SECTION 26 05 33
RACEWAYS

PART 1: GENERAL

1.1 SCOPE

A. This section shall include raceways, boxes, supporting devic​es ancillary fittings and appurtenances.  Furnish and install the complete raceway systems as shown on the Draw​ings and as specif​ied herein.

B. Raceway is a broad-scope term that shall be defined by the Nat​ional Electrical Code under Article 100.

C. Damp locations, dry locations, and wet locations shall be as defined by the National Electrical Code under Article 100.  The new electrical room and existing pump station electrical room in this project shall be classified as dry while the generator screened area shall be classified as a wet location.
D. All locations on this project shall be considered wet location per NEC Article 100.

1.2 APPLICATIONS

Except as otherwise shown on the Drawings, or specified herein, all conduit raceways shall be of the following type:

A. Underground power cables and control cables shall be installed in individual rigid nonmetallic (PVC) conduits, SCH 80 with deep bell.
B. Underground instrumentation signal cables, and telephone cables shall be installed in individual plastic coated rigid steel conduits without concrete encasement.

C. Underground or in slab lighting and recept​acle cab​les shall be installed in schedule 40 PVC.

D. Instrumentation and intrinsically safe cables shall be in​stalled in plastic coated rigid steel conduit below grade and exposed.

E. Exposed power and control conduit shall be rigid aluminum conduit.
F. Conduit runs in concrete pours or enclosed in masonry shall be rigid steel conduit.

G. NEMA 4X wireways shall be used for all wet or damp locations.

1.3 SUBMITTALS  AND  SHOP DRAWINGS

A. Process catalog submittals for the following:

1. Rigid Metallic Aluminum Conduit 

2. Rigid Metallic Steel Conduit

3. Plastic Jacketed Metallic Conduit

4. Rigid Non-Metallic Conduit

5. Liquid - tight Flexible Conduit

6. Flexible Conduit

7. Flexible Conduit Fittings

8. Conduit Bushings

9. Conduit Bodies

10. Conduit Sealing Fittings

11. Expansion - Deflection Fittings

12. Expan​sion Fitt​ings

13. Conduit Connectors

14. Pressed Steel Boxes

15. Cast Metal Boxes

16. Marking and Pull Tape Products

17. Wireways

18. Supporting Devices

19. Labels

20. Fireproof Conduit Sealant

B. Submit the following information:

Product technical data including but not limited to:

1. Manufacturer's technical information on products to be used.

2. Acknowledgment that products submitted meet the requirements of the standards referenced.

3. Acknowledgment that products submitted are UL or ETL listed or that no UL listing has been established for that product.

4. When general data sheets constitute part of the submittal specifically, identify the products to be used on this Project.

PART 2: PRODUCTS
2.1 CONDUIT AND WIREWAYS

A. Rigid metallic aluminum conduit shall be manu​fac​tured of 6063 alloy, T-1 temper, with no more than 0.02% copper content.  All conduit coup​lings shall be threaded alumi​num.  All such conduit shall comply with UL-6 ANSI C80.5.
B. Rigid metallic steel conduit shall be hot-dipped galvanized inside and outside and over threads, and shall comply with UL-6, Federal Specification WWC-581, and ANSI C-80.1.  Acceptable manufacturers:

1. Allied Tube and Conduit Corp.

2. Triangle PWC Inc.

3. Western Tube and Conduit Corp.

4. Wheatland Tube Co.

C. Plastic coated rigid metallic conduit shall consist of rigid steel body that complies with above specifications for rigid metallic steel conduit, plus conduit shall have 40 mil thick heat-fused PVC over outside and 3 mil coat of fully catalyzed phenolic inside. The inside coat shall have the chemical resis​tance of the outer coating and shall not dissolve in lacquer thinner.  All couplings shall be equipped with PVC sleeves that extend one pipe diameter or 2", whichever is less, beyond the end of the coupling.  All plastic coated conduit shall conform to NEMA Standard #RN-I (Type A) and ANSI C80.1. Plastic coated rigid metallic conduits shall be ETL-1 listed. Acceptable manufacturers:

1. Rob-Roy Industries

2. Permacoat

D. Nonmetallic rigid conduit for direct burial shall be Sched​ule 80 PVC, deep bell type.  Such conduit shall be UL listed for 90° C and shall conform to NEMA TC-2 and UL-651 standards. Furnish manufacturer's approved solvent for joining couplings.  Acceptable manufacturers:

