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February 22, 2022 
 
TO: Ken Scott 
 
RE: Renew/Modernize Facilities - Campus Enabling (Phase 2) Rose St 

Beautification 
 University of Kentucky 
 CCK-2612-22 
 UK Project #: 2511.72 
 S&F Project #: 21517 
 
FROM: Bill Wilson, PE 
 
 
Addendum #1 
 
 
The following revisions are to be included within the project alternate scope: 
 

1. See attached drawing revisions and specifications to accompany the 
following description of work to be added: 

a. Install a new vault at the intersection of Rose Street and Washington 
Avenue over the existing steam lines. Connect to the existing HPS 
and PD in Rose Street and extend the 10” HPS and 6” PD down 
Washington Avenue and out of the construction zone of this project. 
Cap lines for future extension. Install new electric service for the vault 
from Bowman Hall. 

 

End of Addendum 
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ROSE ST

15KV VAULT

NEW 2" SCH. 40 PVC 
CONDUIT. ENCASED IN 
CONCRETE.

NEW 2" 
SCH. 40 
PVC 
CONDUIT. 
ROUTE 
INTO 15KV 
VAULT.

NEW 2" SCH. 40 PVC CONDUIT. ENCASED 
IN CONCRETE. FOLLOW SAME TRENCH AS 
STEAM PIPING.

NEW 2" SCH. 40 PVC CONDUIT. ENCASED IN CONCRETE. 
FOLLOW SAME TRENCH AS STEAM PIPING.

NEW 2" SCH. 40 PVC CONDUIT. ENCASED IN CONCRETE. FOLLOW 
SAME TRENCH AS STEAM PIPING. ROUTE TO WEST WASHINGTON 
VAULT.

NEW 2" SCH. 40 PVC CONDUIT. ENCASED IN 
CONCRETE. FOLLOW SAME TRENCH AS 
STEAM PIPING.

ANCHOR

ROUTE POWER FOR 
STEAM VAULT TO NEW 
60A BREAKER IN THE 
MAIN DISTRIBUTION 
PANELBOARD IN 
MECHANICAL ROOM 15. 
SEE ENLARGED PLAN.

WRAP END OF PIPE IN 
HEAVY PLASTIC AND 
COVER WITH 18" OF 
GILSULATE IN ALL 
DIRECTIONS

CAP END OF CONDUIT
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NOTE:

IT IS NOT INTENDED THAT THE PLANS SHOW ALL OFFSETS IN PIPES, CONDUITS, AND DUCTS REQUIRED FOR INSTALLATION OF THE WORK. DETAILS AND SECTIONS ARE INCLUDED FOR SOME AREAS TO SHOW INTENDED RELATIONSHIP OF THE WORK OF VARIOUS 
TRADES. IT SHALL BE THE RESPONSIBILITY OF THE CONTRACTOR AND SUB-CONTRACTORS TO COORDINATE INSTALLATION OF THE WORK AND TO PROVIDE THE NECESSARY OFFSETS, TRANSFORMATIONS, AND FITTINGS REQUIRED. NO ADDITIONAL COMPENSATION 
WILL BE ALLOWED FOR CORRECTION CONFLICTS BETWEEN THE WORK OF VARIOUS TRADES. DETAILS AND SECTIONS ARE SHOWN FOR THE CONTRACTORS CONVENIENCEAND SHALL NOT BE CONSIDERED COMPLETE IN EVERY DETAIL. 
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SCALE:  1/8" = 1'-0"

SITE PLAN - WASHINGTON - EAST

# DESCRIPTION DATE

1 ADDENDUM 1 2/16/2022

PIPE VAULT 
DISCHARGE TO THIS 
SANITARY  MANHOLE

1
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970' - 0"

DUCTBANKEAST VAULT - WASHINGTON

WRAP END OF PIPE WITH 
HEAVY DUTY PLASTIC AND 
COVER WITH 18" OF GILSULATE 
IN ALL DIRECTIONS. TYPICAL 
FOR ALL PIPES
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1" DRAIN VALVE AND CAP (TYP)

ISOLATION VALVE (TYP)

PRESSURE GAUGE (TYP)

HATCH AND LADDER. SEE DETAIL

SEE DETAIL FOR WALL 
PENETRATION (TYP)

2'WX3'LX2'D SUMP WITH 
DUAL PUMPS. SEE DETAIL

ANCHOR

CONNECT TO 
EXISTING AT 
THIS LOCATION

CONNECT TO 
EXISTING AT 
THIS LOCATION

LF-1

NEMA 4 SIMPLEX 
RECEPTACLES (NON-GFCI) 
FOR SUMP PUMPS.

NEW LOAD CENTER 
WITH NEMA 4 
ENCLOSURE.

NEMA 4 DUPLEX 
CONVIENCE RECEPTACLE 
(GFCI).

NEMA 4 LIGHT 
SWITCH.

NEMA 4 
DISCONNECT 
SWITCH FOR 
FAN.

CONNECT TO NEW 60A 
BREAKER IN BOWMAN 
HALL. ALSO CONNECT 
TO WEST  VAULT SEE 
SHEET U1.2.

EX. FAN SEE DETAIL

AIR INTAKE. SEE DETAIL.

PROVIDE POWER 
CONNECTION TO 
EXHAUST FAN AS 
REQUIRED.
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990' - 0"

LADDER AND HATCH. SEE DETAIL

ANCHOR

PRESSURE GAUGE (TYP)

1" DRAIN VALVE AND CAP (TYP)

ISOLATION VALVE (TYP)

ISOLATION VALVE (TYP)

LADDER AND HATCH. SEE DETAIL

ANCHOR

PRESSURE GAUGE (TYP)

1" DRAIN VALVE AND CAP (TYP)

10" HPS
6" PD

10" HPS

6" PD

EX. FAN SEE DETAIL

AIR INTAKE. SEE DETAIL
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NOTE:

IT IS NOT INTENDED THAT THE PLANS SHOW ALL OFFSETS IN PIPES, CONDUITS, AND DUCTS REQUIRED FOR INSTALLATION OF THE WORK. DETAILS AND SECTIONS ARE INCLUDED FOR SOME AREAS TO SHOW INTENDED RELATIONSHIP OF THE WORK OF VARIOUS 
TRADES. IT SHALL BE THE RESPONSIBILITY OF THE CONTRACTOR AND SUB-CONTRACTORS TO COORDINATE INSTALLATION OF THE WORK AND TO PROVIDE THE NECESSARY OFFSETS, TRANSFORMATIONS, AND FITTINGS REQUIRED. NO ADDITIONAL COMPENSATION 
WILL BE ALLOWED FOR CORRECTION CONFLICTS BETWEEN THE WORK OF VARIOUS TRADES. DETAILS AND SECTIONS ARE SHOWN FOR THE CONTRACTORS CONVENIENCEAND SHALL NOT BE CONSIDERED COMPLETE IN EVERY DETAIL. 
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SCALE:  1" = 10'-0"U2.5

A PROFILE A

SCALE:  3/8" = 1'-0"U2.5

1 ENLARGED EAST VAULT - WASHINGTON

SCALE:  3/8" = 1'-0"U2.5

D SECTION D

SCALE:U2.5

E EAST VAULT - 3D
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NOTE:

IT IS NOT INTENDED THAT THE PLANS SHOW ALL OFFSETS IN PIPES, CONDUITS, AND DUCTS REQUIRED FOR INSTALLATION OF THE WORK. DETAILS AND SECTIONS ARE INCLUDED FOR SOME AREAS TO SHOW INTENDED RELATIONSHIP OF THE WORK OF VARIOUS 
TRADES. IT SHALL BE THE RESPONSIBILITY OF THE CONTRACTOR AND SUB-CONTRACTORS TO COORDINATE INSTALLATION OF THE WORK AND TO PROVIDE THE NECESSARY OFFSETS, TRANSFORMATIONS, AND FITTINGS REQUIRED. NO ADDITIONAL COMPENSATION 
WILL BE ALLOWED FOR CORRECTION CONFLICTS BETWEEN THE WORK OF VARIOUS TRADES. DETAILS AND SECTIONS ARE SHOWN FOR THE CONTRACTORS CONVENIENCEAND SHALL NOT BE CONSIDERED COMPLETE IN EVERY DETAIL. 
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SCALE: NONE

HPS/HPR WALL PENETRATION DETAIL

CHECK VALVE

APPROPRIATE LOCATION
ROUTE DRAIN PIPING TO

DRAIN VALVE (N.C.)

GLAND SEAL

CONDUIT DRAIN FITTING

END SEAL
OR

EXHAUST FAN INLET
ROUTE VENT PIPING TO CONDUIT VENT FITTING

LINKSEAL

SUMP MASTER TRAP DETAIL

FINISHED GRADE

EXISTING 
SANITARY

MANHOLE

3" C.I. SUMP 
FORCE MAIN

4" C.I.

CONNECT TO EXISTING MANHOLE

4" CLEANOUT PLUG - DRILLED (6)
1/2" HOLES

1"

SCALE: NONE

4" C.I.

SCALE: NONE

PD WALL PENETRATION DETAIL

INSULATION

AND LEAK PLATE

WALL SLEEVE

LINK SEAL

SERVICE PIPE

FRP JACKET

            WALL

FACTORY 
APPLIED

RESIN

INSIDEOUTSIDE

VAULT SUMP PUMP DETAIL

SUMP PUMP
SEE NOTE

UNION

PIT 2'x3' - SEE

DRAWINGS

STRAINER

STRUCTURAL

VAULT

CHECK VALVE

NOTE: SUMP PUMP -- PROVIDE TSURUMI PUMP MODEL HSZ2.4Z, 2" SUBMERSIBLE SUMP PUMP, 40 
GPM @ 15 FT. HEAD, SEMI-VORTEX URETHANE RUBBER IMPELLER WITH AGITATOR, 0.5 HP, 115V/1
∅. PROVIDE WITH INTERGRAL FLOAT. REPLACE PLUG WITH TWIST LOCK WITH MATCHING OUTLET 

(NON-GFI). PROVIDE 2 PUMPS WITH FLOATS SET AT DIFFERENT HEIGHTS.

SUMP PUMP FOR VAULT AND MANHOLE

2" COPPER DISCHARGE LINE FROM 
EACH PUMP,  INSTALL CHECK AND 
ISOLATION VALVE ON EACH PUMP. 

INCREASE TO 3" WHEN YOU 
CONNECT THE TWO LINES 
TOGETHER. CONVERT TO 3" C.I.  
BEFORE YOU LEAVE VAULT. RUN 
TO NEAREST SANITARY MANHOLE 

AND INSTALL A MASTER TRAP. SEE 
DETAIL

SCALE: NONE

GRATING

DRILL 3/16" HOLE BELOW CHECK VALVE 
AT A DOWNWARD ANGLE TO PREVENT AIR 

LOCK (SEE INSTALLATION MANUAL)

GRADE

2-1/4" 3-1/2"

CHAMFER ALL
FOUR SIDES

SET BRASS PLATE
FLUSH WITH CONCRETE

8"
BRASS MARKER
PLATE

A
#4 BAR

B

ELEVATION

SECTION B-B

8"

2-1/4"

SUITABLE DATA

1" CIRCLE

DIRECTION OF
FLOW - SEE NOTE 6

CAST BRASS PLATE

1/2" BRASS ROD
FOR POST MOUNTED
MARKER 3" LONG

(OMIT FOR MASONRY
& FOUNDATION WALLS)

SECTION A-A

WELD

PLAN VIEW

B

4 #4 BARS
REQUIRED

3000 PSI
CONCRETE

8" SQUARE

UTILITY MARKER

42" DEEP

JAN.

1/2"

1/4"
1/8"

1/4"
1/2"

1/4"

1/2"
1/4"

1/8"
1/4"

1/2"

A

2016

WATER

3"

1/4"

3-1/2"

3-1/2"

24"

UTILITY SERVICE MARKER DETAIL
SCALE: NONE

DRILL AND COUNTERSINK (4) 
1/4" HOLES FOR BRASS 
FLATHEAD MACHINE SCREW 

AND LEAD ANCHOR FOR MTG. 
ON MASONRY AND 
FOUNDATION WALLS ONLY

NOTES:

1. MARKERS SHALL BE LOCATED WHERE INDICATED 
ON DRAWINGS AND AT BUILDING/VAULT/TUNNEL 
ENTRANCE/EXIT AND EVERY CHANGE IN 
DIRECTION.

2. BRASS MARKERS SHALL BE CAST BY BRUCE FOX 
COMPANY, NEW ALBANY, INDIANA 
(WWW.BRUCEFOX.COM), OR EQUAL.

3. ALL LETTERING SHALL BE OF THE RAISED TYPE.  
LETTERING SHOWN ON MARKER IS FOR EXAMPLY 
ONLY.  LETTERING TO BE RAISED 1/8".

4. AT THE CONTRACTOR'S OPTION, ONE MARKER MAY 
BE USED FOR COMPANION MAINS THAT ARE 
LOCATED CLOSE TOGETHER SUCH AS STEAM AND 

CONDENSATE PUMP DISCHARGE PIPING OR 
CHILLED WATER SUPPLY AND CHILLED WATER 
RETURN PIPING.  PROVIDE ARROW FOR EACH 
MAIN.

5. CONTRACTOR SHALL FURNISH A COMPLETE LIST 
FOR APPROVAL OF ALL MARKERS SHOWING 
NAMES, ARROWS, DEPTH AND DATE.

6. WHEN UTILITY MARKERS ARE INSTALLED OVER 
LINES AT A POINT OF DIRECTION CHANGE, THE 

ARROW ON THE MARKERS SHALL BE "ANGLED" AS 
REQUIRED TO IMPLY THIS ROUTING.

SCALE: NONE

TYPICAL LADDER FOR VAULT

PL 1/2 X 2"

BAR 1"∅

TYP

SECTION A

SECTION B

5/8"∅ HOLE

PL 1/2 X 2"1/4

VAULT WALL

VAULT TOP

FACE VIEW

A

B

RUNGS TO BE SIMILAR TO 
DIRECT METALS, HRPO STEEL

PERFORATED ANTI-SLIP LADDER
RUNG, 1-1/8"H X 1-5/8"W.

19"

1/2"1/2"

7"

18"
MAX

33"
MAX

33"
MAX

12"
MAX

9"

3-1/2"

TOTAL ASSEMBLY TO BE 
HOT DIPPED GALVANIZED

4" CONCRETE CURB
BOLT BOTTOM TO 

FLOOR

SIDE VIEW

OPPOSITE SIDE

MOUNT TO 
WALL
USING 1/2X4"

WEDGE 
ANCHOR
QUANTITY 6

3-1/2"

2" MAX

BILCO, TYPE J-AL CHANNEL FRAME H-20 
LOADING, VAULT LID. 36"X36" (UNLESS NOTED 
OTHERWISE), 316 SS HARDWARE ADN LIFT 

ASSISTANCE, 1/4" ALUMINUM DIAMOND 
PATTERN COVER. LABEL TOP "STEAM" OR 
"CHILLER WATER" DEPENDING ON SERVICE. 

LADDERUP POST SIDE MOUNT 
ON BOTH SIDES. MAINTAIN 18" 

CLEAR SPACE BETWEEN.

CONTRACTORS OPTION: 
PROVIDE A PREFABRICATED 

LADDER SIMILAR TO PIPELINE 
PRODUCTS, MODEL VL-100 
WITH DUAL HANDRAIL 
EXTENTIONS, HOT-DIP 

GALVANIZED.

PVC CONDUITS (SEE SITE PLAN 
FOR SIZE AND QUANTITY)

24" MIN.

3"

3" MIN.

CONCRETE

1-1/2" BETWEEN CONDUITS AND 
3" BETWEEN CONDUIT AND 

EDGE OF FILL BED

FINISHED GRADE

COMPACTED FILL FREE OF 
ROCKS LARGER THAN 6"

TYPICAL DETAIL OF ELECTRCAL 
CONDUIT ENCASED IN CONCRETE
SCALE: NONE

SCALE: NONE

TYPICAL 3-PIPE STEAM TRENCH 
UNDER PAVEMENT DETAIL

LIMESTONE FREE SAND
COMPACTED

ROADWAY

TOP OF EXISTING
PAVEMENT

2-1/2" BITUMINOUS

SURFACE

6" CONCRETE SAW CUT EXISTING
PAVEMENT FOR TRENCH

PUMP DISCHARGE PIPE

12" MIN 8" MIN.

JACKETED HIGH
PRESSURE STEAM 

PIPE

8
" 

M
IN

.

8
"

3
6

" 
M

IN
.

I.D. TAPE

8" MIN 12" MIN

SCALE: NONE

TYPICAL 3-PIPE STEAM TRENCH 
UNDER PAVEMENT DETAIL

LIMESTONE FREE SAND
COMPACTED

ROADWAY

TOP OF EXISTING
PAVEMENT

2-1/2" BITUMINOUS

SURFACE

6" CONCRETE WITH
NO. 4 BARS 10" C/C
EACH WAY

SAW CUT EXISTING
PAVEMENT FOR TRENCH

PUMP DISCHARGE PIPE

12" MIN 8" MIN.

JACKETED HIGH
PRESSURE STEAM 

PIPE

8
" 

M
IN

.

8
"

3
6

" 
M

IN
.

I.D. TAPE

8" MIN 12" MIN
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1 ADDENDUM 1 2/16/2022
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NEW 2" SCH. 40 PVC 
CONDUIT. ENCASED IN 

CONCRETE.

NEW 2" SCH. 40 PVC 
CONDUIT. ROUTE INTO 

15KV VAULT.

ROUTE POWER FOR 
STEAM VAULT TO NEW 60A 

BREAKER IN THE MAIN 

DISTRIBUTION 
PANELBOARD IN 

MECHANICAL ROOM 15.

15KV VAULT
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NOTE:

IT IS NOT INTENDED THAT THE PLANS SHOW ALL OFFSETS IN PIPES, CONDUITS, AND DUCTS REQUIRED FOR INSTALLATION OF THE WORK. DETAILS AND SECTIONS ARE INCLUDED FOR SOME AREAS TO SHOW INTENDED RELATIONSHIP OF THE WORK OF VARIOUS 
TRADES. IT SHALL BE THE RESPONSIBILITY OF THE CONTRACTOR AND SUB-CONTRACTORS TO COORDINATE INSTALLATION OF THE WORK AND TO PROVIDE THE NECESSARY OFFSETS, TRANSFORMATIONS, AND FITTINGS REQUIRED. NO ADDITIONAL COMPENSATION 
WILL BE ALLOWED FOR CORRECTION CONFLICTS BETWEEN THE WORK OF VARIOUS TRADES. DETAILS AND SECTIONS ARE SHOWN FOR THE CONTRACTORS CONVENIENCEAND SHALL NOT BE CONSIDERED COMPLETE IN EVERY DETAIL. 
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SCALE: NONE

VENTILATION INLET/EXHAUST DETAIL

FANS

CHAMFER ALL SIDES
GRADE

STAINLES
S

STEEL
PLENUM

TRAP

1
1/4" DRAIN LINE

TO FLOOR

M
A

N
H

O
L

E
 E

X
T

E
R
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R

 W
A

L
L

DISCHARGE

EXHAUST FAN - MOUNT
AS HIGH AS POSSIBLE

EXHAUST

INTAKE

1
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15" INLET AND OUTLET ON REINFORCED 
CONCRETE BOX FOR VAULTS CONTAINING 

STEAM. ALL OTHER VAULT CAN USE 
SCHEDULE 80 PVC.

1
"

NEENAH FOUNDRY R-3405A FRAME AND 
COVER

24"x24", 1.51FT² FREE AREA

24" SQ.

#4 RODS - 8" C/C
EACH WAY 

(TYPICAL)

8"

3
'-
0

"

IN
T

A
K

E

E
X

H
A

U
S

T

15"

MANHOLE EXTERIOR WALL

DISCHARGE

SYMBOL

EF-1

REMARKS:

*1   SIDE WALL DIRECT DRIVE EXHAUST FAN.

*2   GALVANIZED STEEL CONSTRUCTION WITH ALUMINIUM BLADE PROPELLER AND CORROSION RESISTANT FASTENERS.

*3   PROVIDE GRAVITY OPERATED BACKDRAFT DAMPER AND OSHA APPROVED MOTOR SIDE GUARD.

MANUFACTURER

GREENHECK

MODEL

SE1-14-440-B6

TYPE

*1

SONES

7.6

CFM

837

S.P.

IN. W.G.

0.30

FAN

RPM

1160

BHP

0.2

HP

1/6

RPM

1160

MOTOR

PH

1

VOLTS

115

WHEEL

TYPE

---

DIAM.

---

REMARKS

*2  *3

GENERAL NOTES:  SITE UTILITIES

1. THE CONTRACT DOCUMENTS SHOW THE APPROXIMATE LOCATION OF THE EXISTING AND NEW SUBSURFACE 
UTILITY LINES.  THESE LINES HAVE BEEN IDENTIFIED AND LOCATED AS ACCURATELY AS POSSIBLE USING 
AVAILABLE INFORMATION. THE CONTRACTOR IS RESPONSIBLE FOR VERIFYING ALL ACTUAL LOCATIONS.  IF ANY 
CHARTED, UNCHARTED OR MISLOCATED UTILITY SERVICE IS INTERRUPTED FOR ANY REASON, THE 

CONTRACTOR WILL WORK CONTINUOUSLY TO RESTORE SERVICE TO THE SATISFACTION OF THE OWNER. 

2. SHOULD UTILITIES REQUIRE RELOCATION OR REROUTING NOT SHOWN OR INDICATED TO BE RELOCATED OR 
REROUTED, CONTACT AND COOPERATE WITH THE OWNER TO MAKE THE REQUIRED ADJUSTMENTS AT AN 

EQUITABLE CHANGE IN THE CONTRACT PRICE. 

3. EXISTING UTILITIES SHOWN MAY ACTUALLY BE IN DIFFERENT LOCATIONS AND ADDITIONAL UTILITIES NOT 
SHOWN MAY EXIST AND MAY BE IN USE. IT IS THE CONTRACTOR'S RESPONSIBILITY TO PROTECT ALL UTILITIES 

DURING CONSTRUCTION. 

4. THE CONTRACTOR IS RESPONSIBLE FOR LOCATING ALL EXISTING UNDERGROUND UTILITIES PRIOR TO 
EXCAVATING. THE OWNER WILL NOT LOCATE THESE UTILITIES FOR THE CONTRACTOR. IF AN OUTSIDE SERVICE 

OR COMPANY IS REQUIRED TO ACCURATELY LOCATE BURIED UTILITIES THE CONTRACTOR IS RESPONSIBLE 
FOR SCHEDULING THIS WORK AND IS RESPONSIBLE FOR THE COSTS. THE CONTRACTOR SHOULD CONTACT 
APPROPRIATE UTILITY COMPANIES BEFORE DOING ANY EXCAVATING. 

5. TOP ELEVATIONS OF NEW UNDERGROUND STRUCTURE ARE APPROXIMATE AND ARE FOR ESTIMATING 
PURPOSES ONLY.  ACTUAL TOP ELEVATIONS MUST BE THE SAME AS FINISHED GRADE IN THE SAME AREA. SEE 
ARCHITECTURAL PLANS FOR FINISHED GRADES. LOCATIONS OF UTILITIES ARE APPROXIMATE AND SUBJECT TO 
MINOR CHANGES IN THE FIELD.  DO NOT SCALE THE DRAWINGS. 

6. INSTALL DOMESTIC WATER PIPING WITH 3'-6" MINIMUM COVER. 

7. INSTALL FIRE PROTECTION PIPING WITH 4'-0" MINIMUM COVER. 

8. INSTALL NATURAL GAS PIPING WITH 2'-0" MIN. COVER UNDER GRASSED AREAS AND 2'-0" MINIMUM COVER 
UNDER PAVED SURFACES - AS DETAILED ON DRAWINGS. 

9. INSTALL UNDERGROUND ELECTRICAL FEEDERS WITH 2'-0' MINIMUM COVER. 

10. EXCAVATION:  MATERIALS TO BE EXCAVATED SHALL INCLUDE EARTH AND ANY OTHER MATERIAL,  INCLUDING 
ROCK, ENCOUNTERED IN THE TRENCH EXCAVATION. 

11. WHERE ELECTRICAL FEEDERS CROSS OVER STEAM AND CONDENSATE LINES, PROVIDE AND INSTALL 2" OF 
FOAMBOARD INSULATION BETWEEN THE STEAM LINES AND CONDUITS. THE FOAMBOARD SHALL EXTEND A 
MINIMUM OF 12" ON EACH SIDE OF THE CONDUIT AND 12" PAST THE EDGES OF THE STEAM AND CONDENSATE 

LINES AT THE CROSSINGS.

STORM WATER POLLUTION PREVENTION

FOR A DEMOLITION SITE LESS THAN ONE ACRE, PRIOR TO STARTING WORK, PROVIDE THE UK REPRESENTATIVE 
WITH A STORM WATER POLLUTION PREVENTION PLANS (SWPPPS) WHICH IS A WRITTEN DESCRIPTION AND 
DRAWING OF THE DEMOLITION SITE, SHOWING BEST MANAGEMENT PRACTICES (BMP'S) FOR HOW THE SITE 
OPERATORS WILL CONTROL EROSION, SEDIMENT, AND POLLUTANT RUNOFF THROUGH PLANNING/OPERATIONAL 

APPROACHES (E.G., PROMPT SEEDING AND MULCHING, ETC.) AND STRUCTURAL FIELD INSTALLATIONS (E.G., SILT 
FENCING, DITCH LINERS, SEDIMENT TRAPS, ETC.).  BEST MANAGEMENT PRACTICES (BMP’S) ARE 
PLANNING/OPERATIONAL APPROACHES, STRUCTURAL INSTALLATIONS, AND OTHER FIELD PRACTICES FOR 
REDUCING EROSION, SEDIMENT LOSS, AND POLLUTED RUNOFF FROM CONSTRUCTION SITES OR OTHER AREAS. 

BMP’S FOR SPECIFIC CONSTRUCTION ACTIVITIES HAVE BEEN DEVELOPED IN THE “KENTUCKY EROSION PREVENTION 
AND SEDIMENT CONTROL FIELD GUIDE”, AND “THE PLANNING AND TECHNICAL SPECIFICATION MANUAL FOR STORM 
WATER POLLUTION PREVENTION PLANS”.

INSTALL BMP’S SUCH AS, BASINS, TRAPS, DRAINAGE, AND SEDIMENT BARRIERS BEFORE BEGINNING LAND 
DISTURBING ACTIVITIES, INCLUDING THE CONSTRUCTION INGRESS, EGRESS AND STAGING SITES. ONCE 
PREVENTION MEASURES HAVE BEEN INSTALLED, DEMOLITION MAY COMMENCE. 

MAINTAIN ALL MEASURES IN WORKING CONDITION AND DOCUMENT ALL ACTIONS. PREFORM MAINTENANCE 
ACTIVITIES IDENTIFIED DURING INSPECTIONS PRIOR TO THE NEXT RAIN EVENT. REMOVE SEDIMENT FROM BEHIND 
CONTAINMENT DEVICES WHEN 1/3 THE STORAGE VOLUME HAS BEEN FILLED.

STABILIZE DISTURBED AREAS WITHIN 14 DAYS OF STOPPING CONSTRUCTION ACTIVITIES ON ANY PORTION OF THE 
SITE.

INSPECT THE SITE EVERY 7 CALENDAR DYS. DOCUMENT SITE CONDITIONS, RAINFALL, MAINTENANCE ACTIVITIES 

NEEDED AND PERFORMED, STABILIZATION NEEDED AND PERFORMED, AND WHERE NEW MEASURES ARE NEEDED. 
DISCUSS ANY RECOMMENDED PLAN CHANGES TO CORRECT DEFICIENCIES WITH UK REPRESENTATIVE. IMPLEMENT 
OTHER CONTROLS AS NEEDED. 

STABILIZE ALL BAR AREAS, SLOPES, AND DITCHES WITH PERMANENT GROUNDCOVER. THE STABILIZATION GOAL IS A 
UNIFORM 70% COVERAGE OVER THE ENTIRE SITE WITH A PERMANENT GROUNDCOVER. CONTACT THE UK 
REPRESENTATIVE FOR A TERMINATION INSPECTION ONCE THE SITE HAS BEEN PERMANENTLY STABILIZED. THE 
REMOVAL OF BMP’S MAY BEGIN ONCE THE UK REPRESENTATIVE CONFIRMS THE SITE CONDITIONS ARE IN 

COMPLIANCE. 

# DESCRIPTION DATE

1 ADDENDUM 1 2/16/2022

1

SCALE:  1/8" = 1'-0"

BOWMAN BUILDING BASEMENT PLAN

EXISTING 
MAIN 

SERVICE 

PANEL
RM 15

NEW
LOAD CENTER

WASHINGTON PHASE 2 ELECTRICAL DISTRIBUTION RISER

SCALE : NONE

FUTURE NEW
LOAD CENTER

J

EXISTING PANEL
BOWMAN HALL

NEMA 4 
30A LOAD 

CENTER

NEMA 4 
30A LOAD 

CENTER

WASHINGTON EAST VAULT FUTURE WASHINGTON WEST VAULT

BOWMAN HALL

(2) #4's AND (1) #8 GND IN 1-1/4" 
SCHEDULE 40 PVC CONDUIT

FUTURE (2) #4's AND (1) #8 GND 
IN 1-1/4" SCHEDULE 40 PVC 

CONDUIT

Total Amps: 13 A 16 A

Total Load: 1396 VA 1704 VA

3 Spare 20 A 1 0 VA 1704 VA 1 20 A SUMP PUMP #2, EXH FAN 4

1 SUMP PUMP #1, LTS, REC. 20 A 1 1396 VA 0 VA 1 20 A Spare 2

CKT Circuit Description Trip Poles A B Poles Trip Circuit Description CKT

Notes:

Enclosure: NEMA 4

Mounting: Surf ace Wires: 3 MCB/MLO Rating: 30

Supply From: Phases: 1 Mains Type: MCB

Location: Volts: 120/208 Single A.I.C. Rating: 10,000

Branch Panel: LOAD CENTER (Wash East Vault)
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SECTION 03 3000 – CAST-IN-PLACE CONCRETE  

PART 1 – GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 

Conditions and Division 1 Specification Sections, apply to this Section. 

 

1.2 SUMMARY 

A. This Section specifies cast-in-place concrete, including formwork, reinforcement, concrete 

materials, mixture design, placement procedures, and finishes.  This section applies to 

concrete work shown on the structural drawings.   

B. Cast-in-place concrete includes the following: 

1. Lean concrete mudmats. 

2. Vault including top, walls, base and manhole. 

C. Related Sections:  The following Sections contain requirements that relate to this Section: 

1. Division 1 Section “Structural Inspection.” 

2. Division 7 Section “Self Adhering Sheet Waterproofing.” 

D. Coordination:  Unless other satisfactory agreements are specifically entered into by 

contractors concerned, all miscellaneous iron and steel, sleeves, anchors, etc., required by 

work of other contractors, will be furnished and installed by such other contractors with the 

cooperation of this contractor. 

1.3 DEFINITIONS 

A. Cementitious Materials: Portland cement alone or in combination with one or more of the 

following: blended hydraulic cement, fly ash, slag cement, other pozzolans, and silica fume; 

materials subject to compliance with requirements. 

B. W/C Ratio: The ratio by weight of water to cementitious materials. 

1.4 ACTION SUBMITTALS 

A. General:  Furnish submittals in quantity, format, and other Conditions of the Contract and as 

specified in Division 1 of the Project Manual.   

B. Design Mixtures:  For each concrete mixture with laboratory test reports for the following 

data.  Submit alternate design mixtures when characteristics of materials, Project conditions, 

weather, test results, or other circumstances warrant adjustments. 

1. Method used to determine the proposed mix design (per ACI 301, Section 4). 

2. Gradation and quantity of fine and coarse aggregates. 
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3. Proportions of all ingredients including all admixtures added either at the time of 

batching or at the job site.  Indicate amounts of mixing water to be withheld for later 

addition at Project site. 

4. Water/cement ratio and water/cementitious ratio. 

5. Slump – ASTM C143. 

6. Certification and test results of the total water soluble chloride ion content of the 

design mix – FHWA RD-77 or AASHTO T 260-84. 

7. Air content of freshly mixed concrete by the pressure method, ASTM C231, or the 

volumetric method, ASTM C173. 

8. Unit weight of concrete – ASTM C138. 

9. Strength at 7- and 28-days for structural concrete– ASTM C39. Document strength on 

basis of previous field experience or trial mixtures, per ACI 301 Section 4. Submit 

strength test records, mix design materials, conditions, and proportions for concrete 

used for record of tests, standard calculation, and determination of required average 

compressive strength. 

10. Strength at 7- and 28-days for polished concrete surfaces– ASTM C39. Document 

strength on basis of trial mixture (mandatory), per ACI 301 Section 4. Submit strength 

test records, mix design materials, conditions, and proportions for concrete used for 

record of tests, standard calculation, and determination of required average 

compressive strength. 

11. Complete and include Structural Engineer’s standard mix design submittal form for 

each mix. A blank copy is included at the end of this section. 

C. Steel Reinforcement Shop Drawings:  Fabrication and placing drawings for reinforcement 

detailing, fabricating, bending, and placing concrete reinforcement. Comply with ACI 315 

“Manual of Standard Practice for Detailing Reinforced Concrete Structures” showing bar 

sizes, lengths, material, grade, bar schedules, stirrup spacing, bent bar diagrams, bar 

arrangement, splices and laps, mechanical connections, tie spacing, hoop spacing, and 

supports for concrete reinforcement. Include special reinforcing required for openings 

through concrete structures. 

1. Computer generated electronic structural construction document files (ACAD) will be 

made available to the Contractor.  The Contractor will be required to sign the 

Engineer’s standard release of liability form and pay a handling fee of $50.00 per 

drawing prior to receiving the drawing files.  Rules for use of said files shall be as 

defined in the CRSI “Code of Standard Practice” Sections 4.19 and 6.4.1. 

2. Shop drawing resubmittals are reviewed for conformance with review marks only.  

Any changes or questions originating on a resubmittal shall be clearly clouded. 

D. Product Data:  For proprietary materials and items, including reinforcement and forming 

accessories, admixtures, patching compounds, waterstops and curing compounds. 

1.5 INFORMATIONAL SUBMITTALS 

A. General:  Furnish submittals in quantity, format, and other Conditions of the Contract and as 

specified in Division 1 of the Project Manual. 
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B. Laboratory test reports for concrete materials or material certificates in lieu of material 

laboratory test reports. Material certificates shall be signed by Manufacturer and Contractor, 

certifying that each material item complies with or exceeds specified requirements.  Provide 

certification from admixture manufacturers that chloride content complies with specification 

requirements. 

1.6 QUALITY ASSURANCE 

A. Codes and Standards: Comply with provisions of the following codes, specifications, and 

standards, except where more stringent requirements are shown or specified.  Each 

contractor having reference to ACI Documents shall maintain copies of same on project site. 

AMERICAN CONCRETE INSTITUTE 

1. ACI 117-10 – Specifications for Tolerances for Concrete Construction and Materials. 

2. ACI 211.1-91 – Standard Practice for Selecting Proportions Normal, Heavyweight 

and Mass Concrete (Reapproved 2009). 

3. ACI 301-10 – Specification for Structural Concrete. 

4. ACI 302.1R-04 – Guide for Concrete Floor and Slab Construction. 

5. ACI 304.2R-96 – Placing Concrete by Pumping Methods (Reapproved 2008). 

6. ACI 305R-10 – Guide to Hot Weather Concreting. 

7. ACI 306R-10 – Guide to Cold Weather Concreting. 

8. ACI 308R-01 – Guide to Curing Concrete (Reapproved 2008). 

9. ACI 309R-05 – Guide for Consolidation of Concrete. 

10. ACI 311.1R-07 – ACI Manual of Concrete Inspection. 

11. ACI 318-11 – Building Code Requirements for Structural Concrete and Commentary. 

12. ACI 347-04 – Guide to Formwork for Concrete. 

13. SP-66 – ACI Detailing Manual. 

CONCRETE REINFORCING STEEL INSTITUTE (CRSI): 

1. CRSI – Manual of Standard Practice. 

2. CRSI 63 – Recommended Practice for Placing Reinforcing Bars. 

3. CRSI 65 – Recommended Practice for Placing Bar Nomenclature. 

B. Qualifications of Workers: Use adequate numbers of skilled workers who are thoroughly 

trained and experienced in the necessary crafts and who are completely familiar with the 

specified requirements and the methods needed for proper execution of the work required by 

this Division. 

C. Manufacturer Qualifications: A firm experienced in manufacturing ready-mixed concrete 

products and that complies with ASTM C 94 requirements for production facilities and 

equipment. 

1.7 DELIVERY, STORAGE, AND HANDLING 

A. Deliver steel reinforcement and concrete to Project site in such quantities and at such times 

to ensure continuity of installation. 

B. Store materials to permit easy access for inspection and identification. Keep steel 

reinforcement off ground by using pallets, platforms, dunnage, or other supports and spacers.  
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C. Do not store materials on structure in a manner that might cause distortion, damage, or 

overload to members or supporting structures. Repair or replace damaged materials or 

structures as directed. 

D. Store waterstops and packaged materials in sealed containers with manufacturer's labels 

intact.  Place under cover to protect from moisture, sunlight, dirt, oil, and other 

contaminants. 

PART 2 - PRODUCTS 

2.1 FORM MATERIALS 

A. Forms for Exposed (Smooth) Finish Concrete:  Exterior-grade high-density overlay (Class 1 

or better), medium-density overlay (Class 1 or better with mill-release agent treated and edge 

sealed), or Structural1 or Class 1 (B-B or better, mill oiled and edge sealed) plywood panels 

complying with DOC PS1; or new metal-framed and metal faced panels; or other acceptable 

panel-type materials to provide continuous, straight, and smooth exposed surfaces.  Furnish 

in largest practicable sizes to minimize number of joints.   

B. Forms for Unexposed, Rough-Formed Finish Concrete: Plywood, lumber, metal or another 

acceptable material.  Provide lumber dressed on at least two edges and one side for tight fit. 

C. Chamfer Strips:  Non-staining dressed wood, metal, PVC, or rubber strips; ¾ by ¾ inch, 

minimum, and as shown on Drawings; in longest practical lengths. 

D. Form-Release Agent: Commercially formulated form-release agent with a maximum volatile 

organic compounds (VOCs) not to exceed those allowable by jurisdictional regulations, that 

will not bond with, stain, or adversely affect concrete surfaces and will not impair 

subsequent treatments of concrete surfaces. 

1. Formulate form-release agent with rust inhibitor for steel form-facing materials. 

E. Form Ties (Standard): Factory-fabricated, adjustable-length, removable or snap-off glass-

fiber-reinforced plastic or metal form ties designed to resist lateral pressure of plastic 

concrete on forms, prevent form deflection, and to prevent spalling of concrete upon 

removal.  

1. Furnish units that leave no corrodible metal closer than 1 inch to the plane of the 

exposed concrete surface. 

2. Furnish ties that, when removed, leave holes no larger than 1 inch in diameter in 

concrete surface. 

3. Furnish ties with integral water-barrier plates to walls indicated to receive 

dampproofing or waterproofing. 

F. Form Joint Tape:  Compressible foam tape; pressure sensitive; AAMA800, “Specification 

810.1, Expanded Cellular Glazing Tape”; minimum ¼ inch thick. 

G. Form Joint Sealant:  Elastomeric sealant complying with ASTM C920, Type M or S, Grade 

NS, that adheres to form joint substrates. 
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2.2 REINFORCING MATERIALS 

A. Reinforcing Bars: ASTM A 615, Grade 60, deformed. 

B. Bar Supports: Bolsters, chairs, spacers, and other devices for spacing, supporting, and 

fastening reinforcing bars in place. Manufacture bar supports from steel wire, plastic, or 

precast concrete according to CRSI's "Manual of Standard Practice," of greater compressive 

strength than concrete and as follows: 

1. For concrete surfaces exposed to view, where legs of wire bar supports contact forms, 

use CRSI Class 1 plastic-protected steel wire or CRSI Class 2 stainless-steel bar 

supports. 

2.3 CONCRETE MATERIALS 

A. Source Limitations: Obtain each type or class of cementitious material of the same brand 

from the same manufacturer's plant, obtain aggregate from single source, and obtain 

admixtures from single source from single manufacturer. 

B. Cementitious Materials: 

1. Portland Cement: ASTM C 150, Type I. High early strength (when specified), ASTM 

C150, Type III.  One brand of cement shall be used throughout Project duration unless 

otherwise acceptable to Engineer. 

2. Fly Ash: ASTM C 618, Class F or C, except maximum loss on ignition: 3%. 

3. Slag Cement: ASTM C 989, Grade 100 or 120. 

4. Blended Hydraulic Cement: ASTM C 595, Type IS, portland blast-furnace slag, Type 

IP, portland-pozzolan, Type IL, portland-limestone, or Type IT, ternary blended 

cement. 

5. Silica Fume: ASTM C 1240, amorphous silica. 

C. Normal-Weight Aggregates: ASTM C 33 Class 3S coarse aggregate or better, graded, and as 

specified. Provide aggregates from a single source for exposed concrete. 

1. For exposed exterior surfaces, do not use fine or coarse aggregates that contain 

substances considered deleterious or that cause spalling or surface discoloration due to 

oxidation. 

2. Fine Aggregate to be free of materials with deleterious reactivity to alkali in cement. 

D. Water: ASTM C 94 and potable. 

E. Chemical Admixtures: Certified by manufacturer to be compatible with other admixtures 

and that do not contribute water-soluble chloride ions exceeding those permitted in hardened 

concrete. Do not use calcium chloride or admixtures containing calcium chloride. 

1. Water-Reducing Admixture: ASTM C 494, Type A. 

2. Retarding Admixture: ASTM C 494, Type B. 

3. Water-Reducing and Retarding Admixture: ASTM C 494, Type D. 

4. Water-Reducing and Accelerating Admixture: ASTM C 494, Type E. 

5. High-Range, Water-Reducing Admixture: ASTM C 494, Type F. 

6. High-Range, Water-Reducing and Retarding Admixture: ASTM C 494, Type G. 
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7. Plasticizing and Retarding Admixture: ASTM C 1017, Type II. 

8. Air-Entraining Admixture: ASTM C 260. 

F. Set-Accelerating Corrosion-Inhibiting Admixture: Commercially formulated, anodic 

inhibitor or mixed cathodic and anodic inhibitor; capable of forming a protective barrier and 

minimizing chloride reactions with steel reinforcement in concrete and complying with 

ASTM C 494, Type C. 

1. Manufacturers: Subject to compliance with requirements manufacturers offering 

products that may be incorporated into the work include, but are not limited to the 

following: 

a. BASF Corporation; Construction Systems. 

b. Euclid Chemical Company; an RPM company. 

c. GCP Applied Technologies, Inc. 

d. RussTech Admixtures, Inc. 

e. Sika Corporation. 

G. Non-Set-Accelerating Corrosion-Inhibiting Admixture: Commercially formulated, non-

set-accelerating, anodic inhibitor or mixed cathodic and anodic inhibitor; capable of forming 

a protective barrier and minimizing chloride reactions with steel reinforcement in concrete. 

1. Manufacturers:  Subject to compliance with requirements manufacturers offering 

products that may be incorporated into the work include, but are not limited to the 

following: 

a. BASF Corporation; Construction Systems. 

b. GCP Applied Technologies Inc. 

c. RussTech Admixtures, Inc. 

d. Sika Corporation. 

2.4 RELATED MATERIALS 

A. Self-Expanding Rubber Strip Waterstops: Manufactured rectangular or trapezoidal strip, 

bentonite-free hydrophilic polymer-modified chloroprene rubber, for adhesive bonding to 

concrete, 3/8 by 3/4 inch. 

1. Manufacturers: Subject to compliance with requirements manufacturers offering 

products that may be incorporated into the work include, but are not limited to the 

following: 

a. CETCO, a Minerals Technologies company. 

b. GCP Applied Technologies Inc. 

c. Sika Greenstreak. 

B. Bonding Agent:  ASTM C 1059, Type II, nonredispersible, acrylic emulsion or styrene 

butadiene. 
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C. Cartridge Injection Acrylic Adhesive (for reinforcing dowels in case repair):  two-

component material for use in concrete.  Anchor to be approved for use with cracked 

concrete per AC308. 

1. Acrylic resin adhesive, suitable for use on dry or damp surfaces.  Available Products: 

Subject to compliance with requirements, products that may be incorporated in the 

Work include, but are not limited to, the following: 

a. HIT HY 200 System, Hilti. 

b. AC 100 System, Powers. 

c. AT-XP System, Simpson/Strong-Tie. 

2. Epoxy adhesive, suitable for use on oversized, cored, and wet holes and in submerged 

applications.  Available Products: Subject to compliance with requirements, products 

that may be incorporated in the Work include, but are not limited to, the following: 

a. EPCON G5 System, ITW Red Head. 

b. HIT RE500 V3 System, Hilti. 

c. PE 1000+, Powers. 

d. SET-XP Epoxy System, Simpson/Strong-Tie. 

2.5 CURING MATERIALS 

A. Absorptive Cover:  AASHTO M 182, Class 2, burlap cloth made from jute or kenaf, 

weighing approximately 9 oz./sq. yd. when dry. 

B. Moisture-Retaining Cover:  ASTM C 171, polyethylene film or white burlap-polyethylene 

sheet. 

C. Water: Potable. 

D. Evaporation Retarder: Waterborne, monomolecular film forming, manufactured for 

application to fresh concrete for temporary protection from rapid moisture loss. 

1. Manufacturers:  Subject to compliance with requirements, manufacturers offering 

products that may be incorporated in the Work include, but are not limited to, the 

following: 

a. BASF Corporation. 

b. ChemMasters, Inc. 

c. Dayton Superior. 

d. Euclid Chemical Company. 

e. Kaufman Products, Inc. 

f. L&M Construction Chemicals, Inc. 

g. Lambert Corporation. 

h. Metalcrete Industries. 

i. Sika Corporation. 

j. SpecChem, LLC. 

k. W. R. Meadows, Inc. 
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E. Clear, Waterborne, Membrane-Forming Curing Compound: ASTM C 309, Type 1, Class B, 

dissipating. 

1. Manufacturers: Subject to compliance with requirements, manufacturers offering 

products that may be incorporated in the Work include, but are not limited to, the 

following: 

a. BASF Corporation. 

b. ChemMasters, Inc. 

c. Dayton Superior. 

d. Euclid Chemical Company. 

e. Kaufman Products, Inc. 

f. L&M Construction Chemicals, Inc. 

g. Lambert Corporation. 

h. SpecChem, LLC. 

i. W. R. Meadows, Inc. 

F. Clear, Waterborne, Membrane-Forming Curing Compound: ASTM C 309, Type 1, Class B, 

nondissipating. 

1. Coordinate compatibility and product with Polishing Contractor for all polished 

concrete surfaces. 

2. Manufacturers: Subject to compliance with requirements, manufacturers offering 

products that may be incorporated in the Work include, but are not limited to, the 

following: 

a. BASF Corporation. 

b. ChemMasters, Inc. 

c. Dayton Superior. 

d. Euclid Chemical Company. 

e. Kaufman Products, Inc. 

f. L&M Construction Chemicals, Inc. 

g. Lambert Corporation. 

h. Metalcrete Industries. 

i. SpecChem, LLC. 

j. W. R. Meadows, Inc. 

G. Clear, Waterborne, Membrane-Forming Curing Compound: ASTM C 309, Type 1, Class B, 

18 to 25 percent solids, nondissipating. 

1. Manufacturers:  Subject to compliance with requirements, manufacturers offering 

products that may be incorporated in the Work include, but are not limited to, the 

following: 

a. BASF Corporation. 

b. ChemMasters, Inc. 

c. Dayton Superior. 

d. Euclid Chemical Company. 

e. L&M Construction Chemicals, Inc. 

f. Lambert Corporation. 

g. Metalcrete Industries. 
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h. SpecChem, LLC. 

i. W. R. Meadows, Inc. 

H. Clear, Waterborne, Membrane-Forming Curing and Sealing Compound: ASTM C 1315, 

Type 1, Class A. 

1. Manufacturers:  Subject to compliance with requirements, manufacturers offering 

products that may be incorporated in the Work include, but are not limited to, the 

following: 

a. ChemMasters, Inc. 

b. Dayton Superior. 

c. Euclid Chemical Company. 

d. Kaufman Products, Inc. 

e. L&M Construction Chemicals, Inc. 

f. Lambert Corporation. 

g. SpecChem, LLC. 

h. W. R. Meadows, Inc. 

2.6 PROPORTIONING AND DESIGNING MIXES 

A. Prepare design mixes for each type and strength of concrete, proportioned on the basis of  

laboratory trial mixture or field data methods, or both, according to ACI 301. Use an 

independent testing agency for preparing and reporting proposed mixture designs based on 

laboratory trial mixtures. Trial batch and field experience tests shall have been performed 

within 12 months of submittal date. Use mix design submittal form included at the end of 

this section. 

1. Do not use the same testing agency for field quality control testing. 

B. Submit written reports to Engineer of each proposed mix for each class of concrete at least 

15 days prior to start of Work. Do not begin concrete production until proposed mix designs 

have been reviewed by Engineer. The approved mix designs shall be used throughout this 

project unless changes are approved by the Engineer prior to use. 

C. Cementitious Materials:  Supplier shall coordinate surface treatment compatibility with 

cementitious materials.  Limit percentage, by weight, of cementitious materials other than 

portland cement in concrete as follows: 

1. Fly Ash: 20 percent for Type F or 25% for Type C.   

2. Combined Fly Ash and Pozzolan: 25 percent. 

3. Slag Cement: 50 percent. 

4. Combined Fly Ash or Pozzolan and Slag Cement: 50 percent portland cement 

minimum, with fly ash or pozzolan not exceeding 25 percent. 

5. Silica Fume: 10 percent. 

6. Combined Fly Ash, Pozzolans, and Silica Fume: 35 percent with fly ash or pozzolans 

not exceeding 25 percent and silica fume not exceeding 10 percent. 

7. Combined Fly Ash or Pozzolans, Slag Cement, and Silica Fume: 50 percent with fly 

ash or pozzolans not exceeding 25 percent and silica fume not exceeding 10 percent. 
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D. Admixtures: Use admixtures according to manufacturer's written instructions. 

1. Use water-reducing, high-range water-reducing, or plasticizing admixture in concrete 

as required for placement and workability and in all pumped concrete and concrete 

required to be watertight. 

2. Use accelerating and retarding admixtures at Contractor’s discretion to control set 

time when required by extreme temperatures or humidity, or other adverse placement 

conditions.  Use accelerating admixture in concrete slabs placed at ambient 

temperatures below 35 deg F. 

3. Use corrosion-inhibiting admixture in concrete mixtures where indicated. 

E. The minimum compressive strength measured 28 days after placement (f’c),   minimum 

cementitious content, slump, maximum water/cementitious content ratio (W/C), and air 

content of the concrete for each portion of the structure shall be as follows: 

1. Class 1.  Lean Concrete Mudmats.  Normal-weight concrete. 

a. Minimum Compressive Strength: 1,500 psi. 

b. Minimum Cementitious Material:  200 lbs/cy. 

c. Slump Limit:  N/A. 

d. Air Content:  Natural. 

2. Class 2.  Vault Concrete (walls, top slab, bottom slab, and manhole curb) exposed to 

weather.  Normal-weight concrete. 

a. Minimum Compressive Strength: 5,000 psi. 

b. Minimum Cementitious Material:  564 lbs/cy.   

c. Maximum W/C Ratio: 0.40. 

d. Water Reducing Admixture:  Optional. 

e. Slump Limit:  4 inches or not more than 8 inches after adding admixture to 2-

to-3-inch slump concrete, plus or minus 1 inch. 

f. Air Content:  5.5 percent for 1 ½-inch maximum aggregate. 

6.0 percent for 1-inch maximum aggregate. 

6.0 percent for ¾-inch maximum aggregate. 

7.0 percent for ½-inch maximum aggregate. 

F. Adjustment to Concrete Mixes: Mix design adjustments may be requested by Contractor 

when characteristics of materials, job conditions, weather, test results, or other circumstances 

warrant, as accepted by Engineer. Laboratory test data for revised mix design and strength 

results must be submitted to and accepted by Engineer before using in Work. 

2.7 FABRICATING REINFORCEMENT 

A. Fabricate steel reinforcement according to CRSI's "Manual of Standard Practice." 

2.8 CONCRETE MIXING 

A. Ready-Mixed Concrete: Measure, batch, mix, and deliver concrete according to ASTM C 

94, and furnish batch ticket information. 
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1. When air temperature is between 85 and 90 deg F, reduce mixing and delivery time 

from 1-1/2 hours to 75 minutes; when air temperature is above 90 deg F, reduce 

mixing and delivery time to 60 minutes. 

B. Project-Site Mixing: Measure, batch, and mix concrete materials and concrete according to 

ASTM C 94. Mix concrete materials in appropriate drum-type batch machine mixer. 

1. For mixer capacity of 1 cu. yd. or smaller, continue mixing at least 1-1/2 minutes, but 

not more than 5 minutes after ingredients are in mixer, before any part of batch is 

released. 

2. For mixer capacity larger than 1 cu. yd., increase mixing time by 15 seconds for each 

additional 1 cu. yd.. 

3. Provide batch ticket for each batch discharged and used in the Work, indicating 

Project identification name and number, date, mixture type, mixture time, quantity, 

and amount of water added. Record approximate location of final deposit in structure. 

PART 3 - EXECUTION 

3.1 GENERAL 

A. Coordinate the installation of joint materials and other related materials with placement of 

forms and reinforcing steel. 

3.2 FORMWORK INSTALLATION 

A. Design, erect, shore, brace, and maintain formwork, according to ACI 301, to support 

vertical, lateral, static, and dynamic loads, and construction loads that might be applied until 

concrete structure can support such loads.  

