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(This foreword is not a part of the standard) 83 
 84 
Foreword 85 
 86 
National Electrical Installation StandardsTM (NEIS) are designed to improve communication among 87 
specifiers, purchasers, and suppliers of electrical construction services.  They define a minimum baseline 88 
of quality and workmanship for installing electrical products and systems.  NEISTM are intended to be 89 
referenced in contract documents for electrical construction projects.  The following language is 90 
recommended: 91 
 92 

Tubular steel raceways shall be installed in accordance with NECA 101, Standard for Installing 93 
Steel Conduits (RMC, IMC, EMT) (ANSI). 94 

 95 
Use of NEISTM is voluntary, and neither the National Electrical Contractors Association (NECA) nor the 96 
Steel Tube Institute of North America (STI) assumes any obligation or liability to users of this 97 
publication.  Existence of a standard shall not preclude any member or non-member of NECA or STI 98 
from specifying or using alternate construction methods permitted by applicable regulations. 99 
 100 
This publication is intended to comply with the National Electrical Code (NEC).  Because they are quality 101 
standards, NEIS may in some instances go beyond the minimum safety requirements of the NEC.  It is the 102 
responsibility of users of this publication to comply with state and local electrical codes and Federal and 103 
state OSHA safety regulations as well as follow manufacturer installation instructions when installing 104 
electrical products and systems. 105 
 106 
Suggestions for revisions and improvements to this standard are welcome.  They should be addressed to: 107 
 108 

NECA Standards & Safety 109 
3 Bethesda Metro Center, Suite 1100 110 

Bethesda, MD 20814 111 
(301) 657-3110 112 

(301) 215-4500 Fax 113 
www.neca-neis.org 114 
neis@necanet.org 115 

 116 
To purchase National Electrical Installation Standards, contact the NECA Order Desk at (301) 215-4504 117 
tel, (301) 215-4500 fax, or orderdesk@necanet.org.  NEIS can also be purchased in .pdf download format 118 
at www.neca-neis.org/standards. 119 
 120 
Copyright ©2XXX, Conduit Advisory of the Steel Tube Institute of North America, Mentor, Ohio.  All 121 
rights reserved.  Unauthorized reproduction prohibited. 122 
 123 
National Electrical Installation Standards, NEIS, and the NEIS logo are registered trademarks of the 124 
National Electrical Contractors Association.  National Electrical Code and NEC are registered trademarks 125 
of the National Fire Protection Association, Quincy, MA.   126 
 127 
Photos courtesy of Allied Tube and Conduit, Wheatland Tube, and Thomas & Betts.   128 
 129 
 130 
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1.   Scope 131 
 132 
1.1  Products and Applications Included 133 
 134 
This Standard describes installation procedures for steel rigid metal conduit (RMC), steel intermediate 135 
metal conduit (IMC), and steel electrical metallic tubing (EMT), including steel conduits with a 136 
supplementary PVC coating, used as raceway systems for electrical wiring in residential, commercial, and 137 
industrial occupancies.  This Standard also includes information on fittings and other applicable 138 
accessories necessary for a quality installation of these raceways. 139 
 140 
This document is intended to enhance electrical safety by aiding the installer in meeting the “neat and 141 
workmanlike” requirements in the NEC, reducing future repair needs, providing for future expansion to 142 
avoid electrical overload, creating an installation which will protect the wire conductors from mechanical 143 
abuse, and providing electrical continuity of the raceway system. 144 
 145 
 146 
1.2  Products and Applications Not Included 147 
 148 
This standard does not apply to: 149 

• RMC manufactured from aluminum, stainless steel, red brass or other metals  150 
• IMC manufactured from aluminum or stainless steel  151 
• EMT manufactured from aluminum or stainless steel  152 

 153 
 154 
1.3  Regulatory and Other Requirements 155 
 156 
All information in this publication is intended to conform to the National Electrical Code (ANSI/NFPA 157 
70).  Installers shall follow the NEC, applicable state and local codes, manufacturer instructions, and 158 
contract documents when installing steel conduits (RMC, IMC, EMT), including steel conduits with a 159 
supplementary PVC coating.   160 
 161 
Only qualified persons as defined in the National Electrical Code familiar with the construction and 162 
installation of steel conduits (RMC, IMC, EMT) shall perform the technical work described in this 163 
publication.  Administrative functions such as receiving, handling, and storing of electrical equipment and 164 
components and other tasks shall be performed under the supervision of a qualified person.  All work 165 
shall be performed in accordance with NFPA 70E, Standard for Electrical Safety in the Workplace.   166 
 167 
General requirements for installing electrical products and systems are described in NECA 1, Standard 168 
Practices for Good Workmanship in Electrical Construction (ANSI).  Other NEIS provide additional 169 
guidance for installing particular types of electrical products and systems.  A complete list of NEIS is 170 
provided in Annex C. 171 
 172 
 173 
1.4  Mandatory Requirements, Permissive Requirements, Quality and Performance 174 