1. Carlon.

2. Certainteed Corp.

3. Highland Plastics Inc.

4. Western Plastics Corp.

E. Nonmetallic rigid conduit for concrete encasement shall be type "EB" PVC, manufactured in conformity with NEMA TC-6.

F. Liquid-tight flexible conduit shall consist of hot-dipped gal​vanized, flexible interlocking steel core with poly​vinyl sunlight resistant jacket, integral copper ground wire (through 1-1/4" trade size).  Acceptable Manufacturers

1. Anaconda Metal Hose Division.

2. Carol Cable Co.

3. Electri-Flex Co.

4. International Metal Hose Co.

5. OZ Gedney.

G. Flexible metallic conduit shall consist of flexible inter​lock​ing steel core with integral bonding wire through 1¼" trade size.  Steel core shall be hot-dipped galvanized.  Inside surfaces shall be smooth.  All flexible conduit shall comply with UL Standards UL-1 and be equal to Triangle PWC.  Flexible metallic conduit may be used only in those "dry" locations where EMT is allowed.

H. Metallic NEMA 1 and/or NEMA 3R wireways shall be painted steel with hinged covers and screw catches.  All surfaces shall be primed with two coats of baked enamel.  All such wireways shall be Hoffman Bulletin F40, Square D "Square-Duct​,” or equal.

I. Metallic NEMA 4 wireways shall be stainless steel with bolt-on stainless steel covers and with gasketed stainless steel bolted-on flanged end covers.  All such wireways shall be Hoffman, or equal.
2.2 CONDUIT FITTINGS

A. General

Conduit fittings shall be furnished by the following manufacturers:

1. Adalet

2. Appleton

3. Carlon

4. Certainteed

5. Midwest

6. Occidental Coating Co.

7. OZ Gedney Co.

8. Rob-Roy Industries

9. Steel City

10. Thomas & Betts

11. Triangle PWC Inc.

12. Western Plastics Co.

B. Locknuts



1. NEMA 1 locknuts for rigid metallic conduits - galva​nized steel. 

2. NEMA 4 locknuts for rigid metallic conduit - gal​vanized steel body with neoprene sealing ring.

C. Conduit Hubs

1. Field-applied hubs for sheet metal enclosures shall be hot-dipped galvanized steel body with recessed neoprene sealing ring, nylon throat, threaded N.P.T. in​sert.

2. Rigid Metallic Conduit Fittings

3. Chase nipples, slip fittings, unions, reducers, and enlargers, shall be hot-dip gal​vanized mallea​ble iron or aluminum products.

4. Ells shall be hot-dip galvanized malleable iron with N.P.T. threaded hubs and male ends.  Throats shall be smooth and free from burrs.

5. Split couplings shall have threaded body with split tightening shelves with neoprene sandwich.  Furnish PVC coated malleable iron for rigid steel conduit and copper-free aluminum for aluminum conduit.
6. Grounding bushings shall be alumi​num body with threaded hub, Bakelite insulated throat, and tin-plated copper ground lug.

7. Insulating bushings shall be non-combustible high impact thermosetting phenolic with 150 C. temperature rating.
8. Expansion fittings shall consist of met​allic barrel joined to hubs at each end.  One hubs shall be threaded to barrel and other hub shall have slip fit to allow up to two (2") inches of conduit straight line movement in any direction.  Provide external bonding jumper and insulating bushing for each expansion joint. 
9. Expansion/deflection fittings shall consist of galvanized malleable iron hubs with heat-fused epoxy coating, flexible neoprene joining sleeve banded to hubs with stainless steel bands. Fittings shall allow two (2") inches of conduit straight line movement in any direction and 30° deflection in all directions.  Furnish with inte​rnal bonding jumper, guide cones and insulating bushings.

10. Service entrance heads shall be weather resistant and of hot-dipped galvanized malleable iron or copper-free aluminum.

11. All conduit fittings for plastic coated conduits shall be coated with the same PVC coating on the outside and phenolic coating on the inside as specified above.  All fittings shall be equipped with PVC sleeves that extend one pipe diameter or 2" whichever is less, beyond the end of the fitting.

