD SHX Text
                  are actually installed.  
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      H.    Perform and submit trend logging on the following using the control system, for 

AutoCAD SHX Text
            minimum period of 5 days including one weekend, if the control points are monitored 
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            by the control system: 
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            1.    Duty cycling, if specified.
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            2.    Demand limiting, including over-ride of limiting. 
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            3.    Sequential staging ON of equipment; optionally demonstrate manually.
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            4.    Optimum start-stop functions.
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            5.    Miscellaneous equipment current or status for duty cycling and demand 

AutoCAD SHX Text
                  limiting. 
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            6.    Equipment or building kW or current for demand limiting.

AutoCAD SHX Text
            7.    Equipment optimum start/stop functions.

AutoCAD SHX Text
      I.    If the control system, integral control components, or related equipment do not 

AutoCAD SHX Text
            respond to changing conditions and parameters appropriately as expected, as 

AutoCAD SHX Text
            specified and according to acceptable operating practice, under any of the 

AutoCAD SHX Text
            conditions, sequences, or modes tested, correct all systems, equipment, components, 

AutoCAD SHX Text
            and software required at no additional cost to Owner. 
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3.05  OPERATION AND MAINTENANCE MANUALS
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      A.    Add design intent documentation furnished by Engineer to manuals prior to 

AutoCAD SHX Text
            submission to Owner. 

AutoCAD SHX Text
      B.    Submit manuals related to items that were commissioned to Commissioning Authority 

AutoCAD SHX Text
            for review; make changes recommended by Commissioning Authority. 

AutoCAD SHX Text
      C.    Commissioning Authority will add commissioning records to manuals after submission 

AutoCAD SHX Text
            to Owner. 
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3.06  DEMONSTRATION AND TRAINING
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      A.    Demonstrate operation and maintenance of HVAC system to Owner' personnel; if during 
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            any demonstration, the system fails to perform in accordance with the information 

AutoCAD SHX Text
            included in the O&M manual, stop demonstration, repair or adjust, and repeat 

AutoCAD SHX Text
            demonstration.  Demonstrations may be combined with training sessions if 

AutoCAD SHX Text
            appropriate. 
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      B.    These demonstrations are in addition to, and not a substitute for, Pre-functional 

AutoCAD SHX Text
            Checklists and demonstrations to the Commissioning Authority during Functional 

AutoCAD SHX Text
            Testing. 
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      C.    Provide classroom and hands-on training of Owner's designated personnel on 

AutoCAD SHX Text
            operation and maintenance of the HVAC system, control system, and all equipment 
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            items indicated to be commissioned.  Return for follow up training not less than 30 

AutoCAD SHX Text
            days after initial training and not more than 6 months after initial training. 

AutoCAD SHX Text
      D.    Provide professional digital video recording of all instruction sessions and 

AutoCAD SHX Text
            deliver two copies on DVD's to the Owner for future reference. 

AutoCAD SHX Text
      E.    TAB Review:  Instruct Owner's personnel for minimum eight hours, after completion 

AutoCAD SHX Text
            of TAB, on the following: 

AutoCAD SHX Text
            1.    Review final TAB report, explaining the layout and meanings of each data 
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                  type. 
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            2.    Discuss any outstanding deficient items in control, ducting or design that 

AutoCAD SHX Text
                  may affect the proper delivery of air or water. 

AutoCAD SHX Text
            3.    Identify and discuss any terminal units, duct runs, diffusers, coils, fans 

AutoCAD SHX Text
                  and pumps that are close to or are not meeting their design capacity. 

AutoCAD SHX Text
            4.    Discuss any temporary settings and steps to finalize them for any areas that 

AutoCAD SHX Text
                  are not finished. 

AutoCAD SHX Text
            5.    Other salient information that may be useful for facility operations, 
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                  relative to TAB. 
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      F.    HVAC Control System Training:  Perform training in at least three phases:

AutoCAD SHX Text
            1.    Phase 1 - Basic Control System:  Provide minimum of 16 hours of actual 

AutoCAD SHX Text
                  training on the control system itself.  Upon completion of training, each 

AutoCAD SHX Text
                  attendee, using appropriate documentation, should be able to perform 

AutoCAD SHX Text
                  elementary operations and describe general hardware architecture and 

AutoCAD SHX Text
                  functionality of the system. 

AutoCAD SHX Text
                  a.    This training may be held on-site or at the manufacturer's facility.  

AutoCAD SHX Text
                  b.    If held off-site, the training may occur prior to final completion of 

AutoCAD SHX Text
                        the system installation. 

AutoCAD SHX Text
                  c.    For off-site training, Contractor shall pay expenses of up to two 

AutoCAD SHX Text
                        attendees. 

AutoCAD SHX Text
            2.    Phase 2 - Integrating with HVAC Systems:  Provide minimum of 16 hours of 

AutoCAD SHX Text
                  on-site, hands-on training after completion of Functional Testing.  Include 

AutoCAD SHX Text
                  instruction on: 
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                  a.    The specific hardware configuration of installed systems in this 

AutoCAD SHX Text
                        facility and specific instruction for operating the installed system, 

AutoCAD SHX Text
                        including interfaces with other systems, if any. 