B. Construct formwork so concrete members and structures are of correct size, shape, lines, 

alignment, elevation, position, level, plumb, and dimension and indicated. Maintain 

formwork construction tolerances and surface irregularities within limits of ACI 117. 

C. Limit concrete surface irregularities, designated by ACI 347 as abrupt or gradual, as follows: 

1. Class A, 1/8 inch tolerances for smooth-formed concrete surfaces exposed to view. 

2. Class D tolerances for earth formed foundation elements.  Tolerance applies as a 

variation inward towards reinforcing only.  No tolerance limit away from reinforcing 

applies. 

3. Class C, ½ inch tolerances for other concrete surfaces. 

D. Solidly butt joints and provide backup at joints to prevent cement paste from leaking. 

E. Construct forms for easy removal without hammering or prying against concrete surfaces. 

Provide crush or wrecking plates where stripping may damage cast-concrete surfaces. 

Provide top forms for inclined surfaces where slope is too steep to place concrete with 

bottom forms only. Kerf wood inserts for forming keyways, reglets, recesses, and the like for 

easy removal. 
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F. Set edge forms, bulkheads, and intermediate screed strips for slabs to achieve required 

elevations and contours in finished surfaces. Provide and secure units to support screed strips 

using strike-off templates or compacting-type screeds. 

G. Provide temporary openings for cleanouts and inspections where interior area of formwork is 

inaccessible before and during concrete placement.  Close openings with panels tightly fitted 

to forms and securely braced to prevent loss of concrete mortar.   Locate temporary openings 

in forms at inconspicuous locations. 

H. Form openings, chases, offsets, sinkages, keyways, recesses, moldings, rustications, reglets, 

chamfers, blocking, screeds, bulkheads, and other features required in the Work.  Chamfer 

exposed corners and edges at exterior corners and edges of permanently exposed concrete 

and as indicated, to produce uniform smooth, straight lines and tight edge joints. 

I. Provisions for Other Trades: Provide openings in concrete formwork to accommodate work 

of other trades. Determine size and location of openings, recesses, and chases from trades 

providing such items. Accurately place and securely support items built into forms. 

J. Earthen forms may be used for footings and foundation elements when ground is stable and 

capable of resisting erosion and fluid pressure of wet concrete without sloughing.  All 

tolerances and clear covers shall be maintained.  Excavation shall be clean of all loose soil 

and mud along bottom and sides. 

K. Use selected materials to obtain required finishes.   

L. Cleaning and Tightening: Thoroughly clean forms and adjacent surfaces to receive concrete. 

Remove chips, wood, sawdust, dirt, or other debris just before placing concrete. Retighten 

forms and bracing before placing concrete, as required, to prevent mortar leaks and maintain 

proper alignment. 

M. Coat contact surfaces of forms with form-release agent, according to manufacturer's written 

instructions, before placing reinforcement. 

1. Do not allow excess form-coating material to accumulate in forms or come into 

contact with in-place concrete surfaces against which fresh concrete will be placed.  

2. Do not spray reinforcing with form oil. 

3. Coat steel forms with a nonstaining, rust-preventative material.  Do not use rust-

stained steel form-facing material. 

3.3 INSTALLING EMBEDDED ITEMS 

A. Place and secure anchorage devices, anchor rods, and other embedded items required for 

adjoining work that is attached to or supported by cast-in-place concrete. Use setting 

drawings, diagrams, templates, instructions, and directions furnished with items to be 

embedded. 

B. Aluminum conduit shall not be installed in concrete. 
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3.4 REMOVING AND REUSING FORMS 

A. Formwork not supporting weight of concrete, such as sides of walls and similar parts of the 

work, may be removed after cumulatively curing at not less than 50 deg F for 24 hours after 

placing concrete.  Concrete must first be sufficiently hard to not be damaged by form-

removal operations, and provided curing and protection operations shall be maintained. 

1. Remove forms only if shores and other vertical supports have been arranged to permit 

removal without loosening or disturbing shores. 

B. Formwork supporting weight of concrete, such as slabs and other structural elements, may 

not be removed in less than 14 days or until concrete has attained at least 75 percent of its 

28-day design compressive strength.  Determine potential compressive strength of in-place 

concrete by testing field-cured specimens representative of concrete location or members. 

1. Cantilevered construction shall be shored for a minimum of 28 days after being 

placed. 

C. Clean and repair surfaces of forms to be reused in the Work. Split, frayed, delaminated, or 

otherwise damaged form-facing material will not be acceptable for exposed surfaces. Apply 

new form-release agent as specified for new formwork. 

D. When forms are reused, clean surfaces, remove fins and laitance, and tighten forms to close 

joints. Align and secure joint to avoid offsets.  

1. Do not use patched forms for exposed concrete surfaces. 

3.5 SHORING AND RESHORING INSTALLATION 

A. Comply with ACI 318 and ACI 301 for design, installation, and removal of shoring and 

reshoring. 

1. Do not remove shoring or reshoring until measurement of slab tolerances is complete. 

3.6 STEEL REINFORCEMENT INSTALLATION 

A. General: Comply with Concrete Reinforcing Steel Institute’s (CRSI) "Manual of Standard 

Practice" for fabricating, placing, and supporting reinforcement. 

B. Deliver reinforcement to job site bundled, tagged and marked. Use waterproof tags 

indicating bar size, length, and mark corresponding to placing drawings. 

C. Clean reinforcement of loose rust and mill scale, earth, ice, and other materials that reduce or 

destroy bond with concrete. 

D. When permitted, field bend bars cold, except during cold weather when moderate heating is 

necessary to avoid brittle failures. 

E. Accurately position, support, and secure all bar reinforcement against displacement. Locate 

and support reinforcement with bar supports to maintain minimum coverages as indicated 

for concrete protection.   
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1. Arrange, space and securely tie bars and bar supports to hold reinforcement in 

position during concrete placement operations.  

2. Walls with reinforcing mats on each face shall have bent U-bar spacers tied to each 

mat to hold spacing between mats.  U-bar spacers shall be minimum #3 bars spaced a 

maximum of 6 feet on center horizontally and vertically with a row of bars placed at 

the top of any wall over 4 feet tall. 

3. All walls shall have chairs or bolsters placed between reinforcing mat(s) and both 

form faces spaced a maximum of 6 feet on center to maintain clear cover. 

F. Set wire ties with ends directed into concrete, not toward exposed concrete surfaces. 

3.7 JOINTS 

A. General: Construct joints true to line with faces perpendicular to surface plane of concrete. 

B. Construction Joints in Reinforced Structure and Foundations: Locate and install construction 

joints so they do not impair strength or appearance of the structure, at locations indicated or 

otherwise as acceptable to Engineer. 

1. Place joints perpendicular to main reinforcement. Continue reinforcement across 

construction joints unless otherwise indicated. Do not continue reinforcement through 

sides of strip placements of floors and slabs. 

2. Form continuous keyways as indicated.  Embed keys at least 1-1/2 inches into 

concrete.  Provide keyways 1/3 the member thickness, or 3 ½” minimum, in walls, 

base slabs, and between walls and base slabs centered in the member thickness unless 

shown otherwise.    

3. Locate joints for slabs in the middle third of spans.   

4. Use a bonding agent at locations where fresh concrete is placed against hardened or 

partially hardened concrete surfaces. 

5. Use epoxy-bonding adhesive at locations where fresh concrete is placed against 

hardened or partially hardened concrete surfaces. 

C. Provide waterstops in construction joints in all vault walls below grade and as indicated.  

3.8 WATERSTOP INSTALLATION 

A. Install in construction joints and at other joints indicated to form a continuous diaphragm. 

Install in longest lengths practicable. Protect exposed waterstops during progress of the 

Work. 

1. Locate waterstop within joint relative to face and reinforcing as per manufacturer’s 

printed instructions.  Location varies with manufacturer.  Location shown on drawings 

is diagrammatic only.  Do not locate waterstop within shear key.  

2. Support and protect exposed waterstops during progress of Work.  

3. Cut ends square, using a razor knife or circular saw equipped with a carbide tipped 

blade.  Weld splices per manufacturer’s recommendations. 

4. Field-fabricate joints in waterstops according to manufacturer’s printed instructions. 

B. Concrete surfaces to receive bonded waterstop shall be reasonably smooth with either a 

formed or float finish. Where such a concrete surface is scheduled to be rough to facilitate 

interlocking with the adjacent concrete placement, a 2” (5.1 cm) wide ribbon of flat surface 
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shall be tooled into the concrete surface to facilitate the proper installation of waterstop.  

Any irregularities in the concrete surface which would interfere with the waterstop being 

placed in intimate contact with the concrete surface shall be ground smooth prior to 

installation. 

C. Install waterstop per manufacturer’s recommended installation instructions with primer or 

adhesive as required. 

3.9 CONCRETE PLACEMENT 

A. Inspection: Before placing concrete, inspect and complete formwork installation, reinforcing 

steel, and items to be embedded or cast in. Notify other trades to permit installation of their 

work. 

B. General: Comply with ACI 304, “Guide for Measuring, Mixing, Transporting, and Placing 

Concrete,” and as specified. Concrete delivery tickets shall show: 

1. Batch number. 

2. Mix by number with cement content in pounds and maximum size aggregate. 

3. Admixtures. 

4. Air content. 

5. Slump. 

6. Time dispatched and discharged. 

7. Date. 

8. Contractor. 

9. Ready Mix Supplier. 

10. Project Name and Address. 

11. Volume of Concrete. 

C. Do not add water to the concrete mix during delivery, at Project site, or during placement 

unless approved by the General Contractor’s representative, noted on the delivery ticket with 

the amount of water, and signed by the General Contractor’s representative. The maximum 

water/cement ratio of an approved mix design may not be exceeded. 

1. When the ambient air temperature is between 80 and 90 degrees Fahrenheit, one (1) 

gallon of water per cubic yard of concrete may be added at the job site to compensate 

for water evaporation during transit. 

2. When the ambient air temperature exceeds 90 degrees Fahrenheit, two (2) gallons of 

water per cubic yard of concrete may be added at the job site to compensate for water 

evaporation during transit. 

3. Do not add water to concrete after adding high-range water-reducing admixtures to 

mixture. 

D. Discharge concrete within 1 ½ hours after water has been added to the cement, unless a 

longer time has been authorized by the Engineer. During hot weather or other conditions 

contributing to a quick stiffening of the concrete, the Engineer may require discharge in less 

than 1 ½ hours. 

E. Deposit concrete continuously in one layer or in horizontal layers of such thickness that no 

new concrete is placed on concrete that has hardened enough to cause seams or planes of 

weakness.  If a section cannot be placed continuously, provide construction joints as 
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indicated.  Deposit concrete to avoid segregation.  Do not allow concrete to drop more than 5 

feet or from a height which allows concrete to fall against reinforcing. 

1. Deposit concrete in forms in horizontal layers of depth not to exceed formwork design 

pressures and in a manner to avoid inclined construction joints.  Where placement 

consists of several layers, place each layer while preceding layer is still plastic to 

avoid cold joints.  Do not subject concrete to any procedure that will cause 

segregation.  Deposit concrete as near as possible to the final position to avoid 

segregation. 

2. Consolidate placed concrete by mechanical vibrating equipment supplemented by 

hand-spading, rodding, or tamping.  Use equipment and procedures for consolidation 

of concrete complying with ACI 301. 

3. Do not use vibrators to transport concrete inside forms. Insert and withdraw vibrators 

vertically at uniformly spaced locations no farther than the visible effectiveness of the 

machine. Place vibrators to rapidly penetrate placed layer and at least 6 inches into 

preceding layer. Do not insert vibrators into lower layers of concrete that have begun 

to set. At each insertion, limit duration of vibration to time necessary to consolidate 

concrete and complete embedment of reinforcement and other embedded items 

without causing mix to segregate. 

F. Deposit and consolidate concrete for floors and slabs in a continuous operation, within limits 

of construction joints, until placement of a panel or section is complete. 

1. Consolidate concrete during placement operations so that concrete is thoroughly 

worked around reinforcement and other embedded items and into corners. 

2. Maintain reinforcement in proper position on chairs during concrete placement. 

3. Screed slab surfaces with a straightedge and strike off to correct elevations. 

4. Slope surfaces uniformly to drains where required. 

5. Begin initial floating using bull floats or darbies to form a uniform and open-textured 

surface plane, before excess bleedwater appears on the surface.  Do not further disturb 

slab surfaces before starting finishing operations. 

G. Cold-Weather Placement: When air temperature is expected to fall below 40 degrees 

Fahrenheit (4 deg C) within the first 72 hours after concrete placement, comply with 

provisions of ACI 306.1 and as follows. Protect concrete work from physical damage or 

reduced strength that could be caused by frost, freezing actions, or low temperatures. 

1. When mean daily air temperature is expected to fall below 40 deg F (4 deg C) for 

more than three successive days after concrete placement, uniformly heat water and 

aggregates before mixing to obtain a concrete mixture temperature at point of 

placement as follows: 

a. Not less than 55 deg F (13 deg C) or more than 75 deg F (24 deg C) for 

concrete sections less than 12 inches in the least dimension (width or 

thickness). 

b. Not less than 50 deg F (10 deg C) or more than 70 deg F (21 deg C) for 

concrete sections 12 inches or greater in the least dimension (width or 

thickness). 

2. Do not use frozen materials or materials containing ice or snow. Do not place concrete 

on frozen subgrade or on subgrade containing frozen materials. 
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3. Do not use calcium chloride, salt, or other materials containing antifreeze agents or 

chemical accelerators unless otherwise accepted in mix designs. 

H. Hot-Weather Placement: When hot weather conditions exist that would impair quality and 

strength of concrete, place concrete complying with ACI 305.1 and as specified. 

1. Cool ingredients before mixing to maintain concrete temperature at time of placement 

to below 90 deg F (32 deg C). Mixing water may be chilled or chopped ice may be 

used to control temperature, provided water equivalent of ice is calculated to total 

amount of mixing water. Using liquid nitrogen to cool concrete is Contractor’s option. 

2. Cover reinforcing steel with water-soaked burlap if it becomes too hot, so that steel 

temperature will not exceed the ambient air temperature immediately before 

embedding in concrete. 

3. Fog spray forms, reinforcing steel, and subgrade just before placing concrete. Keep 

subgrade moisture uniform without puddles or dry areas. 

4. Use water-reducing retarding admixture when required by high temperatures, low 

humidity, or other adverse placing conditions, as acceptable to Engineer. 

I. Pumping Concrete: Grout used to prime a pump shall not be placed in the forms of any 

concrete exposed to view in the final structure. 

3.10 FINISHING FORMED SURFACES 

A. Smooth-Formed Finish:  Provide a smooth-formed finish on formed concrete surfaces 

exposed to view in non-public rooms (storage, mechanical rooms, etc.) or to be covered with 

a coating or covering material applied directly to concrete.  This is an as-cast concrete 

surface obtained with selected form-facing material, arranged in an orderly and symmetrical 

manner with a minimum of seams.  Repair and patch tie holes, honeycombing over ¼” in 

depth, and other defective areas.  Remove fins and other projections exceeding 1/8” in height 

by rubbing down or grinding off until completely removed and smoothed. 

B. Related Unformed Surfaces: At tops of walls, horizontal offsets, and similar unformed 

surfaces adjacent to formed surfaces, strike-off smooth and finish with a texture matching 

adjacent formed surfaces. Continue final surface treatment of formed surfaces uniformly 

across adjacent unformed surfaces unless otherwise indicated. 

3.11 FINISHING SLABS 

A. General: Comply with ACI 302.1R recommendations for screeding, restraightening, and 

finishing operations for concrete surfaces. Do not wet concrete surfaces. 

B. Float Finish: Apply float finish to monolithic slab surfaces to receive trowel finish and other 

finishes as specified; slab surfaces to be covered with fluid-applied or sheet waterproofing. 

1. After screeding, consolidating, and leveling concrete slabs, do not work surface until 

ready for floating.  Begin floating, using float blades or float shoes only, when surface 

water has disappeared, or when concrete has stiffened sufficiently to permit operation 

of power-driven floats, or both.  Consolidate surface with power-driven floats or by 

hand-floating if area is small or inaccessible to power units. Cut down high spots and 

fill low spots. Uniformly slope surfaces to drains. Immediately after leveling, refloat 

surface to a uniform, smooth, granular texture.   
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C. Trowel and Fine Broom Finish: At exposed surfaces of base slabs, apply a trowel finish as 

specified, then immediately follow by slightly scarifying the surface with a fine broom. 

1. After floating, begin first trowel-finish operation using a power-driven trowel. Begin 

final troweling when surface produces a ringing sound as trowel is moved over 

surface. Consolidate concrete surface by final hand-troweling operation, free of trowel 

marks, uniform in texture and appearance, and finish surface to maximum deviation of 

3/16 inch in 10 feet. 

3.12 MISCELLANEOUS CONCRETE ITEMS 

A. Filling In: Fill in holes and openings left in concrete structures for passage of work by other 

trades, unless otherwise shown or directed, after work of other trades is in place. Mix, place, 

and cure concrete as specified to blend with in-place construction. Provide other 

miscellaneous concrete filling shown or required to complete Work. 

3.13 CONCRETE PROTECTING AND CURING 

A. General: Protect freshly placed concrete from premature drying and excessive cold or hot 

temperatures.   

B. Compatibility:  Use membrane curing compounds that will not affect surfaces to be covered 

with finish materials applied directly to concrete.   

C. For cold-weather protection during curing, comply with ACI 306.1 and the following: 

1. All freshly placed concrete shall be kept from freezing for the following periods: 

a. 3 days for all concrete with an air entraining admixture. 

b. 4 days for all concrete without an air entraining admixture.   

2. A cumulative curing time of seven days at a minimum surface temperature of 50 

degrees F (10 degrees C) shall be provided or until concrete has attained 75% of its 

design strength. This shall be followed by cooling of concrete in a gradual transition 

to surrounding conditions. The temperature drop during this period shall not be at a 

rate exceeding 2 degrees F per hour until the outside or surrounding temperature is 

reached. 

3. When concrete is placed under conditions of cold weather concreting (defined as a 

period when the mean daily temperature drops below 40 degrees F for more than three 

successive days), take additional precautions as specified in “Cold Weather 

Concreting” by the American Concrete Institute (ACI Report 306) when placing, 

curing, monitoring and protecting the fresh concrete. 

D. For hot-weather protection during curing, comply with ACI 301 and the following: 

1. When concrete is placed under conditions of hot weather concreting, provide extra 

protection of the concrete against excessive placement temperatures and excessive 

drying throughout the placing and curing operations. Hot weather is defined as air 

temperature which exceeds 80 degrees F or any combination of high temperature, low 

humidity and/or high wind velocity which causes a rate of evaporation in excess of 0.2 

pounds per square foot per hour as determined by Figure 2.1.5 of ACI Report 305. 
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Hot weather curing is required if these conditions occur within a 24 hour period after 

completion of concrete placement. 

2. Forms, reinforcing and the air shall be cooled by water fog spraying immediately 

before placing concrete.  

3. Immediately following screeding, protect concrete by applying the specified 

evaporation retarder in accordance with the recommendations of the manufacturer. 

E. Evaporation Retarder: Apply evaporation retarder to unformed concrete surfaces if hot, dry, 

or windy conditions cause moisture loss approaching 0.2 lb/sq. ft. x h before and during 

finishing operations.  Apply according to manufacturer's written instructions after placing, 

screeding, and bull floating or darbying concrete, but before float finishing. 

F. Formed Surfaces: Cure formed concrete surfaces, including walls supported slabs, and other 

similar surfaces, by moisture curing with forms in place for 7 days or until forms are 

removed. If forms are removed within the first 7 days, continue moisture curing without 

forms for the balance of the 7 day curing period. 

1. For vertical surfaces, after the concrete has hardened and while the forms are still in 

place, the form ties shall be loosened and water shall be applied to run down the inside 

of the form to keep the concrete wet. 

2. After formwork has been removed from vertical surfaces, keep surface continuously 

wet by water spray or water-saturated absorptive cover. 

G. Unformed Surfaces: Begin curing immediately after finishing concrete. Cure unformed 

surfaces, including slabs and other surfaces. 

1. Cure interior and exterior slab surfaces exposed to deicing salts and slabs where the 

finish flooring is not compatible with curing compounds by Moisture Curing. 

H. Cure concrete according to ACI 308.1, by one or a combination of the following methods: 

1. Moisture Curing: Keep surfaces continuously moist for not less than seven days with 

the following materials: 

a. Water. 

b. Continuous water-fog spray. 

c. Absorptive cover, water saturated, and kept continuously wet. Cover concrete 

surfaces and edges with 12-inch lap over adjacent absorptive covers. 

2. Moisture-Retaining-Cover Curing: Cover concrete surfaces with moisture-retaining 

cover for curing concrete, placed in widest practicable width, with sides and ends 

lapped at least 12 inches, and sealed by waterproof tape or adhesive. Cure for not less 

than seven days. Immediately repair any holes or tears during curing period, using 

cover material and waterproof tape. 

3. Curing Compound: Apply uniformly in continuous operation by power spray or roller 

according to manufacturer's written instructions. Recoat areas subjected to heavy 

rainfall within three hours after initial application. Maintain continuity of coating and 

repair damage during curing period. 
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a. Removal: After curing period has elapsed, remove curing compound without 

damaging concrete surfaces by method recommended by curing compound 

manufacturer unless manufacturer certifies curing compound does not interfere 

with bonding of floor covering used on Project. 

3.14 CONCRETE SURFACE REPAIRS 

A. Defective Concrete: Repair and patch defective areas when approved by Engineer. Remove 

and replace concrete that cannot be repaired and patched to Engineer's approval. 

B. Patching Mortar: Mix dry-pack patching mortar, consisting of 1 part portland cement to 2-

1/2 parts fine aggregate passing a No. 16 sieve, and a 50:50 mixture of acrylic or styrene 

butadiene-based bonding admixture and water.  Use only enough liquid as required for 

handling and placing. 

C. Repairing Formed Surfaces: Surface defects include color and texture irregularities, cracks, 

spalls, air bubbles, honeycombs, rock pockets, fins and other projections on the surface, and 

stains and other discolorations that cannot be removed by cleaning. 

1. Immediately after form removal, cut out honeycombs, rock pockets, and voids more 

than 1/2 inch  in any dimension to solid concrete. Limit cut depth to 3/4 inch. Make 

edges of cuts perpendicular to concrete surface. Clean, dampen with water, and brush-

coat holes and voids with bonding agent. Fill and compact with patching mortar 

before bonding agent has dried.  

2. Cut tie rods and bolts flush with the surface and drill out to minimum depth of 1 inch 

below the surface. 

3. Fill through wall tie holes with nonmetallic, shrinkage-resistant grout to within 1 ½” 

of wall face using a grout bag or other similar means to completely fill the void.  Fill 

any remaining tie hole, including holes from snap-off type form ties, with patching 

mortar or cone plugs secured in place with bonding agent. 

4. Repair defects on surfaces exposed to view by blending white portland cement and 

standard portland cement so that, when dry, patching mortar matches surrounding 

color. Patch a test area at inconspicuous locations to verify mixture and color match 

before proceeding with patching. Compact mortar in place and strike off slightly 

higher than surrounding surface. 

5. Repair defects on concealed formed surfaces that affect concrete's durability and 

structural performance as determined by Engineer. 

D. Repairing Unformed Surfaces: Test unformed surfaces, such as floors and slabs, for finish 

and verify surface tolerances specified for each surface. Correct low and high areas. Test 

surfaces sloped to drain for trueness of slope and smoothness; use a sloped template. 

1. Repair finished surfaces containing defects. Surface defects include spalls, popouts, 

honeycombs, rock pockets, crazing and cracks in excess of 0.01 inch wide or that 

penetrate to reinforcement or completely through unreinforced sections regardless of 

width, and other objectionable conditions. 

2. After concrete has cured at least 14 days, correct high areas by grinding. 

3. Correct localized low areas during or immediately after completing surface finishing 

operations by cutting out low areas and replacing with patching mortar. Finish 

repaired areas to blend into adjacent concrete. 
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4. Correct other low areas scheduled to receive floor coverings with a repair 

underlayment. Prepare, mix, and apply repair underlayment and primer according to 

manufacturer's written instructions to produce a smooth, uniform, plane, and level 

surface. Feather edges to match adjacent floor elevations. 

5. Correct other low areas scheduled to remain exposed with a repair topping. Cut out 

low areas to ensure a minimum repair topping depth of 1/4 inch to match adjacent 

floor elevations. Prepare, mix, and apply repair topping and primer according to 

manufacturer's written instructions to produce a smooth, uniform, plane, and level 

surface. 

6. Repair defective areas, except random cracks and single holes 1 inch or less in 

diameter, by cutting out and replacing with fresh concrete. Remove defective areas 

with clean, square cuts and expose steel reinforcement with at least a 3/4-inch  

clearance all around. Dampen concrete surfaces in contact with patching concrete and 

apply bonding agent. Mix patching concrete of same materials and mixture as original 

concrete, except without coarse aggregate. Place, compact, and finish to blend with 

adjacent finished concrete. Cure in same manner as adjacent concrete. 

7. Repair random cracks and single holes 1 inch (25 mm) or less in diameter with 

patching mortar. Groove top of cracks and cut out holes to sound concrete and clean 

off dust, dirt, and loose particles. Dampen cleaned concrete surfaces and apply 

bonding agent. Place patching mortar before bonding agent has dried. Compact 

patching mortar and finish to match adjacent concrete. Keep patched area 

continuously moist for at least 72 hours. 

E. Perform structural repairs of concrete, subject to Engineer's approval, using epoxy adhesive 

and patching mortar. 

F. Repair methods not specified above may be used, subject to acceptance of Engineer. 

3.15 QUALITY CONTROL 

A. The Owner shall employ an independent testing and inspection agency that meets the 

requirements of ASTM E329 to perform inspections and tests and to prepare test 

reports. The agency will monitor concrete quality by means of site and laboratory tests. 

They will be authorized to reject plastic concrete not conforming to specifications.  Failure 

to detect any defective materials shall not prevent later rejection when such defect is 

discovered, or obligate the Engineer or Owner for final acceptance. 

1. See Section 01 4110 – Structural Inspections for testing and inspection to be 

performed. 

2. Test results will be reported in writing to the Engineer, Engineer, ready-mix producer 

and General Contractor within 24 hours after tests. 

3. Additional Tests: The testing agency will make additional tests of in-place concrete 

when test results indicate specified concrete strengths and other characteristics have 

not been attained in the structure, as directed by Engineer. 

B. Correct deficiencies in the Work that test reports and inspections indicate do not comply 

with the Contract Documents. 

END OF SECTION 03 3000 
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SECTION 07 1326 – SELF ADHERING SHEET WATERPROOFING 

PART 1 – GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 

Conditions and Division 1 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. This Section includes application of self adhering sheet waterproofing at earth side of 

concrete vault base, walls, and top. 

 

1. Rubberized-asphalt sheet waterproofing. 

2. Sheet bentonite. 

B. Related Sections:  The following Sections contain requirements that relate to this Section: 

1. Section 03 300 “Cast-In-Place Concrete.” 

 

1.3 PERFORMANCE REQUIREMENTS 

A. Provide waterproofing that prevents the passage of water. 

1.4 SUBMITTALS 

A. General:  Furnish submittals in quantity, format, and other Conditions of the Contract and as 

specified in Division 1 of the Project Manual.   

B. Product Data:  For each material and type of application required include product 

specifications and manufacturer’s written installation instructions and recommendations. 

Include manufacturer’s written instruction for evaluating, preparing, and treating substrate, 

technical data, and tested physical and performance properties of waterproofing. 

C. Warranty:  Specimen of standard waterproofing warranty. 

1.5 QUALITY ASSURANCE 

A. Installer Qualifications:  Engage an experienced installer who is specialized in installing 

bentonite waterproofing systems similar to those required for this Project and who is 

licensed by or otherwise acceptable to manufacturer of primary materials. 

B. Manufacturer Qualifications:  Engage a firm experienced in manufacturing a bentonite 

waterproofing system similar to that indicated for this Project and with a record of successful 

in-service performance. 

C. Single-Source Responsibility:  Obtain self adhering sheet waterproofing system through one 

source from a single manufacturer.  Obtain accessory products used in conjunction with self 
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adhering sheet waterproofing from sources acceptable to self adhering sheet waterproofing 

manufacturer. 

1.6 DELIVERY, STORAGE, AND HANDLING 

 

A. Deliver materials to Project site in manufacturer’s original unopened and undamaged 

containers labeled with manufacturer’s name, product brand name and type, date of 

manufacture, and directions for storing and mixing with other components. 

 

B. Store materials in a dry, protected, well-ventilated space and within the temperature range 

required by the waterproofing manufacturer. 

 

C. Remove and replace self adhering sheet waterproofing materials that have been prematurely 

exposed to moisture or that cannot be applied within their stated shelf life. 

 

D. Store rolls according to manufacturer’s written instructions. 

 

E. Protect stored materials from direct sunlight. 

 

1.7 PROJECT CONDITIONS 

A. Weather Limitations:  Do not apply waterproofing materials to surfaces where ice or frost is 

visible.   

1. Bentonite clay products in membrane form may be placed on damp surfaces.   Do not 

apply bentonite waterproofing materials in areas with standing water.   

2. Do not apply rubberized-asphalt waterproofing to a damp or wet substrate. 

B. Comply with manufacturer’s written instructions regarding weather conditions before and 

during waterproofing installation, condition of the substrate to receive waterproofing, and 

protection of the installed waterproofing system. 

1.8 WARRANTY 

A. Manufacturer’s Warranty:  Written warranty, signed by waterproofing manufacturer 

agreeing to replace waterproofing material that does not comply with requirements or that 

does not remain watertight during specified warranty period. 

1. Warranty does not include failure of waterproofing due to failure of substrate prepared 

and treated according to requirements or formation of new joints and cracks in 

substrate exceeding 1/16 inch in width. 

2. Warranty Period:  Five years after date of Substantial Completion. 
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PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Available Products: Subject to compliance with requirements, products that may be 

incorporated in the Work include, but are not limited to, the following: 

 

1. Bentonite Sheet Waterproofing 

a. CCW Clay Mat; Carlisle. 

b. Swelltite 3000; CETCO. 

c. Volclay Type 1C Panels; CETCO. 

d. Voltex; CETCO. 

e. Deckseal; Mameco International, Inc. 

f. Paraseal; Mameco International, Inc. 

2. Rubberized-Asphalt Sheet Waterproofing 

a. American Hydrotech, Inc.; VM 75. 

b. Carlisle Corporation, Carlisle Coatings and Waterproofing Div; CCW 701. 

c. W.R. Grace and Co.; Bituthene. 

d. W.R. Meadows, Inc. Mel-Rol. 

e. T.C. Miradri; Miradri. 

f. Monsey Bakor; Elasto-Seal 2000. 

g. Pecora Corporation; Duramem 700-SM. 

h. Polyguard Products, Inc.; Polyguard 650. 

i. Tamko Roofing Products, Inc.; TW-60. 

2.2 MATERIALS, GENERAL 

A. Granular Bentonite:  Sodium bentonite clay containing a minimum of 90 percent 

montmorillonite (hydrated aluminum silicate), with a minimum of 90 percent passing a 20-

mesh (850-micrometer) sieve. 

B. Bentonite Mastic:  Trowelable consistency, bentonite compound, specifically formulated for 

application at joints and penetrations. 

C. Wall-to-Footing Bentonite Joint Strip:  Manufacturer’s standard 2-inch diameter, water-

soluble tube containing approximately 1.5 lb/ft of bentonite, hermetically sealed, designed 

specifically for placing on wall footings at line of joint with exterior base of wall. 

2.3 COMPOSITE BENTONITE MEMBRANE 

A. Composite Membrane:  Minimum 90-mil thick membrane consisting of a 20-mil thick 

geomembrane liner bonded to 70 mils of bentonite with a 1.5 mil thick, water-soluble film. 
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2.4 RUBBERIZED-ASPHALT SHEET WATERPROOFING 

A. Rubberized-Asphalt Sheet:  60-mil thick, self-adhering sheet consisting of 56 mils of 

rubberized asphalt laminated to a 4-mil thick, polyethylene film with release liner on 

adhesive side and formulated for application with primer or surface conditioner that 

complies with VOC limits of authorities having jurisdiction. 

1. Physical Properties:  As follows, measured per standard test methods referenced: 

a. Tensile Strength:  250 psi minimum; ASTM D412, Die C, modified. 

b. Ultimate Elongation:  300 percent minimum; ASTM D412, Die C modified. 

c. Low-Temperature Flexibility:  Pass at minus 20 deg F; ASTM D 1970. 

d. Crack Cycling:  Unaffected after 100 cycles of 1/8-inch movement; ASTM C 

836. 

e. Puncture Resistance:  40 lbf minimum; ASTM E 154. 

f. Hydrostatic-Head Resistance:  150 feet minimum; ASTM D 5385. 

g. Water Absorption:  0.15 percent weight-gain maximum after 48-hour 

immersion at 70 def F; ASTM D 570. 

h. Vapor Permeance:  0.05 perms; ASTM E96, Water Method. 

2.5 INSTALLATION ACCESSORIES 

 

A. General:  Furnish auxiliary materials recommended by waterproofing manufacturer for 

intended use and compatible with sheet waterproofing. 

1. Furnish liquid-type auxiliary materials that comply with VOC limits of authorities 

having jurisdiction. 

B. Surface Conditioner:  Liquid, waterborne surface conditioner recommended for substrate by 

manufacturer of sheet waterproofing material. 

C. Sheet Strips:  Self-adhering, rubberized-asphalt composite sheet strips of same material and 

thickness as sheet waterproofing. 

D. Liquid Membrane:  Elastomeric, two-component liquid, cold fluid applied, trowel grade or 

low viscosity. 

E. Substrate patching Membrane;  Low-viscosity, two-component, asphalt-modified coating. 

F. Protection Board:  Provide products recommended by waterproofing manufacturer to suit 

Project.  Available types include the following: 

1. 1/4-inch thick semi-rigid board with mineral-reinforced asphaltic core laminated 

between an asphalt-saturated felt liner on one side and a weather-coated glass-mat 

liner covered with a bond-breaking film on the other. 

2. 1/16-inch thick puncture-resistant, multilayer, water-permeable, flexible board 

consisting of pressure-bonded cellulose fibers. 

G. Termination Bar:  Extruded- or formed-aluminum bars with upper flange to receive sealant. 
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H. Non-woven-Geotextile-Faced, Molded-Sheet Drainage Panel:  Manufactured composite 

subsurface drainage panels consisting of a nonwoven, needle-punched geotextile facing with 

an apparent opening size not exceeding No. 70 sieve laminated to 1 side and a polymeric 

film bonded to the other side of a 3-dimensional, nonbiodegradable, molded-plastic-sheet 

drainage core, with a vertical flow rate of 15 gpm. 

I. Plastic Sheets:  Polyethylene sheeting complying with ASTM D4397, thickness as 

recommended by waterproofing manufacturer to suit application, but at least 6 mils thick. 

J. Fasteners:  Casehardened nails or hardened-steel, powder-actuated fasteners.  Depending on 

manufacturer’s written requirements, provide 1/2- or 1-inch diameter washers under fastener 

heads. 

K. Adhesive:  Water-based adhesive used to secure membrane to both vertical and horizontal 

surfaces. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine substrates, areas, and conditions, with Installer present, for compliance with 

requirements for substrate preparations affecting performance of bentonite waterproofing. 

1. For the record, prepare a written report, endorsed by Installer, listing conditions 

detrimental to performance of bentonite waterproofing. 

2. Do not proceed with installation until unsatisfactory conditions have been corrected. 

B. Verify that substrate is complete and that all work that will penetrate waterproofing is 

complete and rigidly installed.  Verify locations of waterproofing termination. 

3.2 PREPARATION 

A. Coordinate work in the vicinity of waterproofing to ensure proper conditions for installing 

the waterproofing system and to prevent damage to the waterproofing after installation. 

B. Formed Concrete Surfaces:  Remove fins and projections.  Fill voids, rock pockets, form-tie 

holes, and other defects with bentonite mastic or cementitious patching material according to 

manufacturer’s written instructions. 

C. Horizontal Concrete Surfaces:  Remove debris, standing water, oily substances, mud, and 

similar substances that could impair the bonding ability of the concrete or the effectiveness 

of the waterproofing.  Fill voids, cracks greater than 1/8 inch, honeycomb areas, and other 

defects with bentonite mastic or cementitious patching material according to manufacturer’s 

written instructions. 

D. Excavation Retention System or Stable Excavation:  If water is seeping, use plastic sheets or 

other suitable means to prevent wetting the bentonite waterproofing.  Fill minor gaps and 

spaces 1/8-inch wide or wider with wood, metal, concrete, or other appropriate filling 

material. Cover or fill large voids and crevices with cement mortar according to 

manufacturer’s written instructions. 
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3.3 INSTALLATION, GENERAL 

A. Install waterproofing and accessories according to manufacturer’s written instructions, 

standard details, and recommended practices. 

1. Apply linear joint-sealing tubes, bentonite mastic, or both at changes of plane, 

construction joints in substrate, projections, and penetrations. 

2. Apply granular bentonite around penetrations in horizontal surfaces according to 

manufacturer’s written instructions. 

B. Construction Joints:  Protect construction joints with bentonite preformed flexible waterstop 

strips.  Either place concrete directly over flexible strips or press strips into preformed 

cavities.  Comply with manufacturer’s written instructions for using preformed flexible 

waterstop strips where joint waterproofing is not otherwise indicted. 

C. Install wall-to-footing bentonite continuously at base of wall waterproofing (on footing, 

against wall) according to manufacturer’s written instructions. 

D. Protect waterproofing from damage and wetting before and during subsequent construction 

operations.  Repair punctures, tears, and cuts according to manufacturer’s written 

instructions. 

E. Apply sealants to comply with requirements specified in Division 7 Section “Joint Sealants” 

and manufacturer’s written instructions. 

3.4 COMPOSITE BENTONITE MEMBRANE INSTALLATION 

A. Vault base slab:  Install waterproofing over a 2” minimum thickness concrete “mud-mat” 

placed below the proposed slab. 

1. Install waterproofing lengthwise along vault, lapping edges a minimum of 2 inches. 

2. Secure membrane to mud-mat with adhesive or washer-headed fasteners, as required 

to prevent movement of waterproofing during reinforcement and concrete placement 

above. 

3. Extend waterproofing out past slab extents.  After installation of concrete, turn slab 

waterproofing up along face of footing and turn over top edge of vault base. 

 

3.5 RUBBERIZED-ASPHALT SHEET APPLICATION 

A. Apply primer to substrates at required rate and allow to dry.   Limit priming to areas that will 

be covered by sheet waterproofing in same day.  Reprime areas exposed for more than 24 

hours. 

B. When ambient and substrate temperatures range between 25 and 40 deg F, install self-

adhering, rubberized-asphalt sheets produced for low-temperature application.  Do not use 

low-temperature sheets if ambient or substrate temperature is higher that 60 deg F. 

C. Vertical vault walls:  Apply liquid membrane around penetrations and form continuous 2-

inch cant at intersection of footings and walls. 
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1. Starting at the lowest point, lap slab membrane over wall membrane, and turn up wall.  

Install a layer of sheet waterproofing horizontally, extending a minimum of 6 inches 

onto the footing.  Lap membrane ends and edges a minimum of 2 1/2 inches. 

2. Overlap and seal seams and stagger end laps to ensure watertight installation. 

3. Apply continuous sheets over sheet strips bridging substrate cracks, construction, and 

contraction joints. 

D. Vault top slab:  Install waterproofing after installation of wall waterproofing and substantial 

backfill of vault sides. 

1. Install waterproofing lengthwise along vault, lapping edges a minimum of 2 1/2 

inches. 

E. Seal exposed edges of sheets at terminations not concealed by metal counterflashings or 

ending in reglets with mastic and sealant. 

F. Repair tears, voids, and lapped seams in waterproofing not complying with requirements.  

Slit and flatten fishmouths and blisters.    Patch with sheets extending 6 inches beyond 

repaired areas in all directions. 

G. Protection Board and Drainage Sheet 

1. Install protection board course along vault top and sides with butted joints over 

properly installed waterproofing before starting subsequent construction operations. 

2. Install drainage sheet over protection board in accordance with manufacturer’s 

recommendations.  Cover drain tile at bottom of wall with drainage sheet. 

3. Use adhesives that do not penetrate waterproofing.  Lap edges and ends of geotextile 

to maintain continuity.   Protect installed molded-sheet drainage panels during 

subsequent installation. 

H. Protect waterproofing from damage and wear during remainder of construction project. 

3.6 FIELD QUALITY CONTROL 

A. Correct deficiencies in or remove waterproofing that does not comply with requirements, 

repair substrates, and reapply waterproofing. 

B. Testing of watertightness, at Contractor’s expense, may be required to determine compliance 

of corrected Work with requirements. 

END OF SECTION 07 1326 
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DIVISION 23 – HVAC

SECTION 23 0000 – GENERAL PROVISIONS FOR HVAC SYSTEMS

PART 1 - GENERAL

1.1 GENERAL

A. The General Conditions, Special Conditions, Supplemental Conditions, Instructions to Bidders, and 

other Contract Documents apply to this branch of the work as well as to the other branches.   

B. Provide the materials (piping, ductwork, wiring, conduit, equipment, equipment accessories, etc.) and 

labor necessary for complete and functioning mechanical systems.  The Drawings and Specifications 

are intended to indicate complete working systems. Provide complete and properly working systems, 

even if all materials and labor necessary to achieve this are not specifically shown on the Drawings or 

specified.

C. The Contractor shall familiarize himself with the work of all other trades, general type construction, 

and the relationship of his work to other sections.  He shall examine all working drawings, 

specifications and conditions affecting his work.  The Contractor shall visit the premises and 

thoroughly familiarize himself with all details of the work and working conditions, verify all 

dimensions in the field and advise the Engineer of any discrepancy before fabricating or performing 

any work.

D. The work shall include complete testing of all equipment, piping and ductwork at the completion of the 

work and making any minor connection changes or adjustments necessary for the proper functioning of 

the system and equipment.

E. Perform any necessary temporary work during construction.

F. Work under this section shall conform to governing codes, ordinances and regulations of the City, 

County and State.

G. The Contractor shall be responsible for any errors in fabrication, for the correct fitting, installation and 

erection of the various mechanical systems.

1.2 POWDER ACTUATED CONCRETE FASTENERS  

A. Obtain written approval from the structural engineer before using powder-actuated concrete fasteners. 

B. Do not use powder-actuated concrete fasteners for lightweight-aggregate concretes or for slabs less 

than 4 inches (100 mm) thick.
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1.3 SUSPENSION FROM METAL DECKING

A. Do not use metal decking for suspension of piping, ductwork or equipment. Hang items from top 

member of joist or provide additional structure to span between top members if needed.

1.4 COORDINATION BETWEEN TRADES 

A. Demand and examine all Drawings and Specifications pertaining to the construction before installing 

the work described and shown under these Drawings and Specifications.  Cooperate with all other 

Contractors in locating piping, ductwork, conduit, openings, chases and equipment in order to avoid 

conflict with any other Contractor's work.  Give special attention to points where ducts or piping must 

cross other ducts or piping and where ducts, piping and conduit must fur into the walls and columns.  

All work installed above a lay-in ceiling must be coordinated and installed so there is a minimum of 4 

inches between the top of the ceiling grid and the bottom of the installation.

B. Make known to other trades intended positioning of materials and intended order of work.  Determine 

intended position of work of other trades and intended order of installation.

1.5 DISCREPANCIES

A. If any discrepancies occur between the accompanying Drawings and these Specifications and Drawings 

and Specifications covering other Contracts, report such discrepancies to the Architect/Engineer far 

enough in advance so that a workable solution can be presented.  No extra payment will be allowed for 

relocation of piping, ductwork, conduit and equipment not installed in accordance with the above 

instructions, and which interferes with work and equipment of other Contractors.        

1.6 EXISTING PIPE AND SERVICES 

A. Existing piping and services are located as accurately as possible from available information, but it 

shall be the Contractor's responsibility to locate, determine exact elevations and make required 

connections to such lines and services in manner approved by the Architect/Engineer.  

B. Maintain in operating condition active utilities encountered in the utility installation.  Repair to the 

satisfaction of the Architect/ Engineer and the Owner any surface or subsurface improvements 

damaged during the course of the work, unless such improvement is shown to be abandoned or 

removed.   

1.7 CONTINUOUS OPERATION AND CUTOVER 

A. To facilitate the continuous operation of the existing utilities, no utility service shall be tapped into 

without prior notification of 48 hours to and approval received from the designated authority of the 

utility company.
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1.8 ASBESTOS  

A. If during the course of his work the Contractor observes the existence of asbestos, or asbestos-bearing 

materials, the Contractor shall immediately terminate further work on the project and notify the Owner 

of the condition.  The Owner will, after consultation with the Engineer, determine a further course of 

action.   

1.9 ACCESSIBILITY  

A. Install equipment and materials to provide required access for servicing and maintenance.  Coordinate 

the final location of concealed equipment and devices requiring access with final location of required 

access panels and doors.  Allow ample space for removal of all parts that require replacement or 

servicing.  

B. Extend all grease fittings to an accessible location.   

1.10 ROUGH-IN  

A. Verify final locations for rough-ins with field measurements and with the requirements of the actual 

equipment to be connected.   

1.11 HVAC INSTALLATIONS 

A. Coordinate HVAC equipment and materials installation with other building components.  

B. Verify all dimensions by field measurements.  Field verify existing conditions and all required 

measurements before fabricating any piping, ductwork or equipment.

C. Arrange for chases, slots, and openings in other building components to allow for HVAC installations.  

D. Coordinate the installation of required supporting devices and sleeves to be set in poured in place 

concrete and other structural components, as they are constructed.  

E. Sequence, coordinate, and integrate installations of HVAC materials and equipment for efficient flow 

of the Work.  Give particular attention to large equipment requiring positioning prior to closing-in the 

building.

F. Coordinate the cutting and patching of building components to accommodate the installation of HVAC 

equipment and materials.  

G. Where mounting heights are not detailed or dimensioned, install HVAC services and overhead 

equipment to provide the maximum headroom possible.

H. Install HVAC equipment to facilitate maintenance and repair or replacement of equipment components.  

As much as practical, connect equipment for ease of disconnecting, with minimum of interference with 

other installations.  
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I. Coordinate the installation of HVAC materials and equipment above ceilings with suspension system, 

light fixtures, and other installations.

J. Coordinate connection of HVAC systems with exterior underground and overhead utilities and 

services.  Comply with requirements of governing regulations, franchised service companies, and 

controlling agencies.  Provide required connection for each service.   

K. Do not install HVAC work where it will interfere with work of other trades.

L. Do not install HVAC work where it will interfere with access to control panels on HVAC and/or 

electrical equipment.

M. Do not install mechanical work where it will interfere with access space around HVAC and electrical 

equipment.  Do not install piping where it will interfere with removal of HVAC coils, filters or fan 

shafts.

N. Do not install HVAC work over the top of electrical equipment. Maintain minimum distances away 

from electrical equipment as required by the Electric Code.

1.12 EXCAVATION, TRENCHING AND BACKFILLING 

A. General: Lay the pipe in open trench except when the Architect/Engineer gives written permission for 

tunneling.  Open the trench sufficiently ahead of pipe laying to reveal obstructions.  Maintain easy 

access to fire hydrants by fire fighting apparatus. Provide trench crossing as necessary to accommodate 

public travel.

B. Provide trench crossing as necessary to accommodate public travel.  

C. Width of Trench:  Excavate trenches of sufficient width for proper installation of work.  When the 

depth of backfill over sewer pipe exceeds 10', keep the trench at the level of the top of the pipe as 

narrow as possible.  

D. Sheeting and Bracing:  Sheet and brace trenches as necessary to protect workmen and adjacent 

structures.  Comply with local regulations or, in the absence thereof, with the "Manual of Accident 

Prevention in Construction" of the Associated General Contractors of America, Inc.  Do not remove 

sheeting until trench is backfilled sufficiently to protect pipe and prevent injurious caving.  When 

ordered in writing by the Architect/ Engineer, leave sheeting in place and the Contract will be adjusted 

(See General Conditions): cut off such sheeting not to be removed at least 3' below finished grade.  

E. Water Removal:  Keep trenches free from water while construction therein is in progress.  Under no 

circumstances lay pipe or appurtenances in water.  Pump or bail water from bell holes to permit proper 

jointing of pipes.  Conduct the discharge from trench dewatering to drains or natural discharge 

channels.  

F. Disposition of Utilities:  Observe rules and regulations governing the respective utilities in executing 

work under this heading.  Protect active utilities from damage or remove in accordance with written 

instructions of the Architect/Engineer (See General Conditions).  Plug, cap or remove inactive and 

abandoned utilities encountered in trenching operations.  In absence 
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of specific requirements, plug or cap such utility line at least 3' from utility line to be installed or as 

required by local regulations.

G. Rock Excavation:  Materials to be excavated shall include earth and any other material including rock 

encountered within the limits of trench excavation for the utilities to the depth and extent indicated on 

the drawings and herein specified.  In case of any change ordered by the Owner or Architect/Engineer 

in the quantity of excavation, the contract price will be adjusted by unit price or as described under 

Excavation, Filling and Grading of Division Site Work of these specifications.  The term "rock" as 

used is defined to be hard material in nature that cannot be dislodged from its bed and removed 

therefrom without blasting or drilling.  Any other is "earth" insofar as removal of the material to be 

excavated is concerned.  

H. Trench Bottoms:  Lay all pipe, unless otherwise noted or detailed, in undisturbed earth on at least 4" of 

#9 crushed stone, or other approved grillage.  Bedding shall be in place and graded before pipe is 

installed.

I. Special Supports:  Whenever, in the option of the Architect/Engineer, the soil at or below the requisite 

pipe grade is unsuitable for supporting sewers or other utilities and appurtenances specified in this 

section, provide special support as the Architect/Engineer may direct and the Contract Price will be 

adjusted.  (See General Conditions).  

J. Tree Protection:  Exercise care to protect the roots of trees to remain.  Within the branch spread of such 

trees, perform trenching by hand.  Open the trench only when the utility can be installed immediately; 

prune injured roots cleanly and backfill as soon as possible.  Perform this work under the direction of 

the Architect/Engineer.   

K. Backfilling:  Inspect and test piping and record locations of pipe lines and appurtenances before 

backfilling. 

L. Trenches Under Floor Slabs: Backfill under floor slab on grade to a point 5’-0” outside of perimeter 

building wall.  Remove excess excavation materials from the site daily unless otherwise instructed.  

M. Trenches in Other Areas: Compact backfill thoroughly with a heavy tamper. 

N. The Contractor, at his option, may backfill the remaining depth of the trench from 12" above top of 

piping to 12" below finished grade with sand, wash gravel, or fine rock chat.  The remaining depth of 

the trench would then be backfilled as specified in the preceding specification.   

1.13 SOIL MATERIALS

A. General:  Provide approved borrow soil materials from off-site when sufficient approved soil materials 

are not available from excavations.

B. Satisfactory Soil Materials:  ASTM D 2487 soil classification groups GW, GP, GM, SW, SP, and SM; 

free of rock or gravel larger than 2 inches in any dimension, debris, waste, frozen materials, vegetation 

and other deleterious matter.
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C. Unsatisfactory Soil Materials:  ASTM D 2487 soil classification groups GC, SC, ML, MH, CL, CH, 

OL, OH, and PT.

D. Backfill and Fill Materials:  Satisfactory soil materials.

1.14 DISPOSAL OF SURPLUS AND WASTE MATERIALS

A. Disposal:  Remove surplus satisfactory soil and waste material, including unsatisfactory soil, trash, and 

debris, and legally dispose of it off the Owner's property.

1.15 WORKING DRAWINGS  

A. Scale of drawings is approximate.  Do not scale the drawings to determine locations of mechanical 

work.  Exact locations, dimensions and elevations shall be governed by field conditions.  Make field 

measurements of building before fabricating or installing equipment or materials.  

B. Drawings are based on physical dimensions of one or more manufacturer's equipment.  Other approved 

equipment shall be of such dimensions that it can be readily installed in available space, leaving ample 

clearance for proper maintenance.  

C. Intent of drawings is to show systems and sizes.  Drawings do not necessarily show all required offsets.  

Work shall be installed to conform with space limitations.  Offsets, transitions, fittings, etc., shall be 

provided as part of the Contract where required to attain this objective.  

1.16 EQUIPMENT MOUNTING 

A. Mount equipment with moving parts, such as compressors, fans, air handling units, etc., on vibration 

supports suitable for the purpose of minimizing noise and vibration transmission unless otherwise 

specified.  In addition, isolate equipment from external connections such as piping, ducts, etc., with 

flexible connectors, vibration isolators, or other approved means.  

B. Provide each piece of equipment or apparatus suspended from the ceiling or mounted above the floor 

level with suitable structural support, pipe stand, platform or carrier as approved by the 

Architect/Engineer.    

C. Gasket and seal to mounting surface flush and surface mounted equipment such as diffusers, grilles, 

etc.

1.17  PAINTING

A. Paint the following items.  

1. Exposed mechanical piping, valve bodies and fittings - bare and insulated, including hangers, 

platforms, etc.  
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2. Exposed ductwork, whether or not insulated, and any grilles, diffusers, etc., not factory finished.

3. “Exposed” shall mean exposed to view, such as, in mechanical spaces, tunnels, vaults, on roofs 

and in rooms with no suspended ceilings.

B. Colors of piping and ductwork shall be as specified in the “Mechanical Identification” section of the 

Specifications. See “color coding” in identification schedules.

C. Painting shall be done in accordance with the "Painting" section of the specifications unless otherwise 

specified under other sections of the specifications,  

D. Do not paint aluminum and stainless steel equipment, motor and identification plates, tags, etc. 

E. Do not paint piping and ductwork concealed in walls or above suspended ceilings.

1.18 DEBRIS  

A. Remove from the site any debris and dirt caused by the work.  Maintain the premises in a clean and 

orderly condition.   