12. Mogul pulling elbows shall be die cast copper free aluminum with cast aluminum gasketed covers.

D. Through Wall and Drain Fittings



1. Through-wall conduit sealing fittings for new job cast walls shall consist of hot-dip galvanized malleable iron head with PVC coated clamping ring with neoprene sealing grommet, PVC through-wall sleeve, and grade 316 stainless steel hardware.  Furnish double-head or single-head types as indicated.  Through-wall sealing fittings shall be OZ/Gedney type "FSK,” or equal.

2. Conduit thru-wall fittings for existing or precast concrete walls shall consist of sleeve of Sched​ule 40 PVC and assembly of interlocking neoprene gland-ring with stainless steel compression hardware.  Furnish Thunderline "Link-seal" or equal.

3. Hub drain fittings shall be stainless steel, labyrinth design with allows breathing action and condensation to escape.  Such fittings shall be Crouse-Hinds "ECD" Universal or equal.


E. Couplings and Connectors

1. Couplings for plastic coated conduits shall be coated with the same PVC coating on the outside and shall be equipped with PVC sleeves that extend one pipe diameter or 2" whichev​er is less, beyond the end of the coupling.

2. EMT connectors shall be gland compression type with zinc plated steel body and malleable iron nut.   Fittings shall comply with UL E14895.  All box connectors shall have insu​lated throats.

3. Non-liquid tight flex connectors shall be galvanized clamp-type on flex side and threaded type on box side.

F. Liquid-tight Flexible Conduit Fittings
1. Hot-dip gal​vanized malleable iron body with hot-dip gal​vanized malleable iron internal locking ring and ground cone.  Ferrules shall be zinc coated steel.
2. Furnish straight or angle connectors as required.   Furnish neoprene sealing gaskets for wet location installations.

3. Meet provisions of UL 514.

G. Rigid Nonmetallic Fittings

1. Fittings shall be of the same material, thickness and construction as the conduits with which they are used.

2. Solvent cement for welding fittings shall be supplied by the same manufacturer as the conduit and fittings.  Cement shall not be used after one year of the date of manufacture.


2.3 CONDUIT BODIES AND BOXES

1. Conduit bodies such as "C,” "LB,” "T" and like pulling fit​tings shall be zinc coated with sand-cast iron or sand-cast aluminum (no die-cast).  Covers for damp and/or wet location use shall be gasketed cast metal with stainless steel screws.
2. Conduit bodies such as "GUA,” "GUAT,” "GUAL,” and the like pul​ling/splicing fittings shall be zinc coated cast iron with threaded cast metal zinc coated covers.

3. Cast metal outlet boxes, pullboxes, and junction boxes whose volume is smaller than 100 cubic inches, and cast metal device boxes, shall be sand-cast, copper-free aluminum or zinc coated sand-cast malleable iron.  All boxes shall have threaded hubs.

4. Covers for conduit bodies and boxes cast metal boxes shall be gasketed cast metal covers with stainless steel screws for wet locations and aluminum with plated screws in dry locations.

5. Pressed steel boxes may be used on EMT conduit systems only and shall be electro-galvanized steel in one piece.  No sectional type boxes may be used.

6. Covers used for surface mounted pressed steel boxes shall be galvanized steel type with beveled edges.  Covers for flush mounted pressed steel boxes shall be high impact plastic, color as selected by the Engineer.  Ganged pressed steel boxes shall be equipped with ganged plates.

2.4 PULL AND JUNCTION BOXES 

1. Pullboxes and junction boxes whose volume is less than 100 cubic inches shall be furnished as specified above. except where fiberglass reinforced polyester boxes are shown, in which cases, provide such types as speci​fied. 

2. Pullboxes and junction boxes for wet and damp locations whose volume is 100 cubic inches and greater shall be constructed of stainless steel and meet NEMA 4 standards.  Boxes shall be fabricated of 14 gauge minimum and shall have hinged door with captive screws.  Furnish mounting panel when terminal strips are indi​cated.  Furnish Hoffman or equal boxes. 

3. Pullboxes and junction boxes for dry locations whose volume is 100 cubic inches and greater shall be constructed of steel and meet NEMA 1 standards.  Boxes shall be fabricated of 14 gauge minimum and shall have hinged door.  Furnish mounting panel when terminal strips are indi​cated.  Furnish Hoffman or equal boxes. 