AutoCAD SHX Text
                  b.    Security levels, alarms, system start-up, shut-down, power outage and 

AutoCAD SHX Text
                        restart routines, changing setpoints and alarms and other typical 

AutoCAD SHX Text
                        changed parameters, overrides, freeze protection, manual operation of 
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                        equipment, optional control strategies that can be considered, energy 
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                        savings strategies and set points that if changed will adversely affect 
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                        energy consumption, energy accounting, procedures for obtaining vendor 
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                        assistance, etc. 
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                  c.    Trend logging and monitoring features (values, change of state, 
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                        totalization, etc.), including setting up, executing, downloading, 
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                        viewing both tabular and graphically and printing trends; provide 
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                        practice in setting up trend logging and monitoring during training 
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                        session. 
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                  d.    Every display screen, allowing time for questions.

AutoCAD SHX Text
                  e.    Use of keypad or plug-in laptop computer at the zone level.
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                  f.    Use of remote access to the system via phone lines or networks.

AutoCAD SHX Text
                  g.    Setting up and changing an air terminal unit controller.
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                  h.    Graphics generation.
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                  i.    Point database entry and modifications.
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                  j.    Understanding DDC field panel operating programming, when applicable.
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            3.    Phase 3 - Post-Occupancy:  Six months after occupancy conduct minimum of 16 

AutoCAD SHX Text
                  hours of training.  Tailor training session to questions and topics solicited 
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                  beforehand from Owner.  Also be prepared to address topics brought up and 
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                  answer questions concerning operation of  the system. 
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      G.    Provide the services of manufacturer representatives to assist instructors where 
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            necessary. 
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      H.    Provide the services of the HVAC controls instructor at other training sessions, 
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            when requested, to discuss the interaction of the controls system as it relates to 
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            the equipment being discussed. 
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                                        END OF SECTION
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                   SECTION 230993 - SEQUENCE OF OPERATIONS FOR HVAC CONTROLS
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PART 1 GENERAL
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1.01  SECTION INCLUDES
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      A.    This Section defines the manner and method by which controls function.  

AutoCAD SHX Text
            Requirements for each type of control system operation are specified.  Equipment, 

AutoCAD SHX Text
            devices, and system components required for control systems are specified in other 

AutoCAD SHX Text
            sections. 
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      B.    This Section provides the intended sequence of operation for each piece of 

AutoCAD SHX Text
            controlled equipment.  Other Sections of this Specification indicate the 

AutoCAD SHX Text
            requirements for direct digital control systems, energy management systems, 

AutoCAD SHX Text
            packaged factory controls or conventional analog control systems. Equipment, 

AutoCAD SHX Text
            devices, and system components required for control systems are specified in other 

AutoCAD SHX Text
            Sections.  Wherever the sequences contained herein indicate control by a thermostat 

AutoCAD SHX Text
            or EMS sensor/controller, the Temperature Control Contractor shall furnish EMS 

AutoCAD SHX Text
            sensor/controllers for digital control systems or a thermostat for conventional 

AutoCAD SHX Text
            analog control systems as specified in other sections of this Specification. 
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      C.    Sequence of operation for:
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             1.   Fan coil units.
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                  a.    Heat pump heating/cooling.
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                  b.    Automatic changeover.
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                  c.    Variable speed supply fan.
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                  d.    Outside air damper, non-economizer systems.
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                  e.    Freeze protection.

AutoCAD SHX Text
             2.   Exhaust fans.
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                  a.    General duty building exhaust fans

AutoCAD SHX Text
                  b.    Specific duty exhaust fans.
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             3.   Control of package HVAC equipment containing factory mounted controls.
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                  a.    Single Zone Systems.
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             4.   Heat pump systems.
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                  a.    Heat pump unit controls.
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1.02  RELATED REQUIREMENTS
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      A.    Section 23 0913 - Instrumentation and Control Devices for HVAC.
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1.03  SYSTEM DESCRIPTION
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      A.    Equipment performance, controls and accessories shall be as scheduled on the 
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            Drawings and specified herein.  Inclusion in both locations is not a prerequisite 

AutoCAD SHX Text
            to inclusion in the Contract.  Equipment, controls and accessories specified in 

AutoCAD SHX Text
            either location shall be included in the Contract.  Provide all necessary controls, 

AutoCAD SHX Text
            accessories and connections as required for a complete, functional system for all 

AutoCAD SHX Text
            systems indicated on the Drawings. 
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      B.    All wiring of control systems including connections to controlled devices external 

AutoCAD SHX Text
            to the control systems shall be included in the temperature controls contract as a 

AutoCAD SHX Text
            part of the Mechanical Contract.  The Electrical Contractor will only furnish power 

AutoCAD SHX Text
            connections to devices at the locations indicated on the Electrical Drawings.  