1.19 PROTECTION OF EQUIPMENT AND MATERIALS

A. Provide suitable protection from dampness damage, dirt, etc., for equipment and materials during 

construction and until final acceptance by the Owner.  Keep ends of piping and ductwork capped off 

when work on them is not in progress.  Such protection shall be by a means acceptable to the 

Architect/Engineer.      

1.20 CLEANING UP 

A. After completion of the work and before final acceptance of the work, thoroughly clean equipment and 

materials and remove foreign matter such as grease, dirt, labels, stickers, etc., from the exterior of 

piping, equipment and associated fabrications.   

1.21 EQUIPMENT CONNECTIONS  

A. Make connections to equipment furnished by others whenever such equipment is shown on any part of 

the drawings or mentioned in any section of the specifications.  

B. Verify equipment locations and the sizes, number, locations, and types of connections to be made 

before installation of any such equipment.   

1.22 EQUIPMENT INSTALLATION INSTRUCTIONS 

A. Install mechanical piping, ductwork and equipment in strict accordance with manufacturer's 

recommendations.  Provide equipment accessories necessary for proper operation or 
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recommended by the manufacturer, even if such accessories are not shown on the drawings or 

mentioned in the specifications.   

1.23 PERMITS, CODES AND APPROVALS  

A. Permits.  Obtain and pay for the permits and licenses necessary for the complete HVAC systems from 

the authorities governing such work.  

B. Codes.  Installation shall be in accordance with applicable codes and regulations, including but not 

limited to the following:  

1. City or County Building Inspector 

2. National and Local Electric Codes 

3. Kentucky Building Code and its referenced codes

4. Kentucky Boiler Code

5. Kentucky Energy Code 

6. Kentucky State Fire Marshal 

7. Local Fire Codes 

8. Local Building Inspections 

C. Approvals.  All work must be approved by the Architect/Engineer before final payment is made.  

1.24 SUBSTITUTION OF MATERIALS AND EQUIPMENT

A. When making a shop drawing submittal for materials and/or equipment of a different manufacturer 

than that specified, it shall be understood and agreed that such substitution if approved will be made 

without cost to the Owner, regardless of changes in connections, spacing, electrical service, etc.   

1.25 WORKMANSHIP  

A. Work shall be performed by mechanics skilled in their respective trades and shall present appearance 

typical of best trade practice. Work not installed in this manner shall be repaired, removed or replaced, 

or otherwise remedied as directed by the Architect/Engineer.    

1.26 SUPERVISION

A. The Contractor shall personally supervise the work or have a competent superintendent, satisfactory to 

the Architect/Engineer and Owner on the work at all times during progress with full authority to act.  

B. The Contractor shall lay out his work and be responsible for any necessary lines, levels, elevations and 

measurements.  He must verify the figures shown on the drawings before laying out the work and will 

be held responsible for any error resulting from his failure to do so.  Work at the site of the project shall 

be observed by the Architect/Engineer or his representative.  
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C. Final Inspection:  At the time of final inspection of the work performed under this Contract, systems 

shall be complete in every respect and in perfect operating condition.  Surplus materials of every 

character resulting from work of this section shall have been removed.  Sanitary sewers shall be free 

from sand, silt or other obstructions.  Any defect discovered in the utilities subsequent to this 

inspection shall have been corrected.   

1.27 STRUCTURAL RESPONSIBILITY  

A. The Contractor shall be responsible for properly shoring, bracing, supporting, etc., any existing and/or 

new construction to guard against cracking, settling, collapsing, displacing, or weakening. No structural 

member shall be cut or otherwise weakened in any manner without the written consent of the 

Architect/Engineer.  

B. Any damage occurring to the existing and/or new structures, due to failure to exercise proper 

precautions or due to action of the elements, shall be promptly and properly made good to the 

satisfaction of the Owner or Architect/Engineer, without cost to either the Owner or the Architect/ 

Engineer.   

1.28 OPENINGS

A. This Contractor shall be responsible for the openings he may require in floors, walls, roof or ceilings of 

any type of new or existing construction whether or not shown on the Architectural, Structural or 

Mechanical Drawings.

B. Openings that have been shown on the Architectural and/or Structural Drawings will be provided under 

other Divisions; however, the responsibility for the correct size and location of such openings shall be 

that of this Contractor.

C. Openings that have not been shown on the Architectural and/or Structural Drawings shall be provided 

by this Contractor.

D. Review and conform to all structural requirements as detailed or specified in the Structural drawings 

and specifications.

1.29 CUTTING, FITTING AND PATCHING  

A. Before doing any cutting or drilling, Contractor shall obtain permission from the Architect/Engineer 

and shall follow his instructions as to how proposed cutting or drilling is to be done.   

B. Each respective Contractor shall do any cutting, patching, drilling of masonry, steel, wood or iron work 

and any fitting necessary for the proper installation of apparatus and materials included in these 

specifications or governed thereby.  

C. General:  Employ skilled workmen to perform cutting and patching. Proceed with cutting and patching 

at the earliest feasible time and complete without delay.  
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D. Cut existing construction to provide for installation of other components or performance of other 

construction activities and the subsequent fitting and patching required to restore surfaces to their 

original condition.  

E. Coordinate with the Structural Engineer BEFORE drilling, cutting, notching, etc., any new or existing 

structural members.  Obtain written permission from Structural Engineer before doing such work. 

Locations and sizes of openings and methods of cutting or drilling such openings must be approved in 

advance by the Structural Engineer. Positively identify exact locations of reinforcing bars or tension 

cables in structural members by X-raying or other methods approved by the Structural Engineer if 

required by the Structural Engineer.

F. Cutting:  Cut existing construction using methods least likely to damage elements to be retained or 

adjoining construction.  Where possible review proposed procedures with the original installer; comply 

with the original installer's recommendations.  

G. In general, where cutting is required use hand or small power tools designed for sawing or grinding, not 

hammering and chopping.  Cut holes and slots neatly to size required with minimum disturbance of 

adjacent surfaces.  Temporarily cover openings when not in use.  

H. To avoid marring existing finished surfaces, cut or drill from the exposed or finished side into 

concealed surfaces.  

I. Cut through concrete and masonry using a cutting machine such as a carborundum saw or diamond 

core drill.  

J. Comply with requirements of applicable Sections of Division l5 where cutting and patching requires 

excavating and backfilling.  

K. The patching and finishing shall be done in a workmanlike manner to the satisfaction of the 

Architect/Engineer.   

L. Patch any openings in existing floors, walls, ceilings or roof, left by removal of existing mechanical 

work.

M. Review and conform to all structural requirements as detailed or specified in the Structural drawings 

and specifications. 

1.30 TEMPORARY UTILITIES

A. See Special Conditions.

1.31 RESTORATION OF SURFACES

A. Each Contractor shall restore to their original conditions all paving, curbing, surfaces, drainage ditches, 

structures, fences, shrubs, and other items damaged or removed by his operations that are outside of the 

Limit of Site boundaries.  Replacement and repairs shall be in accordance with good construction 

practice and shall match material employed in the original construction of the item to be replaced.   
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1.32 SHOP DRAWINGS AND OTHER REQUIRED SUBMITTALS  

A. Prepare and submit to the Architect/Engineer for approval, shop drawings, certified equipment 

drawings, installation, operating and maintenance instructions, samples, wiring diagrams, etc., and any 

other data required.

B. Submittal data shall have the stamp of approval of the General Contractor to show that the drawings 

have been checked by the Contractor.  Any drawings submitted without this stamp of approval will be 

returned to the Contractor for proper resubmission.  

C. Submittal data shall include specification data including metal gauges, finishes, accessories, etc.  Also, 

the submittal data shall include certified performance data, wiring diagrams, dimensional data and a 

spare parts list.  Submittal data shall be approved by the Architect/Engineer before any equipment or 

material is ordered or any work is begun.  

D. No roughing-in, connections, etc., shall be done until approved shop drawings are in the hands of the 

Contractors.  It shall be the responsibility of the Contractor to obtain approved shop drawings and to 

make connections, etc., in the neatest and most workmanlike manner possible.  

E. Submittal data must be complete for each piece of equipment. Partial or incomplete data will not be 

processed.  

F. Approval of shop drawings by the Architect/Engineer applies only to general design, arrangement, 

type, capacity and quality.  Such approval does not apply to quantities, dimensions, connection 

locations, etc.  In these cases, the Contractor alone shall be responsible for furnishing the proper 

quantity of the equipment and/or materials required for seeing that the equipment fits the available 

space in a satisfactory manner and that piping, electrical and other connections are suitably located.   

G. The Architect's/Engineer's approval of shop drawings, schedules or other required submittal data shall 

not relieve the Contractor from responsibility for deviations from drawings or specifications unless he 

has, in writing, called the Architect's/Engineer's attention to such deviation at the time of submission 

and secured his written approval nor shall it relieve him from responsibility for error in shop drawings 

or schedules. 

H. Submittal data must be complete and approved before project is accepted. 

1.33 OPERATING AND MAINTENANCE INSTRUCTIONS  

A. This Contractor shall prepare three loose-leaf, bound brochures, entitled "Mechanical Equipment 

Operation and Maintenance Data."  Mark identification on both front and spine of each binder.  Each 

binder shall be a heavy duty 3-ring, vinyl-covered binder with pocket folders for folded sheet 

information.  Each binder cover and spline shall have the project name (as listed on the drawings), what 

is in the binder (i.e. HVAC ...). If more than one binder is provide the cover and spline shall be marked 

with “Volume ? of ?”. Binders shall be properly indexed (thumb- tabbed).  Information shall be filed 

under applicable specification section number.

B. Each brochure shall contain the following information:  
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1. Name and address of Consulting Engineer, Contractor, and index of equipment, including 

vendor (name and address).  

2. Complete brochures, descriptive data and parts list, etc., on each piece of equipment, including 

all approved shop drawings. 

3. Complete maintenance and operating instructions, prepared by the manufacturer, on each major 

piece of equipment.  

4. Complete shop drawing submittal on temperature controls including control diagrams updated 

to reflect "as-built" conditions.  

5. Final testing and balancing report.  

C. All brochures shall be submitted to the Architect/Engineer or his representative prior to final inspection 

of the building.   

1.34 OWNER INSTRUCTION  

A. Train Owner's maintenance personnel on procedures and schedules related to startup and shutdown, 

troubleshooting, servicing, and preventive maintenance. Review data in the operation and maintenance 

manuals.  

B. Explain the identification system, operational diagrams, emergency and alarm provisions, sequencing 

requirements, seasonal provisions, security, safety, efficiency and similar features of the systems.

1.35 LINTELS:  

A. General:  Provide lintels for penetration of mechanical systems through masonry walls if not provided 

elsewhere in these specifications.  Lintels shall be type and size required to span the required openings.  

B. Lintels will not be required for openings 16 inches length or less.   

1.36 SYSTEM DESIGN WORKING PRESSURES

A. In high pressure steam and condensate systems, provide piping, fittings, valves, traps, strainers, etc. 

rated for 300 psig minimum steam working pressure and 500 deg F.  All piping systems and 

components (piping, fittings, valves, traps, strainers, etc.) not meeting the previous criteria shall be 

suitable for 150 psig minimum steam working pressure.

1.37 PERMANENT MECHANICAL SYSTEM OPERATION DURING CONSTRUCTION (NEW AND 

EXISTING TO REMAIN)

A. Provide permanent mechanical system operation (plumbing, fire protection and HVAC) to all areas 

occupied during construction.

B. Existing mechanical systems must remain in operation until occupied spaces served by each system 

have been vacated.
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C. When any portion of the new construction area is finished and ready for occupancy, the new 

mechanical systems serving this area must be already installed, be operational, and be capable of 

providing permanent service to the spaces at this time.

1.38 MAINTAINING EXISTING SERVICES

A. Properly make all temporary connections that may be necessary to continue these services in a safe and 

substantial manner until the permanent services are activated.  Upon completion, remove all temporary 

work, and completely restore all areas that may be affected.

1.39 INTERRUPTION OF EXISTING MECHANICAL SERVICES

A. In general, do not interrupt mechanical services (such as plumbing, medical gas, fire protection and 

HVAC) to occupied areas.  If services must be interrupted (for making temporary connections, for 

changing over from existing to new, or for making new connections to existing systems, for example) 

then do such work at the times designated by the Owner.

B. Schedule this work in advance with the Owner.  Perform work on premium time if required to do so by 

the Owner.

C. At any time the existing building services are interrupted, the Contractor shall work continuously until 

the permanent services are restored.

1.40 OWNER OCCUPANCY

A. Full Owner Occupancy:  The Owner will occupy the site and buildings surrounding construction area 

during the entire construction period. Cooperate with the Owner during construction operations to 

minimize conflicts and facilitate Owner usage.  Perform the Work to minimize interference with the 

Owner's operations.  Perform portions of work on premium time if required to do so by the Owner.

1.41 DEMOLITION

A. Disconnect, demolish, and remove mechanical systems, equipment, and components indicated to be 

removed.

B. Piping to Be Removed:  Remove portion of piping indicated to be removed and cap or plug remaining 

piping with same or compatible piping material.

C. Equipment to Be Removed and Reinstal Piping to Be Abandoned in Place:  Drain piping and cap or 

plug piping with same or compatible piping material.

D. Equipment to Be Removed:  Disconnect and cap services and remove equipment.

E. led:  Disconnect and cap services and remove, clean, and store equipment; when appropriate, reinstall, 

reconnect, and make equipment operational.
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F. If pipe, insulation, or equipment to remain is damaged in appearance or is unserviceable, remove 

damaged or unserviceable portions and replace with new products of equal capacity and quality.

G. Remove or relocate existing HVAC work that interferes with new work of any kind.

H. The Drawings show existing work to the extent possible.  However, all existing work may not be 

shown.  Remove or relocate any existing work that interferes with new work even if it is not shown on 

the Drawings.

I. Remove existing work that does not have to remain in service.  Relocate existing work that has to 

remain in service, as required to avoid interference with new work.

J. Remove or relocate existing electrical work that interferes with new HVAC work, if such work is not 

indicated to be removed or relocated on the Electrical Drawings.  Remove work that does not have to 

remain in service.  Relocate work that has to remain in service, as required to avoid interference with 

new work.

K. Existing work serving the floors above or below shall remain in service.

1.42 LICENSE REQUIRED

A. Contractors installing HVAC work must be licensed by the Kentucky Board of Heating, Cooling and 

Ventilation Contractors.  Submit proof of licensing.

1.43 PROFESSIONAL ENGINEER QUALIFICATIONS  

A. When the term “professional engineer”, or “qualified professional engineer” is used anywhere in these 

specifications it shall mean a person who is licensed to practice in jurisdiction where Project is located 

and who is experienced in providing engineering services of the kind indicated.  Engineering services 

are defined as those performed for installations of the system, assembly, or product that are similar to 

those indicated for this Project in material, design, and extent.

PART 2 - PRODUCTS  

2.1 FLASHING:  

A. General:  Provide flashings from the following listing for each penetration of HVAC systems through 

roofs or waterproof membranes.  Select appropriate flashing method for the type of roof used.  Flashing 

shall be in accordance with roofing manufacturer's recommendations.  

B. Copper Flashing:  Provide cold-rolled sheet copper, complying with ANSI/ASTM B 370, weighing 16 

oz. per sq. ft. (0.0216" thick), except as otherwise indicated.  

Renew/Modernize Facilities - Campus Enabling (Phase 2)  SF 21517 

Project No. 2511.72 

 



Repair Emergency Infrastructure SF Job No. 21523

Building Systems (Huguelet Drive Steam Piping) UK Job No. 2568.0

University of Kentucky 

GENERAL PROVISIONS FOR HVAC SYSTEMS 23 0000 - 15

C. Lead Flashing:  Provide sheet lead complying with FS QQ-L-2201, Grade B; formed from common 

desilverized pig lead, complying with ANSI/ASTM B 29; weighing 4.0 lbs. per sq. ft., except as 

otherwise indicated.  

D. Bituminous Coating:  FS TT-C-494, or MIL-C-18480, or SSPC-paint 12, cold-applied solvent-type 

bituminous mastic coating for application in dry film thickness of 15 mils per coat.  

E. Laminated Sheet Flashing:  Bottom laminate of heavy-duty nonplasticized chlorinated polyethylene 

(CPE) synthetic elastomer, with top laminate of built-up roofing (BUR) sheet material; weighing 8 oz. 

per sq. ft.  

F. Manufacturer's Recommendations:  Except as otherwise shown or specified, comply with 

recommendations and instructions of manufacturer of sheet metal being installed. 

G. Coat back side of lead flashings where in contact with concrete and other cementitious substrates, by 

painting surface in area of contact with heavy application of bituminous coating, or by other permanent 

separation as recommended by manufacturer of metal.  

H. On vertical surfaces, lap flashings minimum of 3".  

I. On vertical surfaces, for slopes of not less than 6" in 12", lap unsealed flashings minimum of 6".  

J. For embedment of metal flashing flanges in roofing or composition flashing or stripping, extend 

flanges minimum of 6" for embedment. 

PART 3 -   EXECUTION

3.1 Not Applicable

END OF SECTION 23 0000
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SECTION 23 0500 - COMMON WORK RESULTS FOR HVAC

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and 

Division 01 Specification Sections, apply to this Section.

1.2 SUMMARY

A. This Section includes the following:

1. Piping materials and installation instructions common to most piping systems.

2. Transition fittings.

3. Dielectric fittings.

4. Mechanical sleeve seals.

5. Sleeves.

6. Grout.

7. HVAC demolition.

8. Equipment installation requirements common to equipment sections.

9. Painting and finishing.

10. Concrete bases.

11. Supports and anchorages.

1.3 DEFINITIONS

A. Finished Spaces:  Spaces other than mechanical and electrical equipment rooms, furred spaces, pipe and 

duct chases, unheated spaces immediately below roof, spaces above ceilings, unexcavated spaces, 

crawlspaces, and tunnels.

B. Exposed, Interior Installations:  Exposed to view indoors.  Examples include finished occupied spaces 

and mechanical equipment rooms.

C. Exposed, Exterior Installations:  Exposed to view outdoors or subject to outdoor ambient temperatures 

and weather conditions.  Examples include rooftop locations.

D. Concealed, Interior Installations:  Concealed from view and protected from physical contact by building 

occupants.  Examples include above ceilings and chases.

E. Concealed, Exterior Installations:  Concealed from view and protected from weather conditions and 

physical contact by building occupants but subject to outdoor ambient temperatures.  Examples include 

installations within unheated shelters.

F. The following are industry abbreviations for plastic materials:
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1. CPVC:  Chlorinated polyvinyl chloride plastic.

2. PVC:  Polyvinyl chloride plastic.

G. The following are industry abbreviations for rubber materials:

1. EPDM:  Ethylene-propylene-diene terpolymer rubber.

2. NBR:  Acrylonitrile-butadiene rubber.

1.4 SUBMITTALS

A. Product Data:  For the following:

1. Transition fittings.

2. Dielectric fittings.

3. Mechanical sleeve seals.

4. Escutcheons.

B. Welding certificates.

1.5 QUALITY ASSURANCE

A. Steel Support Welding:  Qualify processes and operators according to AWS D1.1, "Structural Welding 

Code--Steel."

B. Steel Pipe Welding:  Qualify processes and operators according to ASME Boiler and Pressure Vessel 

Code:  Section IX, "Welding and Brazing Qualifications."

1. Comply with provisions in ASME B31 Series, "Code for Pressure Piping."

2. Certify that each welder has passed AWS qualification tests for welding processes involved and 

that certification is current.

C. Electrical Characteristics for HVAC Equipment:  Equipment of higher electrical characteristics may be 

furnished provided such proposed equipment is approved in writing and connecting electrical services, 

circuit breakers, and conduit sizes are appropriately modified.  If minimum energy ratings or efficiencies 

are specified, equipment shall comply with requirements.

1.6 DELIVERY, STORAGE, AND HANDLING

A. Deliver pipes and tubes with factory-applied end caps.  Maintain end caps through shipping, storage, 

and handling to prevent pipe end damage and to prevent entrance of dirt, debris, and moisture.

B. Store plastic pipes protected from direct sunlight.  Support to prevent sagging and bending.
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1.7 COORDINATION

A. Arrange for pipe spaces, chases, slots, and openings in building structure during progress of 

construction, to allow for HVAC installations.

B. Coordinate installation of required supporting devices and set sleeves in poured-in-place concrete and 

other structural components as they are constructed.

C. Coordinate requirements for access panels and doors for HVAC items requiring access that are 

concealed behind finished surfaces.

PART 2 - PRODUCTS

2.1 MANUFACTURERS

A. In other Part 2 articles where subparagraph titles below introduce lists, the following requirements apply 

for product selection:

1. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering 

products that may be incorporated into the Work include, but are not limited to, the 

manufacturers specified.

2. Manufacturers:  Subject to compliance with requirements, provide products by the manufacturers 

specified.

2.2 PIPE, TUBE, AND FITTINGS

A. Refer to individual Division 23 piping Sections for pipe, tube, and fitting materials and joining methods.

B. Pipe Threads:  ASME B1.20.1 for factory-threaded pipe and pipe fittings.

2.3 JOINING MATERIALS

A. Refer to individual Division 23 piping Sections for special joining materials not listed below.

B. Pipe-Flange Gasket Materials:  Suitable for chemical and thermal conditions of piping system contents.

1. ASME B16.21, nonmetallic, flat, asbestos-free, 1/8-inch (3.2-mm) maximum thickness unless 

thickness or specific material is indicated.

a. Full-Face Type:  For flat-face, Class 125, cast-iron and cast-bronze flanges.

b. Narrow-Face Type:  For raised-face, Class 250, cast-iron and steel flanges.

2. AWWA C110, rubber, flat face, 1/8 inch (3.2 mm) thick, unless otherwise indicated; and full-

face or ring type, unless otherwise indicated.
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C. Flange Bolts and Nuts:  ASME B18.2.1, carbon steel, unless otherwise indicated.

D. Plastic, Pipe-Flange Gasket, Bolts, and Nuts:  Type and material recommended by piping system 

manufacturer, unless otherwise indicated.

E. Solder Filler Metals:  ASTM B 32, lead-free alloys.  Include water-flushable flux according to 

ASTM B 813.

F. Brazing Filler Metals:  AWS A5.8, BCuP Series, copper-phosphorus alloys for general-duty brazing, 

unless otherwise indicated; and AWS A5.8, BAg1, silver alloy for refrigerant piping, unless otherwise 

indicated.

G. Welding Filler Metals:  Comply with AWS D10.12 for welding materials appropriate for wall thickness 

and chemical analysis of steel pipe being welded.

H. Solvent Cements for Joining Plastic Piping:

1. CPVC Piping:  ASTM F 493.

2. PVC Piping:  ASTM D 2564.  Include primer according to ASTM F 656.

2.4 TRANSITION FITTINGS

A. Plastic-to-Metal Transition Fittings:  CPVC and PVC one-piece fitting with manufacturer's Schedule 80 

equivalent dimensions; one end with threaded brass insert, and one solvent-cement-joint end.

1. Available Manufacturers:

a. Eslon Thermoplastics.

B. Plastic-to-Metal Transition Adaptors:  One-piece fitting with manufacturer's SDR 11 equivalent 

dimensions; one end with threaded brass insert, and one solvent-cement-joint end.

1. Available Manufacturers:

a. Thompson Plastics, Inc.

C. Plastic-to-Metal Transition Unions:  MSS SP-107, CPVC and PVC four-part union.  Include brass end, 

solvent-cement-joint end, rubber O-ring, and union nut.

1. Available Manufacturers:

a. NIBCO INC.

b. NIBCO, Inc.; Chemtrol Div.

2.5 DIELECTRIC FITTINGS

A. Description:  Combination fitting of copper alloy and ferrous materials with threaded, solder-joint, plain, 

or weld-neck end connections that match piping system materials.
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B. Insulating Material:  Suitable for system fluid, pressure, and temperature.

C. Dielectric Unions:  Factory-fabricated, union assembly, for 250-psig (1725-kPa) minimum working 

pressure at 180 deg F (82 deg C).

1. Available Manufacturers:

a. Capitol Manufacturing Co.

b. Central Plastics Company.

c. Eclipse, Inc.

d. Epco Sales, Inc.

e. Hart Industries, International, Inc.

f. Watts Industries, Inc.; Water Products Div.

g. Zurn Industries, Inc.; Wilkins Div.

D. Dielectric Flanges:  Factory-fabricated, companion-flange assembly, for 150- or 300-psig (1035- or 

2070-kPa) minimum working pressure as required to suit system pressures.

1. Available Manufacturers:

a. Capitol Manufacturing Co.

b. Central Plastics Company.

c. Epco Sales, Inc.

d. Watts Industries, Inc.; Water Products Div.

E. Dielectric-Flange Kits:  Companion-flange assembly for field assembly.  Include flanges, full-face- or 

ring-type neoprene or phenolic gasket, phenolic or polyethylene bolt sleeves, phenolic washers, and 

steel backing washers.

1. Available Manufacturers:

a. Advance Products & Systems, Inc.

b. Calpico, Inc.

c. Central Plastics Company.

d. Pipeline Seal and Insulator, Inc.

2. Separate companion flanges and steel bolts and nuts shall have 150- or 300-psig (1035- or 2070-

kPa) minimum working pressure where required to suit system pressures.

F. Dielectric Couplings:  Galvanized-steel coupling with inert and noncorrosive, thermoplastic lining; 

threaded ends; and 300-psig (2070-kPa) minimum working pressure at 225 deg F (107 deg C).

1. Available Manufacturers:

a. Calpico, Inc.

b. Lochinvar Corp.
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G. Dielectric Nipples:  Electroplated steel nipple with inert and noncorrosive, thermoplastic lining; plain, 

threaded, or grooved ends; and 300-psig (2070-kPa) minimum working pressure at 225 deg F 

(107 deg C).

1. Available Manufacturers:

a. Perfection Corp.

b. Precision Plumbing Products, Inc.

c. Sioux Chief Manufacturing Co., Inc.

d. Victaulic Co. of America.

2.6 MECHANICAL SLEEVE SEALS

A. Description:  Modular sealing element unit, designed for field assembly, to fill annular space between 

pipe and sleeve.

1. Available Manufacturers:

a. Advance Products & Systems, Inc.

b. Calpico, Inc.

c. Metraflex Co.

d. Pipeline Seal and Insulator, Inc.

2. Sealing Elements:  EPDM interlocking links shaped to fit surface of pipe.  Include type and 

number required for pipe material and size of pipe.

3. Pressure Plates:  Stainless steel.  Include two for each sealing element.

4. Connecting Bolts and Nuts:  Stainless steel of length required to secure pressure plates to sealing 

elements.  Include one for each sealing element.

2.7 SLEEVES

A. Galvanized-Steel Sheet:  0.0239-inch (0.6-mm) minimum thickness; round tube closed with welded 

longitudinal joint.

B. Steel Pipe:  ASTM A 53, Type E, Grade B, Schedule 40, galvanized, plain ends.

C. Cast Iron:  Cast or fabricated "wall pipe" equivalent to ductile-iron pressure pipe, with plain ends and 

integral waterstop, unless otherwise indicated.

2.8 ESCUTCHEONS

A. Description:  Manufactured wall and ceiling escutcheons and floor plates, with an ID to closely fit 

around pipe, tube, and insulation of insulated piping and an OD that completely covers opening.

B. One-Piece, Deep-Pattern Type:  Deep-drawn, box-shaped brass with polished chrome-plated finish.
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C. One-Piece, Cast-Brass Type:  With set screw.

1. Finish:  Polished chrome-plated.

D. Split-Casting, Cast-Brass Type:  With concealed hinge and set screw.

1. Finish:  Polished chrome-plated.

E. Split-Plate, Stamped-Steel Type:  With concealed hinge, spring clips, and chrome-plated finish.

F. One-Piece, Floor-Plate Type:  Cast-iron floor plate.

G. Split-Casting, Floor-Plate Type:  Cast brass with concealed hinge and set screw.

2.9 GROUT

A. Description:  ASTM C 1107, Grade B, nonshrink and nonmetallic, dry hydraulic-cement grout.

1. Characteristics:  Post-hardening, volume-adjusting, nonstaining, noncorrosive, nongaseous, and 

recommended for interior and exterior applications.

2. Design Mix:  5000-psi (34.5-MPa), 28-day compressive strength.

3. Packaging:  Premixed and factory packaged.

PART 3 - EXECUTION

3.1 HVAC DEMOLITION

A. Disconnect, demolish, and remove HVAC systems, equipment, and components indicated to be 

removed.

1. Piping to Be Removed:  Remove portion of piping indicated to be removed and cap or plug 

remaining piping with same or compatible piping material.

2. Piping to Be Abandoned in Place:  Drain piping and cap or plug piping with same or compatible 

piping material.

3. Equipment to Be Removed:  Disconnect and cap services and remove equipment.

4. Equipment to Be Removed and Reinstalled:  Disconnect and cap services and remove, clean, and 

store equipment; when appropriate, reinstall, reconnect, and make equipment operational.

B. If pipe, insulation, or equipment to remain is damaged in appearance or is unserviceable, remove 

damaged or unserviceable portions and replace with new products of equal capacity and quality.

3.2 PIPING SYSTEMS - COMMON REQUIREMENTS

A. Install piping according to the following requirements and Division 23 Sections specifying piping 

systems.
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B. Drawing plans, schematics, and diagrams indicate general location and arrangement of piping systems.  

Indicated locations and arrangements were used to size pipe and calculate friction loss, expansion, pump 

sizing, and other design considerations.  Install piping as indicated unless deviations to layout are 

approved.

C. Install bronze valves, backflow preventers, control valves, blending valves, strainers, fittings in copper 

piping systems. If element cannot be obtained in bronze construction, then use dielectric unions (dry 

piping systems) or dielectric couplings, fittings or flanges (wet piping systems) immediately upstream 

and downstream of each such element used.

D. Install piping in concealed locations, unless otherwise indicated and except in equipment rooms and 

service areas.

E. Install piping indicated to be exposed and piping in equipment rooms and service areas at right angles or 

parallel to building walls.  Diagonal runs are prohibited unless specifically indicated otherwise.

F. Install piping to permit valve servicing.

G. Install piping at indicated slopes.

H. Install piping free of sags and bends.

I. Install fittings for changes in direction and branch connections.

J. Install piping to allow application of insulation.

K. Select system components with pressure rating equal to or greater than system operating pressure.

L. Install escutcheons for penetrations of walls, ceilings, and floors according to the following:

1. New Piping:

a. Piping with Fitting or Sleeve Protruding from Wall:  One-piece, deep-pattern type.

b. Chrome-Plated Piping:  One-piece, cast-brass type with polished chrome-plated finish.

c. Insulated Piping:  One-piece, stamped-steel type with spring clips.

d. Bare Piping at Wall and Floor Penetrations in Finished Spaces:  One-piece, cast-brass type 

with polished chrome-plated finish.

e. Bare Piping at Ceiling Penetrations in Finished Spaces:  One-piece, cast-brass type with 

polished chrome-plated finish.

f. Bare Piping in Unfinished Service Spaces:  One-piece, cast-brass type with polished 

chrome-plated finish.

g. Bare Piping in Equipment Rooms:  One-piece, cast-brass type.

h. Bare Piping at Floor Penetrations in Equipment Rooms:  One-piece, floor-plate type.

2. Existing Piping:  Use the following:
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a. Chrome-Plated Piping:  Split-casting, cast-brass type with chrome-plated finish.

b. Insulated Piping:  Split-plate, stamped-steel type with concealed hinge and spring clips.

c. Bare Piping at Wall and Floor Penetrations in Finished Spaces:  Split-casting, cast-brass 

type with chrome-plated finish.

d. Bare Piping at Ceiling Penetrations in Finished Spaces:  Split-casting, cast-brass type with 

chrome-plated finish.

e. Bare Piping in Unfinished Service Spaces:  Split-casting, cast-brass type with polished 

chrome-plated finish.

f. Bare Piping in Equipment Rooms:  Split-casting, cast-brass type.

g. Bare Piping at Floor Penetrations in Equipment Rooms:  Split-casting, floor-plate type.

M. Install sleeves for pipes passing through concrete and masonry walls, gypsum-board partitions, and 

concrete floor and roof slabs.

1. Cut sleeves to length for mounting flush with both surfaces.

a. Exception:  Extend sleeves installed in floors of mechanical equipment areas or other wet 

areas 2 inches (50 mm) above finished floor level.  Extend cast-iron sleeve fittings below 

floor slab as required to secure clamping ring if ring is specified.

2. Install sleeves in new walls and slabs as new walls and slabs are constructed.

3. Install sleeves that are large enough to provide 1/4-inch (6.4-mm) annular clear space between 

sleeve and pipe or pipe insulation.  Use the following sleeve materials:

a. Steel Pipe Sleeves:  For pipes smaller than NPS 6 (DN 150).

b. Steel Sheet Sleeves:  For pipes NPS 6 (DN 150) and larger, penetrating gypsum-board 

partitions.

c. Stack Sleeve Fittings:  For pipes penetrating floors with membrane waterproofing.  Secure 

flashing between clamping flanges.  Install section of cast-iron soil pipe to extend sleeve 

to 2 inches (50 mm) above finished floor level.

1) Seal space outside of sleeve fittings with grout.

4. Except for underground wall penetrations, seal annular space between sleeve and pipe or pipe 

insulation, using joint sealants appropriate for size, depth, and location of joint.

N. Aboveground, Exterior-Wall Pipe Penetrations:  Seal penetrations using sleeves and mechanical sleeve 

seals.  Select sleeve size to allow for 1-inch (25-mm) annular clear space between pipe and sleeve for 

installing mechanical sleeve seals.

1. Install steel pipe for sleeves smaller than 6 inches (150 mm) in diameter.

2. Install cast-iron "wall pipes" for sleeves 6 inches (150 mm) and larger in diameter.

3. Mechanical Sleeve Seal Installation:  Select type and number of sealing elements required for 

pipe material and size.  Position pipe in center of sleeve.  Assemble mechanical sleeve seals and 

install in annular space between pipe and sleeve.  Tighten bolts against pressure plates that cause 

sealing elements to expand and make watertight seal.
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O. Underground, Exterior-Wall Pipe Penetrations:  Install cast-iron "wall pipes" for sleeves.  Seal pipe 

penetrations using mechanical sleeve seals.  Select sleeve size to allow for 1-inch (25-mm) annular clear 

space between pipe and sleeve for installing mechanical sleeve seals.

1. Mechanical Sleeve Seal Installation:  Select type and number of sealing elements required for 

pipe material and size.  Position pipe in center of sleeve.  Assemble mechanical sleeve seals and 

install in annular space between pipe and sleeve.  Tighten bolts against pressure plates that cause 

sealing elements to expand and make watertight seal.

P. Fire-Barrier Penetrations:  Maintain indicated fire rating of walls, partitions, ceilings, and floors at pipe 

penetrations.  Seal pipe penetrations with firestop materials.

Q. Verify final equipment locations for roughing-in.

R. Refer to equipment specifications in other Sections of these Specifications for roughing-in requirements.

3.3 PIPING JOINT CONSTRUCTION

A. Join pipe and fittings according to the following requirements and Division 23 Sections specifying 

piping systems.

B. Ream ends of pipes and tubes and remove burrs.  Bevel plain ends of steel pipe.

C. Remove scale, slag, dirt, and debris from inside and outside of pipe and fittings before assembly.

D. Soldered Joints:  Apply ASTM B 813, water-flushable flux, unless otherwise indicated, to tube end.  

Construct joints according to ASTM B 828 or CDA's "Copper Tube Handbook," using lead-free solder 

alloy complying with ASTM B 32.

E. Brazed Joints:  Construct joints according to AWS's "Brazing Handbook," "Pipe and Tube" Chapter, 

using copper-phosphorus brazing filler metal complying with AWS A5.8.

F. Threaded Joints:  Thread pipe with tapered pipe threads according to ASME B1.20.1.  Cut threads full 

and clean using sharp dies.  Ream threaded pipe ends to remove burrs and restore full ID.  Join pipe 

fittings and valves as follows:

1. Apply appropriate tape or thread compound to external pipe threads unless dry seal threading is 

specified.

2. Damaged Threads:  Do not use pipe or pipe fittings with threads that are corroded or damaged.  

Do not use pipe sections that have cracked or open welds.

G. Welded Joints:  Construct joints according to AWS D10.12, using qualified processes and welding 

operators according to Part 1 "Quality Assurance" Article.

H. Flanged Joints:  Select appropriate gasket material, size, type, and thickness for service application.  

Install gasket concentrically positioned.  Use suitable lubricants on bolt threads.
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I. Plastic Piping Solvent-Cement Joints:  Clean and dry joining surfaces.  Join pipe and fittings according 

to the following:

1. Comply with ASTM F 402 for safe-handling practice of cleaners, primers, and solvent cements.

2. CPVC Piping:  Join according to ASTM D 2846/D 2846M Appendix.

3. PVC Pressure Piping:  Join schedule number ASTM D 1785, PVC pipe and PVC socket fittings 

according to ASTM D 2672.  Join other-than-schedule-number PVC pipe and socket fittings 

according to ASTM D 2855.

4. PVC Nonpressure Piping:  Join according to ASTM D 2855.

J. Plastic Pressure Piping Gasketed Joints:  Join according to ASTM D 3139.

K. Plastic Nonpressure Piping Gasketed Joints:  Join according to ASTM D 3212.

3.4 PIPING CONNECTIONS

A. Make connections according to the following, unless otherwise indicated:

1. Install unions, in piping NPS 2 (DN 50) and smaller, adjacent to each valve and at final 

connection to each piece of equipment.

2. Install flanges, in piping NPS 2-1/2 (DN 65) and larger, adjacent to flanged valves and at final 

connection to each piece of equipment.

3. Dry Piping Systems:  Install dielectric unions and flanges to connect piping materials of 

dissimilar metals.

4. Wet Piping Systems:  Install dielectric coupling and nipple fittings to connect piping materials of 

dissimilar metals.

3.5 EQUIPMENT INSTALLATION - COMMON REQUIREMENTS

A. Install equipment to allow maximum possible headroom unless specific mounting heights are not 

indicated.

B. Install equipment level and plumb, parallel and perpendicular to other building systems and components 

in exposed interior spaces, unless otherwise indicated.

C. Install HVAC equipment to facilitate service, maintenance, and repair or replacement of components.  

Connect equipment for ease of disconnecting, with minimum interference to other installations.  Extend 

grease fittings to accessible locations.

D. Install equipment to allow right of way for piping installed at required slope.

3.6 PAINTING

A. Damage and Touchup:  Repair marred and damaged factory-painted finishes with materials and 

procedures to match original factory finish.
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3.7 CONCRETE BASES

A. Concrete Bases:  Anchor equipment to concrete base according to equipment manufacturer's written 

instructions and according to seismic codes at Project.

1. Construct concrete bases of dimensions indicated, but not less than 4 inches (100 mm) larger in 

both directions than supported unit.

2. Install dowel rods to connect concrete base to concrete floor.  Unless otherwise indicated, install 

dowel rods on 18-inch (450-mm) centers around the full perimeter of the base.

3. Install epoxy-coated anchor bolts for supported equipment that extend through concrete base, and 

anchor into structural concrete floor.

4. Place and secure anchorage devices.  Use supported equipment manufacturer's setting drawings, 

templates, diagrams, instructions, and directions furnished with items to be embedded.

5. Install anchor bolts to elevations required for proper attachment to supported equipment.

6. Install anchor bolts according to anchor-bolt manufacturer's written instructions.

7. Use 3000-psi (20.7-MPa), 28-day compressive-strength concrete and reinforcement.

3.8 ERECTION OF METAL SUPPORTS AND ANCHORAGES

A. Cut, fit, and place miscellaneous metal supports accurately in location, alignment, and elevation to 

support and anchor HVAC materials and equipment.

B. Field Welding:  Comply with AWS D1.1.

3.9 GROUTING

A. Mix and install grout for HVAC equipment base bearing surfaces, pump and other equipment base 

plates, and anchors.

B. Clean surfaces that will come into contact with grout.

C. Provide forms as required for placement of grout.

D. Avoid air entrapment during placement of grout.

E. Place grout, completely filling equipment bases.

F. Place grout on concrete bases and provide smooth bearing surface for equipment.

G. Place grout around anchors.

H. Cure placed grout.

END OF SECTION 23 0500
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SECTION 23 0523 - GENERAL-DUTY VALVES FOR HVAC PIPING

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and 

Division 01 Specification Sections, apply to this Section.

1.2 SUMMARY

A. All high & medium pressure steam valve (including high and pressure steam condensate) shall be rated 

for 500 deg F steam at 300 psig.  Valves over 2½” shall be cast steel.

B. Section Includes:

1. Bronze ball valves.

2. Iron ball valves.

3. Butterfly valves.

4. High-performance rotary valves.

5. Bronze lift check valves.

6. Bronze swing check valves.

7. Iron swing check valves.

8. Iron, center-guided check valves.

9. Bronze gate valves.

10. Cast steel gate valves.

11. Chainwheels.

1.3 DEFINITIONS

A. CWP:  Cold working pressure.

B. EPDM:  Ethylene propylene copolymer rubber.

C. NBR:  Acrylonitrile-butadiene, Buna-N, or nitrile rubber.

D. NRS:  Nonrising stem.

E. OS&Y:  Outside screw and yoke.

F. RS:  Rising stem.

G. SWP:  Steam working pressure.

1.4 SUBMITTALS

A. Product Data:  For each type of valve indicated.
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1.5 QUALITY ASSURANCE

A. Source Limitations for Valves:  Obtain each type of valve from single source from single manufacturer.

B. ASME Compliance:

1. ASME B16.10 and ASME B16.34 for ferrous valve dimensions and design criteria.

2. ASME B31.1 for power piping valves.

3. ASME B31.9 for building services piping valves.

1.6 DELIVERY, STORAGE, AND HANDLING

A. Prepare valves for shipping as follows:

1. Protect internal parts against rust and corrosion.

2. Protect threads, flange faces, and weld ends.

3. Set gate and globe valves closed to prevent rattling.

4. Set ball valves open to minimize exposure of functional surfaces.

5. Set butterfly valves closed or slightly open.

6. Block check valves in either closed or open position.

B. Use the following precautions during storage:

1. Maintain valve end protection.

2. Store valves indoors and maintain at higher than ambient dew point temperature.  If outdoor 

storage is necessary, store valves off the ground in watertight enclosures.

C. Use sling to handle large valves; rig sling to avoid damage to exposed parts.  Do not use handwheels or 

stems as lifting or rigging points.

PART 2 - PRODUCTS

2.1 GENERAL REQUIREMENTS FOR VALVES

A. Refer to HVAC valve schedule articles for applications of valves.

B. Valve Pressure and Temperature Ratings:  Not less than indicated and as required for system pressures 

and temperatures.

C. Valve Sizes:  Same as upstream piping unless otherwise indicated.

D. Valve Actuator Types:

1. Gear Actuator:  For quarter-turn valves NPS 8 (DN 200) and larger.

2. Handwheel:  For valves other than quarter-turn types.

3. Handlever:  For quarter-turn valves NPS 6 (DN 150) and smaller.
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4. Chainwheel:  Device for attachment to valve handwheel, stem, or other actuator; of size and 

with chain for mounting height, as indicated in the "Valve Installation" Article.

E. Valves in Insulated Piping:  With 2-inch (50-mm) stem extensions and the following features:

1. Gate Valves:  With rising stem.

2. Ball Valves:  With extended operating handle of non-thermal-conductive material, and 

protective sleeve that allows operation of valve without breaking the vapor seal or disturbing 

insulation.

3. Butterfly Valves:  With extended neck.

F. Valve-End Connections:

1. Flanged:  With flanges according to ASME B16.1 for iron valves.

2. Solder Joint:  With sockets according to ASME B16.18.

3. Threaded:  With threads according to ASME B1.20.1.

G. Valve Bypass and Drain Connections:  MSS SP-45.

2.2 BRONZE BALL VALVES

A. Two-Piece, Full-Port, Bronze Ball Valves with Stainless-Steel Trim:

1. Manufacturers:  Subject to compliance with requirements, available manufacturers offering 

products that may be incorporated into the Work include, but are not limited to, the following:

a. Conbraco Industries, Inc.; Apollo Valves.

b. Crane Co.; Crane Valve Group; Crane Valves.

c. Hammond Valve.

d. Lance Valves; a division of Advanced Thermal Systems, Inc.

e. Milwaukee Valve Company.

f. NIBCO INC.

g. Watts Regulator Co.; a division of Watts Water Technologies, Inc.

2. Description:

a. Standard:  MSS SP-110.

b. SWP Rating:  150 psig (1035 kPa).

c. CWP Rating:  600 psig (4140 kPa).

d. Body Design:  Two piece.

e. Body Material:  Bronze.

f. Ends:  Threaded.

g. Seats:  PTFE or TFE.

h. Stem:  Stainless steel.

i. Ball:  Stainless steel, vented.

j. Port:  Full.
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2.3 IRON, SINGLE-FLANGE BUTTERFLY VALVES

A. 200 CWP, Iron, Single-Flange Butterfly Valves with EPDM Seat and Aluminum-Bronze or stainless 

steel Disc:

1. Manufacturers:  Subject to compliance with requirements, available manufacturers offering 

products that may be incorporated into the Work include, but are not limited to, the following:

a. ABZ Valve and Controls; a division of ABZ Manufacturing, Inc.

b. Conbraco Industries, Inc.; Apollo Valves.

c. Cooper Cameron Valves; a division of Cooper Cameron Corp.

d. Crane Co.; Crane Valve Group; Jenkins Valves.

e. Crane Co.; Crane Valve Group; Stockham Division.

f. DeZurik Water Controls.

g. Flo Fab Inc.

h. Hammond Valve.

i. Kitz Corporation.

j. Legend Valve.

k. Milwaukee Valve Company.

l. NIBCO INC.

m. Norriseal; a Dover Corporation company.

n. Red-White Valve Corporation.

o. Spence Strainers International; a division of CIRCOR International.

p. Watts Regulator Co.; a division of Watts Water Technologies, Inc.

2. Description:

a. Standard:  MSS SP-67, Type I.

b. CWP Rating:  250 psig (1724 kPa).

c. Body Design:  Lug type; suitable for bidirectional dead-end service at rated pressure 

without use of downstream flange.

d. Body Material:  ASTM A 126, cast iron or ASTM A 536, ductile iron.

e. Seat:  EPMD.

f. Stem:  One- or two-piece stainless steel.

g. Disc:  Aluminum bronze or stainless steel.

2.4 HIGH-PERFORMANCE ROTARY VALVES

A. Manufacturers:  Subject to compliance with requirements, available manufacturers offering products 

that may be incorporated into the Work include, and are limited to, the following:

1. Adams Valves, Inc.

B. Class 150 psi (1035-kPa) or 300-psi (2070-kPa) steam pressure rating, suitable for 500oF temperature, 

bi-directional zero leakage, triple offset design suitable for dead-end service, double flanged cast steel 

body for class 150,  weld ends for Class 300, Type 316 stainless steel disc, laminated Type 316 

stainless steel and graphite seat, external valve-stem packing 
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adjustment. Entire valve, including body and seat shall be suitable for 150 or 300 psig steam at 500oF. 

Valve seat shall be out of the flow stream.

1. Valves shall be quarter turn, and shall be designed in accordance with ASME B16.34 and 

B31.3.  

2. Valves shall be tested in accordance with ASME B16.34-1996 and API 598-1996.  

3. Operator for All Sizes:  Gear operator with position indicator.

4. Operator for All Sizes, 96 Inches (2400 mm) or Higher above Floor:  Chain-wheel operator.

2.5 BRONZE LIFT CHECK VALVES

A. Class 125, Lift Check Valves with Bronze Disc:

1. Manufacturers:  Subject to compliance with requirements, available manufacturers offering 

products that may be incorporated into the Work include, but are not limited to, the following:

a. Crane Co.; Crane Valve Group; Crane Valves.

b. Crane Co.; Crane Valve Group; Jenkins Valves.

c. Crane Co.; Crane Valve Group; Stockham Division.

2. Description:

a. Standard:  MSS SP-80, Type 1.

b. CWP Rating:  200 psig (1380 kPa).

c. Body Design:  Vertical flow.

d. Body Material:  ASTM B 61 or ASTM B 62, bronze.

e. Ends:  Threaded.

f. Disc:  Bronze.

B. Class 300, Lift Check Valves

1. Type 4, Class 300, bronze body and cap, with horizontal swing, Y-pattern and bronze disc, 

threaded ends, regrinding type.

2.6 BRONZE SWING CHECK VALVES

A. Class 150, Bronze Swing Check Valves with Bronze Disc:

1. Manufacturers:  Subject to compliance with requirements, available manufacturers offering 

products that may be incorporated into the Work include, but are not limited to, the following:

a. American Valve, Inc.

b. Crane Co.; Crane Valve Group; Crane Valves.

c. Crane Co.; Crane Valve Group; Jenkins Valves.

d. Crane Co.; Crane Valve Group; Stockham Division.
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e. Kitz Corporation.

f. Milwaukee Valve Company.

g. NIBCO INC.

h. Red-White Valve Corporation.

i. Zy-Tech Global Industries, Inc.

2. Description:

a. Standard:  MSS SP-80, Type 3.

b. CWP Rating:  300 psig (2070 kPa).

c. Body Design:  Horizontal flow.

d. Body Material:  ASTM B 62, bronze.

e. Ends:  Threaded.

f. Disc:  Bronze.

2.7 IRON SWING CHECK VALVES

A. Class 250, Iron Swing Check Valves with Metal Seats:

1. Manufacturers:  Subject to compliance with requirements, available manufacturers offering 

products that may be incorporated into the Work include, but are not limited to, the following:

a. Crane Co.; Crane Valve Group; Crane Valves.

b. Crane Co.; Crane Valve Group; Jenkins Valves.

c. Crane Co.; Crane Valve Group; Stockham Division.

d. Hammond Valve.

e. Milwaukee Valve Company.

f. NIBCO INC.

g. Watts Regulator Co.; a division of Watts Water Technologies, Inc.

2. Description:

a. Standard:  MSS SP-71, Type I.

b. NPS 2-1/2 to NPS 12 (DN 65 to DN 300), CWP Rating:  500 psig (3450 kPa).

c. NPS 14 to NPS 24 (DN 350 to DN 600), CWP Rating:  300 psig (2070 kPa).

d. Body Design:  Clear or full waterway.

e. Body Material:  ASTM A 126, gray iron with bolted bonnet.

f. Ends:  Flanged.

g. Trim:  Bronze.

h. Gasket:  Asbestos free.

2.8 STEEL SWING CHECK VALVES

A. Class 300, Steel Swing Check Valves

1. Swing Check Valves, 2-1/2-Inches (DN65) and Larger:  Class 300, cast steel body, bolted 

bonnet, horizontal swing, flanged ends, stainless steel disc and seat ring.
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2.9 IRON, CENTER-GUIDED CHECK VALVES

A. Class 150, Iron, Compact-Wafer, Center-Guided Check Valves with Metal Seat:

1. Manufacturers:  Subject to compliance with requirements, available manufacturers offering 

products that may be incorporated into the Work include, but are not limited to, the following:

a. APCO Willamette Valve and Primer Corporation.

b. Crispin Valve.

c. Val-Matic Valve & Manufacturing Corp.

2. Description:

a. Standard:  MSS SP-125.

b. NPS 2-1/2 to NPS 12 (DN 65 to DN 300), CWP Rating:  300 psig (2070 kPa).

c. NPS 14 to NPS 24 (DN 350 to DN 600), CWP Rating:  250 psig (1725 kPa).

d. Body Material:  ASTM A 395/A 395M or ASTM A 536, ductile iron.

e. Style:  Compact wafer.

f. Seat:  Bronze.

B. Class 150, Iron, Globe, Center-Guided Check Valves with Metal Seat:

1. Manufacturers:  Subject to compliance with requirements, available manufacturers offering 

products that may be incorporated into the Work include, but are not limited to, the following:

a. APCO Willamette Valve and Primer Corporation.

b. Crispin Valve.

c. Val-Matic Valve & Manufacturing Corp.

2. Description:

a. Standard:  MSS SP-125.

b. NPS 2-1/2 to NPS 12 (DN 65 to DN 300), CWP Rating:  300 psig (2070 kPa).

c. NPS 14 to NPS 24 (DN 350 to DN 600), CWP Rating:  250 psig (1725 kPa).

d. Body Material:  ASTM A 395/A 395M or ASTM A 536, ductile iron.

e. Style:  Globe, spring loaded.

f. Ends:  Flanged.

g. Seat:  Bronze.

2.10 BRONZE GATE VALVES

A. Class 150, RS Bronze Gate Valves:

1. Manufacturers:  Subject to compliance with requirements, available manufacturers offering 

products that may be incorporated into the Work include, but are not limited to, the following:
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a. Crane Co.; Crane Valve Group; Crane Valves.

b. Crane Co.; Crane Valve Group; Stockham Division.

c. Hammond Valve.

d. Kitz Corporation.

e. Milwaukee Valve Company.

f. NIBCO INC.

g. Powell Valves.

h. Watts Regulator Co.; a division of Watts Water Technologies, Inc.

i. Zy-Tech Global Industries, Inc.

2. Description:

a. Standard:  MSS SP-80, Type 2.

b. CWP Rating:  300 psig (2070 kPa).

c. Body Material:  ASTM B 62, bronze with integral seat and union-ring bonnet.

d. Ends:  Threaded.

e. Stem:  Bronze.

f. Disc:  Solid wedge; bronze.

g. Packing:  Asbestos free.

h. Handwheel:  Malleable iron.