4. Cast metal junction boxes shall be cast aluminum type with gasket​ed, cast metal covers and with stainless steel cover screws.
2.5 LABELS

1. Buried conduit marking tape for marking path of second​ary buried conduits shall be four (4") inch nominal width strip of polyethy​lene with highly visible, repetitive marking "BURIED CONDUIT" or similar language, repeated along its length. 

2. Voltage warning labels for cabinets shall be waterproof vinyl sheets with adhesive back and shall have "DANGER 480V" let​tering in highly visible red letters on white background. 

3. Voltage warning labels for power and control handholes and manholes shall be waterproof vinyl strips about 1/32" thick and shall have "DANGER 480V" or "DANGER 240V", or "DANGER 120V" depending upon maximum voltage pre​sent, lettering in high visible red letters on white background.  Furnish stain​less steel screws. 

4. For signal conduit in handholes furnish labels on each con​duit with wording:  "LOW ENERGY SIGNAL CIRCUITS ONLY.”
2.6 SUPPORTING DEVICES

1. Acceptable Manufacturers

a. B-Line Systems Inc.

b. Crouse-Hinds

c. Kindorf

d. Unistrut Building Systems

e. OZ Gedney Co.

f. Steel City

g. Thomas & Betts

h. Phillips

i. Wej-it

2. Mounting hardware, nuts, bolts, lockwashers, and wash​ers, shall be Type 304 or 316 stainless steel for all wet or damp locations.  
3. Unless otherwise indicated, slotted channel framing and suppor​ting devices shall be manufactured of ASTM 6063, T6 grade aluminum; 1 " wide x 3¼" deep (double opening type).  Clamp nuts for use with slotted channels shall be grade 304 stainless steel.

4. Conduit straps for use with slotted channels shall be stain​less steel or aluminum with stainless steel hardware.

5. After-set concrete inserts shall consist of stainless steel expansion bolts, ¼" minimum diameter, 500 lbs. minimum pull-out resistance.

6. Hanger rod shall be  " minimum diameter Type 316 stain​less steel all-thread.

7. Nest-back or clamp-back conduit supports shall be two-piece hot-dip galvanized malleable iron devices.

8. One-hole conduit clamps shall be hot-dip galvanized malleable iron type.  Each clamp shall have nest-back or clamp-back spacer.

9. Conduit "U" bolts shall be hot-dip galvanized steel with gal​vanized hex-head bolts.

10. Conduit beam clamps shall be hot-dip galvanized mal​leable iron. Minimum bolt size shall be ¼".

11. Hanger rod beam clamps shall be clamp type with hardened steel, bolt, Steel City "500" Series, Crouse-Hinds type "MW,” or equal. Furnish swivel stud for each rod make-​up. 

12. Conduit clamps for supporting conduit off of structural beams shall be Steel City type "RC,” "EC,” or type "PC" as re​quir​ed.

13. Equipment stands for supporting freestanding devices such as safety switches shall consist of two (2) pipe supports with horizontal aluminum slotted channel members.  Each pipe support shall be two (2") inch I.D. Schedule 40 steel that shall be welded to a 5" x 5" steel plate with four (4) ½" diameter bolt holes.  Provide each pipe with top-cap and hot-dip galvanize with 3-mil minimum thickness, each pipe after fabrication.  Use stainless steel hardware for assembly of slotted channels and for attachment bolts.

14. Plastic saddles for supporting buried conduits shall be inter​locking type that provides separation between conduit vertically and laterally and between bottom of conduits and trench floor. 

15. Cable saddle supports shall be glazed porcelain type assigned to slip into 1 " wide slotted channel or, clamp split type porce​lain saddles with stain​less straps and hardware.  Fur​nish B-Line or equal porcelain saddles.
16. Slotted channel combination wireway and lighting fixture support shall consist of lengths of 1-5/8" x 3-1/4" single-​face, painted, 12-gauge steel channel.  Furnish snap cover for enclosing wireway, section joiners, beam clamps, conduit entries, fixture wiring stud nuts, and closures for making a complete, finished installation. 