AutoCAD SHX Text
            Review the Electrical Drawings for locations where power connections will be 
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            provided.  This Contractor shall provide all additional necessary power and control 

AutoCAD SHX Text
            wiring for a complete and functional system. 
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      C.    Provide all conduit and electrical wiring where required.  Wiring shall be 

AutoCAD SHX Text
            installed in conduit wherever wiring is concealed in inaccessible areas of 

AutoCAD SHX Text
            ceilings, walls, attics and floors.  Conduit shall be installed in all locations 

AutoCAD SHX Text
            required by applicable local and national codes.  Other locations may be installed 

AutoCAD SHX Text
            utilizing plenum rated cabling without conduit, provided that all cabling is neatly 
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            and adequately supported independent of all other systems, equipment, ductwork, 
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            etc.  Where cable trays exist, all wiring shall utilize the cable tray path, except 
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            at direct run outs to equipment or control connections. 
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      D.    All control settings and set points shall be individually adjustable.  Set points 

AutoCAD SHX Text
            specified in this Section shall be used as a guide for initial setup and may 
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            require subsequent adjustment to achieve the desired system functionality and 
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            performance. 
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1.04  SUBMITTALS
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      A.    Sequence of Operation Documentation:  Submit written sequence of operation for 
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            entire HVAC system and each piece of equipment. 
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            1.    Preface:  1 or 2 paragraph overview narrative of the system describing its 
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                  purpose, components and function. 
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            2.    State each sequence in small segments and give each segment a unique number 
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                  for referencing in Functional Test procedures; provide a complete description 
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                  regardless of the completeness and clarity of the sequences specified in the 
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                  Contract Documents. 
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            3.    Include at least the following sequences:
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                  a.    Start-up.
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                  b.    Warm-up mode.
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                  c.    Normal operating mode.
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                  d.    Unoccupied mode.
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                  e.    Shutdown.
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                  f.    Capacity control sequences and equipment staging.
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                  g.    Temperature and pressure control, such as setbacks, setups, resets, 

AutoCAD SHX Text
                        etc. 
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                  h.    Detailed sequences for all control strategies, such as economizer 
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                        control, optimum start/stop, staging, optimization, demand limiting, 
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                        etc. 
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                  i.    Effects of power or equipment failure with all standby component 
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                        functions. 
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                  j.    Sequences for all alarms and emergency shut downs.
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                  k.    Seasonal operational differences and recommendations.
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                  l.    Interactions and interlocks with other systems.
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            4.    Include initial and recommended values for all adjustable settings, setpoints 
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                  and parameters that are typically set or adjusted by operating staff; and any 
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                  other control settings or fixed values, delays, etc. that will be useful 
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                  during testing and operating the equipment. 
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            5.    For packaged controlled equipment, include manufacturer's furnished sequence 

AutoCAD SHX Text
                  of operation amplified as required to describe the relationship between the 
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                  packaged controls and the control system, indicating which points are 
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                  adjustable control points and which points are only monitored. 
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      B.    Control System Diagrams:  Submit graphic schematic of the control system showing 
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            each control component and each component controlled, monitored, or enabled. 
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            1.    Label with settings, adjustable range of control and limits.
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            2.    Include flow diagrams for each control system, graphically depicting control 
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                  logic. 
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            3.    Include the system and component layout of all equipment that the control 

AutoCAD SHX Text
                  system monitors, enables or controls, even if the equipment is primarily 

AutoCAD SHX Text
                  controlled by packaged or integral controls. 
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            4.    Include draft copies of graphic displays indicating mechanical system 

AutoCAD SHX Text
                  components, control system components, and controlled function status and 
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                  value. 
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            5.    Include all monitoring, control and virtual points specified in elsewhere.
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            6.    Include a key to all abbreviations.
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      C.    Points List:  Submit list of all control points indicating at least the following 
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            for each point. 
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            1.    Name of controlled system.
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            2.    Point abbreviation.
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            3.    Point description; such as dry bulb temperature, airflow, etc.
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            4.    Display unit.
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            5.    Control point or setpoint (Yes / No); i.e. a point that controls equipment 
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                  and can have its setpoint changed. 
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            6.    Monitoring point (Yes / No); i.e. a point that does not control or contribute 
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                  to the control of equipment but is used for operation, maintenance, or 
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                  performance verification. 
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            7.    Intermediate point (Yes / No); i.e. a point whose value is used to make a 
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                  calculation which then controls equipment, such as space temperatures that 
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                  are averaged to a virtual point to control reset. 
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            8.    Calculated point (Yes / No); i.e. a "virtual" point generated from 

AutoCAD SHX Text
                  calculations of other point values. 
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      D.    Project Record Documents:  Record actual locations of components and setpoints of 
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            controls, including changes to sequences made after submission of shop drawings. 
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1.05  QUALITY ASSURANCE
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      A.    Design system under direct supervision of a Professional Engineer experienced in 

AutoCAD SHX Text
            design of this work and licensed at the State in which the Project is located. 
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      B.    Code or utility company requirements shall supersede any conflicting requirements 
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            of this Section. 
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PART 2 PRODUCTS - NOT USED
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PART 3 EXECUTION
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3.01  FAN COIL UNITS

AutoCAD SHX Text
      A.    Time Schedule:  Control fan coil units based on the programmed time schedule as 
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            determined by the Owner's operating personnel. Provide occupied/unoccupied mode 