B. Class 300, RS Bronze Gate Valves:

1. Bronze body with rising stem and bronze solid wedge and union-ring bonnet.

2.11 IRON AND STEEL GATE VALVES

A. Class 125, NRS, Iron Gate Valves:

1. Manufacturers:  Subject to compliance with requirements, available manufacturers offering 

products that may be incorporated into the Work include, but are not limited to, the following:

a. Crane Co.; Crane Valve Group; Crane Valves.

b. Crane Co.; Crane Valve Group; Jenkins Valves.

c. Crane Co.; Crane Valve Group; Stockham Division.

d. Flo Fab Inc.

e. Hammond Valve.

f. Kitz Corporation.

g. Legend Valve.

h. Milwaukee Valve Company.

i. NIBCO INC.

j. Powell Valves.

k. Red-White Valve Corporation.

l. Watts Regulator Co.; a division of Watts Water Technologies, Inc.

m. Zy-Tech Global Industries, Inc.

2. Description:
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a. Standard:  MSS SP-70, Type I.

b. NPS 2-1/2 to NPS 12 (DN 65 to DN 300), CWP Rating:  200 psig (1380 kPa).

c. NPS 14 to NPS 24 (DN 350 to DN 600), CWP Rating:  150 psig (1035 kPa).

d. Body Material:  ASTM A 126, gray iron with bolted bonnet.

e. Ends:  Flanged.

f. Trim:  Bronze.

g. Disc:  Solid wedge.

h. Packing and Gasket:  Asbestos free.

B. Class 125, OS&Y, Iron Gate Valves:

1. Manufacturers:  Subject to compliance with requirements, available manufacturers offering 

products that may be incorporated into the Work include, but are not limited to, the following:

a. Crane Co.; Crane Valve Group; Crane Valves.

b. Crane Co.; Crane Valve Group; Jenkins Valves.

c. Crane Co.; Crane Valve Group; Stockham Division.

d. Flo Fab Inc.

e. Hammond Valve.

f. Kitz Corporation.

g. Legend Valve.

h. Milwaukee Valve Company.

i. NIBCO INC.

j. Powell Valves.

k. Red-White Valve Corporation.

l. Watts Regulator Co.; a division of Watts Water Technologies, Inc.

m. Zy-Tech Global Industries, Inc.

2. Description:

a. Standard:  MSS SP-70, Type I.

b. NPS 2-1/2 to NPS 12 (DN 65 to DN 300), CWP Rating:  200 psig (1380 kPa).

c. NPS 14 to NPS 24 (DN 350 to DN 600), CWP Rating:  150 psig (1035 kPa).

d. Body Material:  ASTM A 126, gray iron with bolted bonnet.

e. Ends:  Flanged.

f. Trim:  Bronze.

g. Disc:  Solid wedge.

h. Packing and Gasket:  Asbestos free.

C. Class 300, OS&Y, Steel Gate Valves:

1. Class 300, cast steel body, rising stem, outside screw and yoke, bolted bonnet, flanged ends, 

stainless steel stem, ductile iron handwheel.

2.12 CHAINWHEELS

A. Manufacturers:  Subject to compliance with requirements, available manufacturers offering products 

that may be incorporated into the Work include, but are not limited to, the following:
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1. Babbitt Steam Specialty Co.

2. Roto Hammer Industries.

3. Trumbull Industries.

B. Description:  Valve actuation assembly with sprocket rim, brackets, and chain.

1. Brackets:  Type, number, size, and fasteners required to mount actuator on valve.

2. Attachment:  For connection to ball and butterfly valve stems.

3. Sprocket Rim with Chain Guides:  Ductile iron, of type and size required for valve.  Include 

zinc coating.

4. Chain:  Hot-dip, galvanized steel, of size required to fit sprocket rim.

PART 3 - EXECUTION

3.1 EXAMINATION

A. Examine valve interior for cleanliness, freedom from foreign matter, and corrosion.  Remove special 

packing materials, such as blocks, used to prevent disc movement during shipping and handling.

B. Operate valves in positions from fully open to fully closed.  Examine guides and seats made accessible 

by such operations.

C. Examine threads on valve and mating pipe for form and cleanliness.

D. Examine mating flange faces for conditions that might cause leakage.  Check bolting for proper size, 

length, and material.  Verify that gasket is of proper size, that its material composition is suitable for 

service, and that it is free from defects and damage.

E. Do not attempt to repair defective valves; replace with new valves.

3.2 VALVE INSTALLATION

A. Install valves with unions or flanges at each piece of equipment arranged to allow service, 

maintenance, and equipment removal without system shutdown.

B. Do not install iron or steel valves in copper piping systems.  Use bronze valves.

C. Install valves with unions or flanges at each piece of equipment arranged to allow servicing, 

maintenance, and equipment removal without system shutdown.

D. Locate valves for easy access and provide separate support where necessary.

E. Install valves in horizontal piping with stem at or above center of pipe.

F. Install valves in position to allow full stem movement.
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G. Install chainwheels on operators for ball, butterfly, gate, and plug valves NPS 4 (DN 100) and larger 

and more than 96 inches (2400 mm) above floor.  Extend chains to 60 inches (1520 mm) above 

finished floor.

H. Install check valves for proper direction of flow and as follows:

1. Swing Check Valves:  In horizontal position with hinge pin level.

2. Center-Guided and Plate-Type Check Valves:  In horizontal or vertical position, between 

flanges.

3. Lift Check Valves:  With stem upright and plumb.

3.3 ADJUSTING

A. Adjust or replace valve packing after piping systems have been tested and put into service but before 

final adjusting and balancing.  Replace valves if persistent leaking occurs.

3.4 GENERAL REQUIREMENTS FOR VALVE APPLICATIONS

A. If valve applications are not indicated, use the following:

1. Shutoff Service:  Ball, butterfly, or gate valves.

2. Butterfly Valve Dead-End Service:  Single-flange (lug) type.

3. Throttling Service except Steam:  Globe or ball valves.

4. Throttling Service, Steam:  Globe valves.

5. Pump-Discharge Check Valves:

a. NPS 2 (DN 50) and Smaller:  Bronze swing check valves with bronze disc.

b. NPS 2-1/2 (DN 65) and Larger:  Iron swing check valves with lever and weight or with 

spring or iron, center-guided, metal-seat check valves.

B. If valves with specified SWP classes or CWP ratings are not available, the same types of valves with 

higher SWP classes or CWP ratings may be substituted.

C. Select valves, except wafer types, with the following end connections:

1. For Copper Tubing, NPS 2 (DN 50) and Smaller:  Threaded ends except where solder-joint 

valve-end option is indicated in valve schedules below.

2. For Copper Tubing, NPS 2-1/2 to NPS 4 (DN 65 to DN 100):  Flanged ends except where 

threaded valve-end option is indicated in valve schedules below.

3. For Copper Tubing, NPS 5 (DN 125) and Larger:  Flanged ends.

4. For Steel Piping, NPS 2 (DN 50) and Smaller:  Threaded ends.

5. For Steel Piping, NPS 2-1/2 to NPS 4 (DN 65 to DN 100):  Flanged ends except where threaded 

valve-end option is indicated in valve schedules below.

6. For Steel Piping, NPS 5 (DN 125) and Larger:  Flanged ends.
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3.5 HIGH, MEDIUM-PRESSURE STEAM, HPR and MPR VALVE SCHEDULE (MORE THAN 15 

PSIG (104 kPa))

A. Pipe NPS 2 (DN 50) and Smaller:

1. Swing Check Valves:  Class 300.

2. Gate Valves:  Class 300, RS.

B. Pipe Sizes NPS 2-1/2 (DN 65) and Larger:

1. High Performance Triple Offset Rotary Valves: Class 300, cast steel body, stainless steel disc.

2. Swing Check Valves:  Class 300.

3. Swing Check Valves with Closure Control, NPS 2-1/2 to NPS 12 (DN 65 to DN 300):  

Class 300, lever and spring.

3.6 STEAM-CONDENSATE AND PUMPED DISCHARGE VALVE SCHEDULE

A. Pipe NPS 2 (DN 50) and Smaller:

1. Ball Valves:  Class 150, Two or Three piece, full port.

2. Bronze Swing Check Valves:  Class 150, bronze disc.

3. Bronze Gate Valves:  Class 150, RS.

4. Bronze Globe Valves:  Class 150, bronze disc.

B. Pipe NPS 2-1/2 (DN 65) and Larger:

1. Iron Ball Valves, NPS 2-1/2 to NPS 10 (DN 65 to DN 250):  Class 150.

2. High Performance Triple Offset Rotary Valves: Class 150, cast steel body, stainless steel disc.

3. Iron Swing Check Valves:  Class 125, metal seats.

4. Iron Swing Check Valves with Closure Control:  Class 125, lever and spring.

5. Iron Globe Valves, NPS 2-1/2 to NPS 12 (DN 65 to DN 300):  Class 125.

END OF SECTION 23 0523
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SECTION 23 0529 - HANGERS AND SUPPORTS FOR HVAC PIPING AND EQUIPMENT

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and Supplementary Conditions 

and Division 01 Specification Sections, apply to this Section.

1.2 SUMMARY

A. Section Includes:

1. Metal pipe hangers and supports.

2. Trapeze pipe hangers.

3. Metal framing systems.

4. Thermal-hanger shield inserts.

5. Fastener systems.

6. Equipment supports.

1.3 DEFINITIONS

A. MSS:  Manufacturers Standardization Society of The Valve and Fittings Industry Inc.

1.4 PERFORMANCE REQUIREMENTS

A. Delegated Design:  Design trapeze pipe hangers and equipment supports, including comprehensive 

engineering analysis by a qualified professional engineer, using performance requirements and 

design criteria indicated.

B. Structural Performance:  Hangers and supports for HVAC piping and equipment shall withstand the 

effects of gravity loads and stresses within limits and under conditions indicated according to 

ASCE/SEI 7.

1. Design supports for multiple pipes, including pipe stands, capable of supporting combined 

weight of supported systems, system contents, and test water.

2. Design equipment supports capable of supporting combined operating weight of supported 

equipment and connected systems and components.

1.5 SUBMITTALS

A. Product Data:  For each type of product indicated.
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B. Shop Drawings:  Signed and sealed by a qualified professional engineer.  Show fabrication and 

installation details and include calculations for the following; include Product Data for components:

1. Trapeze pipe hangers.

2. Metal framing systems.

3. Pipe stands.

4. Equipment supports.

C. Delegated-Design Submittal:  For trapeze hangers indicated to comply with performance 

requirements and design criteria, including analysis data signed and sealed by the qualified 

professional engineer responsible for their preparation.

1. Detail fabrication and assembly of trapeze hangers.

2. Design Calculations:  Calculate requirements for designing trapeze hangers.

D. Welding certificates.

1.6 QUALITY ASSURANCE

A. Structural Steel Welding Qualifications:  Qualify procedures and personnel according to 

AWS D1.1/D1.1M, "Structural Welding Code - Steel."

B. Pipe Welding Qualifications:  Qualify procedures and operators according to ASME Boiler and 

Pressure Vessel Code.

PART 2 - PRODUCTS

2.1 METAL PIPE HANGERS AND SUPPORTS

A. Carbon-Steel Pipe Hangers and Supports:

1. Description:  MSS SP-58, Types 1 through 58, factory-fabricated components.

2. Galvanized Metallic Coatings:  Pregalvanized or hot dipped.

3. Hanger Rods:  Continuous-thread rod, nuts, and washer made of stainless steel.

B. Stainless-Steel Pipe Hangers and Supports:

1. Description:  MSS SP-58, Types 1 through 58, factory-fabricated components.

2. Padded Hangers:  Hanger with fiberglass or other pipe insulation pad or cushion to support 

bearing surface of piping.

3. Hanger Rods:  Continuous-thread rod, nuts, and washer made of stainless steel.

C. Copper Pipe Hangers:

1. Description:  MSS SP-58, Types 1 through 58, copper-coated-steel, factory-fabricated 

components.
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2. Hanger Rods:  Continuous-thread rod, nuts, and washer made of stainless steel.

2.2 TRAPEZE PIPE HANGERS

A. Description:  MSS SP-69, Type 59, shop- or field-fabricated pipe-support assembly made from 

structural carbon-steel shapes with MSS SP-58 carbon-steel hanger rods, nuts, saddles, and U-bolts.

2.3 METAL FRAMING SYSTEMS

A. MFMA Manufacturer Metal Framing Systems:

1. Manufacturers:  Subject to compliance with requirements, available manufacturers offering 

products that may be incorporated into the Work include, but are not limited to, the 

following:

a. Allied Tube & Conduit.

b. Cooper B-Line, Inc.

c. Flex-Strut Inc.

d. GS Metals Corp.

e. Thomas & Betts Corporation.

f. Unistrut Corporation; Tyco International, Ltd.

g. Wesanco, Inc.

2. Description:  Shop- or field-fabricated pipe-support assembly for supporting multiple parallel 

pipes.

3. Standard:  MFMA-4.

4. Channels:  Continuous slotted steel channel with inturned lips.

5. Channel Nuts:  Formed or stamped steel nuts or other devices designed to fit into channel slot 

and, when tightened, prevent slipping along channel.

6. Hanger Rods:  Continuous-thread rod, nuts, and washer made of stainless steel.

7. Metallic Coating:  Hot-dipped galvanized.

B. Non-MFMA Manufacturer Metal Framing Systems:

1. Manufacturers:  Subject to compliance with requirements, available manufacturers offering 

products that may be incorporated into the Work include, but are not limited to, the 

following:

a. Anvil International; a subsidiary of Mueller Water Products Inc.

b. Empire Industries, Inc.

c. ERICO International Corporation.

d. Haydon Corporation; H-Strut Division.

e. NIBCO INC.

f. PHD Manufacturing, Inc.

g. PHS Industries, Inc.
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2. Description:  Shop- or field-fabricated pipe-support assembly made of steel channels, 

accessories, fittings, and other components for supporting multiple parallel pipes.

3. Standard:  Comply with MFMA-4.

4. Channels:  Continuous slotted steel channel with inturned lips.

5. Channel Nuts:  Formed or stamped steel nuts or other devices designed to fit into channel slot 

and, when tightened, prevent slipping along channel.

6. Hanger Rods:  Continuous-thread rod, nuts, and washer made of stainless steel.

7. Coating:  Zinc.

2.4 THERMAL-HANGER SHIELD INSERTS

A. Manufacturers:  Subject to compliance with requirements, available manufacturers offering 

products that may be incorporated into the Work include, but are not limited to, the following:

1. Carpenter & Paterson, Inc.

2. Clement Support Services.

3. ERICO International Corporation.

4. National Pipe Hanger Corporation.

5. PHS Industries, Inc.

6. Pipe Shields, Inc.; a subsidiary of Piping Technology & Products, Inc.

7. Piping Technology & Products, Inc.

8. Rilco Manufacturing Co., Inc.

9. Value Engineered Products, Inc.

B. Insulation-Insert Material for Cold Piping:  ASTM C 591, Type VI, Grade 1 polyisocyanurate with 

125-psig (862-kPa) minimum compressive strength and vapor barrier.

C. Insulation-Insert Material for Hot Piping:  Water-repellent treated, ASTM C 533, Type I calcium 

silicate with 100-psig (688-kPa) minimum compressive strength.

D. For Trapeze or Clamped Systems:  Insert and shield shall cover entire circumference of pipe.

E. For Clevis or Band Hangers:  Insert and shield shall cover lower 180 degrees of pipe.

F. Insert Length:  Extend 2 inches (50 mm) beyond sheet metal shield for piping operating below 

ambient air temperature.

2.5 FASTENER SYSTEMS

A. Powder-Actuated Fasteners:  Threaded-steel stud, for use in hardened portland cement concrete 

with pull-out, tension, and shear capacities appropriate for supported loads and building materials 

where used.

B. Mechanical-Expansion Anchors:  Insert-wedge-type, stainless-steel anchors, for use in hardened 

portland cement concrete; with pull-out, tension, and shear capacities appropriate for supported 

loads and building materials where used.
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2.6 EQUIPMENT SUPPORTS

A. Description:  Welded, shop- or field-fabricated equipment support made from structural carbon-

steel shapes.

2.7 MISCELLANEOUS MATERIALS

A. Structural Steel:  ASTM A 36/A 36M, carbon-steel plates, shapes, and bars; black and galvanized.

B. Grout:  ASTM C 1107, factory-mixed and -packaged, dry, hydraulic-cement, nonshrink and 

nonmetallic grout; suitable for interior and exterior applications.

1. Properties:  Nonstaining, noncorrosive, and nongaseous.

2. Design Mix:  5000-psi (34.5-MPa), 28-day compressive strength.

PART 3 - EXECUTION

3.1 HANGER AND SUPPORT INSTALLATION

A. Powder Actuated Concrete Fasteners  

1. Obtain written approval from the structural engineer before using powder-actuated concrete 

fasteners. 

2. Do not use powder-actuated concrete fasteners for lightweight-aggregate concretes or for 

slabs less than 4 inches (100 mm) thick.

B. Suspension From Metal Decking

1. Do not use metal decking for suspension of piping, ductwork or equipment. Hang items from 

top member of joist or provide additional structure to span between top members if needed.

C. Metal Pipe-Hanger Installation:  Comply with MSS SP-69 and MSS SP-89.  Install hangers, 

supports, clamps, and attachments as required to properly support piping from the building 

structure.

D. Metal Trapeze Pipe-Hanger Installation:  Comply with MSS SP-69 and MSS SP-89.  Arrange for 

grouping of parallel runs of horizontal piping, and support together on field-fabricated trapeze pipe 

hangers.

1. Pipes of Various Sizes:  Support together and space trapezes for smallest pipe size or install 

intermediate supports for smaller diameter pipes as specified for individual pipe hangers.

2. Field fabricate from ASTM A 36/A 36M, carbon-steel shapes selected for loads being 

supported.  Weld steel according to AWS D1.1/D1.1M.
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E. Metal Framing System Installation:  Arrange for grouping of parallel runs of piping, and support 

together on field-assembled metal framing systems.

F. Thermal-Hanger Shield Installation:  Install in pipe hanger or shield for insulated piping.

G. Fastener System Installation:

1. Install powder-actuated fasteners for use in lightweight concrete or concrete slabs less than 4 

inches (100 mm) thick in concrete after concrete is placed and completely cured.  Use 

operators that are licensed by powder-actuated tool manufacturer.  Install fasteners according 

to powder-actuated tool manufacturer's operating manual.

2. Install mechanical-expansion anchors in concrete after concrete is placed and completely 

cured.  Install fasteners according to manufacturer's written instructions.

H. Install hangers and supports complete with necessary attachments, inserts, bolts, rods, nuts, washers, 

and other accessories.

I. Equipment Support Installation:  Fabricate from welded-structural-steel shapes.

J. Install hangers and supports to allow controlled thermal movement of piping systems, to permit 

freedom of movement between pipe anchors, and to facilitate action of expansion joints, expansion 

loops, expansion bends, and similar units.

K. Install lateral bracing with pipe hangers and supports to prevent swaying.

L. Install building attachments within concrete slabs or attach to structural steel.  Install additional 

attachments at concentrated loads, including valves, flanges, and strainers, NPS 2-1/2 (DN 65) and 

larger and at changes in direction of piping.  Install concrete inserts before concrete is placed; fasten 

inserts to forms and install reinforcing bars through openings at top of inserts.

M. Load Distribution:  Install hangers and supports so that piping live and dead loads and stresses from 

movement will not be transmitted to connected equipment.

N. Pipe Slopes:  Install hangers and supports to provide indicated pipe slopes and to not exceed 

maximum pipe deflections allowed by ASME B31.9 for building services piping.

O. Insulated Piping:

1. Attach clamps and spacers to piping.

a. Piping Operating above Ambient Air Temperature:  Clamp may project through 

insulation.

b. Piping Operating below Ambient Air Temperature:  Use thermal-hanger shield insert 

with clamp sized to match OD of insert.

c. Do not exceed pipe stress limits allowed by ASME B31.9 for building services piping.

2. Install MSS SP-58, Type 39, protection saddles if insulation without vapor barrier is 

indicated.  Fill interior voids with insulation that matches adjoining insulation.
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a. Option:  Thermal-hanger shield inserts may be used.  Include steel weight-distribution 

plate for pipe NPS 4 (DN 100) and larger if pipe is installed on rollers.

3. Install MSS SP-58, Type 40, protective shields on cold piping with vapor barrier.  Shields 

shall span an arc of 180 degrees.

a. Option:  Thermal-hanger shield inserts may be used.  Include steel weight-distribution 

plate for pipe NPS 4 (DN 100) and larger if pipe is installed on rollers.

4. Shield Dimensions for Pipe:  Not less than the following:

a. NPS 1/4 to NPS 3-1/2 (DN 8 to DN 90):  12 inches (305 mm) long and 0.048 inch 

(1.22 mm) thick.

b. NPS 4 (DN 100):  12 inches (305 mm) long and 0.06 inch (1.52 mm) thick.

c. NPS 5 and NPS 6 (DN 125 and DN 150):  18 inches (457 mm) long and 0.06 inch 

(1.52 mm) thick.

d. NPS 8 to NPS 14 (DN 200 to DN 350):  24 inches (610 mm) long and 0.075 inch 

(1.91 mm) thick.

e. NPS 16 to NPS 24 (DN 400 to DN 600):  24 inches (610 mm) long and 0.105 inch 

(2.67 mm) thick.

5. Pipes NPS 8 (DN 200) and Larger:  Include wood or reinforced calcium-silicate-insulation 

inserts of length at least as long as protective shield.

6. Thermal-Hanger Shields:  Install with insulation same thickness as piping insulation.

3.2 EQUIPMENT SUPPORTS

A. Fabricate structural-steel stands to suspend equipment from structure overhead or to support 

equipment above floor.

B. Grouting:  Place grout under supports for equipment and make bearing surface smooth.

C. Provide lateral bracing, to prevent swaying, for equipment supports.

3.3 METAL FABRICATIONS

A. Cut, drill, and fit miscellaneous metal fabrications for trapeze pipe hangers and equipment supports.

B. Fit exposed connections together to form hairline joints.  Field weld connections that cannot be shop 

welded because of shipping size limitations.

C. Field Welding:  Comply with AWS D1.1/D1.1M procedures for shielded, metal arc welding; 

appearance and quality of welds; and methods used in correcting welding work; and with the 

following:

1. Use materials and methods that minimize distortion and develop strength and corrosion 

resistance of base metals.

Renew/Modernize Facilities - Campus Enabling (Phase 2)  SF 21517 

Project No. 2511.72 

 



Repair Emergency Infrastructure SF Job No. 21523

Building Systems (Huguelet Drive Steam Piping) UK Job No. 2568.0

University of Kentucky 

HANGERS AND SUPPORTS FOR HVAC PIPING AND EQUIPMENT 23 0529 - 8

2. Obtain fusion without undercut or overlap.

3. Remove welding flux immediately.

4. Finish welds at exposed connections so no roughness shows after finishing and so contours 

of welded surfaces match adjacent contours.

3.4 ADJUSTING

A. Hanger Adjustments:  Adjust hangers to distribute loads equally on attachments and to achieve 

indicated slope of pipe.

B. Trim excess length of continuous-thread hanger and support rods to 1-1/2 inches (40 mm).

3.5 PAINTING

A. Touchup:  Clean field welds and abraded areas of shop paint.  Paint exposed areas immediately after 

erecting hangers and supports.  Use same materials as used for shop painting.  Comply with SSPC-

PA 1 requirements for touching up field-painted surfaces.

1. Apply paint by brush or spray to provide a minimum dry film thickness of 2.0 mils (0.05 

mm).

B. Touchup:  Cleaning and touchup painting of field welds, bolted connections, and abraded areas of 

shop paint on miscellaneous metal are specified.

C. Galvanized Surfaces:  Clean welds, bolted connections, and abraded areas and apply galvanizing-

repair paint to comply with ASTM A 780.

3.6 HANGER AND SUPPORT SCHEDULE

A. Specific hanger and support requirements are in Sections specifying piping systems and equipment.

B. Comply with MSS SP-69 for pipe-hanger selections and applications that are not specified in piping 

system Sections.

C. Use hangers and supports with galvanized metallic coatings for piping and equipment that will not 

have field-applied finish.

D. Use nonmetallic coatings on attachments for electrolytic protection where attachments are in direct 

contact with copper tubing.

E. Use carbon-steel pipe hangers and supports, metal trapeze pipe hangers, and metal framing systems 

and attachments for general service applications.

F. Use stainless-steel pipe hangers and stainless-steel attachments for hostile environment applications.

G. Use copper-plated pipe hangers and copper attachments for copper piping and tubing.
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H. Use thermal-hanger shield inserts for insulated piping and tubing.

I. Horizontal-Piping Hangers and Supports:  Unless otherwise indicated and except as specified in 

piping system Sections, install the following types:

1. Adjustable, Steel Clevis Hangers (MSS Type 1):  For suspension of noninsulated or 

insulated, stationary pipes NPS 1/2 to NPS 30 (DN 15 to DN 750).

2. Yoke-Type Pipe Clamps (MSS Type 2):  For suspension of up to 1050 deg F (566 

deg C),pipes NPS 4 to NPS 24 (DN 100 to DN 600), requiring up to 4 inches (100 mm) of 

insulation.

3. Carbon- or Alloy-Steel, Double-Bolt Pipe Clamps (MSS Type 3):  For suspension of pipes 

NPS 3/4 to NPS 36 (DN 20 to DN 900), requiring clamp flexibility and up to 4 inches (100 

mm) of insulation.

4. Steel Pipe Clamps (MSS Type 4):  For suspension of cold and hot pipes NPS 1/2 to NPS 24 

(DN 15 to DN 600) if little or no insulation is required.

5. Pipe Hangers (MSS Type 5):  For suspension of pipes NPS 1/2 to NPS 4 (DN 15 to DN 100), 

to allow off-center closure for hanger installation before pipe erection.

6. Adjustable, Swivel Split- or Solid-Ring Hangers (MSS Type 6):  For suspension of 

noninsulated, stationary pipes NPS 3/4 to NPS 8 (DN 20 to DN 200).

7. Adjustable, Steel Band Hangers (MSS Type 7):  For suspension of noninsulated, stationary 

pipes NPS 1/2 to NPS 8 (DN 15 to DN 200).

8. Adjustable Band Hangers (MSS Type 9):  For suspension of noninsulated, stationary pipes 

NPS 1/2 to NPS 8 (DN 15 to DN 200).

9. Adjustable, Swivel-Ring Band Hangers (MSS Type 10):  For suspension of noninsulated, 

stationary pipes NPS 1/2 to NPS 8 (DN 15 to DN 200).

10. Split Pipe Ring with or without Turnbuckle Hangers (MSS Type 11):  For suspension of 

noninsulated, stationary pipes NPS 3/8 to NPS 8 (DN 10 to DN 200).

11. Extension Hinged or Two-Bolt Split Pipe Clamps (MSS Type 12):  For suspension of 

noninsulated, stationary pipes NPS 3/8 to NPS 3 (DN 10 to DN 80).

12. U-Bolts (MSS Type 24):  For support of heavy pipes NPS 1/2 to NPS 30 (DN 15 to DN 750).

13. Clips (MSS Type 26):  For support of insulated pipes not subject to expansion or contraction.

14. Pipe Saddle Supports (MSS Type 36):  For support of pipes NPS 4 to NPS 36 (DN 100 to 

DN 900), with steel-pipe base stanchion support and cast-iron floor flange or carbon-steel 

plate.

15. Pipe Stanchion Saddles (MSS Type 37):  For support of pipes NPS 4 to NPS 36 (DN 100 to 

DN 900), with steel-pipe base stanchion support and cast-iron floor flange or carbon-steel 

plate, and with U-bolt to retain pipe.

16. Adjustable Pipe Saddle Supports (MSS Type 38):  For stanchion-type support for pipes 

NPS 2-1/2 to NPS 36 (DN 65 to DN 900) if vertical adjustment is required, with steel-pipe 

base stanchion support and cast-iron floor flange.

17. Single-Pipe Rolls (MSS Type 41):  For suspension of pipes NPS 1 to NPS 30 (DN 25 to 

DN 750), from two rods if longitudinal movement caused by expansion and contraction 

might occur.

18. Adjustable Roller Hangers (MSS Type 43):  For suspension of pipes NPS 2-1/2 to NPS 24 

(DN 65 to DN 600), from single rod if horizontal movement caused by expansion and 

contraction might occur.
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19. Complete Pipe Rolls (MSS Type 44):  For support of pipes NPS 2 to NPS 42 (DN 50 to 

DN 1050) if longitudinal movement caused by expansion and contraction might occur but 

vertical adjustment is not necessary.

20. Pipe Roll and Plate Units (MSS Type 45):  For support of pipes NPS 2 to NPS 24 (DN 50 to 

DN 600) if small horizontal movement caused by expansion and contraction might occur and 

vertical adjustment is not necessary.

21. Adjustable Pipe Roll and Base Units (MSS Type 46):  For support of pipes NPS 2 to NPS 30 

(DN 50 to DN 750) if vertical and lateral adjustment during installation might be required in 

addition to expansion and contraction.

J. Vertical-Piping Clamps:  Unless otherwise indicated and except as specified in piping system 

Sections, install the following types:

1. Extension Pipe or Riser Clamps (MSS Type 8):  For support of pipe risers NPS 3/4 to 

NPS 24 (DN 24 to DN 600).

2. Carbon- or Alloy-Steel Riser Clamps (MSS Type 42):  For support of pipe risers NPS 3/4 to 

NPS 24 (DN 20 to DN 600) if longer ends are required for riser clamps.

K. Hanger-Rod Attachments:  Unless otherwise indicated and except as specified in piping system 

Sections, install the following types:

1. Steel Turnbuckles (MSS Type 13):  For adjustment up to 6 inches (150 mm) for heavy loads.

2. Steel Clevises (MSS Type 14):  For 120 to 450 deg F (49 to 232 deg C) piping installations.

3. Swivel Turnbuckles (MSS Type 15):  For use with MSS Type 11, split pipe rings.

4. Malleable-Iron Sockets (MSS Type 16):  For attaching hanger rods to various types of 

building attachments.

5. Steel Weldless Eye Nuts (MSS Type 17):  For 120 to 450 deg F (49 to 232 deg C) piping 

installations.

L. Building Attachments:  Unless otherwise indicated and except as specified in piping system 

Sections, install the following types:

1. Steel or Malleable Concrete Inserts (MSS Type 18):  For upper attachment to suspend pipe 

hangers from concrete ceiling.

2. Top-Beam C-Clamps (MSS Type 19):  For use under roof installations with bar-joist 

construction, to attach to top flange of structural shape.

3. Side-Beam or Channel Clamps (MSS Type 20):  For attaching to bottom flange of beams, 

channels, or angles.

4. Center-Beam Clamps (MSS Type 21):  For attaching to center of bottom flange of beams.

5. Welded Beam Attachments (MSS Type 22):  For attaching to bottom of beams if loads are 

considerable and rod sizes are large.

6. C-Clamps (MSS Type 23):  For structural shapes.

7. Top-Beam Clamps (MSS Type 25):  For top of beams if hanger rod is required tangent to 

flange edge.

8. Side-Beam Clamps (MSS Type 27):  For bottom of steel I-beams.

9. Steel-Beam Clamps with Eye Nuts (MSS Type 28):  For attaching to bottom of steel I-beams 

for heavy loads.
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10. Linked-Steel Clamps with Eye Nuts (MSS Type 29):  For attaching to bottom of steel I-

beams for heavy loads, with link extensions.

11. Malleable-Beam Clamps with Extension Pieces (MSS Type 30):  For attaching to structural 

steel.

12. Welded-Steel Brackets:  For support of pipes from below or for suspending from above by 

using clip and rod.  Use one of the following for indicated loads:

a. Light (MSS Type 31):  750 lb (340 kg).

b. Medium (MSS Type 32):  1500 lb (680 kg).

c. Heavy (MSS Type 33):  3000 lb (1360 kg).

13. Side-Beam Brackets (MSS Type 34):  For sides of steel or wooden beams.

14. Plate Lugs (MSS Type 57):  For attaching to steel beams if flexibility at beam is required.

15. Horizontal Travelers (MSS Type 58):  For supporting piping systems subject to linear 

horizontal movement where headroom is limited.

M. Saddles and Shields:  Unless otherwise indicated and except as specified in piping system Sections, 

install the following types:

1. Steel-Pipe-Covering Protection Saddles (MSS Type 39):  To fill interior voids with insulation 

that matches adjoining insulation.

2. Protection Shields (MSS Type 40):  Of length recommended in writing by manufacturer to 

prevent crushing insulation.

3. Thermal-Hanger Shield Inserts:  For supporting insulated pipe.

N. Spring Hangers and Supports:  Unless otherwise indicated and except as specified in piping system 

Sections, install the following types:

1. Restraint-Control Devices (MSS Type 47):  Where indicated to control piping movement.

2. Spring Cushions (MSS Type 48):  For light loads if vertical movement does not exceed 1-1/4 

inches (32 mm).

3. Spring-Cushion Roll Hangers (MSS Type 49):  For equipping Type 41, roll hanger with 

springs.

4. Spring Sway Braces (MSS Type 50):  To retard sway, shock, vibration, or thermal expansion 

in piping systems.

5. Variable-Spring Hangers (MSS Type 51):  Preset to indicated load and limit variability factor 

to 25 percent to allow expansion and contraction of piping system from hanger.

6. Variable-Spring Base Supports (MSS Type 52):  Preset to indicated load and limit variability 

factor to 25 percent to allow expansion and contraction of piping system from base support.

7. Variable-Spring Trapeze Hangers (MSS Type 53):  Preset to indicated load and limit 

variability factor to 25 percent to allow expansion and contraction of piping system from 

trapeze support.

8. Constant Supports:  For critical piping stress and if necessary to avoid transfer of stress from 

one support to another support, critical terminal, or connected equipment.  Include auxiliary 

stops for erection, hydrostatic test, and load-adjustment capability.  These supports include 

the following types:

a. Horizontal (MSS Type 54):  Mounted horizontally.

b. Vertical (MSS Type 55):  Mounted vertically.

Renew/Modernize Facilities - Campus Enabling (Phase 2)  SF 21517 

Project No. 2511.72 

 



Repair Emergency Infrastructure SF Job No. 21523

Building Systems (Huguelet Drive Steam Piping) UK Job No. 2568.0

University of Kentucky 

HANGERS AND SUPPORTS FOR HVAC PIPING AND EQUIPMENT 23 0529 - 12

c. Trapeze (MSS Type 56):  Two vertical-type supports and one trapeze member.

O. Comply with MSS SP-69 for trapeze pipe-hanger selections and applications that are not specified 

in piping system Sections.

P. Comply with MFMA-103 for metal framing system selections and applications that are not 

specified in piping system Sections.

Q. Use powder-actuated fasteners or mechanical-expansion anchors instead of building attachments 

where required in concrete construction.

END OF SECTION 23 0529
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SECTION 23 0553 - IDENTIFICATION FOR HVAC PIPING AND EQUIPMENT

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and Supplementary Conditions 

and Division 01 Specification Sections, apply to this Section.

1.2 SUMMARY

A. Section Includes:

1. Equipment labels.

2. Stencils.

3. Underground-Type Plastic Line Marker.

4. Utility Service Markers

1.3 SUBMITTALS

A. Product Data:  For each type of product indicated.

B. Equipment Label Schedule:  Include a listing of all equipment to be labeled with the proposed 

content for each label.

1.4 COORDINATION

A. Coordinate installation of identifying devices with completion of covering and painting of surfaces 

where devices are to be applied.

B. Coordinate installation of identifying devices with locations of access panels and doors.

PART 2 - PRODUCTS

2.1 EQUIPMENT LABELS

A. Metal Labels for Equipment:

1. Material and Thickness:  Brass, 0.032-inch (0.8-mm) minimum thickness, and having 

predrilled or stamped holes for attachment hardware.

2. Minimum Label Size:  Length and width vary for required label content, but not less than 2-

1/2 by 3/4 inch (64 by 19 mm).

3. Minimum Letter Size:  1/4 inch (6.4 mm) for name of units if viewing distance is less than 

24 inches (600 mm), 1/2 inch (13 mm) for viewing distances up to 72 inches 
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(1830 mm), and proportionately larger lettering for greater viewing distances.  Include 

secondary lettering two-thirds to three-fourths the size of principal lettering.

4. Fasteners:  Stainless-steel rivets or self-tapping screws.

5. Adhesive:  Contact-type permanent adhesive, compatible with label and with substrate.

B. Label Content:  Include equipment's Drawing designation or unique equipment number, Drawing 

numbers where equipment is indicated (plans, details, and schedules), plus the Specification Section 

number and title where equipment is specified.

C. Equipment Label Schedule:  For each item of equipment to be labeled, on 8-1/2-by-11-inch (A4) 

bond paper.  Tabulate equipment identification number and identify Drawing numbers where 

equipment is indicated (plans, details, and schedules), plus the Specification Section number and 

title where equipment is specified.  Equipment schedule shall be included in operation and 

maintenance data.

2.2 UNDERGROUND-TYPE PLASTIC LINE MARKERS:

A. General:  Manufacturer's standard permanent, bright-colored, continuous-printed plastic tape, 

intended for direct-burial service; not less than 6" wide x 4 mils thick.  Provide tape with printing 

which most accurately indicates type of service of buried pipe.

B. Provide multi-ply tape consisting of solid aluminum foil core between 2-layers of plastic tape.

2.3 UTILITY SERVICE MARKERS:

A. Markers shall consist of bronze plates, ground and polished, and marked to identify the service.  

Markers shall also be stamped with arrows indicating the direction the service extends.  A typical 

marker detail is shown on the Drawings.

B. Markers locating services at the building shall be installed in masonry or concrete walls 2' above 

grade.  Markers locating services elsewhere on the site shall be installed in concrete walks or curbs, 

or in 6" x 6" steel reinforced concrete posts as detailed.

2.4 STENCILS

A. Stencils:  Prepared with letter sizes according to ASME A13.1 for piping; minimum letter height of 

1-1/4 inches (32 mm) for ducts; and minimum letter height of 3/4 inch (19 mm) for access panel and 

door labels, equipment labels, and similar operational instructions.

1. Stencil Material:  Fiberboard or metal.

2. Stencil Paint:  Exterior, gloss, alkyd enamel black unless otherwise indicated.  Paint may be 

in pressurized spray-can form.

3. Identification Paint:  Exterior, alkyd enamel in colors according to ASME A13.1 unless 

otherwise indicated.
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PART 3 - EXECUTION

3.1 PREPARATION

A. Clean piping and equipment surfaces of substances that could impair bond of identification devices, 

including dirt, oil, grease, release agents, and incompatible primers, paints, and encapsulants.

3.2 EQUIPMENT LABEL INSTALLATION

A. Install or permanently fasten labels on each major item of mechanical equipment.

B. Locate equipment labels where accessible and visible.

3.3 PIPE LABEL INSTALLATION

A. Stenciled Pipe Label Option:  Stenciled labels may be provided instead of manufactured pipe labels, 

at Installer's option.  Install stenciled pipe labels with painted, color-coded bands or rectangles on 

each piping system.

1. Identification Paint:  Use for contrasting background.

2. Stencil Paint:  Use for pipe marking.

B. Locate pipe labels where piping is exposed or above accessible ceilings in finished spaces; machine 

rooms; accessible maintenance spaces such as shafts, tunnels, vaults and plenums; and exterior 

exposed locations as follows:

1. Near each valve and control device.

2. Near each branch connection, excluding short takeoffs for fixtures and terminal units.  Where 

flow pattern is not obvious, mark each pipe at branch.

3. Near penetrations through walls, floors, ceilings, and inaccessible enclosures.

4. At access doors, manholes, and similar access points that permit view of concealed piping.

5. Near major equipment items and other points of origination and termination.

C. Provide piping identification markers in accordance with the following schedule. Provide black 

lettering on yellow backgrounds and white lettering on backgrounds with other colors.

D. Piping Identification Schedule

1. U.K. STANDARD COLOR CODING FOR MECHANICAL PIPING

TYPE OF SERVICE        MARKINGS COLOR * NO. *

HIGH PRESSURE STEAM    H.P.S.      SAFETY RED SW4081

(over 76 psig)

HIGH PRESSURE RETURN     H.P.R.      SAFETY RED SW4081 (over 76 psig)

MEDIUM PRESSURE STEAM      M.P.S.    INT. ORANGE SW4082  (21 psig to 

75 psig)
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MEDIUM PRESSURE RETURN   M.P.R.   INT. ORANGE SW4082 (21 psig to 

75 psig)

LOW PRESSURE STEAM    L.P.S.    SAFETY ORAN.SW4083

(0 psig to 20 psig)

LOW PRESSURE RETURN    L.P.R.    SAFETY ORAN.SW4083

(0 psig to 20 psig)

SUMP PUMP DISCHARGE    S.PUMP DIS. GALVANO   SW4027  

NOTES:   * COLOR AND NUMBER ARE FROM THE SHERWIN WILLIAMS 4000 

COLOR SELECTION GUIDE DATED 1999.

2. PAINT ALL PIPING IN MECHANICAL AND CONDESTED SPACES ACCORDING TO 

THE SCHEDULED COLOR CODE.

3. LABEL ALL PIPING SYSTEMS FOR TRACING AND IDENTIFICATION, WITH 

BLACK LETTERS AGAINST SPECIFIED BACKGROUND COLOR.

3.4 UNDERGROUND PIPING IDENTIFICATION:

A. General:  During back-filling/top-soiling of each exterior underground piping systems, install 

continuous underground-type plastic line marker, located directly over buried line at 12" below 

finished grade.  Where multiple small lines are buried in common trench and do not exceed overall 

width of 16", install single line marker.  For tile fields and similar installations, mark only edge pipe 

lines of field.

3.5 UTILITY SERVICE MARKERS

A. Install utility service markers where shown on plans for underground utilities and at building 

entrance or exit or any change in direction.

END OF SECTION 23 0553
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SECTION 23 0719 - HVAC PIPING INSULATION

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and Supplementary 

Conditions and Division 01 Specification Sections, apply to this Section.

1.2 SUMMARY

A. Section includes insulating the following HVAC piping systems:

1. Steam and steam condensate piping, indoor and outdoor.

B. Related Sections:

1. Division 23 Section "HVAC Equipment Insulation."

2. Division 33 Section "Underground Steam and Condensate Distribution Piping" for loose-

fill pipe insulation in underground piping outside the building.

1.3 SUBMITTALS

A. Product Data:  For each type of product indicated.  Include thermal conductivity, water-vapor 

permeance thickness, and jackets (both factory and field applied if any).

B. Shop Drawings:  Include plans, elevations, sections, details, and attachments to other work.

1. Detail application of protective shields, saddles, and inserts at hangers for each type of 

insulation and hanger.

2. Detail insulation application at pipe expansion joints for each type of insulation.

3. Detail insulation application at elbows, fittings, flanges, valves, and specialties for each 

type of insulation.

4. Detail removable insulation at piping specialties.

5. Detail application of field-applied jackets.

C. Qualification Data:  For qualified Installer.

D. Material Test Reports:  From a qualified testing agency acceptable to authorities having 

jurisdiction indicating, interpreting, and certifying test results for compliance of insulation 

materials, sealers, attachments, cements, and jackets, with requirements indicated.  Include dates 

of tests and test methods employed.

E. Field quality-control reports.
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1.4 QUALITY ASSURANCE

A. Installer Qualifications:  Skilled mechanics who have successfully completed an apprenticeship 

program or another craft training program certified by the Department of Labor, Bureau of 

Apprenticeship and Training.

B. Surface-Burning Characteristics:  For insulation and related materials, as determined by testing 

identical products according to ASTM E 84, by a testing and inspecting agency acceptable to 

authorities having jurisdiction.  Factory label insulation and jacket materials and adhesive, mastic, 

tapes, and cement material containers, with appropriate markings of applicable testing agency.

1. Insulation Installed Indoors:  Flame-spread index of 25 or less, and smoke-developed index 

of 50 or less.

2. Insulation Installed Outdoors:  Flame-spread index of 75 or less, and smoke-developed 

index of 150 or less.

1.5 DELIVERY, STORAGE, AND HANDLING

A. Packaging:  Insulation material containers shall be marked by manufacturer with appropriate 

ASTM standard designation, type and grade, and maximum use temperature.

1.6 COORDINATION

A. Coordinate sizes and locations of supports, hangers, and insulation shields specified in 

Division 23 Section "Hangers and Supports for HVAC Piping and Equipment."

B. Coordinate clearance requirements with piping Installer for piping insulation application.  Before 

preparing piping Shop Drawings, establish and maintain clearance requirements for installation 

of insulation and field-applied jackets and finishes and for space required for maintenance.

C. Coordinate installation and testing of heat tracing.

1.7 SCHEDULING

A. Schedule insulation application after pressure testing systems and, where required, after installing 

and testing heat tracing.  Insulation application may begin on segments that have satisfactory test 

results.

B. Complete installation and concealment of plastic materials as rapidly as possible in each area of 

construction.
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PART 2 - PRODUCTS

2.1 INSULATION MATERIALS

A. Comply with requirements in "Piping Insulation Schedule, General," "Indoor Piping Insulation 

Schedule," "Outdoor, Aboveground Piping Insulation Schedule," and "Outdoor, Underground 

Piping Insulation Schedule" articles for where insulating materials shall be applied.

B. Products shall not contain asbestos, lead, mercury, or mercury compounds.

C. Products that come in contact with stainless steel shall have a leachable chloride content of less 

than 50 ppm when tested according to ASTM C 871.

D. Insulation materials for use on austenitic stainless steel shall be qualified as acceptable according 

to ASTM C 795.

E. Foam insulation materials shall not use CFC or HCFC blowing agents in the manufacturing 

process.

F. Aerogels, Flexible Pipe Wrap: Provide aerogel blanket rated for temperatures up to 1200 deg. F. 

Insulation shall be hydrophobic and have a minimum density of 12.5 lbs/c.f. ASTM C1728, Type 

III, Grade, 1A.

G. Cryogels, Flexible Pipe Wrap: Provide aerogel blanket rated for temperatures up to 257 deg. F. 

Insulation shall be hydrophobic and have a minimum thermal conductivity of 0.12 BTU-in/hr-ft-F, 

ASTM C1728, Type III, Grade, 1A.

H. Manufactured Thermal Reusable Insulation Blankets:

1. Blankets shall be designed for use with a minimum of 500F surface temperatures. Outer 

jacket shall be 34 oz/sq.yd. silicone impregnated fiberglass cloth. Inner jacket shall be 17.7 

oz/sf.yd. plain fiberglass fabric covered with a stainless steel type 304 knitted wire mesh 

0.011” dia. @ 16 sf/lb. Blanket shall have 2” fiberglass type “E”, 11 lb/c.f. insulation to 

achieve a surface temperature of 120F at 70F ambient temperature. 

2. Blanket Construction shall be a sewn lock stitch with a minimum of 7 stitches per inch. All 

raw jacket edges will have a folded silicone fiberglass cloth binding. No raw cut jacket edge 

will be exposed. Stitching will be done with a stainless steel thread. 

3. Blanket will overlap mating flanges as well as pipe insulation with a minimum of 2” overlap. 

Where blanket cannot overlap insulation, blanket will butt up to insulation with a friction 

closing seam. Open gaps are not acceptable.

4. To accommodate a leak and detect its origin, blanket pieces will either have a low point drain 

grommet or the design will incorporate a mating seam at the low point.

5. Stainless steel quilting pins will be placed at random locations no greater than 18” apart to 

maintain uniform thickness and prevent shifting of the insulation filler.

6. Blanket will be fastened using hook and loop velcro straps. Fasteners shall be no more than 

8” apart.

7. Products:  Subject to compliance with requirements, available products that may be 

incorporated into the Work include, but are not limited to, the following:
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a. Firwin.

b. LIT Industries, Inc.

c. M.I.T. International, Inc.

d. R.I.C. Industries.

e. Shannon Enterprises of W. N.Y.,Inc.

f. Valley Acoustical & Thermal Services, Inc.

2.2 ADHESIVES

A. Materials shall be compatible with insulation materials, jackets, and substrates and for bonding 

insulation to itself and to surfaces to be insulated unless otherwise indicated.

B. ASJ Adhesive, and FSK and PVDC Jacket Adhesive:  Comply with MIL-A-3316C, Class 2, 

Grade A for bonding insulation jacket lap seams and joints.

1. Products:  Subject to compliance with requirements, available products that may be 

incorporated into the Work include, but are not limited to, the following:

a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller 

Company; CP-82.

b. Eagle Bridges - Marathon Industries; 225.

c. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller 

Company; 85-50.

d. Mon-Eco Industries, Inc.; 22-25.

C. PVC Jacket Adhesive:  Compatible with PVC jacket.

1. Products:  Subject to compliance with requirements, available products that may be 

incorporated into the Work include, but are not limited to, the following:

a. Dow Corning Corporation; 739, Dow Silicone.

b. Johns Manville; Zeston Perma-Weld, CEEL-TITE Solvent Welding Adhesive.

c. P.I.C. Plastics, Inc.; Welding Adhesive.

d. Speedline Corporation; Polyco VP Adhesive.

2.3 LAGGING ADHESIVES

A. Description:  Comply with MIL-A-3316C, Class I, Grade A and shall be compatible with 

insulation materials, jackets, and substrates.

1. For indoor applications, use lagging adhesives that have a VOC content of 50 g/L or less 

when calculated according to 40 CFR 59, Subpart D (EPA Method 24).

2. Products:  Subject to compliance with requirements, available products that may be 

incorporated into the Work include, but are not limited to, the following:

a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller 

Company; CP-50 AHV2.
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b. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller 

Company; 30-36.

c. Vimasco Corporation; 713 and 714.

3. Fire-resistant, water-based lagging adhesive and coating for use indoors to adhere fire-

resistant lagging cloths over pipe insulation.

4. Service Temperature Range:  0 to plus 180 deg F (Minus 18 to plus 82 deg C).

5. Color:  White.

2.4 SECUREMENTS

A. Bands:

1. Products:  Subject to compliance with requirements, available products that may be 

incorporated into the Work include, but are not limited to, the following:

a. ITW Insulation Systems; Gerrard Strapping and Seals.

b. RPR Products, Inc.; Insul-Mate Strapping, Seals, and Springs.

2. Stainless Steel:  ASTM A 167 or ASTM A 240/A 240M, Type 304 or Type 316; 0.015 

inch (0.38 mm) thick, 3/4 inch (19 mm) wide with wing seal.

B. Staples:  Outward-clinching insulation staples, nominal 3/4-inch- (19-mm-) wide, stainless steel 

or Monel.

C. Wire:  0.062-inch (1.6-mm) soft-annealed, stainless steel.

1. Manufacturers:  Subject to compliance with requirements, available manufacturers offering 

products that may be incorporated into the Work include, but are not limited to, the 

following:

a. C & F Wire.

PART 3 - EXECUTION

3.1 EXAMINATION

A. Examine substrates and conditions for compliance with requirements for installation tolerances 

and other conditions affecting performance of insulation application.

1. Verify that systems to be insulated have been tested and are free of defects.

2. Verify that surfaces to be insulated are clean and dry.

3. Proceed with installation only after unsatisfactory conditions have been corrected.
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3.2 PREPARATION

A. Surface Preparation:  Clean and dry surfaces to receive insulation.  Remove materials that will 

adversely affect insulation application.

B. Mix insulating cements with clean potable water; if insulating cements are to be in contact with 

stainless-steel surfaces, use demineralized water.

3.3 GENERAL INSTALLATION REQUIREMENTS

A. Install insulation materials, accessories, and finishes with smooth, straight, and even surfaces; 

free of voids throughout the length of piping including fittings, valves, and specialties.

B. Install insulation materials, forms, vapor barriers or retarders, jackets, and thicknesses required 

for each item of pipe system as specified in insulation system schedules.

C. Install accessories compatible with insulation materials and suitable for the service.  Install 

accessories that do not corrode, soften, or otherwise attack insulation or jacket in either wet or 

dry state.

D. Install insulation with longitudinal seams at top and bottom of horizontal runs.

E. Install multiple layers of insulation with longitudinal and end seams staggered.

F. Do not weld brackets, clips, or other attachment devices to piping, fittings, and specialties.

G. Keep insulation materials dry during application and finishing.

H. Install insulation with tight longitudinal seams and end joints.  Bond seams and joints with 

adhesive recommended by insulation material manufacturer.

I. Install insulation with least number of joints practical.

J. Where vapor barrier is indicated, seal joints, seams, and penetrations in insulation at hangers, 

supports, anchors, and other projections with vapor-barrier mastic.

1. Install insulation continuously through hangers and around anchor attachments.

2. For insulation application where vapor barriers are indicated, extend insulation on anchor 

legs from point of attachment to supported item to point of attachment to structure.  Taper 

and seal ends at attachment to structure with vapor-barrier mastic.

3. Install insert materials and install insulation to tightly join the insert.  Seal insulation to 

insulation inserts with adhesive or sealing compound recommended by insulation material 

manufacturer.

4. Cover inserts with jacket material matching adjacent pipe insulation.  Install shields over 

jacket, arranged to protect jacket from tear or puncture by hanger, support, and shield.

K. Apply adhesives, mastics, and sealants at manufacturer's recommended coverage rate and wet 

and dry film thicknesses.
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L. Install insulation with factory-applied jackets as follows:

1. Draw jacket tight and smooth.

2. Cover circumferential joints with 3-inch- (75-mm-) wide strips, of same material as 

insulation jacket.  Secure strips with adhesive and outward clinching staples along both 

edges of strip, spaced 4 inches (100 mm) o.c.

3. Overlap jacket longitudinal seams at least 1-1/2 inches (38 mm).  Install insulation with 

longitudinal seams at bottom of pipe.  Clean and dry surface to receive self-sealing lap.  

Staple laps with outward clinching staples along edge at 2 inches (50 mm) o.c.

a. For below-ambient services, apply vapor-barrier mastic over staples.

4. Cover joints and seams with tape, according to insulation material manufacturer's written 

instructions, to maintain vapor seal.

5. Where vapor barriers are indicated, apply vapor-barrier mastic on seams and joints and at 

ends adjacent to pipe flanges and fittings.