17. Cable tray and cable wall bracket supports shall be fabri​cated of 1-5/8" wide x 3-1/4" deep double face channel, one end of which shall be welded to a wall support plate.  All metal material shall be grade 316 stainless steel.
18. Dry location one-hole pressed steel conduit clamps for use with EMT only shall be electro-galvanized type, T&B 1200 Series or equal

19. Dry location beam clamps for use with EMT only shall be electro-galvanized steel type, Steel City, Gedney or equal.

20. Plywood for exterior use shall be solid core marine grade in size and thickness required or indicated.  Interior use ply​wood shall be solid core, C-D grade.  All exterior plywood shall be edge trimmed with ¾" No. 1 fir strips with mitered corners.

2.7 MISCELLANEOUS MATERIAL

A. Double bushings for insulating wiring through sheet metal panels shall consist of mating male and female threaded phenolic bush​ings.  Phenolic insulation shall be high-impact thermosetting plastic rated 150 degrees C.
B. Conduit pull-cords for use in empty raceways shall be glass fiber reinforced tape with foot-marked identif​ication along its length.
C. Conduit thread coating compound shall be conductive, non-gal​ling, and corrosion-inhibiting.
D. Plastic compound for field-coating of ferrous material prod​ucts shall be PVC in liquid form that sets-up semi-hard upon curing.  Plastic compound shall be furnished by the conduit manufacturer specifically for this purpose.


E. Fireproof conduit sealant:  Chase Technology Corporation "PR-855,” or equal.
F. Fireproof conduit sealant: Nonhardening, putty-like consistency workable at temperatures as low as 35 deg F. Compound shall not slump at a temperature of 300 deg F and shall readily adhere to clean surfaces of plastic ducts, metallic conduits conduit coatings, concrete, masonry, lead, cable sheaths, cable jackets, insulation materials, and the common metals. Compound shall have no injurious effect on worker's hands or materials.

G. Corrosion inhibitors shall be vapor-emitted chemical packet that cause a protective film covering over interior parts of enclosed equipment.  Furnish Hoffman type "A-HCI", Cutler-Hammer type "C799", or equal products and in sizes to match the volume of each enclosure so protected.

PART 3: EXECUTION

3.1 RACEWAYS

A. General

1. Install the conduit system to provide the facility with the utmost degree of reliability and maintenance free operation.  The conduit system shall have the appearance of having been in​stalled by competent workmen.  Kinked conduit, conduit inadequ​ately supported or carelessly installed, do not give such relia​bility and maintenance free operation and will not be accepted.
2. Raceways shall be installed for all wiring runs, except as other​wise indicated.

3. Conduit sizes, where not indicated, shall be N.E.C. code-​sized to accommodate the number and diameter of wires to be pulled into the conduit.  Unless otherwise indi​cated, ¾" trade-size shall be minimum size conduit.

4. The total number of bends in a conduit run shall not exceed 360°.  Install pull boxes, conduit bodies, pulling elbows or tees as needed.



5. All conduit runs shall be watertight over their lengths of run, except where drain fittings are indicated.  In which cases, install specified drain fittings.

B. Location of Conduits

1. The Drawings only show conduits diagrammatically.  All conduits are to be located in the field except where a specific conduit routing is shown.  Site conditions will affect the routing of conduits.  Coordinate the location and measurement with equipment manufacturers to avoid conflicts.

2. Conduits shall be routed parallel to the lines of the building, structure or equipment.  Conduit crossovers are prohibited.

3. Unless otherwise noted, conduit runs shall be installed exposed. 

4. Conduits shall be routed not to interfere with, or prevent access to piping, valves, ductwork or other equipment for operation maintenance or repair.

5. Maintain minimum 6 inches separation between instrumentation and power conduits.

6. Maintain minimum 6 inches separation from process, gas, air and water pipes.

C. Field Bending of Conduits

1. Utilize tools and equipment designed for the purpose and for the material being processed to make all field bends.

2. Do not reduce the internal diameter of the conduit when making conduit bends.

3. For rigid metallic and EMT conduit:

a. Use an EMT bending shoe to make bends in ½ inch and ¾ inch conduit.

b. Use a hydraulic bender to make bends in 1 inch and larger conduit.

c. Use plastic coated bending tools or take other steps to prevent damage to the coating of PVC coated rigid metallic conduit.




4. For rigid nonmetallic conduit use a "hotbox" heater utilizing infrared heat and a bending guide or jig to make bends in all sizes of conduit.