AutoCAD SHX Text
            control with night setback of temperatures, where applicable. 
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      B.    Supply fan shall run continuously during the occupied period and cycle during the 
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            unoccupied period based on a demand for heating or cooling. 
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      C.    Provide automatic change over from heating to cooling based on room demand.
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      D.    Automatic Start Capabilities:  Controls shall be capable of automatically adjusting 
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            the daily start time of the HVAC system in order to bring each space to the desired 
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            occupied temperature immediately prior to scheduled occupancy. 
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      E.    For heating and cooling fan coil units with fan speed control during heating cycle, 
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            increase fan speed as space temperature falls below thermostat or EMS 
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            sensor/controller setting, provided hot water or steam is available.  During 
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            cooling cycle, increase fan speed as space temperature rises above thermostat or 
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            EMS sensor/controller setting, provided chilled water is available. 
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      F.    Outside Air Damper, Non-Economizer Systems:  When supply fan is running, open 
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            outside air damper to supply quantity of outside air indicated on the Drawings. 
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            Close outside air damper in unoccupied mode. 
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      G.    Outside, Return, and Relief Dampers:
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            1.    When supply fan is not running, outside and relief dampers are closed and 

AutoCAD SHX Text
                  return damper is open. 
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            2.    When supply fan is running, dampers are controlled and operate with outside 

AutoCAD SHX Text
                  and relief dampers opening, and return damper closing. 
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            3.    For cooling, and outside air temperatures below 55 degrees F (12 degrees C), 
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                  modulate dampers to maintain mixed air temperature of 55 degrees F (12 
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                  degrees C). 
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            4.    For cooling and outside air temperatures above 55 degrees F (12 degrees C) 
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                  compare return and outside air enthalpies.  If return air enthalpy is lower, 
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                  drive outside damper to minimum, close relief damper, and open return 
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                  damper. 
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            5.    For outside air temperatures above 79 degrees F (26 degrees C), drive outside 
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                  damper to minimum, close relief damper, and open return damper. 
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            6.    For heating, drive outside damper to minimum, close relief damper, and open 
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                  return damper. 
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            7.    Minimum outside air position shall be as determined by the demand controlled 
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                  ventilation control specified below (if any), or outside air quantity 

AutoCAD SHX Text
                  indicated on the Drawings. 
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            8.    Close outside air damper in unoccupied mode, unless there is a call for 
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                  cooling and the outside air enthalpy is below the return air enthalpy. 
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      H.    Freeze Protection:  Stop fans and close outside air dampers and open heating coil 

AutoCAD SHX Text
            valves (if any) to 100% open if temperature ahead of coils is below 37 degrees F (3 
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            degrees C); signal alarm. (Except pre-heat coils.) 
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3.02  EXHAUST FANS
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      A.    General building exhaust fans
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            1.    Time Schedule:  Start and stop exhaust fan based on the programmed time 
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                  schedule as determined by the Owner's operating personnel. 
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      B.    Specific purpose exhaust fans shall be interlocked with the respective equipment as 
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            indicated on the Drawings.  Provide necessary sensors and relays to allow control 

AutoCAD SHX Text
            system to accurately sense equipment operation and activate fan systems 

AutoCAD SHX Text
            accordingly.  Interlock make up air units/fans and air handling systems providing 
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            make up air for exhaust systems as required to provide 100% make up air to all 
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            operating exhaust fans. 
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3.03  CONTROL OF PACKAGED HVAC EQUIPMENT CONTAINING FACTORY MOUNTED CONTROLS.

AutoCAD SHX Text
      A.    Single Zone Systems
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            1.    Time Schedule:  Control HVAC equipment based on the programmed time schedule 
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                  as determined by the Owner's operating personnel. Provide occupied/unoccupied 
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                  mode control with adjustable night setback of temperatures, where 
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                  applicable. 
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            2.    Maintain the integrity of the packaged control equipment and sequences.  The 
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                  packaged unit controls shall operate such functions as the economizer 
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                  operations, burner modulation, high limit and low limit safeties, etc.  All 
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                  set point, occupancy, staging and shut-down capabilities shall be controlled 
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                  by the temperature control system. 

AutoCAD SHX Text
            3.    The control system shall monitor and indicate at the operators console the 
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                  status of the unit including: 
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                  a.    System on/off status.
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                  b.    System on/off command status.

AutoCAD SHX Text
                  c.    Supply fan status.
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                  d.    Return fan status (if present).
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                  e.    Exhaust fan status (if present).
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                  f.    System operating mode (heating/cooling/ventilation).
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                  g.    Discharge air temperature.
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                  h.    Discharge air temperature setpoint (where applicable).
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                  i.    Mixed air temperature.
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                  j.    Outdoor air temperature and humidity.
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                  k.    Return air temperature and humidity.

AutoCAD SHX Text
                  l.    Space temperature (where applicable).
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                  m.    Space temperature setpoint (where applicable).