M. Cut insulation in a manner to avoid compressing insulation more than 75 percent of its nominal 

thickness.

N. Finish installation with systems at operating conditions.  Repair joint separations and cracking 

due to thermal movement.

O. Repair damaged insulation facings by applying same facing material over damaged areas.  Extend 

patches at least 4 inches (100 mm) beyond damaged areas.  Adhere, staple, and seal patches 

similar to butt joints.

P. For above-ambient services, do not install insulation to the following:

1. Vibration-control devices.

2. Testing agency labels and stamps.

3. Nameplates and data plates.

4. Manholes.

5. Handholes.

6. Cleanouts.

3.4 PENETRATIONS

A. Insulation Installation at Underground Exterior Wall Penetrations:  Terminate insulation flush 

with sleeve seal.  Seal terminations with flashing sealant.

B. Insulation Installation at Aboveground Exterior Wall Penetrations:  Install insulation 

continuously through wall penetrations.

1. Seal penetrations with flashing sealant.

2. For applications requiring only indoor insulation, terminate insulation inside wall surface 

and seal with joint sealant.  For applications requiring indoor and outdoor insulation, install 

insulation for outdoor applications tightly joined to indoor insulation ends.  Seal joint with 

joint sealant.
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3. Extend jacket of outdoor insulation outside wall flashing and overlap wall flashing at least 

2 inches (50 mm).

4. Seal jacket to wall flashing with flashing sealant.

C. Insulation Installation at Interior Wall and Partition Penetrations (That Are Not Fire Rated):  

Install insulation continuously through walls and partitions.

D. Insulation Installation at Fire-Rated Wall and Partition Penetrations:  Install insulation 

continuously through penetrations of fire-rated walls and partitions.

1. Comply with requirements in Division 07 Section "Penetration Firestopping" for 

firestopping and fire-resistive joint sealers.

E. Insulation Installation at Floor Penetrations:

1. Pipe:  Install insulation continuously through floor penetrations.

2. Seal penetrations through fire-rated assemblies.

3.5 GENERAL PIPE INSULATION INSTALLATION

A. Requirements in this article generally apply to all insulation materials except where more specific 

requirements are specified in various pipe insulation material installation articles.

B. Insulation Installation on Fittings, Valves, Strainers, Flanges, and Unions:

1. Install insulation over fittings, flanges, unions, and other specialties with continuous 

thermal and vapor-retarder integrity unless otherwise indicated.

2. Insulate pipe elbows using preformed fitting insulation or mitered fittings made from same 

material and density as adjacent pipe insulation.  Each piece shall be butted tightly against 

adjoining piece and bonded with adhesive.  Fill joints, seams, voids, and irregular surfaces 

with insulating cement finished to a smooth, hard, and uniform contour that is uniform with 

adjoining pipe insulation.

3. Insulate tee fittings with preformed fitting insulation or sectional pipe insulation of same 

material and thickness as used for adjacent pipe.  Cut sectional pipe insulation to fit.  Butt 

each section closely to the next and hold in place with tie wire.  Bond pieces with adhesive.

4. Insulate valves using thermal reusable insulation blankets.

5. Insulate strainers using thermal reusable insulation blankets so strainer basket flange or plug 

can be easily removed and replaced without damaging the insulation and jacket.  Provide 

a removable reusable insulation cover.  For below-ambient services, provide a design that 

maintains vapor barrier.

6. Use thermal reusable insulation blankets to insulate steam traps, steam expansion joints, and 

steam pressure reducing valves.

7. Insulate flanges and unions using a section of oversized preformed pipe insulation.  

Overlap adjoining pipe insulation by not less than two times the thickness of pipe 

insulation, or one pipe diameter, whichever is thicker.

8. Cover segmented insulated surfaces with a layer of finishing cement and coat with a mastic.  

Install vapor-barrier mastic for below-ambient services and a breather mastic for above-

ambient services.  Reinforce the mastic with fabric-reinforcing mesh.  Trowel the mastic 

to a smooth and well-shaped contour.
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9. For services not specified to receive a field-applied jacket except for flexible elastomeric 

and polyolefin, install fitted PVC cover over elbows, tees, flanges, and unions.  Terminate 

ends with PVC end caps.  Tape PVC covers to adjoining insulation facing using PVC tape.

10. Stencil or label the outside insulation jacket of each union with the word "union."  Match 

size and color of pipe labels.

C. Insulate instrument connections for thermometers, pressure gages, pressure temperature taps, test 

connections, flow meters, sensors, switches, and transmitters on insulated pipes.  Shape insulation 

at these connections by tapering it to and around the connection with insulating cement and finish 

with finishing cement, mastic, and flashing sealant.

D. Install removable insulation covers at locations specified.  Installation shall conform to the 

following:

1. Make removable flange and union insulation from sectional pipe insulation of same 

thickness as that on adjoining pipe.  Install same insulation jacket as adjoining pipe 

insulation.

2. When flange and union covers are made from sectional pipe insulation, extend insulation 

from flanges or union long at least two times the insulation thickness over adjacent pipe 

insulation on each side of flange or union.  Secure flange cover in place with stainless-steel 

or aluminum bands.  Select band material compatible with insulation and jacket.

3. When covers are made from block insulation, make two halves, each consisting of mitered 

blocks wired to stainless-steel fabric.  Secure this wire frame, with its attached insulation, 

to flanges with tie wire.  Extend insulation at least 2 inches (50 mm) over adjacent pipe 

insulation on each side of valve.  Fill space between flange or union cover and pipe 

insulation with insulating cement.  Finish cover assembly with insulating cement applied 

in two coats.  After first coat is dry, apply and trowel second coat to a smooth finish.

4. Unless a PVC jacket is indicated in field-applied jacket schedules, finish exposed surfaces 

with a metal jacket.

3.6 INSTALLATION OF PIPES

A. Insulation Installation on Straight Pipes and Tubes:

1. Secure each layer of preformed pipe insulation to pipe with wire or bands and tighten bands 

without deforming insulation materials.

2. Where vapor barriers are indicated, seal longitudinal seams, end joints, and protrusions 

with vapor-barrier mastic and joint sealant.

3. For insulation with factory-applied jackets on above-ambient surfaces, secure laps with 

outward-clinched staples at 6 inches (150 mm) o.c.

4. For insulation with factory-applied jackets on below-ambient surfaces, do not staple 

longitudinal tabs.  Instead, secure tabs with additional adhesive as recommended by 

insulation material manufacturer and seal with vapor-barrier mastic and flashing sealant.

B. Insulation Installation on Pipe Flanges:

1. Install preformed pipe insulation to outer diameter of pipe flange.

2. Make width of insulation section same as overall width of flange and bolts, plus twice the 

thickness of pipe insulation.
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3. Fill voids between inner circumference of flange insulation and outer circumference of 

adjacent straight pipe segments with mineral-fiber blanket insulation.

4. Install jacket material with manufacturer's recommended adhesive, overlap seams at least 

1 inch (25 mm), and seal joints with flashing sealant.

C. Insulation Installation on Pipe Fittings and Elbows:

1. Install preformed sections of same material as straight segments of pipe insulation when 

available.

2. When preformed insulation elbows and fittings are not available, install mitered sections 

of pipe insulation, to a thickness equal to adjoining pipe insulation.  Secure insulation 

materials with wire or bands.

D. Insulation Installation on Valves and Pipe Specialties:

1. Install preformed sections of same material as straight segments of pipe insulation when 

available.

2. When preformed sections are not available, install mitered sections of pipe insulation to 

valve body.

3. Arrange insulation to permit access to packing and to allow valve operation without 

disturbing insulation.

4. Install insulation to flanges as specified for flange insulation application.

3.7 FIELD-APPLIED JACKET INSTALLATION

1. Install aluminum jacket over all pipe in vaults.

3.8 FINISHES

A. Pipe Insulation with ASJ, Glass-Cloth, or Other Paintable Jacket Material:  Paint jacket with paint 

system specified.

1. Flat Acrylic Finish:  Two finish coats over a primer that is compatible with jacket material 

and finish coat paint.  Add fungicidal agent to render fabric mildew proof.

a. Finish Coat Material:  Interior, flat, latex-emulsion size.

B. Flexible Elastomeric Thermal Insulation:  After adhesive has fully cured, apply two coats of 

insulation manufacturer's recommended protective coating.

C. Color:  Vary first and second coats to allow visual inspection of the completed Work.

D. Do not field paint aluminum or stainless-steel jackets.
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3.9 PIPING INSULATION SCHEDULE, GENERAL

A. Acceptable preformed pipe and tubular insulation materials and thicknesses are identified for each 

piping system and pipe size range.  If more than one material is listed for a piping system, 

selection from materials listed is Contractor's option.

B. Items Not Insulated:  Unless otherwise indicated, do not install insulation on the following:

1. Drainage piping located in crawl spaces.

2. Underground piping.

3. Chrome-plated pipes and fittings unless there is a potential for personnel injury.

3.10 ABOVEGROUND PIPING INSULATION SCHEDULE (INCLUDING PIPING IN 

MANHOLES)

A. Low Pressure Steam, Return, and Pumped Condensate, 20 psig:

1. NPS 1½ and Smaller:  Insulation shall be the following:

a. Aerogel:  0.8 inch thick.

2. NPS 2 and above:  Insulation shall be the following:

a. Aerogel:  0.8 inch thick.

B. Medium Pressure Steam and Return, 21-75 psig:

1. NPS 1 and Smaller:  Insulation shall be any of the following:

a. Aerogel:  0.8 inches thick.

2. NPS 1¼” to 1½”:  Insulation shall be any of the following:

a. Aerogel:  1.2” thick.

3. NPS 2” to 10”:  Insulation shall be any of the following:

a. Aerogel:  1.2” thick.

C. High Pressure Steam and Return, 76 psig and above:

1. NPS 1½ and Smaller:  Insulation shall be any of the following:

a. Aerogel:  0.8” thick.

2. NPS 2” TO 4”:  Insulation shall be any of the following:

a. Aerogel:  1.2 inches thick.

3. NPS 5” TO 10”:  Insulation shall be any of the following:

a. Aerogel:  1.2 inches thick.

Renew/Modernize Facilities - Campus Enabling (Phase 2)  SF 21517 

Project No. 2511.72 

 



Repair Emergency Infrastructure SF Job No. 21523

Building Systems (Huguelet Drive Steam Piping) UK Job No. 2568.0

University of Kentucky 

HVAC PIPING INSULATION 23 0719 - 12

3.11 INDOOR, FIELD-APPLIED JACKET SCHEDULE

A. Exposed piping in any room and all piping in boiler, mechanical rooms, manholes, vaults and tunnels 

shall have an 8 ounce canvas jacket applied over the fiberglass factory ASJ/SSL jacketing to further 

protect the insulation from abuse.  This jacketing must be properly applied with lagging adhesive, 

such that the outer surface is smooth and free or wrinkles.  The canvas jacketing in all mechanical 

areas is to be prepared for painting, and then painted according to the University of Kentucky 

standard piping color coding.  All chilled water piping insulation shall be completely sealed so that 

a perfect vapor barrier is achieved.

B. Install jacket over insulation material.  For insulation with factory-applied jacket, install the field-

applied jacket over the factory-applied jacket.

C. If more than one material is listed, selection from materials listed is Contractor's option.

END OF SECTION 23 0719
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SECTION 23 2213 - STEAM AND CONDENSATE HEATING PIPING

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and 

Division 01 Specification Sections, apply to this Section.

1.2 SUMMARY

A. This Section includes the following for LP and HP steam and condensate piping:

1. Pipe and fittings.

2. Strainers.

B. Install pipe accessories (such as strainers, valves, control valves, sensing wells, hangers, gages, pumps, etc.) 

furnished under other sections of the Specifications, in piping systems.

1.3 DEFINITIONS

A. HP Systems:  High-pressure piping operating at more than 15 psig (104 kPa) as required by ASME B31.1.

B. LP Systems:  Low-pressure piping operating at 15 psig (104 kPa) or less as required by ASME B31.9.

1.4 PERFORMANCE REQUIREMENTS

A. Components and installation shall be capable of withstanding the following minimum working pressures and 

temperatures:

1. HP Steam Piping:  300 psig at 500 deg F

2. LP Steam Piping:  150 psig.

3. Condensate Piping:  150 psig at 250 deg F (121 deg C).

1.5 SUBMITTALS

A. Product Data:  For each type of the following:

1. Steam trap.

B. Qualification Data:  For Installer.

C. Welding certificates.
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D. Field quality-control test reports.

E. Operation and Maintenance Data:  For valves and steam traps to include in operation and maintenance manuals.

1.6 QUALITY ASSURANCE

A. Steel Support Welding:  Qualify processes and operators according to AWS D1.1, "Structural Welding Code - 

Steel."

B. Pipe Welding:  Qualify processes and operators according to the following:

1. Comply with provisions in ASME B31 Series, "Code for Pressure Piping."

2. Certify that each welder has passed AWS qualification tests for welding processes involved and that 

certification is current.

C. ASME Compliance:  Comply with ASME B31.1, "Power Piping" and ASME B31.9, "Building Services 

Piping" for materials, products, and installation.  Safety valves and pressure vessels shall bear the appropriate 

ASME label.  Fabricate and stamp flash tanks to comply with ASME Boiler and Pressure Vessel Code: 

Section VIII, Division 1.

PART 2 - PRODUCTS

2.1 STEEL PIPE AND FITTINGS

A. Steel Pipe:  ASTM Grade B, A106, seamless black steel, plain ends, and Schedule as indicated in Part 3 piping 

applications articles.

B. Cast-Iron Threaded Fittings:  ASME B16.4; Classes 150, and 300 as indicated in Part 3 piping applications 

articles.

C. Malleable-Iron Threaded Fittings:  ASME B16.3; Classes 150 and 300 as indicated in Part 3 piping applications 

articles.

D. Malleable-Iron Unions:  ASME B16.39; Classes 150, 250, and 300 as indicated in Part 3 piping applications 

articles.

E. Cast-Iron Threaded Flanges and Flanged Fittings:  ASME B16.1, Classes 125 and 250 as indicated in Part 3 

piping applications articles; raised ground face, and bolt holes spot faced.

F. Wrought-Steel Fittings:  ASTM A 234/A 234M, wall thickness to match adjoining pipe.

G. Wrought-Steel Flanges and Flanged Fittings:  ASME B16.5, including bolts, nuts, and gaskets of the following 

material group, end connections, and facings:

1. Material Group:  1.1.

2. End Connections:  Butt welding.

3. Facings:  Raised face.
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H. Steel Pipe Nipples:  ASTM A 733, made of ASTM A 53/A 53M, black steel of same Type, Grade, and 

Schedule as pipe in which installed.

I. Stainless-Steel Bellows, Flexible Connectors:

1. Body:  Stainless-steel bellows with woven, flexible, bronze, wire-reinforced, protective jacket.

2. End Connections:  Threaded or flanged to match equipment connected.

3. Performance:  Capable of 3/4-inch (20-mm) misalignment.

4. CWP Rating:  150-psig (1035-kPa).

5. Maximum Operating Temperature:  250 deg F (121 deg C).

2.2 JOINING MATERIALS

A. Pipe-Flange Gasket Materials:  Suitable for chemical and thermal conditions of piping system contents.

1. ASME B16.21, nonmetallic, flat, asbestos free, 1/8-inch (3.2-mm) maximum thickness unless thickness 

or specific material is indicated.

a. Full-Face Type:  For flat-face, Class 125, cast-iron and cast-bronze flanges.

b. Narrow-Face Type:  For raised-face, Class 250, cast-iron and steel flanges.

B. Flange Bolts and Nuts:  ASME B18.2.1, carbon steel, unless otherwise indicated.

C. Welding Filler Metals:  Comply with AWS D10.12 (AWS D10.12M) for welding materials appropriate for wall 

thickness and chemical analysis of steel pipe being welded.

D. Welding Materials:  Comply with Section II, Part C, of ASME Boiler and Pressure Vessel Code for welding 

materials appropriate for wall thickness and for chemical analysis of pipe being welded.

2.3 STRAINERS

A. Y-Pattern Strainers:

1. Body:  ASTM A 126, Class B cast iron, with bolted cover and bottom drain connection.

2. End Connections:  Threaded ends for strainers NPS 2 (DN 50) and smaller; flanged ends for strainers 

NPS 2-1/2 (DN 65) and larger.

3. Strainer Screen:  Stainless-steel, 20 mesh strainer, and perforated stainless-steel basket with 50 percent 

free area.

4. Tapped blowoff plug.

5. CWP Rating:  250-psig (1725-kPa) working steam pressure.

B. Steel Y-Pattern Strainers:  Rated for 300 psig working steam pressure and 500 deg F; ASTM A 216, Grade 

WCB cast-carbon steel body; stainless-steel screen, No. 20 mesh for NPS 2 (DN 50) and smaller and 

manufacturer's recommended perforations for NPS 2-1/2 (DN 65) and larger; tapped blowoff plug.  Threaded 

connections for strainers NPS 2 (DN 50) and smaller and flanged connections for strainers NPS 2-1/2 (DN 65) 

and larger.
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C. Basket Strainers:

1. Body:  ASTM A 126, Class B cast iron, with bolted cover and bottom drain connection.

2. End Connections:  Threaded ends for strainers NPS 2 (DN 50) and smaller; flanged ends for strainers 

NPS 2-1/2 (DN 65) and larger.

3. Strainer Screen:  Stainless-steel, 20 mesh strainer, and perforated stainless-steel basket with 50 percent 

free area.

4. CWP Rating:  250-psig (1725-kPa) working steam pressure.

D. Basket Strainers:  Rated for 300 psig working steam pressure and 500 deg F; ASTM A 216, Grade WCB cast-

carbon steel body; stainless-steel screen; bolted cover; threaded connections for strainers NPS 2 (DN 50) and 

smaller and flanged connections for strainers NPS 2-1/2 (DN 65) and larger.

2.4 STEAM TRAPS

A. Float and Thermostatic Traps:

1. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products 

that may be incorporated into the Work include, but are not limited to, the following:

a. Armstrong International, Inc.

b. Barnes & Jones, Inc.

c. Dunham-Bush, Inc.

d. Hoffman Specialty; Division of ITT Industries.

e. Spirax Sarco, Inc.

f. Sterling.

2. Body and Bolted Cap:  ASTM A 126, cast iron.

3. End Connections:  Threaded.

4. Float Mechanism:  Replaceable, stainless steel.

5. Head and Seat:  Hardened stainless steel.

6. Trap Type:  Balanced pressure.

7. Thermostatic Bellows:  Stainless steel or monel.

8. Thermostatic air vent capable of withstanding 45 deg F (25 deg C) of superheat and resisting water 

hammer without sustaining damage.

9. Vacuum Breaker:  Thermostatic with phosphor bronze bellows, and stainless steel cage, valve, and seat.

10. Maximum Operating Pressure:  125 psig (860 kPa).

B. Inverted Bucket Traps:

1. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products 

that may be incorporated into the Work include, but are not limited to, the following:
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a. Armstrong International, Inc.

b. Barnes & Jones, Inc.

c. Dunham-Bush, Inc.

d. Hoffman Specialty; Division of ITT Industries.

e. Spirax Sarco, Inc.

f. Sterling.

2. Body and Cap:  Cast iron.

3. End Connections:  Threaded.

4. Head and Seat:  Stainless steel.

5. Valve Retainer, Lever, and Guide Pin Assembly:  Stainless steel.

6. Bucket:  Brass or stainless steel.

7. Strainer:  Integral stainless-steel inlet strainer within the trap body.

8. Air Vent:  Stainless-steel thermostatic vent.

9. Pressure Rating:  250 psig (1725 kPa).

10. Cast Steel Inverted Bucket Traps:  ASTM A-216M, GR. WCB body and cap, pressure rated for 300 psi 

and 500 deg F; stainless-steel head and seat; stainless-steel valve retainer, lever, and guide pin 

assembly; and cast iron or stainless-steel bucket.

a. Strainer:  Integral stainless-steel inlet strainer within the trap body.

PART 3 - EXECUTION

3.1 LP STEAM PIPING APPLICATIONS

A. LP Steam Piping, NPS 2 (DN 50) and Smaller:  Schedule 40, Type S, Grade B, steel pipe; 150 lb malleable-iron 

fittings; and threaded joints.

B. LP Steam Piping, NPS 2-1/2 (DN 65) and larger:  Schedule 40, Type E, Grade B, steel pipe; Class 150 standard 

weight steel fittings, flanges, and flange fittings; and welded and flanged joints.

C. Condensate and pumped condensate discharge piping above grade, NPS 2 (DN 50) and smaller, shall be the 

following:

1. Schedule 80, Type S, Grade B, steel pipe; 300 lb malleable-iron fittings; and threaded joints.

D. Condensate and pumped condensate discharge piping above grade, NPS 2-1/2 (DN 65) and larger, shall be the 

following:

1. Schedule 80, Type E, Grade B, steel pipe; extra strong steel fittings, flanges, and flange fittings; and 

welded and flanged joints.
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3.2 HP STEAM PIPING APPLICATIONS

A. HP Steam Piping, NPS 2 (DN 50) and Smaller:  Schedule 40, Type S, Grade B, steel pipe; 300 lb malleable-

iron fittings; and threaded joints.

B. HP Steam Piping, NPS 2-1/2 through NPS 8:  Schedule 40, Type E, Grade B, steel pipe; standard weight steel 

fittings, flanges, and flange fittings; and welded and flanged joints.

C. HP Steam Piping, NPS 10 and larger:  ½” wall, Grade B, steel pipe; Extra stong steel fittings, flanges, and 

flange fittings; and welded and flanged joints.

D. Condensate piping above grade, NPS 2 (DN 50) and smaller, shall be the following:

1. Schedule 80, Type S, Grade B, steel pipe; 300 lb malleable-iron fittings; and threaded joints.

E. Condensate piping above grade, NPS 2-1/2 (DN 65) and larger, shall be the following:

1. Schedule 80, Type E, Grade B, steel pipe; Extra strong steel fittings, flanges, and flange fittings; and 

welded and flanged joints.

3.3 VALVE APPLICATIONS

A. In high pressure steam piping, all valves shall be rated for 300 psi and 500 deg F.  Valves over 2½” shall be cast 

steel.

B. Install shutoff duty valves at branch connections to steam supply mains, at steam supply connections to 

equipment, and at the outlet of steam traps.

C. Install safety valves on pressure-reducing stations and elsewhere as required by ASME Boiler and Pressure 

Vessel Code.  Install safety-valve discharge piping, without valves, to nearest floor drain or as indicated on 

Drawings.  Comply with ASME Boiler and Pressure Vessel Code: Section VIII, Division 1, for installation 

requirements.

3.4 PIPING INSTALLATION

A. Drawing plans, schematics, and diagrams indicate general location and arrangement of piping systems.  Use 

indicated piping locations and arrangements if such were used to size pipe and calculate friction loss, 

expansion, and other design considerations.  Install piping as indicated unless deviations to layout are approved 

on Coordination Drawings.

B. Do not lift low pressure condensate return lines. All low pressure condensate return lines must drain by gravity 

to vented receivers or condensate coolers.

C. Do not lift medium and high pressure condensate return lines unless specifically shown this way on the 

drawings. In general, medium and high pressure condensate return lines must drain by gravity. Only condensate 

returns from medium and high pressure drips may be lifted, and then, only if shown that way on the Drawings.
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D. Use fittings for all changes in direction and all branch connections in piping.  Do not use weld-o-lets or thread-

o-lets. 

E. Install piping in concealed locations, unless otherwise indicated and except in equipment rooms and service 

areas.

F. Install piping indicated to be exposed and piping in equipment rooms and service areas at right angles or 

parallel to building walls.  Diagonal runs are prohibited unless specifically indicated otherwise.

G. Install piping to permit valve servicing.

H. Install piping free of sags and bends.

I. Install fittings for changes in direction and branch connections.

J. Install piping to allow application of insulation.

K. Select system components with pressure rating equal to or greater than system operating pressure.

L. Install groups of pipes parallel to each other, spaced to permit applying insulation and servicing of valves.

M. Install drains, consisting of a tee fitting, NPS 3/4 (DN 20) full port-ball valve, and short NPS 3/4 (DN 20) 

threaded nipple with cap, at low points in piping system mains and elsewhere as required for system drainage.

N. Install steam supply piping at a minimum uniform grade of 0.2 percent downward in direction of steam flow.

O. Install condensate return piping at a minimum uniform grade of 0.4 percent downward in direction of 

condensate flow.

P. Reduce pipe sizes using eccentric reducer fitting installed with level side down.

Q. Install branch connections to mains using tee fittings in main pipe, with the branch connected to top of main 

pipe.

R. Install valves according to Division 23 Section "General-Duty Valves for HVAC Piping."

S. Install unions in piping, NPS 2 (DN 50) and smaller, adjacent to valves, at final connections of equipment, and 

elsewhere as indicated.

T. Install flanges in piping, NPS 2-1/2 (DN 65) and larger, at final connections of equipment and elsewhere as 

indicated.

U. Install strainers on supply side of control valves, pressure-reducing valves, traps, and elsewhere as indicated.  

Install NPS 3/4 (DN 20) nipple and full port ball valve in blowdown connection of 
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strainers NPS 2 (DN 50) and larger.  Match size of strainer blowoff connection for strainers smaller than NPS 2 

(DN 50).

V. Identify piping as specified in Division 23 Section "Identification for HVAC Piping and Equipment."

W. Install drip legs at low points and natural drainage points such as ends of mains, bottoms of risers, and ahead of 

pressure regulators, and control valves.

1. On straight runs with no natural drainage points, install drip legs at intervals not exceeding 300 feet 

(90 m).

2. Size drip legs same size as main, unless otherwise shown on drawings.

X. Flash Tank:

1. Pitch condensate piping down toward flash tank.

2. If more than one condensate pipe discharges into flash tank, install a check valve in each line.

Y. Install sleeves for piping penetrations of walls, ceilings, and floors.

Z. Install sleeve seals for piping penetrations of concrete walls and slabs.

AA. Install escutcheons for piping penetrations of walls, ceilings, and floors.

3.5 STEAM-TRAP INSTALLATION

A. Install steam traps in accessible locations as close as possible to connected equipment.

B. Install gate valve, strainer, and union upstream from trap; install union, check valve, and gate valve downstream 

from trap unless otherwise indicated.

3.6 HANGERS AND SUPPORTS

A. Install hangers and supports according to Division 23 Section "Hangers and Supports for HVAC Piping and 

Equipment." Comply with requirements below for maximum spacing.

B. Install the following pipe attachments:

1. Adjustable steel clevis hangers for individual horizontal piping less than 20 feet (6 m) long.

2. Adjustable roller hangers and spring hangers for individual horizontal piping 20 feet (6 m) or longer.

3. Pipe Roller:  MSS SP-58, Type 44 for multiple horizontal piping 20 feet (6 m) or longer, supported on a 

trapeze.

4. Spring hangers to support vertical runs.

C. Install hangers with the following maximum spacing and minimum rod sizes:
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1. NPS 3/4 (DN 20):  Maximum span, 9 feet (2.7 m); minimum rod size, 1/4 inch (6.4 mm).

2. NPS 1 (DN 25):  Maximum span, 9 feet (2.7 m); minimum rod size, 1/4 inch (6.4 mm).

3. NPS 1-1/2 (DN 40):  Maximum span, 12 feet (3.7 m); minimum rod size, 3/8 inch (10 mm).

4. NPS 2 (DN 50):  Maximum span, 13 feet (4 m); minimum rod size, 3/8 inch (10 mm).

5. NPS 2-1/2 (DN 65):  Maximum span, 14 feet (4.3 m); minimum rod size, 3/8 inch (10 mm).

6. NPS 3 (DN 80):  Maximum span, 15 feet (4.6 m); minimum rod size, 3/8 inch (10 mm).

7. NPS 4 (DN 100):  Maximum span, 17 feet (5.2 m); minimum rod size, 1/2 inch (13 mm).

8. NPS 6 (DN 150):  Maximum span, 21 feet (6.4 m); minimum rod size, 1/2 inch (13 mm).

9. NPS 8 (DN 200):  Maximum span, 24 feet (7.3 m); minimum rod size, 5/8 inch (16 mm).

10. NPS 10 (DN 250):  Maximum span, 26 feet (8 m); minimum rod size, 3/4 inch (19 mm).

11. NPS 12 (DN 300):  Maximum span, 30 feet (9.1 m); minimum rod size, 7/8 inch (22 mm).

12. NPS 14 (DN 350):  Maximum span, 32 feet (9.8 m); minimum rod size, 1 inch (25 mm).

13. NPS 16 (DN 400):  Maximum span, 35 feet (10.7 m); minimum rod size, 1 inch (25 mm).

14. NPS 18 (DN 450):  Maximum span, 37 feet (11.3 m); minimum rod size, 1-1/4 inches (32 mm).

15. NPS 20 (DN 500):  Maximum span, 39 feet (11.9 m); minimum rod size, 1-1/4 inches (32 mm).

3.7 PIPE JOINT CONSTRUCTION

A. Join pipe and fittings according to the following requirements and Division 23 Sections specifying piping 

systems.

B. Ream ends of pipes and tubes and remove burrs.  Bevel plain ends of steel pipe.

C. Remove scale, slag, dirt, and debris from inside and outside of pipe and fittings before assembly.

D. Threaded Joints:  Thread pipe with tapered pipe threads according to ASME B1.20.1.  Cut threads full and 

clean using sharp dies.  Ream threaded pipe ends to remove burrs and restore full ID.  Join pipe fittings and 

valves as follows:

1. Apply appropriate tape or thread compound to external pipe threads unless dry seal threading is 

specified.

2. Damaged Threads:  Do not use pipe or pipe fittings with threads that are corroded or damaged.  Do not 

use pipe sections that have cracked or open welds.

E. Welded Joints:  Construct joints according to AWS D10.12 (AWS D10.12M), using qualified processes and 

welding operators according to Part 1 "Quality Assurance" Article.

F. Flanged Joints:  Select appropriate gasket material, size, type, and thickness for service application.  Install 

gasket concentrically positioned.  Use suitable lubricants on bolt threads.
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3.8 FIELD QUALITY CONTROL

A. Because of the use of weld-in valves, testing is more involved.

1. All joints to existing pipe will be done using a non-pressure test allowed by the Boiler Code (X-Ray or 

Magnaflux). If X-Ray testing is required, make sure all welds are performed with the utmost care. Any 

additional X-Ray cost or welding will be at the contractor’s expense.

2. New piping up to a weld-in valve with active steam on one side: run the piping as close to the valve as 

possible and install a weld cap. Pressure test new piping. Remove cap, install the last section of pipe 

(two welds) and X-Ray or Magnaflux (as allowed by code) joints.

B. Prepare steam and condensate piping according to ASME B31.1, "Power Piping" and ASME B31.9, "Building 

Services Piping," and as follows:

1. Leave joints, including welds, uninsulated and exposed for examination during test.

2. Provide temporary restraints for expansion joints that cannot sustain reactions due to test pressure.  If 

temporary restraints are impractical, isolate expansion joints from testing.

3. Flush system with clean water.  Clean strainers.

4. Isolate equipment from piping.  If a valve is used to isolate equipment, its closure shall be capable of 

sealing against test pressure without damage to valve.  Install blinds in flanged joints to isolate 

equipment.

C. Perform the following tests on steam and condensate piping:

1. Use ambient temperature water as a testing medium unless there is risk of damage due to freezing.  

Another liquid that is safe for workers and compatible with piping may be used.

2. Subject piping system to hydrostatic test pressure that is not less than 1.5 times the working pressure.  

Test pressure shall not exceed maximum pressure for any vessel, pump, valve, or other component in 

system under test.  Verify that stress due to pressure at bottom of vertical runs does not exceed 90 

percent of specified minimum yield strength.

3. After hydrostatic test pressure has been applied for at least 10 minutes, examine piping, joints, and 

connections for leakage.  Eliminate leaks by tightening, repairing, or replacing components, and repeat 

hydrostatic test until there are no leaks.

D. Subject piping system to hydrostatic test pressures as follows:

1. Low Pressure Steam 125 psig

2. Medium Pressure Steam 250 psig 

3. High Pressure Steam 250 psig

E. Prepare written report of testing.

END OF SECTION 23 2213
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SECTION 23 2219 – DIRECT BURIED STEAM AND CONDENSATE DISTRIBUTION PIPING

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and Supplementary 

Conditions and Division 01 Specification Sections, apply to this Section.

1.2 SUMMARY

A. Section includes underground piping outside the building for distribution of steam and 

condensate.

1.3 DEFINITIONS

A. HP Systems:  High-pressure piping operating at more than 15 psig (104 kPa) as required by 

ASME B31.1.

B. LP Systems:  Low-pressure piping operating at 15 psig (104 kPa) or less as required by 

ASME B31.9.

1.4 PERFORMANCE REQUIREMENTS

A. Provide components and installation capable of producing steam piping systems with the 

following minimum working-pressure ratings:

1. HP Steam/HPR Piping:  300 psi at 500 deg F.

2. LP Steam Piping:  150 psig at 250 deg F.

3. Condensate Piping:  150 psig at 250 deg F.

1.5 SUBMITTALS

A. Product Data:  For the following:

1. Conduit piping.

B. Shop Drawings:  For underground steam and condensate distribution piping. Design Drawings 

and stress calculations shall be signed and sealed by a qualified professional engineer from the 

State of Kentucky and a professional engineer from the piping manufacturer 

C. The piping manufacturer shall be responsible for the evaluation of the layout and provide anchors 

and expansion compensation as required in strict conformance with ANSI B31.1, latest edition.

1.  Each system layout shall be computer analyzed by the piping system manufacturer to 

determine stress on the carrier pipe and anticipated thermal movement of the service pipe.  
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Factory welds and fabrication must be approved by a qualified Kentucky boiler inspector.  

The system design shall be in strict conformance with ANSI B31.1, latest edition.

2. The piping system manufacturer must design the carrier pipe insulation thickness to insure 

the conduit temperature does not exceed 208° F.  The piping system manufacturer shall 

submit heat calculations that indicate the interface temperature.  No system will be 

approved that has a temperature above 208° F.

3. Calculate requirements for expansion compensation for underground piping. All 

calculations shall be done without cold springing of pipe in elbows.

4. Show expansion compensators, offsets, and loops with appropriate materials to allow 

piping movement in the required locations.  Show anchors and guides that restrain piping 

movement with calculated loads, and show concrete thrust block dimensions.

5. Show pipe sizes, locations, and elevations.  Show piping in trench with details showing 

clearances between piping, and show insulation thickness.

6. All calculations shall be stamped by an Engineer registered in the State of Kentucky.

D. Coordination Drawings:  Show pipe sizes, locations, and elevations.  Show other piping in same 

trench and clearances from steam distribution piping.  Indicate interface and spatial relationship 

between manholes, piping, and proximate structures.

E. Qualification Data:  The system supplier shall have fabricated systems of the composition defined 

herein for at least five years. 

F. Welding certificates.

G. Material Test Reports:  For conduit piping.

H. Source quality-control reports.

I. Field quality-control reports.

1.6 QUALITY ASSURANCE

A. Welding Qualifications:  Qualify procedures and personnel according to ASME Boiler and 

Pressure Vessel Code:  Section IX.

1. Comply with provisions in ASME B31.9, "Building Services Piping and ASME B31.1, 

"Power Piping."

2. Certify that each welder has passed AWS qualification tests for welding processes involved 

and that certification is current.

B. ASME Compliance:  Comply with ASME B31.9, "Building Services Piping and ASME B31.1, 

"Power Piping," for materials, products, and installation.

C. ASME Compliance:  Safety valves and pressure vessels shall bear appropriate ASME labels.

D. ISO-9001: Manufacturer shall be ISO-9001 certified for quality management. 
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1.7 PROJECT CONDITIONS

A. Interruption of Existing Utilities:  Do not interrupt utilities serving facilities occupied by Owner 

or others unless permitted under the following conditions and then only after arranging to provide 

temporary utility services according to requirements indicated:

1. Notify Owner no fewer than two weeks in advance of proposed interruption of utility.

2. Do not proceed with interruption of utility without Owner's written permission.

1.8 COORDINATION

A. Coordinate pipe-fitting pressure classes with products specified in related Sections.

PART 2 - PRODUCTS

2.1 STEEL PIPES AND FITTINGS

A. Steel Pipe:  ASTM A106, Grade B,seamless, wall thickness as indicated in "Piping Application" 

Article; black with plain ends.

B. Malleable-Iron, Threaded Fittings:  ASME B16.3, Class 150 and Class 300, with threads 

according to ASME B1.20.1.

C. Wrought Cast- and Forged-Steel Flanges and Flanged Fittings:  ASME B16.5, including bolts, 

nuts, and gaskets of the following material group, end connections, and facings:

1. Material Group:  1.1.

2. End Connections:  Butt welding.

3. Facings:  Raised face.

D. Steel Welding Fittings:  ASME B16.9 and ASTM A 234/A 234M, seamless or welded.

1. Welding Filler Metals:  Comply with AWS D10.12M/D10.12 for welding materials 

appropriate for wall thickness and chemical analysis of steel pipe being welded.

E. Nipples:  ASTM A 733, Standard Weight, seamless, carbon-steel pipe complying with 

ASTM A 53/A 53M.

F. Pipe-Flange Gasket Materials:  Suitable for chemical and thermal conditions of piping system 

contents.

1. ASME B16.21, nonmetallic, flat, asbestos free, 1/8-inch (3.2-mm) maximum thickness 

unless thickness or specific material is indicated.

a. Narrow-Face Type:  For raised-face, Class 250, cast-iron and steel flanges.

G. Flange Bolts and Nuts:  ASME B18.2.1, carbon steel, unless otherwise indicated.
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2.2 CONDUIT PIPING SYSTEM

A. Conduit Piping System:  All underground distribution lines, as shown on the contract drawings, 

shall be MULTI-THERM 500 with fiberglass jacket, as manufactured by PERMA-PIPE or equal. 

All underground condensate lines with fluid temperatures up to 250°F shall be the POLY-

THERM type with fiberglass jacket as manufactured by PERMA-PIPE or equal.  Factory-

fabricated and -assembled, airtight and watertight, drainable, pressure-tested piping with conduit, 

inner pipe supports, and insulated carrier piping.  Fabricate so insulation can be dried in place by 

forcing dry air through conduit. Below are minimum requirements.

B. Condensate Piping:

1. Schedule 80, seamless, grade B, A106, welded, black steel carrier pipe.  

2. Service pipe insulation shall be spray applied polyurethane foam having a minimum 

density of 2 lbs/ft3 for the straight lengths and fittings. The insulation thickness shall be 1 

inch. The polyurethane foam shall have a maximum initial K value of 0.18, minimum 

density of 2 lbs/ft3 and a minimum closed cell content of 90%. The polyurethane foam 

insulation shall be tested by the piping manufacturer for mechanical and thermals to assure 

compliance with the above values.  All test samples will be taken from production material, 

identified, tagged and tested in accordance with the table below.  Test reports showing 

results will be furnished to the engineer for approval.  Data supplied by the polyurethane 

foam chemical supplier is not acceptable.

Attribute

ASTM

STD

Sample

Frequency

Requirement

Insulation Density D 1622 Once per shift > 2 lb/ft3

Insulation Compression 

Strength
D 1621 Once per shift > 40 psi

Insulation Closed

Cell Content

D 2856 Once per shift > 90%

Insulation Thermal 

Conductivity
C 518 Once per shift < 0.18 Btu-in/hr/ft2/°F

3.          An aluminum diffusion barrier shall be applied on the outside of the insulation before 

application of the outer jacket. The barrier shall prevent the diffusion of the blowing agent 

out of the foam to prevent the foam from aging.  The diffusion barrier shall be of composite 

construction with a minimum 12 micron aluminum layer sandwiched between two layers 

of polyethylene each a minimum of 50 microns thick. The polyethylene layers shall be 

corona treated to guarantee bonding between the foam insulation and the outer jacket.

4. The outer jacket shall be fiberglass reinforced polymer (FRP) and shall be applied directly 

onto the urethane foam insulation
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C. Direct Buried Steam and High Pressure Return Piping:

1. Preinsulated piping systems, consisting of an extra strong class, black steel carrier pipe.

CARRIER PIPE THICKNESS
(A106, Grade B seamless steel piping)

PIPE SIZE
WALL 

TIDCKNESS

PYROGEL 

INSULATION  

THICKNESS
CONDUIT 

SIZE

GAUGE

2" .218"  sch. 80 .79”

“"
6-5/8” 10

4" .337"  sch. 80 1.1

8"

8-5/8” 10

6" .432"  sch. 80 1.3

8"

12-3/4" 10

8" .500"  sch. 80 1.5

7”

14" 10

10" .500"  sch. 60 1.5

7”

16" 10

12" .500" 1.7

7”

18" 10

14" .500" 1.7

7"

20" 10

16" .500"  sch. 40 1.7

7"

22” 10

18" .500" 1.9

6"

24" 10

20" .500"  sch. 30 1.9

6"

26" 10

2. Insulation shall be Pyrogel® XT-E as manufactured by Aspen Aerogels with a “K” factor 

of 0.23 at a mean temperature of 212 Deg. F. This insulation is a high temperature 

insulation blanket formed of silica aerogel and reinforced with a non-woven, glass-fiber 

batting. Piping insulation material shall be applied with staggered seams and held in place 

with ½” wide, stainless steel bands on 18” centers. Thicknesses shall be as specified herein.

3. Pipe supports:  The service piping within the outer steel conduit is to be supported with 

spacer support assemblies at no more than 10 foot intervals.  These supports are to be 

designed to allow continuous airflow and drainage of the conduit in place. The straight 

supports shall be designed to occupy less than 10% of the annular air space. Supports shall 

be of the type where insulation thermally isolates the canier pipe form the outer conduit.  

The surface of the insulation shall be protected at the support by a sleeve not less than 12" 

long, fitted with traverse and rotational arresters.

4. The steel conduit casing shall be smooth wall, welded steel conduit of the thicknesses 

specified below:

Conduit Size               Conduit Thickness

  6”-26”                               10 Gauge

28”-36”                                 6 Gauge
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5. Changes in casing size, as required at oversized casing to allow for service pipe expansion 

shall be accomplished by eccentric and/or concentric fittings and shall provide for 

continuous drainage.

6. Conduit insulation shall be spray applied polyurethane foam having a minimum density of 

2 lbs/ft3 for the straight lengths and fittings. The insulation thickness shall be 1 inch 

maximum. The polyurethane foam shall have a maximum initial K value of 0.18, minimum 

density of 2 lbs/ft3 and a minimum closed cell content of 90%. The polyurethane foam 

insulation shall be tested by the piping manufacturer for mechanical and thermals to assure 

compliance with the above values.  All test samples will be taken from production material, 

identified, tagged and tested in accordance with the table below.  Test reports showing 

results will be furnished to the engineer for approval.  Data supplied by the polyurethane 

foam chemical supplier is not acceptable.

Attribute

ASTM

STD

Sample

Frequency

Requirement

Insulation Density D 1622 Once per shift > 2 lb/ft3

Insulation Compression 

Strength
D 1621 Once per shift > 40 psi

Insulation Closed

Cell Content

D 2856 Once per shift > 90%

Insulation Thermal 

Conductivity
C 518 Once per shift < 0.18 Btu-in/hr/ft2/°F

7. An aluminum diffusion barrier shall be applied on the outside of the insulation before 

application of the outer jacket. The barrier shall prevent the diffusion of the blowing agent 

out of the foam to prevent the foam from aging.  The diffusion barrier shall be of composite 

construction with a minimum 12 micron aluminum layer sandwiched between two layers 

of polyethylene each a minimum of 50 microns thick. The polyethylene layers shall be 

corona treated to guarantee bonding between the foam insulation and the outer jacket.

8. The outer jacket for all straight pipe and fittings shall be Fiberglass Reinforced Plastic 

(FRP). The fiberglass is to be applied to the urethane foam with a multidirectional winding 

process to eliminate voids and to produce a high-strength, high temperature fiberglass 

jacket to ensure maximum corrosion protection and strength. No other thermal plastic 

materials (HDPE, PVC) will be accepted. No other means of application of FRP jacket 

will be accepted. The FRP jacket shall be .100” thick for outer diameters 15” and smaller. 

For outer diameters larger than 15” and up to 30” the FRP jacket shall be a minimum of 

.150” thick and for outer diameters greater than 30” and up to 42” the FRP jacket shall be 

a minimum of .200” thick. All changes of direction shall be chop-sprayed with FRP to 

ensure a void-free, seamless FRP jacket throughout. FRP jacket shall exhibit full and 
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complete saturation of fiberglass rovings. Any FRP jacket that shows signs of unsaturated 

rovings will be rejected.

9. Anchors shall be chop-sprayed with FRP to ensure a void-free, seamless FRP jacket 

throughout.

D. Source Quality Control:  Factory test the conduit to 15 psig (105 kPa) for a minimum of two 

minutes with no change in pressure.  Factory test the carrier pipe to 150 percent of the operating 

pressure of system.  Furnish test certificates.

PART 3 - EXECUTION

3.1 PIPING INSTALLATION

A. Drawing plans, schematics, and diagrams indicate general location and arrangement of piping 

systems.  Indicate piping locations and arrangements if such were used to size pipe and calculate 

friction loss, expansion, pump sizing, and other design considerations.  Install piping as indicated 

unless deviations to layout are approved on Coordination Drawings.

B. Remove standing water in the bottom of trench.

C. Bed the pipe on a minimum 6-inch (150-mm) layer of limestone free tamped sand with a 

minimum 6-inch (150-mm) clearance between the pipes.

D. Do not insulate piping or backfill piping trench until field quality-control testing has been 

completed and results approved.

E. Install piping at uniform grade of 0.2 percent downward in direction of flow or as indicated.

F. Install condensate piping at uniform grade of 0.4 percent downward in direction of flow.

G. In conduits, install drain valves at low points and manual air vents at high points.

H. Install components with pressure rating equal to or greater than system operating pressure.

I. Install piping free of sags and bends.

J. Install fittings for changes in direction and branch connections.

K. Secure anchors with concrete thrust blocks.

L. Connect to steam and condensate piping where it passes through the building wall.

M. Backfill:  The entire trench shall be evenly backfilled with limestone free sand in 6 inch 

compacted layers to a minimum height of 6 inches above the top of the insulated piping system.  

The remaining trench shall be evenly and continuously backfilled in uniform layers with suitable 

excavated soil.
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3.2 JOINT CONSTRUCTION

A. Join pipe and fittings according to the following requirements and Division 23 Sections 

specifying piping systems.

B. Ream ends of pipes and tubes and remove burrs.  Bevel plain ends of steel pipe.

C. Remove scale, slag, dirt, and debris from inside and outside of pipe and fittings before assembly.

D. Threaded Joints:  Thread pipe with tapered pipe threads according to ASME B1.20.1.  Cut threads 

full and clean using sharp dies.  Ream threaded pipe ends to remove burrs and restore full ID.  

Join pipe fittings and valves as follows:

1. Apply appropriate tape or thread compound to external pipe threads unless dry seal 

threading is specified.

2. Damaged Threads:  Do not use pipe or pipe fittings with threads that are corroded or 

damaged.  Do not use pipe sections that have cracked or open welds.

E. Welded Joints:  Construct joints according to AWS D10.12M/D10.12, using qualified processes 

and welding operators according to "Quality Assurance" Article.

F. Flanged Joints:  Select appropriate gasket material, size, type, and thickness for service 

application.  Install gasket concentrically positioned.  Use suitable lubricants on bolt threads.

G. Conduit Piping Joints:  Assemble sections and finish joints with pourable or split insulation, 

exterior jacket sleeve, and apply shrink-wrap seals.

H. Field joints shall consist of field-installed Pyrogel XTE insulation applied in staggered layers and 

held in-place with stainless steel bands, a connector sleeve for the conduit, field-applied foam 

insulation and a polyethylene heat shrink wrap. Heat shrink wrap shall be Sleeve-Gard 80 or 

Canusa Wrap Model WLNN.

3.3 IDENTIFICATION

A. Install continuous plastic underground warning tapes during back filling of trenches for 

underground steam and condensate distribution piping.  Locate tapes 6 to 8 inches (150 to 200 

mm) below finished grade, directly over piping.  See Division 31 Section "Earth Moving" for 

warning-tape materials and devices and their installation.

3.4 FIELD QUALITY CONTROL

A. Manufacturer's Field Service:  Engage a factory-authorized service representative to inspect, test, 

and adjust components, assemblies, and equipment installations, including connections.

B. Tests and Inspections:
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1. The contractor shall furnish all necessary equipment and labor to perform the air test, 

including an air compressor, gauges, conduit caps, temporary pipe and connections, and 

complete the test to the satisfaction of the architect and engineer.

2. Prepare steam and condensate piping for testing according to ASME B31.1 and 

ASME B31.9 and as follows:

a. Leave joints, including welds, uninsulated and exposed for examination during test.

b. Isolate equipment.  Do not subject equipment to test pressure.

c. Install relief valve set at pressure no more than one-third higher than test pressure.

d. Fill system with temperature water.  Where there is risk of freezing, air or a safe, 

compatible liquid may be used.

e. Use vents installed at high points to release trapped air while filling system.  Use 

drip legs installed at low points for complete removal of liquid.

3. Test steam and condensate piping as follows:

a. Subject steam and condensate piping to the following hydrostatic test pressures:

1) HPS/HPR:  450 psig without a loss of pressure for one hour.

2) LPS and PD:  200 psig without a loss of pressure one hour.

b. Examine joints for leakage.  Remake leaking joints using new materials and repeat 

hydrostatic test until no leaks exist.

4. Test conduit as follows:

a. Seal vents and drains and subject conduit to 15 psig for eight hours with no loss of 

pressure.

b. During this time, a soap-bubble test shall be applied to each field-welded joint to be 

absolutely certain that there are no leaks.  

c. Repair leaks and retest as required.

C. Prepare test and inspection reports.

END OF SECTION 23 2219
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	DIVISION 23 – HVAC
	SECTION 23 0000 – GENERAL PROVISIONS FOR HVAC SYSTEMS
	PART 1 -  GENERAL
	1.1 GENERAL
	A. The General Conditions, Special Conditions, Supplemental Conditions, Instructions to Bidders, and other Contract Documents apply to this branch of the work as well as to the other branches.
	B. Provide the materials (piping, ductwork, wiring, conduit, equipment, equipment accessories, etc.) and labor necessary for complete and functioning mechanical systems.  The Drawings and Specifications are intended to indicate complete working systems. Provide complete and properly working systems, even if all materials and labor necessary to achieve this are not specifically shown on the Drawings or specified.
	C. The Contractor shall familiarize himself with the work of all other trades, general type construction, and the relationship of his work to other sections.  He shall examine all working drawings, specifications and conditions affecting his work.  The Contractor shall visit the premises and thoroughly familiarize himself with all details of the work and working conditions, verify all dimensions in the field and advise the Engineer of any discrepancy before fabricating or performing any work.
	D. The work shall include complete testing of all equipment, piping and ductwork at the completion of the work and making any minor connection changes or adjustments necessary for the proper functioning of the system and equipment.
	E. Perform any necessary temporary work during construction.
	F. Work under this section shall conform to governing codes, ordinances and regulations of the City, County and State.
	G. The Contractor shall be responsible for any errors in fabrication, for the correct fitting, installation and erection of the various mechanical systems.

	1.2 POWDER ACTUATED CONCRETE FASTENERS
	A. Obtain written approval from the structural engineer before using powder-actuated concrete fasteners.
	B. Do not use powder-actuated concrete fasteners for lightweight-aggregate concretes or for slabs less than 4 inches (100 mm) thick.

	1.3 SUSPENSION FROM METAL DECKING
	A. Do not use metal decking for suspension of piping, ductwork or equipment. Hang items from top member of joist or provide additional structure to span between top members if needed.

	1.4 COORDINATION BETWEEN TRADES
	A. Demand and examine all Drawings and Specifications pertaining to the construction before installing the work described and shown under these Drawings and Specifications.  Cooperate with all other Contractors in locating piping, ductwork, conduit, openings, chases and equipment in order to avoid conflict with any other Contractor's work.  Give special attention to points where ducts or piping must cross other ducts or piping and where ducts, piping and conduit must fur into the walls and columns.  All work installed above a lay-in ceiling must be coordinated and installed so there is a minimum of 4 inches between the top of the ceiling grid and the bottom of the installation.
	B. Make known to other trades intended positioning of materials and intended order of work.  Determine intended position of work of other trades and intended order of installation.

	1.5 DISCREPANCIES
	A. If any discrepancies occur between the accompanying Drawings and these Specifications and Drawings and Specifications covering other Contracts, report such discrepancies to the Architect/Engineer far enough in advance so that a workable solution can be presented.  No extra payment will be allowed for relocation of piping, ductwork, conduit and equipment not installed in accordance with the above instructions, and which interferes with work and equipment of other Contractors.

	1.6 EXISTING PIPE AND SERVICES
	A. Existing piping and services are located as accurately as possible from available information, but it shall be the Contractor's responsibility to locate, determine exact elevations and make required connections to such lines and services in manner approved by the Architect/Engineer.
	B. Maintain in operating condition active utilities encountered in the utility installation.  Repair to the satisfaction of the Architect/ Engineer and the Owner any surface or subsurface improvements damaged during the course of the work, unless such improvement is shown to be abandoned or removed.

	1.7 CONTINUOUS OPERATION AND CUTOVER
	A. To facilitate the continuous operation of the existing utilities, no utility service shall be tapped into without prior notification of 48 hours to and approval received from the designated authority of the utility company.

	1.8 ASBESTOS
	A. If during the course of his work the Contractor observes the existence of asbestos, or asbestos�bearing materials, the Contractor shall immediately terminate further work on the project and notify the Owner of the condition.  The Owner will, after consultation with the Engineer, determine a further course of action.

	1.9 ACCESSIBILITY
	A. Install equipment and materials to provide required access for servicing and maintenance.  Coordinate the final location of concealed equipment and devices requiring access with final location of required access panels and doors.  Allow ample space for removal of all parts that require replacement or servicing.
	B. Extend all grease fittings to an accessible location.