D. Field Cutting and Threading Conduit

1. Utilize tools and equipment designed for the purpose and for the material being processed when cutting and threading.

2. For rigid metallic conduit:

a. Use pipe roller cutter for cutting to length.

b. Use reamer to debur, smooth, and evenly chamfer the inside.

c. Use pipe threader to thread the conduit.  For PVC coated conduit, use a special die that has rear reamed out oversize so as to slip over plastic coating.  Do not attempt to cut threads on plastic coated conduit with regular dies, whereby plastic coating is skinned back to allow the incor​rect die to be used.  Coat any minor damage to conduit coat​ing with a PVC coating system purchased from the conduit manufactur​er.

d. Degrease threads after threading and apply a zinc rich paint.

3. For rigid nonmetallic conduit:

a. Use fine tooth handsaw and miter box for cutting to length.

b. Use reamer to debur, smooth, and evenly chamfer the inside.

c. Smooth exterior to remove all burrs.

4. For flexible conduit:

a. Use hacksaw and cutting vise or miter box for cutting to length.

b. Debur interior and exterior after cutting.

E. Conduit Connections

1. Plastic coated metallic conduit lengths shall be joined with threaded metallic coupling that shall be each equi​pped with a 40-mil thickness sleeve that shall extend over the threads of the joined conduit.

2. Rigid metallic conduit runs shall have their couplings and con​nections made with screwed fittings and shall be made up wrench tight.  Check all threaded conduit joints prior to wire pull.

3. Rigid nonmetallic conduit and fittings shall be joined utilizing solvent cement.  Immediately after installation of conduit and fitting, the fitting or conduit shall be rotated ¼ turn to provide uniform contact.

4. EMT runs shall be joined with compression connectors made up wrench tight.
F. Underground Conduit Runs

1. Underground conduit runs shall be installed at least eighteen (18") inches below finished grade, but do not install at depths greater than twenty-four (24") inches unless otherwise indicated.  Install continuous "Buried Conduit" labeled tape over each yard run.  Where runs are grouped, install one tape to serve the group of conduits.  Set continuous tape at approximately eight (8") inches below finished grade.

2. Place all joints side by side horizontally.


3. Raceways shall be installed to drain away from build​ings; raceways between manholes or handholes shall drain toward the handholes.  Raceway slopes shall not be less than 3-in per 100 ft.

4. Where conduit leaves a structure horizontally underground, the first five (5') feet of conduit leaving the structure shall be plastic coated rigid steel conduit.

5. Where bends in raceways are required, plastic coated rigid steel, long radius elbows, sweeps and offsets shall be used. Minimum bending radius shall be 24-in.

6. Conduit upturns from below-grade earthen runs, unless other​wise indicated shall be installed as follows: 

a. Conduit upturns from below-grade earth runs shall be brought up with plastic coated rigid metallic con​duit.  Continue thence with plastic coated metallic conduit to at least 6" above finished grade.  Make transition to structure run with metallic conduit. 

b. Install expansion fitting on each conduit that rises from below-grade and proceeds along surface of struc​ture.  Thread each hub of the outer barrel on end of upturn riser out of earth, continue thence with metallic conduit run. 

c. Conduit upturns through concrete slabs located on grade, shall be each equipped with Schedule 40 PVC oversize sleeve.  Make upturn with plastic coated rigid metallic conduit and extend outgoing line to 2'-0" outside of grade beam with plastic coated rigid metallic conduit.  Fill annulus caulked between conduit and sleeve with fireproof conduit sealant.
7. Conduit Supports and Separators

a. Supports shall provide a uniform minimum clearance of 2 inches between conduits and between the bottom of the trench and the bottom row o​f conduit.

b. Place supports and separators on maximum centers as     follows:

	Trade Size
	Maximum Support & Spacer Spacing (feet)

	
	Rigid Metallic Conduit
	Rigid N​onmetallic conduit

	1" & Less
	10
	3

	1¼” - 3"
	14
	5

	3" - 6"
	20
	7


c. Securely anchor conduits to supports and separators to prevent movement during placement of concrete or soil.

d. Do not place concrete or soil until conduits have been observed by the Engineer.

G. Conduit Terminations and Penetrations

1. Conduit entrances into equipment shall be carefully planned.  Cutting away of enclosure structure, torching out sill or braces, and removal of enclosure structural members, will not be accep​table.