AutoCAD SHX Text
                  n.    Compressor status, individually by compressor.
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            4.    Control system shall be able to control any of the following functions:
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                  a.    Turn the system on or off.
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                  b.    Control the number of stages of heating or cooling to be utilized based 

AutoCAD SHX Text
                        on room or duct temperature conditions. 
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                  c.    Change occupied or unoccupied temperature setpoints.
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                  d.    Change equipment operating mode (heating/cooling/off).
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                  e.    Modify occupancy schedules by unit.
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3.04  HEAT PUMP SYSTEMS
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      A.    Heat Pump Unit Controls:  Control system for the individual heat pump units shall 
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            be furnished by the equipment manufacturer.  The program clock or energy management 
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            functions listed below must be integrated with the packaged controls furnished by 
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            the heat pump manufacturer.  During the occupied mode as indicated by the program 
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            clock or EMS controller, the unit shall provide heating and cooling functions as 
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            specified by the unit manufacturer.  During the unoccupied mode, the unit shall 
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            provide heating only at the night setback temperature as set by the room set/back 
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            thermostat or EMS sensor/controller.  Heat pump control (heat, cool, occupied or 
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            unoccupied) shall be individually addressable for each heat pump unit.  Heat pump 
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            supply fans shall run continuously during the occupied mode.  This feature shall be 
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            individually programmable for each heat pump. 
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      B.    Automatic Start Capabilities:  Controls shall be capable of automatically adjusting 
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      A.    Piping.
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      B.    Refrigerant.
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      C.    Moisture and liquid indicators.
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      D.    Filter-driers.
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      E.    Expansion valves.
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      A.    Where more than one piping system material is specified ensure system components 
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            are compatible and joined to ensure the integrity of the system is not jeopardized. 
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            Provide necessary joining fittings.  Ensure flanges, union, and couplings for 
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            servicing are consistently provided. 
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      B.    Provide pipe hangers and supports in accordance with ASME B31.5 unless indicated 
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      C.    Liquid Indicators:
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            1.    Use line size liquid indicators in main liquid line leaving condenser.
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      A.    Conform to ASME B31.9 for installation of piping system.
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      B.    Welding Materials and Procedures:  Conform to ASME (BPV IX) and applicable state 
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      A.    Copper Tube:  ASTM B 280, H58 hard drawn or O60 soft annealed.

AutoCAD SHX Text
            1.    Fittings:  ASME B16.22 wrought copper.
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                  Drawings, minimum, rated in accordance with ARI 730. 

AutoCAD SHX Text
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AutoCAD SHX Text
            lines. 

AutoCAD SHX Text
      D.    Construction:  UL listed.
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            1.    Replaceable Core Type:  Steel shell with removable cap.
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            3.    Connections:  As specified for applicable pipe type.
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      B.    Angle or Straight Through Type:  ARI 750; design suitable for refrigerant, brass 
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            body, internal or external equalizer, bleed hole, adjustable superheat setting, 
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      C.    Selection:  Evaluate refrigerant pressure drop through system to determine 
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            available pressure drop across valve.  Select valve for maximum load at design 
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      A.    Install refrigeration specialties in accordance with manufacturer's instructions.
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            manufacturer's authorized roofing contractor at this Contractor's expense.  This 
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      D.    Fully charge completed system with refrigerant after testing.
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      A.    Metal ductwork.
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      D.    Kitchen hood ductwork, Type 1 grease hoods. 
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      E.    Duct cleaning.
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AutoCAD SHX Text
            Engineer.  Sizes shown on design drawings are air dimensions.  Contractor may 
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      A.    Shop Drawings:  Indicate duct fittings, particulars such as gages, sizes, welds, 
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            and configuration prior to start of work for all systems. No ductwork shall be 
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            fabricated until engineer approved shop drawings have been received by the 
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      B.    Test Reports:  Indicate pressure tests performed.  Include date, section tested, 
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            test pressure, and leakage rate, following SMACNA (LEAK) - HVAC Air Duct Leakage 
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            Mechanical Contractor.  
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      A.    Install in accordance with manufacturer's instructions and requirements of local 

AutoCAD SHX Text
3.01  INSTALLATION 

AutoCAD SHX Text
PART 3  EXECUTION

AutoCAD SHX Text
                        or on, off.  
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                  e.    System mode indication:  heating, cooling, fan auto, off, and on, auto 
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                  d.    Day of week.
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                  c.    Programmed temperature.
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                  b.    Actual room temperature.
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AutoCAD SHX Text
            11.   Thermostat display:
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            10.   Battery replacement without program loss.
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                  clock, keyboard disable, remote sensor, fan on-auto. 
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            9.    Selection features including degree F or degree C display, 12 or 24 hour 
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            8.    Programming based on every day of the week.
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            6.    Instant override of setpoint for continuous or timed period from one hour to 
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            5.    Set-up for four separate temperatures per day.
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                  space to the desired occupied temperature immediately prior to scheduled 
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            4.    Automatic Start Capabilities:  Controls shall be capable of automatically 
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            3.    Preferential rate control to minimize overshoot and deviation from setpoint.
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            2.    Automatic switching from heating to cooling.
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            1.    System selector switch (heat-off-cool) and fan control switch (auto-on).
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      F.    Mounting Pad:  Poured in place concrete, precast concrete or resin composite pad, 
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AutoCAD SHX Text
            1.    Provide thermostatic expansion valves.
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      C.    Air Cooled Condenser:  ARI 520;  Aluminum fin and copper tube coil, with direct 
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            and drier.  Provide time delay control to prevent short cycling. 
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            1.    Construction and Ratings:  In accordance with ARI 210/240 and UL listed.
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            connections, restricted distributor or thermostatic expansion valve. 
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            power connection with control transformer. 