	1.10 ROUGH-IN
	A. Verify final locations for rough�ins with field measurements and with the requirements of the actual equipment to be connected.

	1.11 HVAC INSTALLATIONS
	A. Coordinate HVAC equipment and materials installation with other building components.
	B. Verify all dimensions by field measurements.  Field verify existing conditions and all required measurements before fabricating any piping, ductwork or equipment.
	C. Arrange for chases, slots, and openings in other building components to allow for HVAC installations.
	D. Coordinate the installation of required supporting devices and sleeves to be set in poured in place concrete and other structural components, as they are constructed.
	E. Sequence, coordinate, and integrate installations of HVAC materials and equipment for efficient flow of the Work.  Give particular attention to large equipment requiring positioning prior to closing�in the building.
	F. Coordinate the cutting and patching of building components to accommodate the installation of HVAC equipment and materials.
	G. Where mounting heights are not detailed or dimensioned, install HVAC services and overhead equipment to provide the maximum headroom possible.
	H. Install HVAC equipment to facilitate maintenance and repair or replacement of equipment components.  As much as practical, connect equipment for ease of disconnecting, with minimum of interference with other installations.
	I. Coordinate the installation of HVAC materials and equipment above ceilings with suspension system, light fixtures, and other installations.
	J. Coordinate connection of HVAC systems with exterior underground and overhead utilities and services.  Comply with requirements of governing regulations, franchised service companies, and controlling agencies.  Provide required connection for each service.
	K. Do not install HVAC work where it will interfere with work of other trades.
	L. Do not install HVAC work where it will interfere with access to control panels on HVAC and/or electrical equipment.
	M. Do not install mechanical work where it will interfere with access space around HVAC and electrical equipment.  Do not install piping where it will interfere with removal of HVAC coils, filters or fan shafts.
	N. Do not install HVAC work over the top of electrical equipment. Maintain minimum distances away from electrical equipment as required by the Electric Code.

	1.12 EXCAVATION, TRENCHING AND BACKFILLING
	A. General: Lay the pipe in open trench except when the Architect/Engineer gives written permission for tunneling.  Open the trench sufficiently ahead of pipe laying to reveal obstructions.  Maintain easy access to fire hydrants by fire fighting apparatus. Provide trench crossing as necessary to accommodate public travel.
	B. Provide trench crossing as necessary to accommodate public travel.
	C. Width of Trench:  Excavate trenches of sufficient width for proper installation of work.  When the depth of backfill over sewer pipe exceeds 10', keep the trench at the level of the top of the pipe as narrow as possible.
	D. Sheeting and Bracing:  Sheet and brace trenches as necessary to protect workmen and adjacent structures.  Comply with local regulations or, in the absence thereof, with the "Manual of Accident Prevention in Construction" of the Associated General Contractors of America, Inc.  Do not remove sheeting until trench is backfilled sufficiently to protect pipe and prevent injurious caving.  When ordered in writing by the Architect/ Engineer, leave sheeting in place and the Contract will be adjusted (See General Conditions): cut off such sheeting not to be removed at least 3' below finished grade.
	E. Water Removal:  Keep trenches free from water while construction therein is in progress.  Under no circumstances lay pipe or appurtenances in water.  Pump or bail water from bell holes to permit proper jointing of pipes.  Conduct the discharge from trench dewatering to drains or natural discharge channels.
	F. Disposition of Utilities:  Observe rules and regulations governing the respective utilities in executing work under this heading.  Protect active utilities from damage or remove in accordance with written instructions of the Architect/Engineer (See General Conditions).  Plug, cap or remove inactive and abandoned utilities encountered in trenching operations.  In absence of specific requirements, plug or cap such utility line at least 3' from utility line to be installed or as required by local regulations.
	G. Rock Excavation:  Materials to be excavated shall include earth and any other material including rock encountered within the limits of trench excavation for the utilities to the depth and extent indicated on the drawings and herein specified.  In case of any change ordered by the Owner or Architect/Engineer in the quantity of excavation, the contract price will be adjusted by unit price or as described under Excavation, Filling and Grading of Division Site Work of these specifications.  The term "rock" as used is defined to be hard material in nature that cannot be dislodged from its bed and removed therefrom without blasting or drilling.  Any other is "earth" insofar as removal of the material to be excavated is concerned.
	H. Trench Bottoms:  Lay all pipe, unless otherwise noted or detailed, in undisturbed earth on at least 4" of #9 crushed stone, or other approved grillage.  Bedding shall be in place and graded before pipe is installed.
	I. Special Supports:  Whenever, in the option of the Architect/Engineer, the soil at or below the requisite pipe grade is unsuitable for supporting sewers or other utilities and appurtenances specified in this section, provide special support as the Architect/Engineer may direct and the Contract Price will be adjusted.  (See General Conditions).
	J. Tree Protection:  Exercise care to protect the roots of trees to remain.  Within the branch spread of such trees, perform trenching by hand.  Open the trench only when the utility can be installed immediately; prune injured roots cleanly and backfill as soon as possible.  Perform this work under the direction of the Architect/Engineer.
	K. Backfilling:  Inspect and test piping and record locations of pipe lines and appurtenances before backfilling.
	L. Trenches Under Floor Slabs: Backfill under floor slab on grade to a point 5’-0” outside of perimeter building wall.  Remove excess excavation materials from the site daily unless otherwise instructed.
	M. Trenches in Other Areas: Compact backfill thoroughly with a heavy tamper.
	N. The Contractor, at his option, may backfill the remaining depth of the trench from 12" above top of piping to 12" below finished grade with sand, wash gravel, or fine rock chat.  The remaining depth of the trench would then be backfilled as specified in the preceding specification.

	1.13 SOIL MATERIALS
	A. General:  Provide approved borrow soil materials from off�site when sufficient approved soil materials are not available from excavations.
	B. Satisfactory Soil Materials:  ASTM D 2487 soil classification groups GW, GP, GM, SW, SP, and SM; free of rock or gravel larger than 2 inches in any dimension, debris, waste, frozen materials, vegetation and other deleterious matter.
	C. Unsatisfactory Soil Materials:  ASTM D 2487 soil classification groups GC, SC, ML, MH, CL, CH, OL, OH, and PT.
	D. Backfill and Fill Materials:  Satisfactory soil materials.

	1.14 DISPOSAL OF SURPLUS AND WASTE MATERIALS
	A. Disposal:  Remove surplus satisfactory soil and waste material, including unsatisfactory soil, trash, and debris, and legally dispose of it off the Owner's property.

	1.15 WORKING DRAWINGS
	A. Scale of drawings is approximate.  Do not scale the drawings to determine locations of mechanical work.  Exact locations, dimensions and elevations shall be governed by field conditions.  Make field measurements of building before fabricating or installing equipment or materials.
	B. Drawings are based on physical dimensions of one or more manufacturer's equipment.  Other approved equipment shall be of such dimensions that it can be readily installed in available space, leaving ample clearance for proper maintenance.
	C. Intent of drawings is to show systems and sizes.  Drawings do not necessarily show all required offsets.  Work shall be installed to conform with space limitations.  Offsets, transitions, fittings, etc., shall be provided as part of the Contract where required to attain this objective.

	1.16 EQUIPMENT MOUNTING
	A. Mount equipment with moving parts, such as compressors, fans, air handling units, etc., on vibration supports suitable for the purpose of minimizing noise and vibration transmission unless otherwise specified.  In addition, isolate equipment from external connections such as piping, ducts, etc., with flexible connectors, vibration isolators, or other approved means.
	B. Provide each piece of equipment or apparatus suspended from the ceiling or mounted above the floor level with suitable structural support, pipe stand, platform or carrier as approved by the Architect/Engineer.
	C. Gasket and seal to mounting surface flush and surface mounted equipment such as diffusers, grilles, etc.

	1.17 PAINTING
	A. Paint the following items.
	B. Colors of piping and ductwork shall be as specified in the “Mechanical Identification” section of the Specifications. See “color coding” in identification schedules.
	C. Painting shall be done in accordance with the "Painting" section of the specifications unless otherwise specified under other sections of the specifications,
	D. Do not paint aluminum and stainless steel equipment, motor and identification plates, tags, etc.
	E. Do not paint piping and ductwork concealed in walls or above suspended ceilings.

	1.18 DEBRIS
	A. Remove from the site any debris and dirt caused by the work.  Maintain the premises in a clean and orderly condition.

	1.19 PROTECTION OF EQUIPMENT AND MATERIALS
	A. Provide suitable protection from dampness damage, dirt, etc., for equipment and materials during construction and until final acceptance by the Owner.  Keep ends of piping and ductwork capped off when work on them is not in progress.  Such protection shall be by a means acceptable to the Architect/Engineer.

	1.20 CLEANING UP
	A. After completion of the work and before final acceptance of the work, thoroughly clean equipment and materials and remove foreign matter such as grease, dirt, labels, stickers, etc., from the exterior of piping, equipment and associated fabrications.

	1.21 EQUIPMENT CONNECTIONS
	A. Make connections to equipment furnished by others whenever such equipment is shown on any part of the drawings or mentioned in any section of the specifications.
	B. Verify equipment locations and the sizes, number, locations, and types of connections to be made before installation of any such equipment.

	1.22 EQUIPMENT INSTALLATION INSTRUCTIONS
	A. Install mechanical piping, ductwork and equipment in strict accordance with manufacturer's recommendations.  Provide equipment accessories necessary for proper operation or recommended by the manufacturer, even if such accessories are not shown on the drawings or mentioned in the specifications.

	1.23 PERMITS, CODES AND APPROVALS
	A. Permits.  Obtain and pay for the permits and licenses necessary for the complete HVAC systems from the authorities governing such work.
	B. Codes.  Installation shall be in accordance with applicable codes and regulations, including but not limited to the following:
	C. Approvals.  All work must be approved by the Architect/Engineer before final payment is made.

	1.24 SUBSTITUTION OF MATERIALS AND EQUIPMENT
	A. When making a shop drawing submittal for materials and/or equipment of a different manufacturer than that specified, it shall be understood and agreed that such substitution if approved will be made without cost to the Owner, regardless of changes in connections, spacing, electrical service, etc.

	1.25 WORKMANSHIP
	A. Work shall be performed by mechanics skilled in their respective trades and shall present appearance typical of best trade practice. Work not installed in this manner shall be repaired, removed or replaced, or otherwise remedied as directed by the Architect/Engineer.

	1.26 SUPERVISION
	A. The Contractor shall personally supervise the work or have a competent superintendent, satisfactory to the Architect/Engineer and Owner on the work at all times during progress with full authority to act.
	B. The Contractor shall lay out his work and be responsible for any necessary lines, levels, elevations and measurements.  He must verify the figures shown on the drawings before laying out the work and will be held responsible for any error resulting from his failure to do so.  Work at the site of the project shall be observed by the Architect/Engineer or his representative.
	C. Final Inspection:  At the time of final inspection of the work performed under this Contract, systems shall be complete in every respect and in perfect operating condition.  Surplus materials of every character resulting from work of this section shall have been removed.  Sanitary sewers shall be free from sand, silt or other obstructions.  Any defect discovered in the utilities subsequent to this inspection shall have been corrected.

	1.27 STRUCTURAL RESPONSIBILITY
	A. The Contractor shall be responsible for properly shoring, bracing, supporting, etc., any existing and/or new construction to guard against cracking, settling, collapsing, displacing, or weakening. No structural member shall be cut or otherwise weakened in any manner without the written consent of the Architect/Engineer.
	B. Any damage occurring to the existing and/or new structures, due to failure to exercise proper precautions or due to action of the elements, shall be promptly and properly made good to the satisfaction of the Owner or Architect/Engineer, without cost to either the Owner or the Architect/ Engineer.

	1.28 OPENINGS
	A. This Contractor shall be responsible for the openings he may require in floors, walls, roof or ceilings of any type of new or existing construction whether or not shown on the Architectural, Structural or Mechanical Drawings.
	B. Openings that have been shown on the Architectural and/or Structural Drawings will be provided under other Divisions; however, the responsibility for the correct size and location of such openings shall be that of this Contractor.
	C. Openings that have not been shown on the Architectural and/or Structural Drawings shall be provided by this Contractor.
	D. Review and conform to all structural requirements as detailed or specified in the Structural drawings and specifications.

	1.29 CUTTING, FITTING AND PATCHING
	A. Before doing any cutting or drilling, Contractor shall obtain permission from the Architect/Engineer and shall follow his instructions as to how proposed cutting or drilling is to be done.
	B. Each respective Contractor shall do any cutting, patching, drilling of masonry, steel, wood or iron work and any fitting necessary for the proper installation of apparatus and materials included in these specifications or governed thereby.
	C. General:  Employ skilled workmen to perform cutting and patching. Proceed with cutting and patching at the earliest feasible time and complete without delay.
	D. Cut existing construction to provide for installation of other components or performance of other construction activities and the subsequent fitting and patching required to restore surfaces to their original condition.
	E. Coordinate with the Structural Engineer BEFORE drilling, cutting, notching, etc., any new or existing structural members.  Obtain written permission from Structural Engineer before doing such work. Locations and sizes of openings and methods of cutting or drilling such openings must be approved in advance by the Structural Engineer. Positively identify exact locations of reinforcing bars or tension cables in structural members by X-raying or other methods approved by the Structural Engineer if required by the Structural Engineer.
	F. Cutting:  Cut existing construction using methods least likely to damage elements to be retained or adjoining construction.  Where possible review proposed procedures with the original installer; comply with the original installer's recommendations.
	G. In general, where cutting is required use hand or small power tools designed for sawing or grinding, not hammering and chopping.  Cut holes and slots neatly to size required with minimum disturbance of adjacent surfaces.  Temporarily cover openings when not in use.
	H. To avoid marring existing finished surfaces, cut or drill from the exposed or finished side into concealed surfaces.
	I. Cut through concrete and masonry using a cutting machine such as a carborundum saw or diamond core drill.
	J. Comply with requirements of applicable Sections of Division l5 where cutting and patching requires excavating and backfilling.
	K. The patching and finishing shall be done in a workmanlike manner to the satisfaction of the Architect/Engineer.
	L. Patch any openings in existing floors, walls, ceilings or roof, left by removal of existing mechanical work.
	M. Review and conform to all structural requirements as detailed or specified in the Structural drawings and specifications.

	1.30 TEMPORARY UTILITIES
	A. See Special Conditions.

	1.31 RESTORATION OF SURFACES
	A. Each Contractor shall restore to their original conditions all paving, curbing, surfaces, drainage ditches, structures, fences, shrubs, and other items damaged or removed by his operations that are outside of the Limit of Site boundaries.  Replacement and repairs shall be in accordance with good construction practice and shall match material employed in the original construction of the item to be replaced.

	1.32 SHOP DRAWINGS AND OTHER REQUIRED SUBMITTALS
	A. Prepare and submit to the Architect/Engineer for approval, shop drawings, certified equipment drawings, installation, operating and maintenance instructions, samples, wiring diagrams, etc., and any other data required.
	B. Submittal data shall have the stamp of approval of the General Contractor to show that the drawings have been checked by the Contractor.  Any drawings submitted without this stamp of approval will be returned to the Contractor for proper resubmission.
	C. Submittal data shall include specification data including metal gauges, finishes, accessories, etc.  Also, the submittal data shall include certified performance data, wiring diagrams, dimensional data and a spare parts list.  Submittal data shall be approved by the Architect/Engineer before any equipment or material is ordered or any work is begun.
	D. No roughing�in, connections, etc., shall be done until approved shop drawings are in the hands of the Contractors.  It shall be the responsibility of the Contractor to obtain approved shop drawings and to make connections, etc., in the neatest and most workmanlike manner possible.
	E. Submittal data must be complete for each piece of equipment. Partial or incomplete data will not be processed.
	F. Approval of shop drawings by the Architect/Engineer applies only to general design, arrangement, type, capacity and quality.  Such approval does not apply to quantities, dimensions, connection locations, etc.  In these cases, the Contractor alone shall be responsible for furnishing the proper quantity of the equipment and/or materials required for seeing that the equipment fits the available space in a satisfactory manner and that piping, electrical and other connections are suitably located.
	G. The Architect's/Engineer's approval of shop drawings, schedules or other required submittal data shall not relieve the Contractor from responsibility for deviations from drawings or specifications unless he has, in writing, called the Architect's/Engineer's attention to such deviation at the time of submission and secured his written approval nor shall it relieve him from responsibility for error in shop drawings or schedules.
	H. Submittal data must be complete and approved before project is accepted.

	1.33 OPERATING AND MAINTENANCE INSTRUCTIONS
	A. This Contractor shall prepare three loose�leaf, bound brochures, entitled "Mechanical Equipment Operation and Maintenance Data."  Mark identification on both front and spine of each binder.  Each binder shall be a heavy duty 3�ring, vinyl�covered binder with pocket folders for folded sheet information.  Each binder cover and spline shall have the project name (as listed on the drawings), what is in the binder (i.e. HVAC ...). If more than one binder is provide the cover and spline shall be marked with “Volume ? of ?”. Binders shall be properly indexed (thumb� tabbed).  Information shall be filed under applicable specification section number.
	B. Each brochure shall contain the following information:
	C. All brochures shall be submitted to the Architect/Engineer or his representative prior to final inspection of the building.

	1.34 OWNER INSTRUCTION
	A. Train Owner's maintenance personnel on procedures and schedules related to startup and shutdown, troubleshooting, servicing, and preventive maintenance. Review data in the operation and maintenance manuals.
	B. Explain the identification system, operational diagrams, emergency and alarm provisions, sequencing requirements, seasonal provisions, security, safety, efficiency and similar features of the systems.

	1.35 LINTELS:
	A. General:  Provide lintels for penetration of mechanical systems through masonry walls if not provided elsewhere in these specifications.  Lintels shall be type and size required to span the required openings.
	B. Lintels will not be required for openings 16 inches length or less.

	1.36 SYSTEM DESIGN WORKING PRESSURES
	A. In high pressure steam and condensate systems, provide piping, fittings, valves, traps, strainers, etc. rated for 300 psig minimum steam working pressure and 500 deg F.  All piping systems and components (piping, fittings, valves, traps, strainers, etc.) not meeting the previous criteria shall be suitable for 150 psig minimum steam working pressure.

	1.37 PERMANENT MECHANICAL SYSTEM OPERATION DURING CONSTRUCTION (NEW AND EXISTING TO REMAIN)
	A. Provide permanent mechanical system operation (plumbing, fire protection and HVAC) to all areas occupied during construction.
	B. Existing mechanical systems must remain in operation until occupied spaces served by each system have been vacated.
	C. When any portion of the new construction area is finished and ready for occupancy, the new mechanical systems serving this area must be already installed, be operational, and be capable of providing permanent service to the spaces at this time.

	1.38 MAINTAINING EXISTING SERVICES
	A. Properly make all temporary connections that may be necessary to continue these services in a safe and substantial manner until the permanent services are activated.  Upon completion, remove all temporary work, and completely restore all areas that may be affected.

	1.39 INTERRUPTION OF EXISTING MECHANICAL SERVICES
	A. In general, do not interrupt mechanical services (such as plumbing, medical gas, fire protection and HVAC) to occupied areas.  If services must be interrupted (for making temporary connections, for changing over from existing to new, or for making new connections to existing systems, for example) then do such work at the times designated by the Owner.
	B. Schedule this work in advance with the Owner.  Perform work on premium time if required to do so by the Owner.
	C. At any time the existing building services are interrupted, the Contractor shall work continuously until the permanent services are restored.

	1.40 OWNER OCCUPANCY
	A. Full Owner Occupancy:  The Owner will occupy the site and buildings surrounding construction area during the entire construction period. Cooperate with the Owner during construction operations to minimize conflicts and facilitate Owner usage.  Perform the Work to minimize interference with the Owner's operations.  Perform portions of work on premium time if required to do so by the Owner.

	1.41 DEMOLITION
	A. Disconnect, demolish, and remove mechanical systems, equipment, and components indicated to be removed.
	B. Piping to Be Removed:  Remove portion of piping indicated to be removed and cap or plug remaining piping with same or compatible piping material.
	C. Equipment to Be Removed and Reinstal Piping to Be Abandoned in Place:  Drain piping and cap or plug piping with same or compatible piping material.
	D. Equipment to Be Removed:  Disconnect and cap services and remove equipment.
	E. led:  Disconnect and cap services and remove, clean, and store equipment; when appropriate, reinstall, reconnect, and make equipment operational.
	F. If pipe, insulation, or equipment to remain is damaged in appearance or is unserviceable, remove damaged or unserviceable portions and replace with new products of equal capacity and quality.
	G. Remove or relocate existing HVAC work that interferes with new work of any kind.
	H. The Drawings show existing work to the extent possible.  However, all existing work may not be shown.  Remove or relocate any existing work that interferes with new work even if it is not shown on the Drawings.
	I. Remove existing work that does not have to remain in service.  Relocate existing work that has to remain in service, as required to avoid interference with new work.
	J. Remove or relocate existing electrical work that interferes with new HVAC work, if such work is not indicated to be removed or relocated on the Electrical Drawings.  Remove work that does not have to remain in service.  Relocate work that has to remain in service, as required to avoid interference with new work.
	K. Existing work serving the floors above or below shall remain in service.

	1.42 LICENSE REQUIRED
	A. Contractors installing HVAC work must be licensed by the Kentucky Board of Heating, Cooling and Ventilation Contractors.  Submit proof of licensing.

	1.43 PROFESSIONAL ENGINEER QUALIFICATIONS
	A. When the term “professional engineer”, or “qualified professional engineer” is used anywhere in these specifications it shall mean a person who is licensed to practice in jurisdiction where Project is located and who is experienced in providing engineering services of the kind indicated.  Engineering services are defined as those performed for installations of the system, assembly, or product that are similar to those indicated for this Project in material, design, and extent.


	PART 2 -  PRODUCTS
	2.1 FLASHING:
	A. General:  Provide flashings from the following listing for each penetration of HVAC systems through roofs or waterproof membranes.  Select appropriate flashing method for the type of roof used.  Flashing shall be in accordance with roofing manufacturer's recommendations.
	B. Copper Flashing:  Provide cold�rolled sheet copper, complying with ANSI/ASTM B 370, weighing 16 oz. per sq. ft. (0.0216" thick), except as otherwise indicated.
	C. Lead Flashing:  Provide sheet lead complying with FS QQ�L�2201, Grade B; formed from common desilverized pig lead, complying with ANSI/ASTM B 29; weighing 4.0 lbs. per sq. ft., except as otherwise indicated.
	D. Bituminous Coating:  FS TT�C�494, or MIL�C�18480, or SSPC�paint 12, cold�applied solvent�type bituminous mastic coating for application in dry film thickness of 15 mils per coat.
	E. Laminated Sheet Flashing:  Bottom laminate of heavy�duty nonplasticized chlorinated polyethylene (CPE) synthetic elastomer, with top laminate of built�up roofing (BUR) sheet material; weighing 8 oz. per sq. ft.
	F. Manufacturer's Recommendations:  Except as otherwise shown or specified, comply with recommendations and instructions of manufacturer of sheet metal being installed.
	G. Coat back side of lead flashings where in contact with concrete and other cementitious substrates, by painting surface in area of contact with heavy application of bituminous coating, or by other permanent separation as recommended by manufacturer of metal.
	H. On vertical surfaces, lap flashings minimum of 3".
	I. On vertical surfaces, for slopes of not less than 6" in 12", lap unsealed flashings minimum of 6".
	J. For embedment of metal flashing flanges in roofing or composition flashing or stripping, extend flanges minimum of 6" for embedment.


	PART 3 -  EXECUTION
	3.1 Not Applicable


	23 0500 Common Work Results for HVAC
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. This Section includes the following:

	1.3 DEFINITIONS
	A. Finished Spaces:  Spaces other than mechanical and electrical equipment rooms, furred spaces, pipe and duct chases, unheated spaces immediately below roof, spaces above ceilings, unexcavated spaces, crawlspaces, and tunnels.
	B. Exposed, Interior Installations:  Exposed to view indoors.  Examples include finished occupied spaces and mechanical equipment rooms.
	C. Exposed, Exterior Installations:  Exposed to view outdoors or subject to outdoor ambient temperatures and weather conditions.  Examples include rooftop locations.
	D. Concealed, Interior Installations:  Concealed from view and protected from physical contact by building occupants.  Examples include above ceilings and chases.
	E. Concealed, Exterior Installations:  Concealed from view and protected from weather conditions and physical contact by building occupants but subject to outdoor ambient temperatures.  Examples include installations within unheated shelters.
	F. The following are industry abbreviations for plastic materials:
	G. The following are industry abbreviations for rubber materials:

	1.4 SUBMITTALS
	A. Product Data:  For the following:
	B. Welding certificates.

	1.5 QUALITY ASSURANCE
	A. Steel Support Welding:  Qualify processes and operators according to AWS D1.1, "Structural Welding Code--Steel."
	B. Steel Pipe Welding:  Qualify processes and operators according to ASME Boiler and Pressure Vessel Code:  Section IX, "Welding and Brazing Qualifications."
	C. Electrical Characteristics for HVAC Equipment:  Equipment of higher electrical characteristics may be furnished provided such proposed equipment is approved in writing and connecting electrical services, circuit breakers, and conduit sizes are appropriately modified.  If minimum energy ratings or efficiencies are specified, equipment shall comply with requirements.

	1.6 DELIVERY, STORAGE, AND HANDLING
	A. Deliver pipes and tubes with factory-applied end caps.  Maintain end caps through shipping, storage, and handling to prevent pipe end damage and to prevent entrance of dirt, debris, and moisture.
	B. Store plastic pipes protected from direct sunlight.  Support to prevent sagging and bending.

	1.7 COORDINATION
	A. Arrange for pipe spaces, chases, slots, and openings in building structure during progress of construction, to allow for HVAC installations.
	B. Coordinate installation of required supporting devices and set sleeves in poured-in-place concrete and other structural components as they are constructed.
	C. Coordinate requirements for access panels and doors for HVAC items requiring access that are concealed behind finished surfaces.


	PART 2 -  PRODUCTS
	2.1 MANUFACTURERS
	A. In other Part 2 articles where subparagraph titles below introduce lists, the following requirements apply for product selection:

	2.2 PIPE, TUBE, AND FITTINGS
	A. Refer to individual Division 23 piping Sections for pipe, tube, and fitting materials and joining methods.
	B. Pipe Threads:  ASME B1.20.1 for factory-threaded pipe and pipe fittings.

	2.3 JOINING MATERIALS
	A. Refer to individual Division 23 piping Sections for special joining materials not listed below.
	B. Pipe-Flange Gasket Materials:  Suitable for chemical and thermal conditions of piping system contents.
	C. Flange Bolts and Nuts:  ASME B18.2.1, carbon steel, unless otherwise indicated.
	D. Plastic, Pipe-Flange Gasket, Bolts, and Nuts:  Type and material recommended by piping system manufacturer, unless otherwise indicated.
	E. Solder Filler Metals:  ASTM B 32, lead-free alloys.  Include water-flushable flux according to ASTM B 813.
	F. Brazing Filler Metals:  AWS A5.8, BCuP Series, copper-phosphorus alloys for general-duty brazing, unless otherwise indicated; and AWS A5.8, BAg1, silver alloy for refrigerant piping, unless otherwise indicated.
	G. Welding Filler Metals:  Comply with AWS D10.12 for welding materials appropriate for wall thickness and chemical analysis of steel pipe being welded.
	H. Solvent Cements for Joining Plastic Piping:

	2.4 TRANSITION FITTINGS
	A. Plastic-to-Metal Transition Fittings:  CPVC and PVC one-piece fitting with manufacturer's Schedule 80 equivalent dimensions; one end with threaded brass insert, and one solvent-cement-joint end.
	B. Plastic-to-Metal Transition Adaptors:  One-piece fitting with manufacturer's SDR 11 equivalent dimensions; one end with threaded brass insert, and one solvent-cement-joint end.
	C. Plastic-to-Metal Transition Unions:  MSS SP-107, CPVC and PVC four-part union.  Include brass end, solvent-cement-joint end, rubber O-ring, and union nut.

	2.5 DIELECTRIC FITTINGS
	A. Description:  Combination fitting of copper alloy and ferrous materials with threaded, solder-joint, plain, or weld-neck end connections that match piping system materials.
	B. Insulating Material:  Suitable for system fluid, pressure, and temperature.
	C. Dielectric Unions:  Factory-fabricated, union assembly, for 250-psig (1725-kPa) minimum working pressure at 180 deg F (82 deg C).
	D. Dielectric Flanges:  Factory-fabricated, companion-flange assembly, for 150- or 300-psig (1035- or 2070-kPa) minimum working pressure as required to suit system pressures.
	E. Dielectric-Flange Kits:  Companion-flange assembly for field assembly.  Include flanges, full-face- or ring-type neoprene or phenolic gasket, phenolic or polyethylene bolt sleeves, phenolic washers, and steel backing washers.
	F. Dielectric Couplings:  Galvanized-steel coupling with inert and noncorrosive, thermoplastic lining; threaded ends; and 300-psig (2070-kPa) minimum working pressure at 225 deg F (107 deg C).
	G. Dielectric Nipples:  Electroplated steel nipple with inert and noncorrosive, thermoplastic lining; plain, threaded, or grooved ends; and 300-psig (2070-kPa) minimum working pressure at 225 deg F (107 deg C).

	2.6 MECHANICAL SLEEVE SEALS
	A. Description:  Modular sealing element unit, designed for field assembly, to fill annular space between pipe and sleeve.

	2.7 SLEEVES
	A. Galvanized-Steel Sheet:  0.0239-inch (0.6-mm) minimum thickness; round tube closed with welded longitudinal joint.
	B. Steel Pipe:  ASTM A 53, Type E, Grade B, Schedule 40, galvanized, plain ends.
	C. Cast Iron:  Cast or fabricated "wall pipe" equivalent to ductile-iron pressure pipe, with plain ends and integral waterstop, unless otherwise indicated.

	2.8 ESCUTCHEONS
	A. Description:  Manufactured wall and ceiling escutcheons and floor plates, with an ID to closely fit around pipe, tube, and insulation of insulated piping and an OD that completely covers opening.
	B. One-Piece, Deep-Pattern Type:  Deep-drawn, box-shaped brass with polished chrome-plated finish.
	C. One-Piece, Cast-Brass Type:  With set screw.
	D. Split-Casting, Cast-Brass Type:  With concealed hinge and set screw.
	E. Split-Plate, Stamped-Steel Type:  With concealed hinge, spring clips, and chrome-plated finish.
	F. One-Piece, Floor-Plate Type:  Cast-iron floor plate.
	G. Split-Casting, Floor-Plate Type:  Cast brass with concealed hinge and set screw.

	2.9 GROUT
	A. Description:  ASTM C 1107, Grade B, nonshrink and nonmetallic, dry hydraulic-cement grout.


	PART 3 -  EXECUTION
	3.1 HVAC DEMOLITION
	A. Disconnect, demolish, and remove HVAC systems, equipment, and components indicated to be removed.
	B. If pipe, insulation, or equipment to remain is damaged in appearance or is unserviceable, remove damaged or unserviceable portions and replace with new products of equal capacity and quality.

	3.2 PIPING SYSTEMS - COMMON REQUIREMENTS
	A. Install piping according to the following requirements and Division 23 Sections specifying piping systems.
	B. Drawing plans, schematics, and diagrams indicate general location and arrangement of piping systems.  Indicated locations and arrangements were used to size pipe and calculate friction loss, expansion, pump sizing, and other design considerations.  Install piping as indicated unless deviations to layout are approved.
	C. Install bronze valves, backflow preventers, control valves, blending valves, strainers, fittings in copper piping systems. If element cannot be obtained in bronze construction, then use dielectric unions (dry piping systems) or dielectric couplings, fittings or flanges (wet piping systems) immediately upstream and downstream of each such element used.
	D. Install piping in concealed locations, unless otherwise indicated and except in equipment rooms and service areas.
	E. Install piping indicated to be exposed and piping in equipment rooms and service areas at right angles or parallel to building walls.  Diagonal runs are prohibited unless specifically indicated otherwise.
	F. Install piping to permit valve servicing.
	G. Install piping at indicated slopes.
	H. Install piping free of sags and bends.
	I. Install fittings for changes in direction and branch connections.
	J. Install piping to allow application of insulation.
	K. Select system components with pressure rating equal to or greater than system operating pressure.
	L. Install escutcheons for penetrations of walls, ceilings, and floors according to the following:
	M. Install sleeves for pipes passing through concrete and masonry walls, gypsum-board partitions, and concrete floor and roof slabs.
	N. Aboveground, Exterior-Wall Pipe Penetrations:  Seal penetrations using sleeves and mechanical sleeve seals.  Select sleeve size to allow for 1-inch (25-mm) annular clear space between pipe and sleeve for installing mechanical sleeve seals.
	O. Underground, Exterior-Wall Pipe Penetrations:  Install cast-iron "wall pipes" for sleeves.  Seal pipe penetrations using mechanical sleeve seals.  Select sleeve size to allow for 1-inch (25-mm) annular clear space between pipe and sleeve for installing mechanical sleeve seals.
	P. Fire-Barrier Penetrations:  Maintain indicated fire rating of walls, partitions, ceilings, and floors at pipe penetrations.  Seal pipe penetrations with firestop materials.
	Q. Verify final equipment locations for roughing-in.
	R. Refer to equipment specifications in other Sections of these Specifications for roughing-in requirements.

	3.3 PIPING JOINT CONSTRUCTION
	A. Join pipe and fittings according to the following requirements and Division 23 Sections specifying piping systems.
	B. Ream ends of pipes and tubes and remove burrs.  Bevel plain ends of steel pipe.
	C. Remove scale, slag, dirt, and debris from inside and outside of pipe and fittings before assembly.
	D. Soldered Joints:  Apply ASTM B 813, water-flushable flux, unless otherwise indicated, to tube end.  Construct joints according to ASTM B 828 or CDA's "Copper Tube Handbook," using lead-free solder alloy complying with ASTM B 32.
	E. Brazed Joints:  Construct joints according to AWS's "Brazing Handbook," "Pipe and Tube" Chapter, using copper-phosphorus brazing filler metal complying with AWS A5.8.
	F. Threaded Joints:  Thread pipe with tapered pipe threads according to ASME B1.20.1.  Cut threads full and clean using sharp dies.  Ream threaded pipe ends to remove burrs and restore full ID.  Join pipe fittings and valves as follows:
	G. Welded Joints:  Construct joints according to AWS D10.12, using qualified processes and welding operators according to Part 1 "Quality Assurance" Article.
	H. Flanged Joints:  Select appropriate gasket material, size, type, and thickness for service application.  Install gasket concentrically positioned.  Use suitable lubricants on bolt threads.
	I. Plastic Piping Solvent-Cement Joints:  Clean and dry joining surfaces.  Join pipe and fittings according to the following:
	J. Plastic Pressure Piping Gasketed Joints:  Join according to ASTM D 3139.
	K. Plastic Nonpressure Piping Gasketed Joints:  Join according to ASTM D 3212.

	3.4 PIPING CONNECTIONS
	A. Make connections according to the following, unless otherwise indicated:

	3.5 EQUIPMENT INSTALLATION - COMMON REQUIREMENTS
	A. Install equipment to allow maximum possible headroom unless specific mounting heights are not indicated.
	B. Install equipment level and plumb, parallel and perpendicular to other building systems and components in exposed interior spaces, unless otherwise indicated.
	C. Install HVAC equipment to facilitate service, maintenance, and repair or replacement of components.  Connect equipment for ease of disconnecting, with minimum interference to other installations.  Extend grease fittings to accessible locations.
	D. Install equipment to allow right of way for piping installed at required slope.

	3.6 PAINTING
	A. Damage and Touchup:  Repair marred and damaged factory-painted finishes with materials and procedures to match original factory finish.

	3.7 CONCRETE BASES
	A. Concrete Bases:  Anchor equipment to concrete base according to equipment manufacturer's written instructions and according to seismic codes at Project.

	3.8 ERECTION OF METAL SUPPORTS AND ANCHORAGES
	A. Cut, fit, and place miscellaneous metal supports accurately in location, alignment, and elevation to support and anchor HVAC materials and equipment.
	B. Field Welding:  Comply with AWS D1.1.

	3.9 GROUTING
	A. Mix and install grout for HVAC equipment base bearing surfaces, pump and other equipment base plates, and anchors.
	B. Clean surfaces that will come into contact with grout.
	C. Provide forms as required for placement of grout.
	D. Avoid air entrapment during placement of grout.
	E. Place grout, completely filling equipment bases.
	F. Place grout on concrete bases and provide smooth bearing surface for equipment.
	G. Place grout around anchors.
	H. Cure placed grout.



	23 0523 General Duty Valves for HVAC Piping
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. All high & medium pressure steam valve (including high and pressure steam condensate) shall be rated for 500 deg F steam at 300 psig.  Valves over 2½” shall be cast steel.
	B. Section Includes:

	1.3 DEFINITIONS
	A. CWP:  Cold working pressure.
	B. EPDM:  Ethylene propylene copolymer rubber.
	C. NBR:  Acrylonitrile-butadiene, Buna-N, or nitrile rubber.
	D. NRS:  Nonrising stem.
	E. OS&Y:  Outside screw and yoke.
	F. RS:  Rising stem.
	G. SWP:  Steam working pressure.

	1.4 SUBMITTALS
	A. Product Data:  For each type of valve indicated.

	1.5 QUALITY ASSURANCE
	A. Source Limitations for Valves:  Obtain each type of valve from single source from single manufacturer.
	B. ASME Compliance:

	1.6 DELIVERY, STORAGE, AND HANDLING
	A. Prepare valves for shipping as follows:
	B. Use the following precautions during storage:
	C. Use sling to handle large valves; rig sling to avoid damage to exposed parts.  Do not use handwheels or stems as lifting or rigging points.


	PART 2 -  PRODUCTS
	2.1 GENERAL REQUIREMENTS FOR VALVES
	A. Refer to HVAC valve schedule articles for applications of valves.
	B. Valve Pressure and Temperature Ratings:  Not less than indicated and as required for system pressures and temperatures.
	C. Valve Sizes:  Same as upstream piping unless otherwise indicated.
	D. Valve Actuator Types:
	E. Valves in Insulated Piping:  With 2-inch (50-mm) stem extensions and the following features:
	F. Valve-End Connections:
	G. Valve Bypass and Drain Connections:  MSS SP-45.

	2.2 BRONZE BALL VALVES
	A. Two-Piece, Full-Port, Bronze Ball Valves with Stainless-Steel Trim:

	2.3 IRON, SINGLE-FLANGE BUTTERFLY VALVES
	A. 200 CWP, Iron, Single-Flange Butterfly Valves with EPDM Seat and Aluminum-Bronze or stainless steel Disc:

	2.4 HIGH-PERFORMANCE ROTARY VALVES
	A. Manufacturers:  Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, and are limited to, the following:
	B. Class 150 psi (1035-kPa) or 300-psi (2070-kPa) steam pressure rating, suitable for 500oF temperature, bi-directional zero leakage, triple offset design suitable for dead-end service, double flanged cast steel body for class 150,  weld ends for Class 300, Type 316 stainless steel disc, laminated Type 316 stainless steel and graphite seat, external valve-stem packing adjustment. Entire valve, including body and seat shall be suitable for 150 or 300 psig steam at 500oF. Valve seat shall be out of the flow stream.

	2.5 BRONZE LIFT CHECK VALVES
	A. Class 125, Lift Check Valves with Bronze Disc:
	B. Class 300, Lift Check Valves

	2.6 BRONZE SWING CHECK VALVES
	A. Class 150, Bronze Swing Check Valves with Bronze Disc:

	2.7 IRON SWING CHECK VALVES
	A. Class 250, Iron Swing Check Valves with Metal Seats:

	2.8 STEEL SWING CHECK VALVES
	A. Class 300, Steel Swing Check Valves

	2.9 IRON, CENTER-GUIDED CHECK VALVES
	A. Class 150, Iron, Compact-Wafer, Center-Guided Check Valves with Metal Seat:
	B. Class 150, Iron, Globe, Center-Guided Check Valves with Metal Seat:

	2.10 BRONZE GATE VALVES
	A. Class 150, RS Bronze Gate Valves:
	B. Class 300, RS Bronze Gate Valves:

	2.11 IRON AND STEEL GATE VALVES
	A. Class 125, NRS, Iron Gate Valves:
	B. Class 125, OS&Y, Iron Gate Valves:
	C. Class 300, OS&Y, Steel Gate Valves:

	2.12 CHAINWHEELS
	A. Manufacturers:  Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	B. Description:  Valve actuation assembly with sprocket rim, brackets, and chain.


	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine valve interior for cleanliness, freedom from foreign matter, and corrosion.  Remove special packing materials, such as blocks, used to prevent disc movement during shipping and handling.
	B. Operate valves in positions from fully open to fully closed.  Examine guides and seats made accessible by such operations.
	C. Examine threads on valve and mating pipe for form and cleanliness.
	D. Examine mating flange faces for conditions that might cause leakage.  Check bolting for proper size, length, and material.  Verify that gasket is of proper size, that its material composition is suitable for service, and that it is free from defects and damage.
	E. Do not attempt to repair defective valves; replace with new valves.

	3.2 VALVE INSTALLATION
	A. Install valves with unions or flanges at each piece of equipment arranged to allow service, maintenance, and equipment removal without system shutdown.
	B. Do not install iron or steel valves in copper piping systems.  Use bronze valves.
	C. Install valves with unions or flanges at each piece of equipment arranged to allow servicing, maintenance, and equipment removal without system shutdown.
	D. Locate valves for easy access and provide separate support where necessary.
	E. Install valves in horizontal piping with stem at or above center of pipe.
	F. Install valves in position to allow full stem movement.
	G. Install chainwheels on operators for ball, butterfly, gate, and plug valves NPS 4 (DN 100) and larger and more than 96 inches (2400 mm) above floor.  Extend chains to 60 inches (1520 mm) above finished floor.
	H. Install check valves for proper direction of flow and as follows:

	3.3 ADJUSTING
	A. Adjust or replace valve packing after piping systems have been tested and put into service but before final adjusting and balancing.  Replace valves if persistent leaking occurs.

	3.4 GENERAL REQUIREMENTS FOR VALVE APPLICATIONS
	A. If valve applications are not indicated, use the following:
	B. If valves with specified SWP classes or CWP ratings are not available, the same types of valves with higher SWP classes or CWP ratings may be substituted.
	C. Select valves, except wafer types, with the following end connections:

	3.5 HIGH, MEDIUM-PRESSURE STEAM, HPR and MPR VALVE SCHEDULE (MORE THAN 15 PSIG (104 kPa))
	A. Pipe NPS 2 (DN 50) and Smaller:
	B. Pipe Sizes NPS 2-1/2 (DN 65) and Larger:

	3.6 STEAM-CONDENSATE AND PUMPED DISCHARGE VALVE SCHEDULE
	A. Pipe NPS 2 (DN 50) and Smaller:
	B. Pipe NPS 2-1/2 (DN 65) and Larger:



	23 0529 Hangers and Supports for HVAC Piping and Equipment
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:

	1.3 DEFINITIONS
	A. MSS:  Manufacturers Standardization Society of The Valve and Fittings Industry Inc.

	1.4 PERFORMANCE REQUIREMENTS
	A. Delegated Design:  Design trapeze pipe hangers and equipment supports, including comprehensive engineering analysis by a qualified professional engineer, using performance requirements and design criteria indicated.
	B. Structural Performance:  Hangers and supports for HVAC piping and equipment shall withstand the effects of gravity loads and stresses within limits and under conditions indicated according to ASCE/SEI 7.

	1.5 SUBMITTALS
	A. Product Data:  For each type of product indicated.
	B. Shop Drawings:  Signed and sealed by a qualified professional engineer.  Show fabrication and installation details and include calculations for the following; include Product Data for components:
	C. Delegated-Design Submittal:  For trapeze hangers indicated to comply with performance requirements and design criteria, including analysis data signed and sealed by the qualified professional engineer responsible for their preparation.
	D. Welding certificates.

	1.6 QUALITY ASSURANCE
	A. Structural Steel Welding Qualifications:  Qualify procedures and personnel according to AWS D1.1/D1.1M, "Structural Welding Code - Steel."
	B. Pipe Welding Qualifications:  Qualify procedures and operators according to ASME Boiler and Pressure Vessel Code.


	PART 2 -  PRODUCTS
	2.1 METAL PIPE HANGERS AND SUPPORTS
	A. Carbon-Steel Pipe Hangers and Supports:
	B. Stainless-Steel Pipe Hangers and Supports:
	C. Copper Pipe Hangers:

	2.2 TRAPEZE PIPE HANGERS
	A. Description:  MSS SP-69, Type 59, shop- or field-fabricated pipe-support assembly made from structural carbon-steel shapes with MSS SP-58 carbon-steel hanger rods, nuts, saddles, and U-bolts.

	2.3 METAL FRAMING SYSTEMS
	A. MFMA Manufacturer Metal Framing Systems:
	B. Non-MFMA Manufacturer Metal Framing Systems:

	2.4 THERMAL-HANGER SHIELD INSERTS
	A. Manufacturers:  Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	B. Insulation-Insert Material for Cold Piping:  ASTM C 591, Type VI, Grade 1 polyisocyanurate with 125-psig (862-kPa) minimum compressive strength and vapor barrier.
	C. Insulation-Insert Material for Hot Piping:  Water-repellent treated, ASTM C 533, Type I calcium silicate with 100-psig (688-kPa) minimum compressive strength.
	D. For Trapeze or Clamped Systems:  Insert and shield shall cover entire circumference of pipe.
	E. For Clevis or Band Hangers:  Insert and shield shall cover lower 180 degrees of pipe.
	F. Insert Length:  Extend 2 inches (50 mm) beyond sheet metal shield for piping operating below ambient air temperature.

	2.5 FASTENER SYSTEMS
	A. Powder-Actuated Fasteners:  Threaded-steel stud, for use in hardened portland cement concrete with pull-out, tension, and shear capacities appropriate for supported loads and building materials where used.
	B. Mechanical-Expansion Anchors:  Insert-wedge-type, stainless-steel anchors, for use in hardened portland cement concrete; with pull-out, tension, and shear capacities appropriate for supported loads and building materials where used.

	2.6 EQUIPMENT SUPPORTS
	A. Description:  Welded, shop- or field-fabricated equipment support made from structural carbon-steel shapes.

	2.7 MISCELLANEOUS MATERIALS
	A. Structural Steel:  ASTM A 36/A 36M, carbon-steel plates, shapes, and bars; black and galvanized.
	B. Grout:  ASTM C 1107, factory-mixed and -packaged, dry, hydraulic-cement, nonshrink and nonmetallic grout; suitable for interior and exterior applications.


	PART 3 -  EXECUTION
	3.1 HANGER AND SUPPORT INSTALLATION
	A. Powder Actuated Concrete Fasteners
	B. Suspension From Metal Decking
	C. Metal Pipe-Hanger Installation:  Comply with MSS SP-69 and MSS SP-89.  Install hangers, supports, clamps, and attachments as required to properly support piping from the building structure.
	D. Metal Trapeze Pipe-Hanger Installation:  Comply with MSS SP-69 and MSS SP-89.  Arrange for grouping of parallel runs of horizontal piping, and support together on field-fabricated trapeze pipe hangers.
	E. Metal Framing System Installation:  Arrange for grouping of parallel runs of piping, and support together on field-assembled metal framing systems.
	F. Thermal-Hanger Shield Installation:  Install in pipe hanger or shield for insulated piping.
	G. Fastener System Installation:
	H. Install hangers and supports complete with necessary attachments, inserts, bolts, rods, nuts, washers, and other accessories.
	I. Equipment Support Installation:  Fabricate from welded-structural-steel shapes.
	J. Install hangers and supports to allow controlled thermal movement of piping systems, to permit freedom of movement between pipe anchors, and to facilitate action of expansion joints, expansion loops, expansion bends, and similar units.
	K. Install lateral bracing with pipe hangers and supports to prevent swaying.
	L. Install building attachments within concrete slabs or attach to structural steel.  Install additional attachments at concentrated loads, including valves, flanges, and strainers, NPS 2-1/2 (DN 65) and larger and at changes in direction of piping.  Install concrete inserts before concrete is placed; fasten inserts to forms and install reinforcing bars through openings at top of inserts.
	M. Load Distribution:  Install hangers and supports so that piping live and dead loads and stresses from movement will not be transmitted to connected equipment.
	N. Pipe Slopes:  Install hangers and supports to provide indicated pipe slopes and to not exceed maximum pipe deflections allowed by ASME B31.9 for building services piping.
	O. Insulated Piping:

	3.2 EQUIPMENT SUPPORTS
	A. Fabricate structural-steel stands to suspend equipment from structure overhead or to support equipment above floor.
	B. Grouting:  Place grout under supports for equipment and make bearing surface smooth.
	C. Provide lateral bracing, to prevent swaying, for equipment supports.

	3.3 METAL FABRICATIONS
	A. Cut, drill, and fit miscellaneous metal fabrications for trapeze pipe hangers and equipment supports.
	B. Fit exposed connections together to form hairline joints.  Field weld connections that cannot be shop welded because of shipping size limitations.
	C. Field Welding:  Comply with AWS D1.1/D1.1M procedures for shielded, metal arc welding; appearance and quality of welds; and methods used in correcting welding work; and with the following:

	3.4 ADJUSTING
	A. Hanger Adjustments:  Adjust hangers to distribute loads equally on attachments and to achieve indicated slope of pipe.
	B. Trim excess length of continuous-thread hanger and support rods to 1-1/2 inches (40 mm).

	3.5 PAINTING
	A. Touchup:  Clean field welds and abraded areas of shop paint.  Paint exposed areas immediately after erecting hangers and supports.  Use same materials as used for shop painting.  Comply with SSPC-PA 1 requirements for touching up field-painted surfaces.
	B. Touchup:  Cleaning and touchup painting of field welds, bolted connections, and abraded areas of shop paint on miscellaneous metal are specified.
	C. Galvanized Surfaces:  Clean welds, bolted connections, and abraded areas and apply galvanizing-repair paint to comply with ASTM A 780.

	3.6 HANGER AND SUPPORT SCHEDULE
	A. Specific hanger and support requirements are in Sections specifying piping systems and equipment.
	B. Comply with MSS SP-69 for pipe-hanger selections and applications that are not specified in piping system Sections.
	C. Use hangers and supports with galvanized metallic coatings for piping and equipment that will not have field-applied finish.
	D. Use nonmetallic coatings on attachments for electrolytic protection where attachments are in direct contact with copper tubing.
	E. Use carbon-steel pipe hangers and supports, metal trapeze pipe hangers, and metal framing systems and attachments for general service applications.
	F. Use stainless-steel pipe hangers and stainless-steel attachments for hostile environment applications.
	G. Use copper-plated pipe hangers and copper attachments for copper piping and tubing.
	H. Use thermal-hanger shield inserts for insulated piping and tubing.
	I. Horizontal-Piping Hangers and Supports:  Unless otherwise indicated and except as specified in piping system Sections, install the following types:
	J. Vertical-Piping Clamps:  Unless otherwise indicated and except as specified in piping system Sections, install the following types:
	K. Hanger-Rod Attachments:  Unless otherwise indicated and except as specified in piping system Sections, install the following types:
	L. Building Attachments:  Unless otherwise indicated and except as specified in piping system Sections, install the following types:
	M. Saddles and Shields:  Unless otherwise indicated and except as specified in piping system Sections, install the following types:
	N. Spring Hangers and Supports:  Unless otherwise indicated and except as specified in piping system Sections, install the following types:
	O. Comply with MSS SP-69 for trapeze pipe-hanger selections and applications that are not specified in piping system Sections.
	P. Comply with MFMA-103 for metal framing system selections and applications that are not specified in piping system Sections.
	Q. Use powder-actuated fasteners or mechanical-expansion anchors instead of building attachments where required in concrete construction.



	23 0553 Identification for HVAC Piping and Equipment
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:

	1.3 SUBMITTALS
	A. Product Data:  For each type of product indicated.
	B. Equipment Label Schedule:  Include a listing of all equipment to be labeled with the proposed content for each label.

	1.4 COORDINATION
	A. Coordinate installation of identifying devices with completion of covering and painting of surfaces where devices are to be applied.
	B. Coordinate installation of identifying devices with locations of access panels and doors.


	PART 2 -  PRODUCTS
	2.1 EQUIPMENT LABELS
	A. Metal Labels for Equipment:
	B. Label Content:  Include equipment's Drawing designation or unique equipment number, Drawing numbers where equipment is indicated (plans, details, and schedules), plus the Specification Section number and title where equipment is specified.
	C. Equipment Label Schedule:  For each item of equipment to be labeled, on 8-1/2-by-11-inch (A4) bond paper.  Tabulate equipment identification number and identify Drawing numbers where equipment is indicated (plans, details, and schedules), plus the Specification Section number and title where equipment is specified.  Equipment schedule shall be included in operation and maintenance data.

	2.2 UNDERGROUND�TYPE PLASTIC LINE MARKERS:
	A. General:  Manufacturer's standard permanent, bright�colored, continuous�printed plastic tape, intended for direct�burial service; not less than 6" wide x 4 mils thick.  Provide tape with printing which most accurately indicates type of service of buried pipe.
	B. Provide multi�ply tape consisting of solid aluminum foil core between 2�layers of plastic tape.

	2.3 UTILITY SERVICE MARKERS:
	A. Markers shall consist of bronze plates, ground and polished, and marked to identify the service.  Markers shall also be stamped with arrows indicating the direction the service extends.  A typical marker detail is shown on the Drawings.
	B. Markers locating services at the building shall be installed in masonry or concrete walls 2' above grade.  Markers locating services elsewhere on the site shall be installed in concrete walks or curbs, or in 6" x 6" steel reinforced concrete posts as detailed.