2. Conduit runs into boxes, cabinets, and enclosures shall be set in a neat manner.  Vertical runs shall be set plumb.  Conduits set cocked or out of plumb will not be accep​table.

3. Use approved hole cutting tools for entrances into sheet metal enclosure.  Use of cutting torch or incorrect tools will not be acceptable.  Holes shall be cleanly cut and they shall be free from burrs, jagged edges, and torn metal.

4. Where conduits terminate into bottom of floor-m​oun​ted equip​ment such as a motor control center, pro​vide threaded ends and set top of each con​duit high enough above finished con​crete so that grounding bushings can be fully threaded onto ends of conduit.
5. Where conduits terminate into bottoms of NEMA 1 and 12 enclosures install termination with coupling, nipple, double locknuts and grounding bushing inside.

6. Where conduits terminate into bottoms of NEMA 3R, 4 and 4X enclosures ​install termination with a threaded hub, and grounding bushing inside.

7. Ground each bushing lug to the enclosure ground.

8. Where sufficient room exists within the housing, conduits to roof-mounted equipment shall be stubbed up inside the housing. 

9. Below Grade Penetrations of Exterior Walls

a. Except as otherwise shown, where below-grade conduits pene​trate exterior walls below grade, install for each penetra​tion a male adaptor on end of each conduit run five (5') feet out from structure.  Install plastic coated rigid metallic conduit from the face of the wall to the male adapter.

b. Where conduit penetrates a new wall, install in the wall pour the specified through-wall sealing fitting.  Tighten clamping head to completely waterproof around outside of conduit.
c. Where conduit penetrations are made through exist​ing or precast concrete wall, core-drill each penetration and install "Link-Seal" type conduit seals on each conduit.
d. Conduit penetrations through existing concrete walls under​ground shall be in​stalled as follows where a large group of conduits penetrate a wall:

(1) Saw cut wall in a square pattern each side to a depth of 1-1/2".  Where openings are larger than 15" square request approval from Engineer.


(2) Break out concrete wall but do not cut rebar. 

(3) Install conduits with 1½" separation between con​duits and 4" separation between outer conduits and saw cut.  Install conduits with coupling flush on inside.  Install water stop around each conduit consisting of pipe fit​ting O-ring rubber gasket.  Install such that O-ring is in center of wall.  Apply bituminous water stop per Section 3253 around entire perimeter of opening.  Grout conduits in place with non-shrink grout troweling smooth on the inside wall.  Reference Section 3600 for addi​tional requirements of grout and grout application methods.
e. Prior to backfill, install minimum of three (3) gallons of peanut shaped Styrofoam packing material around each conduit penetration immedi​ately outside of wall.

10. Where conduits enter pull, junction and transformer boxes:

a. Terminate rigid PVC conduits in end bells.

b. Terminate steel conduits in insulated bushings.


11. Unless otherwise shown, conduit penetrations through walls and through floors, shall be made each with couplings set flush with the faces of the concrete pour.

12. All conduits that may allow hazardous or corrosive gasses or water to enter any building, enclosure or equipment shall be completely sealed with fireproof conduit sealant.

13. Install insulated throat box connectors for EMT conduit penetrations into boxes and cabinets.

H. Installation of Flexible Conduit

1. Liquid tight flexible steel conduit shall be used to connect wiring to motors, limit switches, bearing thermo​stats, instrumentation equipment and other devices that either may have to be removed for servicing or are subject to vibration that would cause rigid connections to fail.
2. Non-liquid tight flexible steel conduit may be used in conjunction with EMT conduit runs only.

3. Unless otherwise indicated, maximum lengths of flexible conduits shall be three (3') feet when connecting to motors and two (2') feet when connecting to other equipment.

4. Flexible conduit may not be used to eliminate conduit fittings, conduit bends or offsets.

5. Where liquid tight flex is installed, make-up terminal ends with liquid-tight flex connectors.  In wet locations, install sealing gaskets on each threaded male connector.

6. Each flex connector shall be made-up tightly so that the minimum pull-out resistance is at least 150 lbs.

I. Expansion or Expansion/Deflection Fittings

1. Install expansion fitting on each conduit that rises from below-grade and proceeds along surface of struc​ture.

2. Conduit runs made in concrete pours or surface-mounted runs that are attached to the structure, shall be equipped with an expa​n​sion/deflection fitting where they cross an expansion joint.