AutoCAD SHX Text
            consisting of cabinet, supply fan, evaporator coil, and controls; wired for single 

AutoCAD SHX Text
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REFERENCE CAPTIVEAIRE DRAWINGS FOR ADDITIONAL INFORMATION.2.
REFER TO THE ELECTRICAL ONE LINE DIAGRAM AND PANEL SCHEDULES FOR AVAILABLE FAULT CURRENT AT UPSTREAM PANELBOARD.
PROVIDE EQUIPMENT WITH SCCR GREATER THAN THE AVAILABLE FAULT CURRENT AT THE EQUIPMENT OR UPSTREAM PANELBOARD.1.

REMARKS:

 TEMPERATURE, 95°F DB AIR ENTERING OUTDOOR FAN.  SCHEDULED UNIT MAY DIFFER FROM AHRI STANDARD CFM.
 COOLING CAPACITIES ARE BASED ON AHRI STANDARD 210/240 OR 340/360: 80°F DB/ 67°F WB INDOOR ENTERING AIR

[1,2]---------------RTU-1

MARK

ROOF TOP UNITS

PROVIDE DIFFUSERS AND GRILLES WITH NO EXPOSED MOUNTING SCREWS.7.
DIFFUSERS SHALL BE FINISHED TO MATCH CEILING/WALL/EXPOSED DUCT COLOR.  COORDINATE WITH ARCHITECT.6.
SEE PLAN FOR SIZE.5.
PROVIDE WITH MODEL TRM FRAME.4.
PROVIDE 1/2" X 1/2" X 1" CORE.3.
SEE PLAN FOR NECK SIZE.2.
TITUS IS THE BASE OF DESIGN.  KRUEGER, PRICE, NAILOR, CARNES ARE EQUAL.  NO EXCEPTIONS.1.

REMARKS:

[1,5-7]50F X X 3 26TITUSSURFACEGYP. BOARDCEILINGRETURNG-3
[1,3,5-7]50F X X 1 26TITUSSURFACEGYP. BOARDCEILINGEXHAUSTG-2
[1,3,5,6]50F X X 3 26TITUSLAY-INAC TILECEILINGRETURNG-1
[1,5-7]300RL X X 1 26TITUSSURFACENAVARIESSUPPLYD-4
[1,2,4,6]OMNI XX 12x12 3 26TITUSLAY-INAC TILECEILINGSUPPLYD-3
[1,2,6]PAR XX 24x24 3 26TITUSLAY-INAC TILECEILINGSUPPLYD-2
[1,2,6]TMS XX 24x24 3 26TITUSLAY-INAC TILECEILINGSUPPLYD-1

MANUFACTURERMOUNTING TYPECEILING TYPELOCATIONMARK

DIFFUSERS, GRILLES AND REGISTERS

PROVIDE NEW, WIRED, FULLY DIGITAL, 7 DAY PROGRAMMABLE TYPE THERMOSTAT WITH AUTO CHANGE OVER AND AUTO SET BACK.  2.
INDOOR UNIT POWER PROVIDED FROM OUTDOOR UNIT.1.

REMARKS:

[1,2]40MBCQ0920.5/-N/A0.212084535010.008.7911.733/4FC-2

MARK

DUCTLESS SPLIT SYSTEMS

PROVIDE SOLID STATE SPEED CONTROL.3.
PROVIDE BACKDRAFT DAMPER.2.
REFERENCE CAPTIVEAIRE DRAWINGS FOR ADDITIONAL INFORMATION.1.

REMARKS:

[2,3]SP-B150GREENHECK1,05011151282.00.50100RESTROOM CEILINGEF-3
[2,3]SP-B150GREENHECK1,05011151282.00.50100RESTROOM CEILINGEF-2
[1]-CAPTIVEAIRE-------HOOD 1ROOFEF-1

MANUFACTURERRPMSONESSERVICEMARK

EXHAUST FANS

PROVIDE WATER LEVEL MONITORING DEVICE IN DRAIN PAN TO SHUT OFF UNIT IF THE DRAIN LINE BECOMES RESTRICTED.3.
PROVIDE HANGERS AND VIBRATION ISOLATION FOR SUSPENSION FROM STRUCTURE.2.
PROVIDE AUXILIARY DRAIN PAN.1.

REMARKS:

 TEMPERATURE, 95°F DB AIR ENTERING OUTDOOR FAN.  SCHEDULED UNIT MAY DIFFER FROM AHRI STANDARD CFM.
 COOLING CAPACITIES ARE BASED ON AHRI STANDARD 210/240 OR 340/360: 80°F DB/ 67°F WB INDOOR ENTERING AIR
CARRIER IS THE BASIS OF DESIGN.  NO EXCEPTIONS.