	2.4 STENCILS
	A. Stencils:  Prepared with letter sizes according to ASME A13.1 for piping; minimum letter height of 1-1/4 inches (32 mm) for ducts; and minimum letter height of 3/4 inch (19 mm) for access panel and door labels, equipment labels, and similar operational instructions.


	PART 3 -  EXECUTION
	3.1 PREPARATION
	A. Clean piping and equipment surfaces of substances that could impair bond of identification devices, including dirt, oil, grease, release agents, and incompatible primers, paints, and encapsulants.

	3.2 EQUIPMENT LABEL INSTALLATION
	A. Install or permanently fasten labels on each major item of mechanical equipment.
	B. Locate equipment labels where accessible and visible.

	3.3 PIPE LABEL INSTALLATION
	A. Stenciled Pipe Label Option:  Stenciled labels may be provided instead of manufactured pipe labels, at Installer's option.  Install stenciled pipe labels with painted, color-coded bands or rectangles on each piping system.
	B. Locate pipe labels where piping is exposed or above accessible ceilings in finished spaces; machine rooms; accessible maintenance spaces such as shafts, tunnels, vaults and plenums; and exterior exposed locations as follows:
	C. Provide piping identification markers in accordance with the following schedule. Provide black lettering on yellow backgrounds and white lettering on backgrounds with other colors.
	D. Piping Identification Schedule

	3.4 UNDERGROUND PIPING IDENTIFICATION:
	A. General:  During back�filling/top�soiling of each exterior underground piping systems, install continuous underground�type plastic line marker, located directly over buried line at 12" below finished grade.  Where multiple small lines are buried in common trench and do not exceed overall width of 16", install single line marker.  For tile fields and similar installations, mark only edge pipe lines of field.

	3.5 UTILITY SERVICE MARKERS
	A. Install utility service markers where shown on plans for underground utilities and at building entrance or exit or any change in direction.



	23 0719 HVAC Piping Insulation
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section includes insulating the following HVAC piping systems:
	B. Related Sections:

	1.3 SUBMITTALS
	A. Product Data:  For each type of product indicated.  Include thermal conductivity, water-vapor permeance thickness, and jackets (both factory and field applied if any).
	B. Shop Drawings:  Include plans, elevations, sections, details, and attachments to other work.
	C. Qualification Data:  For qualified Installer.
	D. Material Test Reports:  From a qualified testing agency acceptable to authorities having jurisdiction indicating, interpreting, and certifying test results for compliance of insulation materials, sealers, attachments, cements, and jackets, with requirements indicated.  Include dates of tests and test methods employed.
	E. Field quality-control reports.

	1.4 QUALITY ASSURANCE
	A. Installer Qualifications:  Skilled mechanics who have successfully completed an apprenticeship program or another craft training program certified by the Department of Labor, Bureau of Apprenticeship and Training.
	B. Surface-Burning Characteristics:  For insulation and related materials, as determined by testing identical products according to ASTM E 84, by a testing and inspecting agency acceptable to authorities having jurisdiction.  Factory label insulation and jacket materials and adhesive, mastic, tapes, and cement material containers, with appropriate markings of applicable testing agency.

	1.5 DELIVERY, STORAGE, AND HANDLING
	A. Packaging:  Insulation material containers shall be marked by manufacturer with appropriate ASTM standard designation, type and grade, and maximum use temperature.

	1.6 COORDINATION
	A. Coordinate sizes and locations of supports, hangers, and insulation shields specified in Division 23 Section "Hangers and Supports for HVAC Piping and Equipment."
	B. Coordinate clearance requirements with piping Installer for piping insulation application.  Before preparing piping Shop Drawings, establish and maintain clearance requirements for installation of insulation and field-applied jackets and finishes and for space required for maintenance.
	C. Coordinate installation and testing of heat tracing.

	1.7 SCHEDULING
	A. Schedule insulation application after pressure testing systems and, where required, after installing and testing heat tracing.  Insulation application may begin on segments that have satisfactory test results.
	B. Complete installation and concealment of plastic materials as rapidly as possible in each area of construction.


	PART 2 -  PRODUCTS
	2.1 INSULATION MATERIALS
	A. Comply with requirements in "Piping Insulation Schedule, General," "Indoor Piping Insulation Schedule," "Outdoor, Aboveground Piping Insulation Schedule," and "Outdoor, Underground Piping Insulation Schedule" articles for where insulating materials shall be applied.
	B. Products shall not contain asbestos, lead, mercury, or mercury compounds.
	C. Products that come in contact with stainless steel shall have a leachable chloride content of less than 50 ppm when tested according to ASTM C 871.
	D. Insulation materials for use on austenitic stainless steel shall be qualified as acceptable according to ASTM C 795.
	E. Foam insulation materials shall not use CFC or HCFC blowing agents in the manufacturing process.
	F. Aerogels, Flexible Pipe Wrap: Provide aerogel blanket rated for temperatures up to 1200 deg. F. Insulation shall be hydrophobic and have a minimum density of 12.5 lbs/c.f. ASTM C1728, Type III, Grade, 1A.
	G. Cryogels, Flexible Pipe Wrap: Provide aerogel blanket rated for temperatures up to 257 deg. F. Insulation shall be hydrophobic and have a minimum thermal conductivity of 0.12 BTU-in/hr-ft-F, ASTM C1728, Type III, Grade, 1A.
	H. Manufactured Thermal Reusable Insulation Blankets:

	2.2 ADHESIVES
	A. Materials shall be compatible with insulation materials, jackets, and substrates and for bonding insulation to itself and to surfaces to be insulated unless otherwise indicated.
	B. ASJ Adhesive, and FSK and PVDC Jacket Adhesive:  Comply with MIL-A-3316C, Class 2, Grade A for bonding insulation jacket lap seams and joints.
	C. PVC Jacket Adhesive:  Compatible with PVC jacket.

	2.3 LAGGING ADHESIVES
	A. Description:  Comply with MIL-A-3316C, Class I, Grade A and shall be compatible with insulation materials, jackets, and substrates.

	2.4 SECUREMENTS
	A. Bands:
	B. Staples:  Outward-clinching insulation staples, nominal 3/4-inch- (19-mm-) wide, stainless steel or Monel.
	C. Wire:  0.062-inch (1.6-mm) soft-annealed, stainless steel.


	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine substrates and conditions for compliance with requirements for installation tolerances and other conditions affecting performance of insulation application.

	3.2 PREPARATION
	A. Surface Preparation:  Clean and dry surfaces to receive insulation.  Remove materials that will adversely affect insulation application.
	B. Mix insulating cements with clean potable water; if insulating cements are to be in contact with stainless-steel surfaces, use demineralized water.

	3.3 GENERAL INSTALLATION REQUIREMENTS
	A. Install insulation materials, accessories, and finishes with smooth, straight, and even surfaces; free of voids throughout the length of piping including fittings, valves, and specialties.
	B. Install insulation materials, forms, vapor barriers or retarders, jackets, and thicknesses required for each item of pipe system as specified in insulation system schedules.
	C. Install accessories compatible with insulation materials and suitable for the service.  Install accessories that do not corrode, soften, or otherwise attack insulation or jacket in either wet or dry state.
	D. Install insulation with longitudinal seams at top and bottom of horizontal runs.
	E. Install multiple layers of insulation with longitudinal and end seams staggered.
	F. Do not weld brackets, clips, or other attachment devices to piping, fittings, and specialties.
	G. Keep insulation materials dry during application and finishing.
	H. Install insulation with tight longitudinal seams and end joints.  Bond seams and joints with adhesive recommended by insulation material manufacturer.
	I. Install insulation with least number of joints practical.
	J. Where vapor barrier is indicated, seal joints, seams, and penetrations in insulation at hangers, supports, anchors, and other projections with vapor-barrier mastic.
	K. Apply adhesives, mastics, and sealants at manufacturer's recommended coverage rate and wet and dry film thicknesses.
	L. Install insulation with factory-applied jackets as follows:
	M. Cut insulation in a manner to avoid compressing insulation more than 75 percent of its nominal thickness.
	N. Finish installation with systems at operating conditions.  Repair joint separations and cracking due to thermal movement.
	O. Repair damaged insulation facings by applying same facing material over damaged areas.  Extend patches at least 4 inches (100 mm) beyond damaged areas.  Adhere, staple, and seal patches similar to butt joints.
	P. For above-ambient services, do not install insulation to the following:

	3.4 PENETRATIONS
	A. Insulation Installation at Underground Exterior Wall Penetrations:  Terminate insulation flush with sleeve seal.  Seal terminations with flashing sealant.
	B. Insulation Installation at Aboveground Exterior Wall Penetrations:  Install insulation continuously through wall penetrations.
	C. Insulation Installation at Interior Wall and Partition Penetrations (That Are Not Fire Rated):  Install insulation continuously through walls and partitions.
	D. Insulation Installation at Fire-Rated Wall and Partition Penetrations:  Install insulation continuously through penetrations of fire-rated walls and partitions.
	E. Insulation Installation at Floor Penetrations:

	3.5 GENERAL PIPE INSULATION INSTALLATION
	A. Requirements in this article generally apply to all insulation materials except where more specific requirements are specified in various pipe insulation material installation articles.
	B. Insulation Installation on Fittings, Valves, Strainers, Flanges, and Unions:
	C. Insulate instrument connections for thermometers, pressure gages, pressure temperature taps, test connections, flow meters, sensors, switches, and transmitters on insulated pipes.  Shape insulation at these connections by tapering it to and around the connection with insulating cement and finish with finishing cement, mastic, and flashing sealant.
	D. Install removable insulation covers at locations specified.  Installation shall conform to the following:

	3.6 INSTALLATION OF PIPES
	A. Insulation Installation on Straight Pipes and Tubes:
	B. Insulation Installation on Pipe Flanges:
	C. Insulation Installation on Pipe Fittings and Elbows:
	D. Insulation Installation on Valves and Pipe Specialties:

	3.7 FIELD-APPLIED JACKET INSTALLATION
	3.8 FINISHES
	A. Pipe Insulation with ASJ, Glass-Cloth, or Other Paintable Jacket Material:  Paint jacket with paint system specified.
	B. Flexible Elastomeric Thermal Insulation:  After adhesive has fully cured, apply two coats of insulation manufacturer's recommended protective coating.
	C. Color:  Vary first and second coats to allow visual inspection of the completed Work.
	D. Do not field paint aluminum or stainless-steel jackets.

	3.9 PIPING INSULATION SCHEDULE, GENERAL
	A. Acceptable preformed pipe and tubular insulation materials and thicknesses are identified for each piping system and pipe size range.  If more than one material is listed for a piping system, selection from materials listed is Contractor's option.
	B. Items Not Insulated:  Unless otherwise indicated, do not install insulation on the following:

	3.10 ABOVEGROUND PIPING INSULATION SCHEDULE (INCLUDING PIPING IN MANHOLES)
	A. Low Pressure Steam, Return, and Pumped Condensate, 20 psig:
	B. Medium Pressure Steam and Return, 21-75 psig:
	C. High Pressure Steam and Return, 76 psig and above:

	3.11 INDOOR, FIELD-APPLIED JACKET SCHEDULE
	A. Exposed piping in any room and all piping in boiler, mechanical rooms, manholes, vaults and tunnels shall have an 8 ounce canvas jacket applied over the fiberglass factory ASJ/SSL jacketing to further protect the insulation from abuse.  This jacketing must be properly applied with lagging adhesive, such that the outer surface is smooth and free or wrinkles.  The canvas jacketing in all mechanical areas is to be prepared for painting, and then painted according to the University of Kentucky standard piping color coding.  All chilled water piping insulation shall be completely sealed so that a perfect vapor barrier is achieved.
	B. Install jacket over insulation material.  For insulation with factory-applied jacket, install the field-applied jacket over the factory-applied jacket.
	C. If more than one material is listed, selection from materials listed is Contractor's option.



	23 2213 Steam and Condensate Heating Piping
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. This Section includes the following for LP and HP steam and condensate piping:
	B. Install pipe accessories (such as strainers, valves, control valves, sensing wells, hangers, gages, pumps, etc.) furnished under other sections of the Specifications, in piping systems.

	1.3 DEFINITIONS
	A. HP Systems:  High-pressure piping operating at more than 15 psig (104 kPa) as required by ASME B31.1.
	B. LP Systems:  Low-pressure piping operating at 15 psig (104 kPa) or less as required by ASME B31.9.

	1.4 PERFORMANCE REQUIREMENTS
	A. Components and installation shall be capable of withstanding the following minimum working pressures and temperatures:

	1.5 SUBMITTALS
	A. Product Data:  For each type of the following:
	B. Qualification Data:  For Installer.
	C. Welding certificates.
	D. Field quality-control test reports.
	E. Operation and Maintenance Data:  For valves and steam traps to include in operation and maintenance manuals.

	1.6 QUALITY ASSURANCE
	A. Steel Support Welding:  Qualify processes and operators according to AWS D1.1, "Structural Welding Code - Steel."
	B. Pipe Welding:  Qualify processes and operators according to the following:
	C. ASME Compliance:  Comply with ASME B31.1, "Power Piping" and ASME B31.9, "Building Services Piping" for materials, products, and installation.  Safety valves and pressure vessels shall bear the appropriate ASME label.  Fabricate and stamp flash tanks to comply with ASME Boiler and Pressure Vessel Code: Section VIII, Division 1.


	PART 2 -  PRODUCTS
	2.1 STEEL PIPE AND FITTINGS
	A. Steel Pipe:  ASTM Grade B, A106, seamless black steel, plain ends, and Schedule as indicated in Part 3 piping applications articles.
	B. Cast-Iron Threaded Fittings:  ASME B16.4; Classes 150, and 300 as indicated in Part 3 piping applications articles.
	C. Malleable-Iron Threaded Fittings:  ASME B16.3; Classes 150 and 300 as indicated in Part 3 piping applications articles.
	D. Malleable-Iron Unions:  ASME B16.39; Classes 150, 250, and 300 as indicated in Part 3 piping applications articles.
	E. Cast-Iron Threaded Flanges and Flanged Fittings:  ASME B16.1, Classes 125 and 250 as indicated in Part 3 piping applications articles; raised ground face, and bolt holes spot faced.
	F. Wrought-Steel Fittings:  ASTM A 234/A 234M, wall thickness to match adjoining pipe.
	G. Wrought-Steel Flanges and Flanged Fittings:  ASME B16.5, including bolts, nuts, and gaskets of the following material group, end connections, and facings:
	H. Steel Pipe Nipples:  ASTM A 733, made of ASTM A 53/A 53M, black steel of same Type, Grade, and Schedule as pipe in which installed.
	I. Stainless-Steel Bellows, Flexible Connectors:

	2.2 JOINING MATERIALS
	A. Pipe-Flange Gasket Materials:  Suitable for chemical and thermal conditions of piping system contents.
	B. Flange Bolts and Nuts:  ASME B18.2.1, carbon steel, unless otherwise indicated.
	C. Welding Filler Metals:  Comply with AWS D10.12 (AWS D10.12M) for welding materials appropriate for wall thickness and chemical analysis of steel pipe being welded.
	D. Welding Materials:  Comply with Section II, Part C, of ASME Boiler and Pressure Vessel Code for welding materials appropriate for wall thickness and for chemical analysis of pipe being welded.

	2.3 STRAINERS
	A. Y-Pattern Strainers:
	B. Steel Y-Pattern Strainers:  Rated for 300 psig working steam pressure and 500 deg F; ASTM A 216, Grade WCB cast-carbon steel body; stainless-steel screen, No. 20 mesh for NPS 2 (DN 50) and smaller and manufacturer's recommended perforations for NPS 2-1/2 (DN 65) and larger; tapped blowoff plug.  Threaded connections for strainers NPS 2 (DN 50) and smaller and flanged connections for strainers NPS 2-1/2 (DN 65) and larger.
	C. Basket Strainers:
	D. Basket Strainers:  Rated for 300 psig working steam pressure and 500 deg F; ASTM A 216, Grade WCB cast-carbon steel body; stainless-steel screen; bolted cover; threaded connections for strainers NPS 2 (DN 50) and smaller and flanged connections for strainers NPS 2-1/2 (DN 65) and larger.

	2.4 STEAM TRAPS
	A. Float and Thermostatic Traps:
	B. Inverted Bucket Traps:


	PART 3 -  EXECUTION
	3.1 LP STEAM PIPING APPLICATIONS
	A. LP Steam Piping, NPS 2 (DN 50) and Smaller:  Schedule 40, Type S, Grade B, steel pipe; 150 lb malleable-iron fittings; and threaded joints.
	B. LP Steam Piping, NPS 2-1/2 (DN 65) and larger:  Schedule 40, Type E, Grade B, steel pipe; Class 150 standard weight steel fittings, flanges, and flange fittings; and welded and flanged joints.
	C. Condensate and pumped condensate discharge piping above grade, NPS 2 (DN 50) and smaller, shall be the following:
	D. Condensate and pumped condensate discharge piping above grade, NPS 2-1/2 (DN 65) and larger, shall be the following:

	3.2 HP STEAM PIPING APPLICATIONS
	A. HP Steam Piping, NPS 2 (DN 50) and Smaller:  Schedule 40, Type S, Grade B, steel pipe; 300 lb malleable-iron fittings; and threaded joints.
	B. HP Steam Piping, NPS 2-1/2 through NPS 8:  Schedule 40, Type E, Grade B, steel pipe; standard weight steel fittings, flanges, and flange fittings; and welded and flanged joints.
	C. HP Steam Piping, NPS 10 and larger:  ½” wall, Grade B, steel pipe; Extra stong steel fittings, flanges, and flange fittings; and welded and flanged joints.
	D. Condensate piping above grade, NPS 2 (DN 50) and smaller, shall be the following:
	E. Condensate piping above grade, NPS 2-1/2 (DN 65) and larger, shall be the following:

	3.3 VALVE APPLICATIONS
	A. In high pressure steam piping, all valves shall be rated for 300 psi and 500 deg F.  Valves over 2½” shall be cast steel.
	B. Install shutoff duty valves at branch connections to steam supply mains, at steam supply connections to equipment, and at the outlet of steam traps.
	C. Install safety valves on pressure-reducing stations and elsewhere as required by ASME Boiler and Pressure Vessel Code.  Install safety-valve discharge piping, without valves, to nearest floor drain or as indicated on Drawings.  Comply with ASME Boiler and Pressure Vessel Code: Section VIII, Division 1, for installation requirements.

	3.4 PIPING INSTALLATION
	A. Drawing plans, schematics, and diagrams indicate general location and arrangement of piping systems.  Use indicated piping locations and arrangements if such were used to size pipe and calculate friction loss, expansion, and other design considerations.  Install piping as indicated unless deviations to layout are approved on Coordination Drawings.
	B. Do not lift low pressure condensate return lines. All low pressure condensate return lines must drain by gravity to vented receivers or condensate coolers.
	C. Do not lift medium and high pressure condensate return lines unless specifically shown this way on the drawings. In general, medium and high pressure condensate return lines must drain by gravity. Only condensate returns from medium and high pressure drips may be lifted, and then, only if shown that way on the Drawings.
	D. Use fittings for all changes in direction and all branch connections in piping.  Do not use weld-o-lets or thread-o-lets.
	E. Install piping in concealed locations, unless otherwise indicated and except in equipment rooms and service areas.
	F. Install piping indicated to be exposed and piping in equipment rooms and service areas at right angles or parallel to building walls.  Diagonal runs are prohibited unless specifically indicated otherwise.
	G. Install piping to permit valve servicing.
	H. Install piping free of sags and bends.
	I. Install fittings for changes in direction and branch connections.
	J. Install piping to allow application of insulation.
	K. Select system components with pressure rating equal to or greater than system operating pressure.
	L. Install groups of pipes parallel to each other, spaced to permit applying insulation and servicing of valves.
	M. Install drains, consisting of a tee fitting, NPS 3/4 (DN 20) full port-ball valve, and short NPS 3/4 (DN 20) threaded nipple with cap, at low points in piping system mains and elsewhere as required for system drainage.
	N. Install steam supply piping at a minimum uniform grade of 0.2 percent downward in direction of steam flow.
	O. Install condensate return piping at a minimum uniform grade of 0.4 percent downward in direction of condensate flow.
	P. Reduce pipe sizes using eccentric reducer fitting installed with level side down.
	Q. Install branch connections to mains using tee fittings in main pipe, with the branch connected to top of main pipe.
	R. Install valves according to Division 23 Section "General-Duty Valves for HVAC Piping."
	S. Install unions in piping, NPS 2 (DN 50) and smaller, adjacent to valves, at final connections of equipment, and elsewhere as indicated.
	T. Install flanges in piping, NPS 2-1/2 (DN 65) and larger, at final connections of equipment and elsewhere as indicated.
	U. Install strainers on supply side of control valves, pressure-reducing valves, traps, and elsewhere as indicated.  Install NPS 3/4 (DN 20) nipple and full port ball valve in blowdown connection of strainers NPS 2 (DN 50) and larger.  Match size of strainer blowoff connection for strainers smaller than NPS 2 (DN 50).
	V. Identify piping as specified in Division 23 Section "Identification for HVAC Piping and Equipment."
	W. Install drip legs at low points and natural drainage points such as ends of mains, bottoms of risers, and ahead of pressure regulators, and control valves.
	X. Flash Tank:
	Y. Install sleeves for piping penetrations of walls, ceilings, and floors.
	Z. Install sleeve seals for piping penetrations of concrete walls and slabs.
	AA. Install escutcheons for piping penetrations of walls, ceilings, and floors.

	3.5 STEAM-TRAP INSTALLATION
	A. Install steam traps in accessible locations as close as possible to connected equipment.
	B. Install gate valve, strainer, and union upstream from trap; install union, check valve, and gate valve downstream from trap unless otherwise indicated.

	3.6 HANGERS AND SUPPORTS
	A. Install hangers and supports according to Division 23 Section "Hangers and Supports for HVAC Piping and Equipment." Comply with requirements below for maximum spacing.
	B. Install the following pipe attachments:
	C. Install hangers with the following maximum spacing and minimum rod sizes:

	3.7 PIPE JOINT CONSTRUCTION
	A. Join pipe and fittings according to the following requirements and Division 23 Sections specifying piping systems.
	B. Ream ends of pipes and tubes and remove burrs.  Bevel plain ends of steel pipe.
	C. Remove scale, slag, dirt, and debris from inside and outside of pipe and fittings before assembly.
	D. Threaded Joints:  Thread pipe with tapered pipe threads according to ASME B1.20.1.  Cut threads full and clean using sharp dies.  Ream threaded pipe ends to remove burrs and restore full ID.  Join pipe fittings and valves as follows:
	E. Welded Joints:  Construct joints according to AWS D10.12 (AWS D10.12M), using qualified processes and welding operators according to Part 1 "Quality Assurance" Article.
	F. Flanged Joints:  Select appropriate gasket material, size, type, and thickness for service application.  Install gasket concentrically positioned.  Use suitable lubricants on bolt threads.

	3.8 FIELD QUALITY CONTROL
	A. Because of the use of weld-in valves, testing is more involved.
	B. Prepare steam and condensate piping according to ASME B31.1, "Power Piping" and ASME B31.9, "Building Services Piping," and as follows:
	C. Perform the following tests on steam and condensate piping:
	D. Subject piping system to hydrostatic test pressures as follows:
	E. Prepare written report of testing.



	23 2219 Direct Buried Steam and Condensate Distribution Piping (UK)
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section includes underground piping outside the building for distribution of steam and condensate.

	1.3 DEFINITIONS
	A. HP Systems:  High-pressure piping operating at more than 15 psig (104 kPa) as required by ASME B31.1.
	B. LP Systems:  Low-pressure piping operating at 15 psig (104 kPa) or less as required by ASME B31.9.

	1.4 PERFORMANCE REQUIREMENTS
	A. Provide components and installation capable of producing steam piping systems with the following minimum working-pressure ratings:

	1.5 SUBMITTALS
	A. Product Data:  For the following:
	B. Shop Drawings:  For underground steam and condensate distribution piping. Design Drawings and stress calculations shall be signed and sealed by a qualified professional engineer from the State of Kentucky and a professional engineer from the piping manufacturer
	C. The piping manufacturer shall be responsible for the evaluation of the layout and provide anchors and expansion compensation as required in strict conformance with ANSI B31.1, latest edition.
	D. Coordination Drawings:  Show pipe sizes, locations, and elevations.  Show other piping in same trench and clearances from steam distribution piping.  Indicate interface and spatial relationship between manholes, piping, and proximate structures.
	E. Qualification Data:  The system supplier shall have fabricated systems of the composition defined herein for at least five years.
	F. Welding certificates.
	G. Material Test Reports:  For conduit piping.
	H. Source quality-control reports.
	I. Field quality-control reports.

	1.6 QUALITY ASSURANCE
	A. Welding Qualifications:  Qualify procedures and personnel according to ASME Boiler and Pressure Vessel Code:  Section IX.
	B. ASME Compliance:  Comply with ASME B31.9, "Building Services Piping and ASME B31.1, "Power Piping," for materials, products, and installation.
	C. ASME Compliance:  Safety valves and pressure vessels shall bear appropriate ASME labels.
	D. ISO-9001: Manufacturer shall be ISO-9001 certified for quality management.

	1.7 PROJECT CONDITIONS
	A. Interruption of Existing Utilities:  Do not interrupt utilities serving facilities occupied by Owner or others unless permitted under the following conditions and then only after arranging to provide temporary utility services according to requirements indicated:

	1.8 COORDINATION
	A. Coordinate pipe-fitting pressure classes with products specified in related Sections.


	PART 2 -  PRODUCTS
	2.1 STEEL PIPES AND FITTINGS
	A. Steel Pipe:  ASTM A106, Grade B,seamless, wall thickness as indicated in "Piping Application" Article; black with plain ends.
	B. Malleable-Iron, Threaded Fittings:  ASME B16.3, Class 150 and Class 300, with threads according to ASME B1.20.1.
	C. Wrought Cast- and Forged-Steel Flanges and Flanged Fittings:  ASME B16.5, including bolts, nuts, and gaskets of the following material group, end connections, and facings:
	D. Steel Welding Fittings:  ASME B16.9 and ASTM A 234/A 234M, seamless or welded.
	E. Nipples:  ASTM A 733, Standard Weight, seamless, carbon-steel pipe complying with ASTM A 53/A 53M.
	F. Pipe-Flange Gasket Materials:  Suitable for chemical and thermal conditions of piping system contents.
	G. Flange Bolts and Nuts:  ASME B18.2.1, carbon steel, unless otherwise indicated.

	2.2 CONDUIT PIPING SYSTEM
	A. Conduit Piping System:  All underground distribution lines, as shown on the contract drawings, shall be MULTI-THERM 500 with fiberglass jacket, as manufactured by PERMA-PIPE or equal. All underground condensate lines with fluid temperatures up to 250°F shall be the POLY-THERM type with fiberglass jacket as manufactured by PERMA-PIPE or equal.  Factory-fabricated and -assembled, airtight and watertight, drainable, pressure-tested piping with conduit, inner pipe supports, and insulated carrier piping.  Fabricate so insulation can be dried in place by forcing dry air through conduit. Below are minimum requirements.
	B. Condensate Piping:
	C. Direct Buried Steam and High Pressure Return Piping:
	D. Source Quality Control:  Factory test the conduit to 15 psig (105 kPa) for a minimum of two minutes with no change in pressure.  Factory test the carrier pipe to 150 percent of the operating pressure of system.  Furnish test certificates.


	PART 3 -  EXECUTION
	3.1 PIPING INSTALLATION
	A. Drawing plans, schematics, and diagrams indicate general location and arrangement of piping systems.  Indicate piping locations and arrangements if such were used to size pipe and calculate friction loss, expansion, pump sizing, and other design considerations.  Install piping as indicated unless deviations to layout are approved on Coordination Drawings.
	B. Remove standing water in the bottom of trench.
	C. Bed the pipe on a minimum 6-inch (150-mm) layer of limestone free tamped sand with a minimum 6-inch (150-mm) clearance between the pipes.
	D. Do not insulate piping or backfill piping trench until field quality-control testing has been completed and results approved.
	E. Install piping at uniform grade of 0.2 percent downward in direction of flow or as indicated.
	F. Install condensate piping at uniform grade of 0.4 percent downward in direction of flow.
	G. In conduits, install drain valves at low points and manual air vents at high points.
	H. Install components with pressure rating equal to or greater than system operating pressure.
	I. Install piping free of sags and bends.
	J. Install fittings for changes in direction and branch connections.
	K. Secure anchors with concrete thrust blocks.
	L. Connect to steam and condensate piping where it passes through the building wall.
	M. Backfill:  The entire trench shall be evenly backfilled with limestone free sand in 6 inch compacted layers to a minimum height of 6 inches above the top of the insulated piping system.  The remaining trench shall be evenly and continuously backfilled in uniform layers with suitable excavated soil.

	3.2 JOINT CONSTRUCTION
	A. Join pipe and fittings according to the following requirements and Division 23 Sections specifying piping systems.
	B. Ream ends of pipes and tubes and remove burrs.  Bevel plain ends of steel pipe.
	C. Remove scale, slag, dirt, and debris from inside and outside of pipe and fittings before assembly.
	D. Threaded Joints:  Thread pipe with tapered pipe threads according to ASME B1.20.1.  Cut threads full and clean using sharp dies.  Ream threaded pipe ends to remove burrs and restore full ID.  Join pipe fittings and valves as follows:
	E. Welded Joints:  Construct joints according to AWS D10.12M/D10.12, using qualified processes and welding operators according to "Quality Assurance" Article.
	F. Flanged Joints:  Select appropriate gasket material, size, type, and thickness for service application.  Install gasket concentrically positioned.  Use suitable lubricants on bolt threads.
	G. Conduit Piping Joints:  Assemble sections and finish joints with pourable or split insulation, exterior jacket sleeve, and apply shrink-wrap seals.
	H. Field joints shall consist of field-installed Pyrogel XTE insulation applied in staggered layers and held in-place with stainless steel bands, a connector sleeve for the conduit, field-applied foam insulation and a polyethylene heat shrink wrap. Heat shrink wrap shall be Sleeve-Gard 80 or Canusa Wrap Model WLNN.

	3.3 IDENTIFICATION
	A. Install continuous plastic underground warning tapes during back filling of trenches for underground steam and condensate distribution piping.  Locate tapes 6 to 8 inches (150 to 200 mm) below finished grade, directly over piping.  See Division 31 Section "Earth Moving" for warning-tape materials and devices and their installation.

	3.4 FIELD QUALITY CONTROL
	A. Manufacturer's Field Service:  Engage a factory-authorized service representative to inspect, test, and adjust components, assemblies, and equipment installations, including connections.
	B. Tests and Inspections:
	C. Prepare test and inspection reports.




	Div 26
	26 0000 - General Electrical Provisions
	PART 1 -  GENERAL
	1.1 REVIT
	A. The plans, sections and risers were made with REVIT. This program has some limitations on the types of devices, equipment and accessories... that can be show. The contractor should review the specifications and details for the proper type of devices, equipment and accessories... because what is shown on the plans may be the "closest" available within the limitations of REVIT and not exactly what is required by the contract specifications and details.
	B. Mounting heights may have been modified to show elements on the correct floor plan for bidding. Coordinate with the architect and engineer if it is not clear.
	C. Components may be orientated for clarity. Actual components shall be orientated as required by specifications, service requirements or manufacturers recommendations.

	1.2 GENERAL
	A. The General Conditions, Special Conditions, Supplemental Conditions, Instructions to Bidders, and other Contract Documents apply to this branch of the work as well as to the other branches.
	B. The Contractor shall familiarize himself with the work of all other trades, general type construction, and the relationship of his work to other sections. He shall examine all working drawings, specifications and conditions affecting his work. The Contractor shall visit the premises and thoroughly familiarize himself with all details of the work and working conditions, verify all dimensions in the field and advise the Engineer of any discrepancy before fabricating or performing any work.
	C. The work shall include complete testing of all equipment, conduit and wiring at the completion of the work and making any minor connection changes or adjustments necessary for the proper functioning of the system and equipment.
	D. Perform any necessary temporary work during construction.
	E. Work under this section shall conform to governing codes, ordinances and regulations of the City, County and State.
	F. The Contractor shall be responsible for any errors in fabrication, for the correct fitting, installation, and erection of the various electrical systems.

	1.3 SCOPE
	A. Furnish and install all wiring devices and equipment, etc., unless otherwise indicated, for the complete electrical systems. It is the intent that the entire electrical work and all electrical systems shall be complete in every respect and that all outlets, receptacles, fixtures, motors, equipment, devices, etc., shown, noted, or required shall be completely connected from source of power to final connection, ready for satisfactory operation.

	1.4 ELECTRICAL MATERIALS
	A. It is the intent of these specifications that the conductive materials used in the manufacture of, but not limited to, the following types of equipment be of copper construction:

	1.5 PROTECTION
	A. All work, equipment and materials shall be protected at all times. All conduit openings shall be closed with caps or plugs during construction. All equipment and accessories shall be tightly covered and protected against dirt, water, or other injury during the period of construction.

	1.6 EQUIPMENT FURNISHED BY OTHERS
	A. It shall be the responsibility of this Contractor to check voltage and current ratings of motors, relays, starters, switches, etc., of equipment furnished by others not connected under this section of the specifications.  Nominal motor voltage ratings should be as follows:
	B. Motors not conforming to these ratings shall be called to the attention of the related subcontractor and the Owner/Engineer.

	1.7 EQUIPMENT INSTALLATION INSTRUCTIONS
	A. Install electrical conduit, wiring and equipment in strict accordance with manufacturer's recommendations. Provide equipment accessories necessary for proper operation or recommended by the manufacturer, even if such accessories are not shown on the drawings or mentioned in the specifications.

	1.8 INSTALLATION OF EQUIPMENT
	A. All appliances, materials and equipment shall be installed and connected in accordance with the best engineering practice and in accordance with manufacturers' instructions and recommendations. All electrical connections, etc., recommended by the manufacturer or required for proper operation shall be furnished and installed complete.

	1.9 EQUIPMENT CONNECTIONS
	A. Make connections to equipment furnished by others whenever such equipment is shown on any part of the drawings or mentioned in any section of the specifications.
	B. Verify equipment locations and the sizes, number, locations, and types of connections to be made before installation of any such equipment.

	1.10 BELT AND MACHINERY GUARDS
	A. Belt Guards
	B. Machinery Guards

	1.11 OPENINGS
	A. The Contractor under this Division shall be responsible for the openings he may require in floors, walls or ceilings of any type construction whether or not shown on the Architectural and/or Structural Drawings.
	B. Openings that have been shown on the Architectural and/or Structural Drawings will be provided by the Contractor under this Division.
	C. Openings that have not been shown on the Architectural and/or Structural Drawings shall be provided by the Contractor under this Division as directed by the Engineer.

	1.12 FIRE BARRIER PENETRATION SEALS:
	A. Provide seals for any opening through any walls, floors, or ceilings used as passage for electrical components such as conduit, cabling, etc.
	B. General:  Provide manufacturer's standard fire�stopping sealant, with accessory materials, having fire�resistance ratings as established by testing identical assemblies per ASTM E 8l4 by Underwriters' Laboratories, Inc. or other testing and inspecting agency acceptable to authorities having jurisdiction. Sealant shall provide protection equal or exceeding the fire resistance rating of fire rated walls, partitions, ceilings, or floors.  Use two�part or one-part sealants as required to meet required fire resistance ratings.
	C. Foamed-In-Place Fire-Stopping Sealant:  Two�part, foamed�in�place, silicone sealant formulated for use in a through�penetration fire�stop system for filling openings around cables, conduit, pipes and similar penetrations through walls and floors.
	D. One-Part Fire-Stopping Sealant:  One-part elastomeric sealant formulated for use in a through�penetration fire�stop system for sealing openings around cables, conduit, pipes and similar penetrations through walls and floors.
	E. Available Products:  Subject to compliance with requirements, products which may be incorporated in the Work include, but are not limited to, the following:
	F. Products:  Subject to compliance with requirements, provide one of the following:
	G. Installation of Fire-Stopping Sealant:  Install sealant, including forming, packing, and other accessory materials to fill openings around mechanical and electrical services penetrating floors and walls to provide fire�stops with fire resistance ratings indicated for floor or wall assembly in which penetration occurs.  Comply with installation requirements established by testing and inspecting agency.

	1.13 SINGULAR NUMBER
	A. In all cases where a device or piece of equipment is referred to in the singular number (such as a light fixture, etc.), it is intended that such reference shall apply to as many such items as are required to complete the installation.

	1.14 CONNECTION TO EXISTING ELECTRICAL SYSTEMS
	A. The Contractor under this Division shall make all necessary electrical connections to all undisturbed existing electrical systems, as shown on the Drawings and/or required for their proper operation with the new system.

	1.15 CATALOG DATA FOR THE OWNER
	A. The Contractor under this Division shall prepare one (1) electronic brochure entitled "Repair Emergency Infrastructure/Building Systems (Reconstruction of Huguelet Drive Steam Piping, Vaults, and Tunnel)�� Electrical Operation and Maintenance Data."
	B. Each brochure shall contain the following information:
	C. Brochures shall be provided with tabbed index and complete Table of Contents. The page after index of each tab shall contain a summary schedule listing checks and maintenance functions required for each piece of equipment. The schedule shall be divided into daily, weekly, monthly, and annual time frames as required.
	D. Brochures shall be submitted to the Engineer prior to final inspection of the building.

	1.16 UTILITY SERVICE MARKERS
	A. The Contractor under this Division shall furnish and install markers for underground electrical utility services at the locations shown on the Drawings. The exact location of services shall be determined at the time of installation by triangulation.
	B. Markers shall consist of bronze plates, ground and polished, marked to identify the service. Markers shall also be stamped with arrows indicating the direction the service extends. A typical marker detail is shown on the Drawings.
	C. Markers locating services at the building shall be installed in masonry or concrete walls two feet (2') above grade. Markers locating services elsewhere on the site shall be installed in concrete walks or curbs, or in 6" x 6" steel reinforced concrete posts as detailed.
	D. One marker may be used for a maximum of two (2) common services such as primary and secondary duct banks.  Where one marker is used, it shall be labeled with both services.

	1.17 SPECIAL NOTE
	A. All openings in electrical equipment, enclosures, cabinets, outlet, and junction boxes shall be by means of standard knockouts or shall be sawed or drilled. The use of a cutting torch is prohibited.

	1.18 EQUIPMENT IDENTIFICATION
	A. The Contractor for this Division shall furnish and install on all electrical equipment such as switches, starters, panelboards, etc., a nameplate giving its name and function.
	B. Nameplates shall be engraved bakelite (white letters on black background) and shall be equal to Seton Nameplate, C. H. Hanson or Identifications.

	1.19 MOTOR PROTECTION INFORMATION
	A. The Contractor for this Division shall provide the following information for each motor installed on this project, regardless of the supplying Contractor:
	B. This information shall be provided in tabulation form before final payment will be made to the Contractor.

	1.20 EQUIVALENT MATERIAL AND EQUIPMENT
	A. The material and equipment described herein have been specified according to particular trade names or makes; however, the Contractor may offer substitute material and equipment in lieu of that specified, provided such material and equipment meet all the requirements of those specified and are approved by the Engineer.  The manufacturer's warranty covering each item of substituted material or equipment shall be equal to the warranty covering the material or equipment specified.
	B. Where equipment is approved which requires different arrangement of connections from those shown, it shall be the responsibility of the Contractor to install the equipment to operate properly and in harmony with the intent of the Drawings and Specifications, and to make all changes in the work required by the different arrangement of connections.

	1.21 PERMITS, CODES AND APPROVALS
	A. Permits
	B. Codes and Rules and Regulations
	C. Approvals

	1.22 INSPECTIONS
	A. Electrical inspections will be performed throughout the course of construction by an electrical inspector from the State Fire Marshal's office. Upon project completion, and when wiring, equipment and fixtures have been installed, inspected, and found to be in compliance with the National Electrical Code, the inspector will issue a certificate of compliance to the Owner.  All costs incidental to the electrical inspection shall be borne by the Contractor for Division 26.
	B. The Contractor under this Division shall furnish electrical inspection by the inspection agency having jurisdiction. The Electrical Inspector shall be notified in writing immediately upon the start of the work and a copy of the notice shall be sent to the Engineer. All costs incidental to the electrical inspection shall be borne by the Contractor for Division 26.
	C. The inspection shall be scheduled for rough as well as finished work. The rough inspection shall be divided into as many inspections as may become necessary to cover all roughing�in. A punch list inspection shall be scheduled with a representative of the Engineer present. The punch list inspection shall be made with panelboard and junction box covers removed.
	D. Before final acceptance, the Contractor for Division 26 shall furnish a Certificate of Final Approval by the Electrical Inspector to the Engineer and the Owner.

	1.23 UL LISTINGS
	A. Materials and appliances for the type for which there are Underwriters' Laboratories standard requirements listings and labels, shall have listing of Underwriters' Laboratories and shall be so labeled, or shall conform to their requirements, in which case certified statements to that effect shall be furnished by the manufacturer with a copy of an examination report by a recognized testing laboratory acceptable to the Engineer.

	1.24 WORKMANSHIP
	A. Competent workmen shall be employed on all phases of the work. Poor workmanship will be rejected and will constitute cause for removal of the individual performing the work.

	1.25 COOPERATION WITH OTHER CONTRACTORS
	A. Each Contractor shall demand and examine all Drawings and Specifications pertaining to the construction before installing the work described and shown under these Drawings and Specifications. Each Contractor shall cooperate with all other Contractors in locating piping, conduit, openings, chases, and equipment in order to avoid conflict with any other Contractor's work. All work installed above a lay-in ceiling must be coordinated and installed so there is a minimum of 4 inches between the top of the ceiling grid and the bottom of the installation.
	B. If any discrepancies occur between the accompanying Drawings and these Specifications and Drawings and Specifications covering other Contracts, each Contractor shall report such discrepancies to the Architect/Engineer far enough in advance so that a workable solution can be presented. No extra payment will be allowed for relocation of piping, ductwork, conduit, and equipment not installed in accordance with the above instructions, and which interferes with work and equipment of other Contractors.

	1.26 COORDINATION OF WORK ABOVE LAY-IN CEILING
	A. All work installed above a lay-in ceiling must be coordinated and installed so there is a minimum of 4 inches between the top of the ceiling grid and the bottom of the installation. Installation shall not obstruct equipment access space or equipment removal space.

	1.27 MAINTAINING EXISTING FACILITIES
	A. The existing services to and within the building shall be maintained during the construction without interruption, except for short periods of time that may be required to make changeover connections. The Engineer shall be notified in advance and an agreement reached as to when the connections are to be made and the length of time the particular facility will be out of service.
	B. All temporary connections that may be necessary to continue these services shall be properly made and maintained in a safe and substantial manner until the permanent facilities are activated. Upon completion, remove all temporary work, and completely restore all areas that may be affected.
	C. At any time the existing building facilities are interrupted, the Contractor shall work continuously until the permanent services are restored. The Contractor shall pay for all premium time necessary to comply with these requirements.

	1.28 EXTERIOR LIGHTING
	A. This contractor shall provide temporary lighting, if required, to maintain adequate illumination for safety and security for all immediate adjacent areas to the construction site whose illumination is affected by the construction activities. Illumination requirements shall be in accordance with the recommendations as set forth by IESNA standards.
	B. Installation and operation of the temporary lighting is to be reviewed for approval by the Owner and Engineer.

	1.29 GUARANTY CERTIFICATES
	A. Certificates of guaranty accompanying those items of mechanical and electrical equipment on which manufacturer's guarantees have been specified, or are normally provided, shall be completely executed by the Contractor and delivered to the Architect before completion of the work.

	1.30 ALTERNATES
	A. The Contractor under this Division shall refer to Division 1 of the Specifications for a complete description of the Alternates.  Note that all alternates are ADDITIVE (DEDUCTIVE). The work detailed on the Drawings and specified are for the complete project, including all Alternates.

	1.31 CLEANING
	A. After the Engineer has completed examination, the Contractor shall remove all stickers, tags, etc., and shall thoroughly clean all equipment, fixtures and materials installed under his section of the work.
	B. Surplus material, rubbish and equipment resulting from the work shall be removed from the building and premises by the respective Contractors upon completion of the work in accordance with the General Conditions.

	1.32 PAINTING
	A. All exposed conduit and equipment installed under this Division, where required, shall be thoroughly cleaned, and readied for painting.
	B. Painting in new areas and in existing building areas shown to be remodeled on the Architectural Drawings will be done by the Contractor under Division 9.
	C. Painting in all other areas of the existing building which have been cut and patched under this Division shall be painted to match exactly the existing adjacent surfaces. Where a match cannot be made, the entire surface shall be repainted. All painting shall be performed in strict accordance with the Specifications in Division 9. All exposed electrical work in these areas shall also be painted to match adjacent surfaces.
	D. Do not paint Cables or Wires.

	1.33 WORKMANSHIP
	A. Work shall be performed by mechanics skilled in their respective trades and shall present appearance typical of best trade practice. Work not installed in this manner shall be repaired, removed, or replaced, or otherwise remedied as directed by the Engineer.

	1.34 SUPERVISION
	A. The Contractor shall personally supervise the work or have a competent superintendent, satisfactory to the Architect/Engineer and Owner on the work at all times during progress with full authority to act.
	B. The Contractor shall lay out his work and be responsible for any necessary lines, levels, elevations, and measurements.  He must verify the figures shown on the drawings before laying out the work and will be held responsible for any error resulting from his failure to do so. Work at the site of the project shall be observed by the Architect/Engineer or his representative.
	C. Final Inspection:  At the time of final inspection of the work performed under this Contract, systems shall be complete in every respect and in perfect operating condition. Surplus materials of every character resulting from work of this section shall have been removed. Sanitary sewers shall be free from sand, silt, or other obstructions. Any defect discovered in the utilities subsequent to this inspection shall have been corrected.

	1.35 INTERPRETATIONS
	A. Wherever in these Specifications, the term "General Contractor" is used, it shall be understood to mean the Contractor engaged in the general construction portion of the work. Similarly, wherever the "Heating and Air Conditioning Contractor," "Plumbing Contractor," "Sprinkler Contractor," or "Contractor for Division 26" is mentioned as such, it shall be understood to refer to the Contractor engaged in that particular branch of the work.

	1.36 WORKING DRAWINGS
	A. Scale of drawings is approximate. Do not scale the drawings to determine locations of electrical work. Exact locations, dimensions and elevations shall be governed by field conditions. Make field measurements of building before fabricating or installing equipment or materials.
	B. Drawings are based on physical dimensions of one or more manufacturer's equipment. Other approved equipment shall be of such dimensions that it can be readily installed in available space, leaving ample clearance for proper maintenance.
	C. Intent of drawings is to show systems and sizes.  Drawings do not necessarily show all required offsets. Work shall be installed to conform with space limitations. Offsets, transitions, fittings, etc., shall be provided as part of the Contract where required to attain this objective.

	1.37 ELECTRICAL DRAWINGS AND SPECIFICATIONS
	A. The Drawings and Specifications are intended to cover all work enumerated under the respective headings. The Drawings are diagrammatic only. The Contractor shall not take advantage of conflict or error between the Drawings and Specifications but shall request a clarification of such before making his proposal.

	1.38 STRUCTURAL DRAWINGS AND SPECIFICATIONS
	A. The Contractor shall refer to the Structural Drawings and Specifications for the general construction of the building, for floor and ceiling heights, for location of walls, partitions, beams, etc., and shall be guided accordingly for the setting of all sleeves, inserts and equipment.
	B. Under no circumstances shall a Contractor scale the Drawings for the location of equipment and work.

	1.39 DISCREPANCIES
	A. If any discrepancies occur between the accompanying Drawings and these Specifications and Drawings and Specifications covering other Contracts, report such discrepancies to the Engineer far enough in advance so that a workable solution can be presented. No extra payment will be allowed for relocation of piping, ductwork, conduit, and equipment not installed in accordance with the above instructions, and which interferes with work and equipment of other Contractors.

	1.40 RESTORATION OF SURFACES
	A. The Contractor shall restore to their original conditions all paving, curbing, sidewalks, surfaces, drainage ditches, and structures, fences, shrubs, and other items damaged or removed by his operations. Replacement and repairs shall be in accordance with good construction practice and shall match material employed in the original construction of the item to be replaced.
	B. Unless otherwise noted, this contractor shall seal, repair, and/or patch all openings and disturbances to the building surfaces resulting from the demolition and installation of equipment. Repairs and patching shall match the existing surfaces and be in accordance with the specifications, where applicable. See paragraph above concerning painting for additional requirements.

	1.41 EXCAVATION, TRENCHING AND BACKFILLING
	A. Photographs: The contractor shall photograph all underground utilities before backfilling. Photographs shall be oriented and labeled so that the locations, all crossings and depths of the utilities can be determined from the photographs
	B. General:  Excavate in accordance with requirements of Division Section “EARTHWORK” and requirements of this Section. Lay the conduit in open trench except when the Engineer gives written permission for tunneling.  Open the trench sufficiently ahead of pipe laying to reveal obstructions. Maintain easy access to fire hydrants by fire fighting apparatus.
	C. Provide trench crossing as necessary to accommodate public travel.
	D. Separate Trenches:  Unless otherwise shown or requested, provide separate trenches for communication and power feeders, respectively, with a minimum of 3' of undisturbed earth between trenches. Always place gas lines in a separate trench from electrical lines.
	E. Width of Trench:  Excavate trenches of sufficient width for proper installation of work.  When the depth of backfill over sewer pipe exceeds 10', keep the trench at the level of the top of the pipe as narrow as possible.
	F. Sheeting and Bracing:  Sheet and brace trenches as necessary to protect workmen and adjacent structures. Comply with local regulations or, in the absence thereof, with the "Manual of Accident Prevention in Construction" of the Associated General Contractors of America, Inc. Do not remove sheeting until trench is backfilled sufficiently to protect pipe and prevent injurious caving. When ordered in writing by the Engineer, leave sheeting in place and the Contract will be adjusted (See General Conditions): cut off such sheeting not to be removed at least 3' below finished grade.
	G. Water Removal:  Keep trenches free from water while construction therein is in progress. Under no circumstances lay pipe or appurtenances in water. Pump or bail water from bell holes to permit proper jointing of pipes. Conduct the discharge from trench dewatering to drains or natural discharge channels.
	H. Disposition of Utilities:  Observe rules and regulations governing the respective utilities in executing work under this heading. Protect active utilities from damage or remove in accordance with written instructions of the Architect/Engineer (See General Conditions).  Plug, cap or remove inactive and abandoned utilities encountered in trenching operations.  In absence of specific requirements, plug or cap such utility line at least 3' from utility line to be installed or as required by local regulations.
	I. Rock Excavation:  Materials to be excavated shall include earth and any other material including rock encountered within the limits of trench excavation for the utilities to the depth and extent indicated on the drawings and herein specified. In case of any change ordered by the Owner or Engineer in the quantity of excavation, the contract price will be adjusted by unit price or as described under Excavation, Filling and Grading of Division Site Work of these specifications.  The term "rock" as used is defined to be hard material in nature that cannot be dislodged from its bed and removed therefrom without blasting or drilling. Any other is "earth" insofar as removal of the material to be excavated is concerned.
	J. Blasting:  See Division Section “EARTHWORK” to see if blasting is allowed. If blasting is allowed, obtain written approval of method from Architect/Engineer before proceeding with rock excavation.
	K. Trench Bottoms:  Lay all conduit, unless otherwise noted or detailed, in undisturbed earth. Bedding shall be in place and graded before pipe is installed.
	L. Special Supports:  Whenever, in the option of the Engineer, the soil at or below the requisite pipe grade is unsuitable for supporting duct banks or other utilities and appurtenances specified in this section, provide special support as the Engineer may direct and the Contract Price will be adjusted.  (See General Conditions).
	M. Tree Protection:  Exercise care to protect the roots of trees to remain. Within the branch spread of such trees, perform trenching by hand.  Open the trench only when the utility can be installed immediately; prune injured roots cleanly and backfill as soon as possible. Perform this work under the direction of the Architect/Engineer.
	N. Backfilling:  Inspect and test piping and record locations of pipe lines and appurtenances before backfilling.
	O. Trenches Under Floor Slabs: Backfill under floor slab on grade to a point 5’-0” outside of perimeter building wall with flowable fill as specified in Division Section “EARTHWORK”.  Remove excess excavation materials from the site daily unless otherwise instructed.
	P. Trenches in Other Areas: Backfill with materials in accordance with Division Section “EARTHWORK”. Compact backfill thoroughly with a heavy tamper.
	Q. The Contractor, at his option, may backfill the remaining depth of the trench from 12" above top of piping to 12" below finished grade with sand, wash gravel, or fine rock chat. The remaining depth of the trench would then be backfilled as specified in the preceding specification.

	1.42 SOIL MATERIALS
	A. General:  Provide approved borrow soil materials from off�site when sufficient approved soil materials are not available from excavations.
	B. Satisfactory Soil Materials:  ASTM D 2487 soil classification groups GW, GP, GM, SW, SP, and SM; free of rock or gravel larger than 2 inches in any dimension, debris, waste, frozen materials, vegetation, and other deleterious matter.
	C. Unsatisfactory Soil Materials:  ASTM D 2487 soil classification groups GC, SC, ML, MH, CL, CH, OL, OH, and PT.
	D. Backfill and Fill Materials:  Satisfactory soil materials.

	1.43 DISPOSAL OF SURPLUS AND WASTE MATERIALS
	A. Disposal:  Remove surplus satisfactory soil and waste material, including unsatisfactory soil, trash, and debris, and legally dispose of it off the Owner's property.