3. Surface mounted, exposed aluminum conduit runs in​stalled out-of-doors shall be equipped each with expansion fitting where such runs are longer than twenty-five feet. 

J. Testing, Cleaning and Adjustment

1. Repair rigid steel conduit utilizing a zinc rich paint.

2. Repair PVC coated rigid conduits using patching compound of the same material as the coating, provided by the manufacturer of the conduit; or a self-adhesive, highly conformable, cross-linked silicone composition strip, followed by a protective coating of vinyl tape.  The total nominal thickness shall not be less than 40 mil.

3. Repair surfaces which will be inaccessible after installation prior to installation.

4. Fill openings in walls, floors, and ceilings and finish flush with surface.

5. Pull mandrel with diameter nominally ¼ inches smaller than the interior of the conduit, to remove obstructions.

6. Swab conduit by pulling a clean, tight-fitting rag through the conduit.

7. Install pull tapes.  Pull tape for rigid nonmetallic conduit shall be nylon or polyethylene.

8. Tightly plug ends of conduit with tapered wood plugs or plastic inserts until wire is pulled.


9. Install pull-tapes in empty conduits.  Identi​fy each terminus as to location of other end and trade size of conduit. Use blank plastic waterproof write-on label and write information on each label with waterproof ink.
K. Raceways runs made in hazardous areas shall comply with Article 500 of NEC.  The hazardous areas involved are as follows:
1. Wet well of Lift Station and dry pit of lift sta​tion:  Class 1, Division 2, Groups C, D.
2. Clarifier/digester sump pump pit.  Class 1, Division 2, Groups C, D.
3. Return activated sludge sump pump pit. Class 1, Divisi​on 2, Groups C, D.
3.2 CONDUIT BODIES AND BOXES

A. Conduit bodies such as "LB,” "T,” "GUAT,” etc., shall be in​stalled in exposed runs of conduit wherever indicated and where required to overcome obstructions and to provide pull​ing access to wiring. Covers for such fit​tings shall be accessible and unob​structed by the adja​cent construc​tion.  GUA series pulling bodies rather than LB’s and the like, shall be used for splicing purpo​ses as well as pulling access.

B. Covers for all conduit bodies shall be installed with gaske​ted cast metal type where located in damp or wet locations.  Where LB and related type conduit bodies are located in dry locations, install aluminum covers.

C. All conduit boxes installed whose inside volume is less than 100 cubic inches shall be cast metal type with gasketed cast metal cover, unless otherwise indicated.

D. All conduit boxes installed whose inside volume exceeds 100 cubic inches shall be sheet metal type except where gasketed cast metal type or fiberglass reinforced poly​ester are indi​cated.

3.3 RACEWAY SUPPORT

A. All raceway systems shall be adequately and safety sup​ported. Loose, sloppy and inadequately supported raceways will not be acceptable.  Supports shall be installed at intervals not greater ​than those set forth under Article 300 of NEC, unless shorter intervals are otherwise indi​cated, or unless condi​tions require shorter intervals of supports.

B. Support all conduits within 3 feet of the conduit termination.  Support all conduits at 90-degree bends and at vertical drops. Provide substantial vertical support for all conduit drops for stability and to minimize vibration.

C. Do not exceed maximum concentrated load recommended by the manufacturer on any support.

D. Surface mounted runs of conduit on concrete or masonry sur​faces shall be supported off the surface by means of aluminum slotted channels and conduit clamps.  Attach each slotted channel support to concrete surface by means of two (2) ¼" diameter stainless steel bolts into drilled expansion shields.

E. Conduit runs that are installed along metallic struc​tures shall be supported by means of beam clamps and conduit hang​ers.

F. Single conduit runs that are installed along walls and ceil​ings shall be supported with conduit clamps and spacers.

G. Multiple conduit runs shall be supported with 1 " X 1 " channel and channel straps.

H. Below-grade conduits shall be supported with plastic saddles.

I. Field cut ends of hot-dipped galvanized channel shall be filed smooth and cold galvanized.

J. The following supporting methods are prohibited:

1. Using perforated strap hangers

2. Using the suspended ceiling grid to support raceways

3. Interfering with vapor barriers or insulation

4. Using concrete nails or power set anchors

END OF SECTION
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