[1-3]FB4CNP0488.2/-14/-162157.512083/40.501,600N/A45.6457.041.0FC-3
[1-3]FB4CNP0428.2/-14/-162155.112081/20.501,400N/A42.03.558.039.0FC-1

MARK

FAN COIL UNITS

REFER TO THE ELECTRICAL ONE LINE DIAGRAM AND PANEL SCHEDULES FOR AVAILABLE FAULT CURRENT AT UPSTREAM PANELBOARD.
PROVIDE EQUIPMENT WITH SCCR GREATER THAN THE AVAILABLE FAULT CURRENT AT THE EQUIPMENT OR UPSTREAM PANELBOARD.1.

REMARKS:

[1]25HCE448CCARRIER8.2/-14/-4028.0120845.64FC-3ROOFASHP-3
[1]38MARBQ09CARRIER10.8/-20.5/-1515.0120810.00.75FC-2ROOFASHP-2
[1]25HCE442CCARRIER8.2/-14/-3521.5120842.03.5FC-1ROOFASHP-1

MARK

AIR SOURCE HEAT PUMPS

AIR BALANCE SCHEDULE (MAIN)

EQUIPMENT
TAG

RTU-1 (DOAS) 2,925 2,925 0 100% OUTDOOR & MAKE-UP AIR
FC-2 350 0 350 0% MANAGERS (15 CFM FROM DOAS)
FC-3 1,600 0 1,600 0% DINING (520 CFM FROM DOAS)
EF-1 2,475 HOOD-1,-2
EF-2 100 RESTROOM
EF-3 100 RESTROOM
TOTAL = 4,875 2,925 1,950 2,675

RESULTING BUILDING PRESSURIZATION = 250 CFM
PRESSURIZATION PERCENTAGE = 5.1 %

AIR BALANCE SCHEDULE (REMOTE BOH)

EQUIPMENT
TAG

RTU-1 (DOAS) 50 50 0 100% OUTDOOR AIR
FC-1 1,400 0 1,400 0% REMOTE BOH (50 CFM FROM DOAS)
TOTAL = 1,450 50 1,400 0

RESULTING BUILDING PRESSURIZATION = 50 CFM
PRESSURIZATION PERCENTAGE = 3.4 %

6 LBS0.70A24 VAC110 VAC17WSHIP LOOSE13.8"W X 6.5L X 7.4"D11"REME HALOSUPPLY AIR DUCTFC-3

6 LBS0.70A24 VAC110 VAC17WSHIP LOOSE13.8"W X 6.5L X 7.4"D11"REME HALOSUPPLY AIR DUCTFC-1

2 LBS0.50A24 VAC115 VAC11WSHIP LOOSE2.25"W x 19.5"L x 1.75"D14"PHI-PKG5-24VBLOWER CABINETRTU-1

UV SYSTEMS

YESYESYESYES
YESYESYESYES
YESYESYESYES
NONONOYES

YESYESYESYES

YESYESYESYES

NONONOYES
NONONONO
NONONOYES
NONONOYES
NONONOYES
NONONOYES
YESNOYESYES

YESYESYESYES

NANANA65 F
60 F60 F60 F60 F
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To the best of the engineer's  knowledge, the plans and
specifications comply with the applicable minimum building codes and
the applicable fire-safety standards as determined by the local authority
in accordance with this section and Chapter 633, Florida Statutes.

ADDENDUM 103/07/20241
ISSUE FOR CONSTRUCTION04/15/20243

M601

MECHANICAL SCHEDULES

VENTILATION CALCULATIONS1

LOAD CALCULATIONS2

Air System Sizing Summary for BLOCK LOAD
Project Name: 230980hvac_for_FA_20240112155021 -FAFinal 01/12/2024 
Prepared by: Schnackel Engineers 04:58PM 

Air System Information
Air System Name ................................ . BLOCK LOAD
Equipment Class ................................ ....... PKG ROOF
Air System Type ................................ ............... SZCAV

Number of zones ................................ ............................ 1
Floor Area ................................ .............................. 1921.0 ft²
Location ................................ .................. Tampa, Florida

Sizing Calculation Information
Zone and Space Sizing Method:

Zone CFM .......................... Peak zone sensible load
Space CFM .................. Individual peak space loads

Calculation Months ................................ ........ Jan to Dec
Sizing Data ................................ .................... Calculated

Central Cooling Coil Sizing Data

Total coil load ................................ ........................ 17.1 Tons
Total coil load ................................ ...................... 205.5 MBH
Sensible coil load ................................ ................ 152.4 MBH
Coil CFM at Jun 1500 ................................ ........... 6394 CFM
Max block CFM ................................ .................... 6394 CFM
Sum of peak zone CFM ................................ ........ 6394 CFM
Sensible heat ratio ................................ ............... 0.742
ft²/Ton ................................ ................................ .. 112.2
BTU/(hr -ft²) ................................ .......................... 107.0
Water flow @ 10.0 °F rise ................................ ...... N/A