	1.44 SHOP DRAWINGS
	A. Equipment and material shop drawings, catalog sheets and descriptive data shall be submitted, each with a cover sheet first listing the project name, the Contractors, Architect and Engineer, and date of submittal. Next the section of the Specifications shall be listed stating the section for which the equipment is being proposed.  Next, outline equipment showing compliances to the specification requirements, such as capacities, special accessories, options, model, sizes, etc. Reverse side of cover sheet shall be left for Contractors' stamps showing review and space for Engineers' review stamp.  Catalog sheets shall be marked showing equipment proposed.
	B. Materials submitted without cover sheet or Contractor review stamp and without required information will be returned to the Contractor.
	C. No roughing�in, connections, etc., shall be done until acceptable shop drawings are in the hands of the Contractors. It shall be the responsibility of the Contractor to obtain acceptable shop drawings and to make connections, etc., in the neatest and most workmanlike manner possible.
	D. Submittal data must be complete for each piece of equipment. Partial or incomplete data will not be processed.

	1.45 PHASING OF WORK
	A. The Contractor under this Division shall refer to Division 1, Section 01100, for a complete description of the schedule for phasing of work on this project.

	1.46 STRUCTURAL RESPONSIBILITY
	A. The Contractor shall be responsible for properly shoring, bracing, supporting, etc., any existing and/or new construction to guard against cracking, settling, collapsing, displacing, or weakening. No structural member shall be cut or otherwise weakened in any manner without the written consent of the/Engineer.
	B. Any damage occurring to the existing and/or new structures, due to failure to exercise proper precautions or due to action of the elements, shall be promptly and properly made good to the satisfaction of the Owner or Engineer, without cost to either the Owner or the Engineer.

	1.47 HAZARDOUS MATERIALS
	A. Refer to Special Conditions, Section 00801.

	1.48 ASBESTOS
	A. If during the course of his work the Contractor observes the existence of asbestos, or asbestos�bearing materials, the Contractor shall immediately terminate further work on the project and notify the Owner of the condition The Owner will, after consultation with the Engineer, determine a further course of action.

	1.49 OWNER INSTRUCTION
	A. Conduct a full�day walk�through instruction seminar for the Owner's personnel to be involved in the continued operation and maintenance of mechanical equipment and systems. Explain the identification system, operational diagrams, emergency and alarm provisions, sequencing requirements, seasonal provisions, security, safety, efficiency, and similar features of the systems.
	B. All training shall be video recorded for future use by the Owner in training new personnel.

	1.50 ACCESS UNITS
	A. General:  The work of this article is limited to the provisions for access through other work for access to electrical work and does not include internal access provisions (within the electrical work). In general, and where possible, furnish or furnish�and�mount required access units in other trades' work prior to their work, so that cutting and patching for the subsequent installation of such access units will not be required. In occupied spaces, provide finished access units of the maximum concealment type, including locks where appropriate, and matching access units provided in the same expanse of finish (for non�mechanical access, if any).
	B. The scope of access units to be furnished or provided as electrical work includes those units indicated on the electrical drawings or specified in Division 26 sections, and those additional units required for adequate access to electrical work and not shown or specified individually.
	C. Access Doors:  Standard welded�steel construction, 16�gage frames and 14 gage door panels, 175 degree concealed spring hinges, rust�inhibitive prime coat, flush cam lock (for screw�driver operation where keyed lock is not required), recessed to receive applied finish where applicable (such as in concealed spline ceilings).
	D. Removable Access Plates:  Where only hand access is sufficient, provide removable plate�type access unit, or minimum size which will facilitate the required access.  Provide units of the type, style, design, material and finish appropriate for the location and exposure in each instance. In exposed surfaces of occupied spaces provide round plate units, flush floor units and frameless low�profile wall units, primed�for�paint in painted surfaces and polished chrome or stainless-steel finish in other surfaces.
	E. Access Thru Fire Rated Walls or Ceilings:  Where access doors or plates are required in fire rated partitions or ceilings, provide U.L. listed "B" Label doors or plates rated for 1�1/2 hours. Furnish doors with automatic closers and key operated latches that latch automatically when door closes.

	1.51 OWNER OCCUPANCY
	A. Full Owner Occupancy:  The Owner will occupy the site and building surrounding construction area during the entire construction period. Cooperate with the Owner during construction operations to minimize conflicts and facilitate Owner usage. Perform the Work to minimize interference with the Owner's operations. Perform portions of work on premium time if required to do so by the Owner.

	1.52 PROVIDING AIRTIGHT SPACES
	A. In rooms where room walls extend above ceiling to the floor or roof above, caulk around all new and existing penetrations through walls, ceilings, floors and/or roofs to make completely airtight rooms.  Seal penetrations both above and below suspended ceilings. Seal any openings left by removal of any existing or new work. Caulking used shall be the same type as specified in the specifications.
	B. Patch around rough openings of penetrations to form a tight fit before caulking.

	1.53 LINTELS:
	A. General:  Provide lintels for penetration of electrical systems through masonry walls if not provided elsewhere in these specifications. Lintels shall be type and size required to span the required openings.
	B. Lintels will not be required for openings 16 inches length or less.

	1.54 ELECTRICAL WORK IN EXISTING (RENOVATED) AREAS
	A. In existing areas where new work is shown, remove all existing exposed conduits, wiremold, surface and flush outlet boxes, wiring devices, fixtures, panels, etc., not required for new arrangement.
	B. Maintain and restore, if interrupted by removals or in path of new construction, all circuits, conduits and feeders passing through and serving undisturbed areas (shown or not shown).
	C. Install all new work as indicated. Flush outlet boxes may be reused if at proper height, location and in good condition. Existing concealed conduits may be reused if in good condition, circuitry shown on plans shall govern. All other materials removed shall be removed from the job site or turned over to the Owner.
	D. Before start of work, the Contractor shall check all existing devices, light fixtures and equipment that is noted or required to be reused, to satisfy himself that they are operating properly. Should any of the items not be operating, the Contractor shall report same to the Engineer and await his directions. Contractors not complying with the above will be responsible for providing operational items as his expense.
	E. Contractor shall make a complete survey of the existing building before bidding the project. Any conflicts between the plans and/or notes and existing conditions must be brought to the attention of the Engineer before bidding. If no questions and/or conflicts are brought to the attention of the Engineer, it will be assumed that the Contractor has completed the survey.

	1.55 CIRCUIT HOME RUNS
	A. All home runs for electrical feeders are to be installed as indicated on the drawings with respect to circuit groupings and home run location.
	B. Home run circuits may not be consolidated into larger conduits without the express written approval of the Engineer.


	PART 2 -  PRODUCTS
	2.1 Not Applicable

	PART 3 -  EXECUTION
	3.1 Not Applicable
	END OF SECTION 26 0000



	26 0500 - Common Work Results for Electrical
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:

	1.3 DEFINITIONS
	A. EPDM:  Ethylene-propylene-diene terpolymer rubber.
	B. NBR:  Acrylonitrile-butadiene rubber.

	1.4 SUBMITTALS
	A. Product Data:  For sleeve seals.

	1.5 COORDINATION
	B. Coordinate arrangement, mounting, and support of electrical equipment:
	C. Coordinate installation of required supporting devices and set sleeves in cast-in-place concrete, masonry walls, and other structural components as they are constructed.
	D. Coordinate location of access panels and doors for electrical items that are behind finished surfaces or otherwise concealed. Access doors and panels are specified in Division 08 Section "Access Doors and Frames."
	E. Coordinate sleeve selection and application with selection and application of firestopping specified in Division 07 Section "Penetration Firestopping."


	PART 2 -  PRODUCTS
	2.1 SLEEVES FOR RACEWAYS AND CABLES
	A. Steel Pipe Sleeves:  ASTM A 53/A 53M, Type E, Grade B, Schedule 40, galvanized steel, plain ends.
	B. Cast-Iron Pipe Sleeves:  Cast or fabricated "wall pipe," equivalent to ductile-iron pressure pipe, with plain ends and integral waterstop, unless otherwise indicated.
	C. Sleeves for Rectangular Openings:  Galvanized sheet steel.

	2.2 SLEEVE SEALS
	A. Description:  Modular sealing device, designed for field assembly, to fill annular space between sleeve and raceway or cable.

	2.3 GROUT
	A. Nonmetallic, Shrinkage-Resistant Grout:  ASTM C 1107, factory-packaged, nonmetallic aggregate grout, noncorrosive, non-staining, mixed with water to consistency suitable for application and a 30-minute working time.


	PART 3 -  EXECUTION
	3.1 COMMON REQUIREMENTS FOR ELECTRICAL INSTALLATION
	A. Comply with NECA 1.
	B. Measure indicated mounting heights to bottom of unit for suspended items and to center of unit for wall-mounting items.
	C. Headroom Maintenance:  If mounting heights or other location criteria are not indicated, arrange and install components and equipment to provide maximum possible headroom consistent with these requirements.
	D. Equipment:  Install to facilitate service, maintenance, and repair or replacement of components of both electrical equipment and other nearby installations.  Connect in such a way as to facilitate future disconnecting with minimum interference with other items in the vicinity.
	E. Right of Way:  Give to piping systems installed at a required slope.

	3.2 SLEEVE INSTALLATION FOR ELECTRICAL PENETRATIONS
	A. Electrical penetrations occur when raceways, cables, wireways, cable trays, or busways penetrate concrete slabs, concrete or masonry walls, or fire-rated floor and wall assemblies.
	B. Concrete Slabs and Walls:  Install sleeves for penetrations unless core-drilled holes or formed openings are used.  Install sleeves during erection of slabs and walls.
	C. Use pipe sleeves unless penetration arrangement requires rectangular sleeved opening.
	D. Fire-Rated Assemblies:  Install sleeves for penetrations of fire-rated floor and wall assemblies unless openings compatible with firestop system used are fabricated during construction of floor or wall.
	E. Cut sleeves to length for mounting flush with both surfaces of walls.
	F. Extend sleeves installed in floors 2 inches (50 mm) above finished floor level.
	G. Size pipe sleeves to provide 1/4-inch (6.4-mm) annular clear space between sleeve and raceway or cable, unless indicated otherwise.
	H. Seal space outside of sleeves with grout for penetrations of concrete and masonry
	I. Interior Penetrations of Non-Fire-Rated Walls and Floors:  Seal annular space between sleeve and raceway or cable, using joint sealant appropriate for size, depth, and location of joint.  Comply with requirements in Division 07 Section "Joint Sealants.".
	J. Fire-Rated-Assembly Penetrations:  Maintain indicated fire rating of walls, partitions, ceilings, and floors at raceway and cable penetrations. Install sleeves and seal raceway and cable penetration sleeves with firestop materials. Comply with requirements in Division 07 Section "Penetration Firestopping."
	K. Roof-Penetration Sleeves:  Seal penetration of individual raceways and cables with flexible boot-type flashing units applied in coordination with roofing work.
	L. Aboveground, Exterior-Wall Penetrations:  Seal penetrations using steel pipe sleeves and mechanical sleeve seals. Select sleeve size to allow for 1-inch (25-mm) annular clear space between pipe and sleeve for installing mechanical sleeve seals.
	M. Underground, Exterior-Wall Penetrations:  Install cast-iron pipe sleeves.  Size sleeves to allow for 1-inch (25-mm) annular clear space between raceway or cable and sleeve for installing mechanical sleeve seals.

	3.3 SLEEVE-SEAL INSTALLATION
	A. Install to seal exterior wall penetrations.
	B. Use type and number of sealing elements recommended by manufacturer for raceway or cable material and size.  Position raceway or cable in center of sleeve. Assemble mechanical sleeve seals and install in annular space between raceway or cable and sleeve. Tighten bolts against pressure plates that cause sealing elements to expand and make watertight seal.

	3.4 FIRESTOPPING
	A. Apply firestopping to penetrations of fire-rated floor and wall assemblies for electrical installations to restore original fire-resistance rating of assembly. Firestopping materials and installation requirements are specified in Division 07 Section "Penetration Firestopping."

	3.5 CONDUITS IN EXPOSED CEILING AREAS
	A. Where overhead conduits will be exposed in areas with no ceilings, conduits shall be installed parallel/perpendicular to the building structure.  Conduits shall be concealed from view as much as practical behind structural members while maintaining accessibility. Conduits shall be grouped together in an organized fashion to minimize space occupied by conduits. Conduits shall be held tight to bottom of slab above to maximize vertical space below conduits. Conduits shall be concealed above adjacent soffits or accessible ceilings, where possible.



	26 0519 - Low-Voltage Electrical Power Conductors and Cables
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:

	1.3 DEFINITIONS
	A. PV: Photovoltaic.
	B. RoHS: Restriction of Hazardous Substances.
	C. VFC: Variable-frequency controller.

	1.4 ACTION SUBMITTALS
	A. Product Data: For each type of product.


	PART 2 -  PRODUCTS
	2.1 COPPER BUILDING WIRE
	A. Description: Flexible, insulated and uninsulated, drawn copper current-carrying conductor with an overall insulation layer or jacket, or both, rated 600 V or less.
	B. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	C. Standards:
	D. Conductors: Copper, complying with ASTM B 3 for bare annealed copper and with ASTM B 8 for stranded conductors.
	E. Conductor Insulation:

	2.2 CONNECTORS AND SPLICES
	A. Description: Factory-fabricated connectors, splices, and lugs of size, ampacity rating, material, type, and class for application and service indicated; listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and use.
	B. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	C. Lugs: One piece, seamless, designed to terminate conductors specified in this Section.


	PART 3 -  EXECUTION
	3.1 CONDUCTOR MATERIAL APPLICATIONS
	A. Feeders: Copper; solid for No. 10 AWG and smaller; stranded for No. 8 AWG and larger.
	B. Branch Circuits: Copper. Solid for No. 10 AWG and smaller; stranded for No. 8 AWG and larger.

	3.2 CONDUCTOR INSULATION AND MULTICONDUCTOR CABLE APPLICATIONS AND WIRING METHODS
	A. Service Entrance:  Type THHN/THWN-2, single conductors in raceway.
	B. Exposed Feeders:  Type THHN/THWN-2, single conductors in raceway.
	C. Feeders Concealed in Ceilings, Walls, Partitions, and Crawlspaces:  Type THHN/THWN-2, single conductors in raceway.
	D. Feeders Concealed in Concrete, below Slabs-on-Grade, and Underground:  Type THHN/THWN-2, single conductors in raceway.
	E. Exposed Branch Circuits, Including in Crawlspaces:  Type THHN/THWN-2, single conductors in raceway.
	F. Branch Circuits Concealed in Ceilings, Walls, and Partitions:  Type THHN/THWN-2, single conductors in raceway.
	G. Branch Circuits Concealed in Concrete, below Slabs-on-Grade, and Underground:  Type THHN/THWN-2, single conductors in raceway.
	H. Cord Drops and Portable Appliance Connections: Type SO, hard service cord with stainless-steel, wire-mesh, strain relief device at terminations to suit application.

	3.3 INSTALLATION OF CONDUCTORS AND CABLES
	A. Conceal cables in finished walls, ceilings, and floors unless otherwise indicated.
	B. Complete raceway installation between conductor and cable termination points according to Section 260533 "Raceways and Boxes for Electrical Systems" prior to pulling conductors and cables.
	C. Use manufacturer-approved pulling compound or lubricant where necessary; compound used must not deteriorate conductor or insulation. Do not exceed manufacturer's recommended maximum pulling tensions and sidewall pressure values.
	D. Use pulling means, including fish tape, cable, rope, and basket-weave wire/cable grips, that will not damage cables or raceway.
	E. Install exposed cables parallel and perpendicular to surfaces of exposed structural members, and follow surface contours where possible.
	F. Support cables according to Section 260529 "Hangers and Supports for Electrical Systems."

	3.4 CONNECTIONS
	A. Tighten electrical connectors and terminals according to manufacturer's published torque-tightening values. If manufacturer's torque values are not indicated, use those specified in UL 486A-486B.
	B. Make splices, terminations, and taps that are compatible with conductor material and that possess equivalent or better mechanical strength and insulation ratings than unspliced conductors.
	C. Wiring at Outlets: Install conductor at each outlet, with at least 6 inches (150 mm) of slack.

	3.5 IDENTIFICATION
	A. Identify and color-code conductors and cables according to Section 260553 "Identification for Electrical Systems."
	B. Identify each spare conductor at each end with identity number and location of other end of conductor, and identify as spare conductor.

	3.6 SLEEVE AND SLEEVE-SEAL INSTALLATION FOR ELECTRICAL PENETRATIONS
	A. Install sleeves and sleeve seals at penetrations of exterior floor and wall assemblies. Comply with requirements in Section 260544 "Sleeves and Sleeve Seals for Electrical Raceways and Cabling."

	3.7 FIRESTOPPING
	A. Apply firestopping to electrical penetrations of fire-rated floor and wall assemblies to restore original fire-resistance rating of assembly according to Section 078413 "Penetration Firestopping."

	3.8 FIELD QUALITY CONTROL
	A. Perform tests and inspections.
	B. Cables will be considered defective if they do not pass tests and inspections.
	C. Prepare test and inspection reports to record the following:



	26 0526 - Grounding and Bonding for Electrical Systems
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. This Section includes methods and materials for grounding systems and equipment, plus the following special applications:

	1.3 QUALITY ASSURANCE
	A. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for intended use.
	B. Comply with UL 467 for grounding and bonding materials and equipment.


	PART 2 -  PRODUCTS
	2.1 CONDUCTORS
	A. Insulated Conductors:  Copper wire or cable insulated for 600 V unless otherwise required by applicable Code or authorities having jurisdiction.

	2.2 CONNECTORS
	A. Listed and labeled by a nationally recognized testing laboratory acceptable to authorities having jurisdiction for applications in which used, and for specific types, sizes, and combinations of conductors and other items connected.


	PART 3 -  EXECUTION
	3.1 APPLICATIONS
	A. Conductors:  Install solid conductor for No. 10 AWG and smaller, and stranded conductors for No. 8 AWG and larger, unless otherwise indicated.



	26 0529 - Hangers and Supports for Electrical Systems
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:

	1.3 ACTION SUBMITTALS
	A. Product Data: For each type of product.
	B. Shop Drawings: For fabrication and installation details for electrical hangers and support systems.


	PART 2 -  PRODUCTS
	2.1 SUPPORT, ANCHORAGE, AND ATTACHMENT COMPONENTS
	A. Steel Slotted Support Systems: Preformed steel channels and angles with minimum 13/32-inch- (10-mm-) diameter holes at a maximum of 8 inches (200 mm) o.c. in at least one surface.
	B. Conduit and Cable Support Devices:  Steel and malleable-iron hangers, clamps, and associated fittings, designed for types and sizes of raceway or cable to be supported.
	C. Support for Conductors in Vertical Conduit: Factory-fabricated assembly consisting of threaded body and insulating wedging plug or plugs for nonarmored electrical conductors or cables in riser conduits. Plugs shall have number, size, and shape of conductor gripping pieces as required to suit individual conductors or cables supported. Body shall be made of malleable iron.
	D. Structural Steel for Fabricated Supports and Restraints: ASTM A 36/A 36M steel plates, shapes, and bars; black and galvanized.
	E. Mounting, Anchoring, and Attachment Components: Items for fastening electrical items or their supports to building surfaces include the following:

	2.2 FABRICATED METAL EQUIPMENT SUPPORT ASSEMBLIES
	A. Description: Welded or bolted structural-steel shapes, shop or field fabricated to fit dimensions of supported equipment.


	PART 3 -  EXECUTION
	3.1 APPLICATION
	A. Comply with the following standards for application and installation requirements of hangers and supports, except where requirements on Drawings or in this Section are stricter:
	B. Comply with requirements in Section 078413 "Penetration Firestopping" for firestopping materials and installation for penetrations through fire-rated walls, ceilings, and assemblies.
	C. Comply with requirements for raceways and boxes specified in Section 260533 "Raceways and Boxes for Electrical Systems."
	D. Maximum Support Spacing and Minimum Hanger Rod Size for Raceways: Space supports for EMT, IMC, and RMC as required by NFPA 70. Minimum rod size shall be 1/4 inch (6 mm) in diameter.
	E. Multiple Raceways or Cables: Install trapeze-type supports fabricated with steel slotted or other support system, sized so capacity can be increased by at least 25 percent in future without exceeding specified design load limits.
	F. Spring-steel clamps designed for supporting single conduits without bolts may be used for 1-1/2-inch (38-mm) and smaller raceways serving branch circuits and communication systems above suspended ceilings, and for fastening raceways to trapeze supports.

	3.2 SUPPORT INSTALLATION
	A. Comply with NECA 1 and NECA 101 for installation requirements except as specified in this article.
	B. Raceway Support Methods: In addition to methods described in NECA 1, EMT may be supported by openings through structure members, according to NFPA 70.
	C. Strength of Support Assemblies: Where not indicated, select sizes of components so strength will be adequate to carry present and future static loads within specified loading limits. Minimum static design load used for strength determination shall be weight of supported components plus 200 lb (90 kg).
	D. Mounting and Anchorage of Surface-Mounted Equipment and Components: Anchor and fasten electrical items and their supports to building structural elements by the following methods unless otherwise indicated by code:
	E. Drill holes for expansion anchors in concrete at locations and to depths that avoid the need for reinforcing bars.

	3.3 INSTALLATION OF FABRICATED METAL SUPPORTS
	A. Cut, fit, and place miscellaneous metal supports accurately in location, alignment, and elevation to support and anchor electrical materials and equipment.
	B. Field Welding: Comply with AWS D1.1/D1.1M.

	3.4 CONCRETE BASES
	A. Construct concrete bases of dimensions indicated, but not less than 4 inches (100 mm) larger in both directions than supported unit, and so anchors will be a minimum of 10 bolt diameters from edge of the base.
	B. Use 3000-psi (20.7-MPa), 28-day compressive-strength concrete.
	C. Anchor equipment to concrete base as follows:

	3.5 PAINTING
	A. Touchup: Clean field welds and abraded areas of shop paint. Paint exposed areas immediately after erecting hangers and supports. Use same materials as used for shop painting. Comply with SSPC-PA 1 requirements for touching up field-painted surfaces.
	B. Galvanized Surfaces: Clean welds, bolted connections, and abraded areas and apply galvanizing-repair paint to comply with ASTM A 780.



	26 0533 - Raceway and Boxes for Electrical Systems
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. This Section includes raceways, fittings, boxes, enclosures, and cabinets for electrical wiring.
	B. Related Sections include the following:

	1.3 DEFINITIONS
	A. RNC:  Rigid nonmetallic conduit.

	1.4 QUALITY ASSURANCE
	A. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for intended use.
	B. Comply with NFPA 70.


	PART 2 -  PRODUCTS
	2.1 METAL CONDUIT AND TUBING
	A. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	B. Rigid Steel Conduit:  ANSI C80.1.
	C. Fittings for Conduit (Including all Types and Flexible and Liquidtight), EMT, and Cable:  NEMA FB 1; listed for type and size raceway with which used, and for application and environment in which installed.
	D. In vaults that contain steam, use rigid aluminum conduit and fittings. UL 6A, ANSI C80.5

	2.2 NONMETALLIC CONDUIT AND TUBING
	A. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	B. RNC:  NEMA TC 2, Type EPC-40-PVC, unless otherwise indicated.
	C. Fittings for RNC:  NEMA TC 3; match to conduit or tubing type and material.


	PART 3 -  EXECUTION
	3.1 RACEWAY APPLICATION
	A. Outdoors and in Vaults:  Apply raceway products as specified below, unless otherwise indicated:
	B. Minimum Raceway Size:  3/4-inch (21-mm) trade size.
	C. Raceway Fittings:  Compatible with raceways and suitable for use and location.

	3.2 INSTALLATION
	A. Comply with NECA 1 for installation requirements applicable to products specified in Part 2 except where requirements on Drawings or in this Article are stricter.
	B. Complete raceway installation before starting conductor installation.
	C. Arrange stub-ups so curved portions of bends are not visible above the finished slab.
	D. Threaded Conduit Joints, Exposed to Wet, Damp, Corrosive, or Outdoor Conditions:  Apply listed compound to threads of raceway and fittings before making up joints.  Follow compound manufacturer's written instructions.
	E. Install pull wires in empty raceways.  Use polypropylene or monofilament plastic line with not less than 200-lb (90-kg) tensile strength.  Leave at least 12 inches (300 mm) of slack at each end of pull wire.

	3.3 INSTALLATION OF UNDERGROUND CONDUIT
	A. Direct-Buried Conduit:



	26 0543 - Underground Ducts and Raceways for Electrical Systems
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:

	1.3 DEFINITIONS
	A. Direct Buried: Duct or a duct bank that is buried in the ground, without any additional casing materials such as concrete.
	B. Duct: A single duct or multiple ducts. Duct may be either installed singly or as component of a duct bank.
	C. Duct Bank:
	D. GRC: Galvanized rigid (steel) conduit.
	E. Trafficways: Locations where vehicular or pedestrian traffic is a normal course of events.

	1.4 ACTION SUBMITTALS
	A. Product Data: For each type of product.
	B. Shop Drawings:

	1.5 MAINTENANCE MATERIALS SUBMITTALS
	A. Furnish extra materials that match products installed and that are packaged with protective covering for storage and identified with labels describing contents.
	B. Furnish cable-support stanchions, arms, insulators, and associated fasteners in quantities equal to 5 percent of quantity of each item installed.

	1.6 QUALITY ASSURANCE
	A. Testing Agency Qualifications: Qualified according to ASTM E 329 for testing indicated.

	1.7 FIELD CONDITIONS
	A. Interruption of Existing Electrical Service: Do not interrupt electrical service to facilities occupied by Owner or others unless permitted under the following conditions, and then only after arranging to provide temporary electrical service according to requirements indicated:
	B. Ground Water: Assume ground-water level is at grade level unless a lower water table is noted on Drawings.


	PART 2 -  PRODUCTS
	2.1 METAL CONDUIT AND FITTINGS
	A. GRC: Comply with ANSI C80.1 and UL 6.
	B. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	C. Listed and labeled as defined in NFPA 70, by a nationally recognized testing laboratory, and marked for intended location and application.

	2.2 RIGID NONMETALLIC DUCT
	A. Underground Plastic Utilities Duct: Type EPC-40-PVC RNC, complying with NEMA TC 2 and UL 651, with matching fittings complying with NEMA TC 3 by same manufacturer as duct.
	B. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	C. Listed and labeled as defined in NFPA 70, by a nationally recognized testing laboratory, and marked for intended location and application.

	2.3 DUCT ACCESSORIES
	A. Duct Spacers: Factory-fabricated, rigid, PVC interlocking spacers; sized for type and size of duct with which used and selected to provide minimum duct spacing indicated while supporting duct during concreting or backfilling.
	B. Underground-Line Warning Tape: Comply with requirements for underground-line warning tape specified in Section 260553 "Identification for Electrical Systems."

	2.4 FIBERGLASS HANDHOLES AND BOXES
	A. Description: Molded of fiberglass-reinforced polyester resin, with covers made of polymer concrete.
	B. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	C. Standard: Comply with SCTE 77. Comply with tier requirements in "Underground Enclosure Application" Article.
	D. Color:  Gray.
	E. Configuration: Units shall be designed for flush burial and have open bottom unless otherwise indicated.
	F. Cover: Weatherproof, secured by tamper-resistant locking devices and having structural load rating consistent with enclosure.
	G. Cover Finish: Nonskid finish shall have a minimum coefficient of friction of 0.50.
	H. Cover Legend: Molded lettering, as indicated for each service.
	I. Direct-Buried Wiring Entrance Provisions: Knockouts equipped with insulated bushings or end-bell fittings, selected to suit box material, sized for wiring indicated, and arranged for secure, fixed installation in enclosure wall.
	J. Duct Entrance Provisions: Duct-terminating fittings shall mate with entering duct for secure, fixed installation in enclosure wall.
	K. Handholes 12 inches wide by 24 inches long (300 mm wide by 600 mm long) and larger shall have factory-installed inserts for cable racks and pulling-in irons.

	2.5 UTILITY STRUCTURE ACCESSORIES
	A. Accessories for Utility Structures: Utility equipment and accessory items used for utility structure access and utility support, listed and labeled for intended use and application.
	B. Duct-Sealing Compound: Nonhardening, safe for contact with human skin, not deleterious to cable insulation, and workable at temperatures as low as 35 deg F (2 deg C). Capable of withstanding temperature of 300 deg F (150 deg C) without slump and adhering to clean surfaces of plastic ducts, metallic conduit, conduit and duct coatings, concrete, masonry, lead, cable sheaths, cable jackets, insulation materials, and common metals.

	2.6 SOURCE QUALITY CONTROL
	A. Test and inspect concrete utility structures according to ASTM C 1037.


	PART 3 -  EXECUTION
	3.1 PREPARATION
	A. Coordinate layout and installation of duct, duct bank, manholes, handholes, and boxes with final arrangement of other utilities, site grading, and surface features as determined in the field. Notify Engineer if there is a conflict between areas of excavation and existing structures or archaeological sites to remain.
	B. Coordinate elevations of duct and duct-bank entrances into manholes, handholes, and boxes with final locations and profiles of duct and duct banks, as determined by coordination with other utilities, underground obstructions, and surface features. Revise locations and elevations as required to suit field conditions and to ensure that duct and duct bank will drain to manholes and handholes, and as approved by Engineer.
	C. Clear and grub vegetation to be removed and protect vegetation to remain. Remove and stockpile topsoil for reapplication.

	3.2 UNDERGROUND DUCT APPLICATION
	A. Duct for Electrical Cables More Than 600 V:  Type EPC-40-PVC RNC, concrete-encased unless otherwise indicated.
	B. Duct for Electrical Feeders 600 V and Less:  Type EPC-40-PVC RNC, concrete-encased unless otherwise indicated.
	C. Stub-ups: Concrete-encased GRC.

	3.3 UNDERGROUND ENCLOSURE APPLICATION
	A. Handholes and Boxes for 600 V and Less:

	3.4 EARTHWORK
	A. Excavation and Backfill: Comply with Section 312000 "Earth Moving," but do not use heavy-duty, hydraulic-operated, compaction equipment.
	B. Restoration: Replace area immediately after backfilling is completed or after construction vehicle traffic in immediate area is complete.
	C. Restore surface features at areas disturbed by excavation, and re-establish original grades unless otherwise indicated. Replace removed sod immediately after backfilling is completed.
	D. Restore areas disturbed by trenching, storing of dirt, cable laying, and other work. Restore vegetation and include necessary topsoiling, sodding, sprigging, and mulching.
	E. Cut and patch existing pavement in the path of underground duct, duct bank, and underground structures.

	3.5 DUCT AND DUCT-BANK INSTALLATION
	A. Where indicated on Drawings, install duct, spacers, and accessories into the duct-bank configuration shown. Duct installation requirements in this Section also apply to duct bank.
	B. Install duct according to NEMA TCB 2.
	C. Slope: Pitch duct a minimum slope of 1:300 down toward manholes and handholes and away from buildings and equipment. Slope duct from a high point between two manholes, to drain in both directions.
	D. Curves and Bends: Use 5-degree angle couplings for small changes in direction. Use manufactured long sweep bends with a minimum radius of 12.5 feet (4 m), both horizontally and vertically, at other locations unless otherwise indicated.
	E. Joints: Use solvent-cemented joints in duct and fittings and make watertight according to manufacturer's written instructions. Stagger couplings so those of adjacent duct do not lie in same plane.
	F. Installation Adjacent to High-Temperature Steam Lines: Where duct is installed parallel to underground steam lines, perform calculations showing the duct will not be subject to environmental temperatures above 40 deg C. Where environmental temperatures are calculated to rise above 40 deg C, and anywhere the duct crosses above an underground steam line, install insulation blankets listed for direct burial to isolate the duct bank from the steam line.
	G. End Bell Entrances to Manholes and Concrete and Polymer Concrete Handholes: Use end bells, spaced approximately 10 inches (250 mm) o.c. for 5-inch (125-mm) duct, and vary proportionately for other duct sizes.
	H. Terminator Entrances to Manholes and Concrete and Polymer Concrete Handholes: Use manufactured, cast-in-place duct terminators, with entrances into structure spaced approximately 6 inches (150 mm) o.c. for 4-inch (100-mm) duct, and vary proportionately for other duct sizes.
	I. Building Wall Penetrations: Make a transition from underground duct to GRC at least 10 feet (3 m) outside the building wall, without reducing duct line slope away from the building and without forming a trap in the line. Use fittings manufactured for RNC-to-GRC transition. Install GRC penetrations of building walls as specified in Section 260544 "Sleeves and Sleeve Seals for Electrical Raceways and Cabling."
	J. Sealing: Provide temporary closure at terminations of duct with pulled cables. Seal spare duct at terminations. Use sealing compound and plugs to withstand at least 15-psig (1.03-MPa) hydrostatic pressure.
	K. Pulling Cord: Install 200-lbf- (1000-N-) test nylon cord in empty ducts.
	L. Concrete-Encased Ducts and Duct Bank:
	M. Underground-Line Warning Tape: Bury conducting underground line specified in Section 260553 "Identification for Electrical Systems" no less than 12 inches (300 mm) above all concrete-encased duct and duct banks and approximately 12 inches (300 mm) below grade. Align tape parallel to and within 3 inches (75 mm) of centerline of duct bank. Provide an additional warning tape for each 12-inch (300-mm) increment of duct-bank width over a nominal 18 inches (450 mm). Space additional tapes 12 inches (300 mm) apart, horizontally.

	3.6 INSTALLATION OF CONCRETE MANHOLES, HANDHOLES, AND BOXES
	A. Elevations:
	B. Drainage: Install drains in bottom of manholes where indicated. Coordinate with drainage provisions indicated.
	C. Waterproofing: Apply waterproofing to exterior surfaces of manholes after concrete has cured at least three days. Waterproofing materials shall be a bentonite sheet waterproofing material and installed per the manufacturer’s instructions. After duct has been connected and grouted, and before backfilling, waterproof joints and connections, and touch up abrasions and scars. Waterproof exterior of manhole chimneys after mortar has cured at least three days.
	D. Hardware: Install removable hardware, including pulling eyes, cable stanchions, and cable arms, and insulators,  as required for installation and support of cables and conductors and as indicated.
	E. Fixed Manhole Ladders: Arrange to provide for safe entry with maximum clearance from cables and other items in manholes.
	F. Field-Installed Bolting Anchors in Manholes and Concrete Handholes: Do not drill deeper than 3-7/8 inches (97 mm) for manholes and 2 inches (50 mm) for handholes, for anchor bolts installed in the field. Use a minimum of two anchors for each cable stanchion.

	3.7 INSTALLATION OF HANDHOLES AND BOXES OTHER THAN PRECAST CONCRETE
	A. Install handholes and boxes level and plumb and with orientation and depth coordinated with connecting duct, to minimize bends and deflections required for proper entrances. Use box extension if required to match depths of duct, and seal joint between box and extension as recommended by manufacturer.
	B. Unless otherwise indicated, support units on a level bed of crushed stone or gravel, graded from 1/2-inch (12.5-mm) sieve to No. 4 (4.75-mm) sieve and compacted to same density as adjacent undisturbed earth.
	C. Elevation: In paved areas and trafficways, set cover flush with finished grade. Set covers of other handholes 1 inch (25 mm) above finished grade.
	D. Install handholes and boxes with bottom below frost line.
	E. Install removable hardware, including pulling eyes, cable stanchions, cable arms, and insulators, as required for installation and support of cables and conductors and as indicated. Select arm lengths to be long enough to provide spare space for future cables, but short enough to preserve adequate working clearances in enclosure.
	F. Field cut openings for duct according to enclosure manufacturer's written instructions. Cut wall of enclosure with a tool designed for material to be cut. Size holes for terminating fittings to be used, and seal around penetrations after fittings are installed.
	G. For enclosures installed in asphalt paving and subject to occasional, nondeliberate, heavy-vehicle loading, form and pour a concrete ring encircling, and in contact with, enclosure and with top surface screeded to top of box cover frame. Bottom of ring shall rest on compacted earth.

	3.8 GROUNDING
	A. Ground underground ducts and utility structures according to Section 260526 "Grounding and Bonding for Electrical Systems."

	3.9 FIELD QUALITY CONTROL
	A. Perform the following tests and inspections:
	B. Correct deficiencies and retest as specified above to demonstrate compliance.
	C. Prepare test and inspection reports.

	3.10 CLEANING
	A. Pull leather-washer-type duct cleaner, with graduated washer sizes, through full length of duct until duct cleaner indicates that duct is clear of dirt and debris. Follow with rubber duct swab for final cleaning and to assist in spreading lubricant throughout ducts.



	26 0553 - Electrical Identification
	Attach Seton-Ply Discs to ceiling grid under equipment or to access doors in non-accessible ceilings as follows:
	Background  Lettering


	26 2726 - Wiring Devices
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:

	1.3 DEFINITIONS
	A. AFCI: Arc-fault circuit interrupter.
	B. BAS: Building automation system.
	C. EMI: Electromagnetic interference.
	D. GFCI: Ground-fault circuit interrupter.
	E. Pigtail: Short lead used to connect a device to a branch-circuit conductor.
	F. RFI: Radio-frequency interference.
	G. SPD: Surge protective device.

	1.4 ACTION SUBMITTALS
	A. Product Data: For each type of product.
	B. Shop Drawings: List of legends and description of materials and process used for pre-marking wall plates.

	1.5 CLOSEOUT SUBMITTALS
	A. Operation and Maintenance Data: For wiring devices to include in all manufacturers' packing-label warnings and instruction manuals that include labeling conditions.


	PART 2 -  PRODUCTS
	2.1 GENERAL WIRING-DEVICE REQUIREMENTS
	A. Wiring Devices, Components, and Accessories: Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and use.
	B. Comply with NFPA 70.
	C. RoHS compliant.
	D. Comply with NEMA WD 1.
	E. Devices that are manufactured for use with modular plug-in connectors may be substituted under the following conditions:
	F. Devices for Owner-Furnished Equipment:
	G. Device Color:
	H. Wall Plate Color: For plastic covers, match device color.
	I. Source Limitations: Obtain each type of wiring device and associated wall plate from single source from single manufacturer.

	2.2 INDUSTRIAL-GRADE RECEPTACLES, 125 V, 20 A
	A. Duplex Receptacles, 125 V, 20 A:
	B. Weather-Resistant Duplex Receptacle, 125 V, 20 A:

	2.3 INDUSTRIAL GRADE GFCI RECEPTACLES, 125 V, 20 A
	A. Duplex GFCI Receptacles, 125 V, 20 A:

	2.4 CORD AND PLUG SETS
	A. Match voltage and current ratings and number of conductors to requirements of equipment being connected.
	B. Cord: Rubber-insulated, stranded-copper conductors, with Type SOW-A jacket; with green-insulated grounding conductor and ampacity of at least 130 percent of the equipment rating.
	C. Plug: Nylon body and integral cable-clamping jaws. Match cord and receptacle type for connection.

	2.5 TOGGLE SWITCHES, 120/277 V, 20 A
	A. Single-Pole Switches, 120/277 V, 20 A:

	2.6 WALL PLATES
	A. Single Source: Obtain wall plates from same manufacturer of wiring devices.
	B. Single and combination types shall match corresponding wiring devices.
	C. Wet-Location, Weatherproof Cover Plates: NEMA 250, complying with Type 3R, weather-resistant, die-cast aluminum with lockable cover.


	PART 3 -  EXECUTION
	3.1 INSTALLATION
	A. Comply with NECA 1, including mounting heights listed in that standard, unless otherwise indicated.
	B. Coordination with Other Trades:
	C. Conductors:
	D. Device Installation:
	E. Receptacle Orientation:
	F. Device Plates: Do not use oversized or extra-deep plates. Repair wall finishes and remount outlet boxes when standard device plates do not fit flush or do not cover rough wall opening.
	G. Arrangement of Devices: Unless otherwise indicated, mount flush, with long dimension vertical and with grounding terminal of receptacles on top. Group adjacent switches under single, multi-gang wall plates.

	3.2 GFCI RECEPTACLES
	A. Install non-feed-through GFCI receptacles where protection of downstream receptacles is not required.

	3.3 IDENTIFICATION
	A. Comply with Section 260553 "Identification for Electrical Systems."
	B. Identify each receptacle with panelboard identification and circuit number. Use hot, stamped, or engraved machine printing with black-filled lettering on face of plate, and durable wire markers or tags inside outlet boxes.
	C. Essential Electrical System: Mark receptacles supplied from the essential electrical system to allow easy identification using a self-adhesive label.

	3.4 FIELD QUALITY CONTROL
	A. Test Instruments: Use instruments that comply with UL 1436.
	B. Test Instrument for Receptacles: Digital wiring analyzer with digital readout or illuminated digital-display indicators of measurement.
	C. Perform the following tests and inspections:
	D. Tests for Receptacles:
	E. Wiring device will be considered defective if it does not pass tests and inspections.
	F. Prepare test and inspection reports.



	26 2816 - Enclosed Switches and Circuit Breakers
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and other Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:

	1.3 DEFINITIONS
	A. NC: Normally closed.
	B. NO: Normally open.
	C. SPDT: Single pole, double throw.

	1.4 ACTION SUBMITTALS
	A. Product Data: For each type of enclosed switch, circuit breaker, accessory, and component indicated. Include nameplate ratings, dimensioned elevations, sections, weights, and manufacturers' technical data on features, performance, electrical characteristics, ratings, accessories, and finishes.
	B. Shop Drawings: For enclosed switches and circuit breakers.

	1.5 CLOSEOUT SUBMITTALS
	A. Operation and Maintenance Data: For enclosed switches and circuit breakers to include in emergency, operation, and maintenance manuals.

	1.6 MAINTENANCE MATERIAL SUBMITTALS
	A. Furnish extra materials that match products installed and that are packaged with protective covering for storage and identified with labels describing contents.

	1.7 FIELD CONDITIONS
	A. Environmental Limitations: Rate equipment for continuous operation under the following conditions unless otherwise indicated:

	1.8 WARRANTY
	A. Manufacturer's Warranty: Manufacturer and Installer agree to repair or replace components that fail in materials or workmanship within specified warranty period.


	PART 2 -  PRODUCTS
	2.1 GENERAL REQUIREMENTS
	A. Source Limitations: Obtain enclosed switches and circuit breakers, overcurrent protective devices, components, and accessories, within same product category, from single manufacturer.
	B. Product Selection for Restricted Space: Drawings indicate maximum dimensions for enclosed switches and circuit breakers, including clearances between enclosures, and adjacent surfaces and other items. Comply with indicated maximum dimensions.
	C. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by an NRTL, and marked for intended location and application.
	D. Comply with NFPA 70.

	2.2 FUSIBLE SWITCHES
	A. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	B. Type HD, Heavy Duty:
	C. Accessories:

	2.3 ENCLOSURES
	A. Enclosed Switches and Circuit Breakers: UL 489, NEMA KS 1, NEMA 250, and UL 50, to comply with environmental conditions at installed location.
	B. Enclosure Finish: The enclosure shall be gray baked enamel paint, electrodeposited on cleaned, phosphatized steel (NEMA 250 Type 1) gray baked enamel paint, electrodeposited on cleaned, phosphatized galvannealed steel (NEMA 250 Types 3R, 12) a brush finish on Type 304 stainless steel (NEMA 250 Type 4-4X stainless steel).
	C. Conduit Entry: NEMA 250 Types 4, 4X, and 12 enclosures shall contain no knockouts. NEMA 250 Types 7 and 9 enclosures shall be provided with threaded conduit openings in both endwalls.
	D. Operating Mechanism: The circuit-breaker operating handle shall be externally operable with the operating mechanism being an integral part of the box, not the cover. The cover interlock mechanism shall have an externally operated override. The override shall not permanently disable the interlock mechanism, which shall return to the locked position once the override is released. The tool used to override the cover interlock mechanism shall not be required to enter the enclosure in order to override the interlock.
	E. Enclosures designated as NEMA 250 Type 4, 4X stainless steel, 12, or 12K shall have a dual cover interlock mechanism to prevent unintentional opening of the enclosure cover when the circuit breaker is ON and to prevent turning the circuit breaker ON when the enclosure cover is open.


	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine elements and surfaces to receive enclosed switches and circuit breakers for compliance with installation tolerances and other conditions affecting performance of the Work.
	B. Proceed with installation only after unsatisfactory conditions have been corrected.

	3.2 PREPARATION
	A. Interruption of Existing Electric Service: Do not interrupt electric service to facilities occupied by Owner or others unless permitted under the following conditions and then only after arranging to provide temporary electric service according to requirements indicated:

	3.3 ENCLOSURE ENVIRONMENTAL RATING APPLICATIONS
	A. Enclosed Switches and Circuit Breakers: Provide enclosures at installed locations with the following environmental ratings.

	3.4 INSTALLATION
	A. Coordinate layout and installation of switches, circuit breakers, and components with equipment served and adjacent surfaces. Maintain required workspace clearances and required clearances for equipment access doors and panels.
	B. Install individual wall-mounted switches and circuit breakers with tops at uniform height unless otherwise indicated.
	C. Comply with mounting and anchoring requirements specified in Section 260548.16 "Seismic Controls for Electrical Systems."
	D. Temporary Lifting Provisions: Remove temporary lifting of eyes, channels, and brackets and temporary blocking of moving parts from enclosures and components.
	E. Install fuses in fusible devices.
	F. Comply with NFPA 70 and NECA 1.

	3.5 IDENTIFICATION
	A. Comply with requirements in Section 260553 "Identification for Electrical Systems."

	3.6 FIELD QUALITY CONTROL
	A. Perform tests and inspections.
	B. Tests and Inspections for Switches:
	C. Enclosed switches and circuit breakers will be considered defective if they do not pass tests and inspections.
	D. Prepare test and inspection reports.

	3.7 ADJUSTING
	A. Adjust moving parts and operable components to function smoothly and lubricate as recommended by manufacturer.




	division 31 combined
	31 1000 - SITE CLEARING
	31 2000 - EARTH MOVING
	31 2001 - SWPPP
	31 2319 - Dewatering
	PART 1 -  GENERAL
	1.1 WORK INCLUDED
	A. Furnish all labor and equipment required to dewater all excavations. Dewatering of all excavations shall be the responsibility of the CONTRACTOR, and no additional compensation will be allowed for same unless specifically included as a bid item.
	B. Leaking pipes and structures are to be anticipated on this project. For this reason, no additional payment will be made for dewatering associated with leakage from any existing facility.


	PART 2 -  PRODUCTS
	A. None in the Section.

	PART 3 -  EXECUTION
	3.1 GENERAL
	A. Dewatering equipment shall be of adequate size and quantity to assure maintaining proper conditions for installing pipe, concrete, backfill or other material or structure in the excavation. Dewatering shall include proper removal of any and all liquid, regardless of source, from the excavation and the use of all practical means available to prevent surface runoff from entering any excavation.




	division 32
	32 1216 - Asphalt Paving
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:

	1.3 PREINSTALLATION MEETINGS
	A. Preinstallation Conference: Conduct conference at Project site.

	1.4 ACTION SUBMITTALS
	A. Product Data: Include technical data and tested physical and performance properties.
	B. Hot-Mix Asphalt Designs:

	1.5 INFORMATIONAL SUBMITTALS
	A. Qualification Data: For paving-mix manufacturer.
	B. Material Certificates:
	C. Field quality-control reports.

	1.6 FIELD CONDITIONS
	A. Environmental Limitations: Do not apply asphalt materials if subgrade is wet or excessively damp, if rain is imminent or expected before time required for adequate cure, or if the following conditions are not met:


	PART 2 -  PRODUCTS
	2.1 PAVING
	A. The asphaltic paving provided for use on this Contract shall conform to the applicable requirements of KTCSSRBC Section 401, Asphalt Plant Requirements; Section 402,Control and Acceptance of Asphalt Mixtures; and Section 403, Production and Placement of Asphalt Mixtures. The pavement mixture shall meet the requirements of Section 403.03.03.
	B. Coarse Aggregate: KTCSSRBC Section 805.
	C. Fine Aggregate:  KTCSSRBC Section 804.

	2.2 ASPHALT MATERIALS
	A. Asphalt Material: KTCSSRBC Section 806.
	B. Asphaltic materials for tack coat shall be one of the following: SS-1, SS-1h, CSS-1, CSS-1h, AE-60, RS-1, or CRS-1, conforming to Section 406.

	2.3 PAVEMENT STRIPING MATERIALS
	A. Pavement striping for all areas to receive asphalt paving, whether full width pavement overlay, trench width pavement replacement, or newly constructed access roads or parking areas, shall meet the requirements of Section 748 of the KTCSSRBC for placement and Section 842 for striping material.

	2.4 TRAFFIC CONTROL SIGNAL LOOPS
	A. Where possible, traffic control signal loops shall be avoided in the location of new or replacement pipelines. Should the traffic control loops be damaged or destroyed by pipeline construction, they shall be replaced to the specification of the requirements of the entity who is the owner and operator of the traffic control facilities.


	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Verify that subgrade is dry and in suitable condition to begin paving.
	B. Proceed with paving only after unsatisfactory conditions have been corrected.
	C. Construction requirements shall conform to applicable requirements of Section 403 of KTCSSRBC.
	D. A tack coat shall be required to bond new paving to the surface of concrete or brick pavements and bases or existing asphalt surfaces. It shall be applied at the rate of 0.8 pound (0.1 gallon) per square yard at the following range of application temperatures:
	E. When SS1, SS1h, CSS1, CSS1h, or AE60 is furnished for tack material, it shall be diluted with an equal quantity of water conforming to Section 803, shall be thoroughly mixed prior to application, and shall be applied a sufficient time in advance of the paver to ensure that all water has evaporated before the asphalt mixture is placed. The application rate shall be 0.8 pound (0.1 gallon) per square yard of the diluted SS1, SS1h, CSS1, CSS1h, or AE60.
	F. Where asphalt paving is placed against vertical surfaces such as curbs, gutters, manhole frames, valve boxes, etc., the vertical face shall be tack coated in order to seal the surface. Where these surfaces are inaccessible to pressure distributor, the tack coat may be brushed or broomed into place. The tack coat shall not be allowed to spill over onto any horizontal surface outside the area to be paved.
	G. Unless otherwise indicated on the Drawings or in these Specifications, the compacted thickness of the asphalt paving shall be a minimum of 1 inch and the minimum ambient temperature for mixing and laying temperatures shall be as follows:
	H. Trucks for hauling asphaltic mixtures shall have tight, clean, and smooth metal beds that have been sprayed with a minimum amount of soap emulsion, paraffin oil, or other approved material which is not detrimental to the mixture to prevent the mixture from adhering to the beds. All trucks shall be equipped with covers of sufficient size to completely cover the loaded material, and all covers shall be securely fastened in place before the truck leaves the plant. Truck beds shall be insulated, when necessary, to maintain the specified temperature to the point of delivery. Any truck causing excessive segregation of material by its spring suspension or other contributing factors, shall be discharged from the work, until such conditions are corrected.
	I. The CONTRACTOR shall have an accurate thermometer on the job at all times for verifying all temperature requirements and for taking temperature measurements whenever requested by the ENGINEER or OWNER. The CONTRACTOR shall closely control temperature and compaction requirements in order to achieve quality asphalt paving and related work.
	J. Asphalt paving which fails as the result of not meeting the requirements of these Specifications shall be removed and replaced as directed by the ENGINEER at the CONTRACTOR'S expense.
	K. Where manhole frames, valve boxes, drainage grates, etc., are located within the area to receive asphalt paving replacement, those facilities shall be adjusted to final pavement grade prior to the placement of the asphalt surface. Where the facilities to be adjusted are the property of the OWNER, the CONTRACTOR shall adjust the facilities with the cost included in the CONTRACTOR’S bid for asphalt replacement. Where the facilities to be adjusted are the property of other utility companies, i.e., gas, water, electric, telephone, the CONTRACTOR shall notify each utility company of the schedule for repaving of the particular area to allow those companies sufficient time to adjust their facilities prior to beginning the repaving process.
	L. Where pavement striping is destroyed or damaged, it shall be replaced per the requirements stated herein. The cost of all striping, unless stated otherwise in these specifications, shall be included in the price bid for pavement replacement.
	M. Damaged or destroyed traffic control loops shall be replaced per the requirements of the traffic control operator with the cost incorporated into the CONTRACTOR’S bid for pavement replacement.

	3.2 TRENCH WIDTH REPAVING - CITY AND COUNTY STREETS, ROADS AND PARKING AREAS
	A. The cut edges of the existing paving surface shall be trimmed a depth of at least 2 inches to straight lines for uniform appearance and clean surface at joints. The area between the cut edges of the paving shall be removed to a depth of 2 inches (minimum) or to the bottom of the existing paving. All unstable material in the trench shall be removed and replaced with compacted dense graded aggregate and dense graded aggregate added as needed to bring the base surface to the bottom of existing paving or 2 inches below the existing surface, whichever is the lower. Dense graded aggregate required for stabilizing the subgrade will be paid for as an extra, but no extra payment will be allowed for removal of unstable back-fill.
	B. The paving subgrade shall be compacted under the wheel of a roller, until there is no observed settlement of the subgrade.
	C. The sides of existing pavement shall be covered with a tack coat and asphalt paving shall be hot applied as previously described. Final surface shall be finished to 1/4-inch above existing paving surface at edges and crowned to 1/2-inch above existing surface at the center.
	D. Payment for asphalt repaving shall be per linear foot of pipeline covered to any width the CONTRACTOR shall find necessary to remove plus width of cut back to secure clean straight edges, and shall include excavation to subgrade, preparation of subgrade, cleaning edges of existing paving, tack coat, and all operations and materials planned and specified for this type of repaving. The CONTRACTOR shall maintain such repaving up to grade of existing street surface until final completion and acceptance of work under his Contract. During the guarantee period of one year, the CONTRACTOR will be responsible for defective materials or workmanship, and natural settlement.
	E. In case additional asphalt paving is to be added due to settlement, the surface which has experienced settlement shall be cut out, additional dense graded aggregate added if necessary, tack coat applied to the existing sides of existing pavement, and the paving in the settled area(s) replaced. Additional payment will not be allowed for the repair work required.

	3.3 CROSSWALK MARKINGS
	A. Crosswalk marking shall meet the requirements Section 3B.18 of the Manual of Uniform Traffic Control Devices (MUTCD).



	32 1373 - Concrete Paving Joint Sealants
	32 9200 - Turf and Grasses
	32 9300 - Plants