Load occurs at ................................ .................. Jun 1500
OA DB / WB ................................ ..................... 91.0 / 77.0 °F
Entering DB / WB ................................ ............. 77.6 / 65.3 °F
Leaving DB / WB ................................ ............. 55.5 / 54.4 °F
Coil ADP ................................ ................................ .... 53.1 °F
Bypass Factor ................................ .......................... 0.100
Resulting RH ................................ ................................ . 51 %
Design supply temp. ................................ .................. 55.0 °F
Zone T -stat Check ................................ .................. 1 of 1 OK
Max zone temperature deviation ................................ . 0.0 °F

Central Heating Coil Sizing Data

Max coil load ................................ ......................... 60.5 MBH
Coil CFM at Des Htg ................................ ............ 6394 CFM
Max coil CFM ................................ ....................... 6394 CFM
Water flow @ 20.0 °F drop ................................ ..... N/A

Load occurs at ................................ .................... Des Htg
BTU/(hr -ft²) ................................ ................................ . 31.5
Ent. DB / Lvg DB ................................ .............. 68.1 / 76.8 °F

Supply Fan Sizing Data

Actual max CFM ................................ ................... 6394 CFM
Standard CFM ................................ ...................... 6391 CFM
Actual max CFM/ft² ................................ ................ 3.33 CFM/ft²

Fan motor BHP ................................ .......................... 1.05 BHP
Fan motor kW ................................ ............................ 0.83 kW
Fan static ................................ ................................ ... 0.60 in wg

CODE: 2020 FLORIDA MECHANICAL CODE

SYSTEM 1 BLOCK LOAD

TABLE 403.3.1.1 TABLE 403.3.1.1 TABLE 403.3.1.1
Az Rp Ra OCCUPANT Vpz Vpzm CALCULATED

ROOM AREA TABLE 403.3.1.1 PEOPLE OA AREA OA DENSITY Pz Vbz TABLE 403.3.1.1.1.2 Voz MAX SUPPLY MIN SUPPLY TABLE 403.3.1.1.2.3.2
# NAME (FT2) OCCUPANCY CATEGORY (CFM/PER) (CFM/FT2) (#/1000 FT2) (#) Rp*Pz Ra*Az (CFM) Ez (CFM) (CFM) (CFM) Zp Ev
101 DINING QUEUING 592 DINING ROOMS 7.5 0.18 70 42 315 107 422 0.80 527 2120 2120 0.249 0.90
103 CORRIDOR 61 CORRIDORS 0.0 0.06 0 0 0 4 4 0.80 5 0 0 0.000 1.00
104 RESTROOM 70 NO LISTING 0.0 0.00 0 0 0 0 0 0.80 0 50 50 0.000 1.00
105 RESTROOM 64 NO LISTING 0.0 0.00 0 0 0 0 0 0.80 0 50 50 0.000 1.00
106 STORAGE 20 STORAGE ROOMS 0.0 0.12 0 0 0 2 2 0.80 3 0 0 0.000 1.00
107 COOKLINE 211 KITCHENS (COOKING) 7.5 0.12 20 5 38 25 63 0.80 79 1060 1060 0.074 1.00
108 COLDLINE 156 KITCHENS (COOKING) 7.5 0.12 20 4 30 19 49 0.80 61 920 920 0.066 1.00
110 BOH 307 STORAGE ROOMS 0.0 0.12 0 3 0 37 37 0.80 46 375 375 0.123 1.00
111 MANAGERS OFFICE 60 OFFICE SPACES 5.0 0.06 5 2 10 4 14 0.80 17 350 350 0.049 1.00
112 REMOTE BOH 380 STORAGE ROOMS 0.0 0.12 0 3 0 46 46 0.80 57 1400 1400 0.041 1.00

1,921 59 393 243 635 794 6325 6325 0.249 0.90

OUTDOOR AIR CALCULATIONS PER EQUATION 4-1:
SYMBOL VALUE DESCRIPTION
Ps = 59 SYSTEM POPULATION
SPz = 59 ZONE POPULATION
D = 1.000 OCCUPANT DIVERSITY
Vou = 635 UNCORRECTED OUTDOOR AIR INTAKE
Zp (max) = 0.249 ZONE PRIMARY OUTDOOR AIR FRACTION (MAXIMUM)
Ev = 0.90 SYSTEM VENTILATION EFFICIENCY
SVpz = 6325 ZONE PRIMARY AIRFLOW

Vot = 705 CODE REQUIRED OUTDOOR AIRFLOW RATE, CFM
Vot = 2,925 DESIGN OUTDOOR AIRFLOW RATE, CFM

City of Tampa 
CONSTRUCTION SERVICES DIVISION 

PLAN APPROVAL 

THIS SET OF PLANS MUST BE KEPT ON 
THE JOB AT ALL TIMES 

It is unlawful to make changes or 
alterations without written approval 
from the City of Tampa Construction 

Services Division. 
The Stamping of this plan shall not be 

held to permit or approve the violation 
of any City or State Codes 

REVIEWED FOR CODE COMPLIANCE 
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