Recommendations, Explanatory Material, and Informative Annexes 175 
 176 
Mandatory requirements in manufacturer instructions, Codes or other mandatory Standards that may or 177 
may not be adopted into law, are those that identify actions that are specifically required or prohibited and 178 
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are characterized by the use of the terms “must” or “must not,” “shall” or “shall not,” or “may not,” or 179 
“are not permitted,” or “are required,” or by the use of positive phrasing of mandatory requirements.  180 
Examples of mandatory requirements may equally take the form of, “equipment must be protected .  .  .,” 181 
“equipment shall be protected .  .  .,” or “protect equipment .  .  .,” with the latter interpreted (understood) 182 
as “(it is necessary to) protect equipment .  .  .”   183 
 184 
Permissive requirements of manufacturer instructions, Codes or other mandatory Standards that may or 185 
may not be adopted into law, are those that identify actions that that are allowed but not required, or are 186 
normally used to describe options or alternative means and methods, and are characterized in this 187 
Standard by the use of the terms “may,” or “are permitted,” or “are not required.”   188 
 189 
Quality and performance recommendations identify actions that are recommended or not recommended to 190 
improve the overall quality or performance of the installation and are characterized by the use of the 191 
terms “should” or “should not.”   192 
 193 
Explanatory material, such as references to other Codes, Standards, documents, references to related 194 
sections of this Standard, information related to another Code, Standard, or document, and supplemental 195 
application and design information and data, is included throughout this Standard to expand the 196 
understanding of mandatory requirements, permissive requirements, and quality and performance 197 
recommendations.  Such explanatory material is included for information only, and is identified by the 198 
use of the term “NOTE,” or by the use of italicized text.   199 
 200 
Non-mandatory information and other reference standards or documents relative to the application and 201 
use of materials, equipment, and systems covered by this Standard are provided in informative annexes.  202 
Informative annexes are not part of the enforceable requirements of this Standard, but are included for 203 
information purposes only.   204 
 205 
 206 
2.   Definitions 207 
 208 
(As used in this Standard) 209 
 210 
Alternate Corrosion Protection.  A coating(s), other than one consisting solely of zinc, which, upon 211 
evaluation, has demonstrated the ability to provide the level of corrosion resistance required on the 212 
exterior of the conduit.  It is not prohibited that the coatings include zinc. 213 
 214 
Approved.  Acceptable to the authority having jurisdiction.  NOTE: “The authority having jurisdiction” 215 
is most often the electrical inspector, but could be a project manager or other final approval authority. 216 
 217 
Authority Having Jurisdiction (AHJ).  The organization, office, or individual with the authority to 218 
determine which code requirements apply, how they are to be interpreted, and who gives final approval to 219 
the electrical installation.  Some examples are electrical inspectors, government entities or insurance 220 
underwriters. 221 
 222 
Bend.  A curvature of the conduit or tubing made so the raceway will fit a specific geometric location.  223 
This can either be done by field bending or installing a factory bent elbow.”  224 
 225 
Circuit Loading.  Concentration of circuits in one raceway. 226 
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 227 
Conduit Connection.  Interface between conduit or tubing and other equipment. 228 
 229 
Conduit Joint.  The coupling of two pieces of conduit or tubing or coupling a length of conduit or 230 
tubing to a bend.  NOTE: One of the most important elements of an electrical installation. 231 
 232 
Coupling, Integral.  A coupling meeting the requirements of UL 514B which is assembled to the 233 
conduit, tubing, or elbow during manufacture and is not readily removable.  The integral coupling of 234 
electrical metallic tubing is a “belled” end with set screws or compression fitting. 235 
 236 
Coupling, Standard Conduit.  As applied to IMC or steel RMC, this is a threaded, straight-tapped 237 
means of joining two pieces of conduit.  Such coupling meets the requirements of the applicable UL 238 
conduit standard. 239 
 240 
Equipment Grounding Conductor.  As defined in the NEC, it is the path by which a ground fault is 241 
transmitted to the overcurrent protection device.  NOTE: Steel conduit and tubing are called equipment 242 
grounding conductors, as are copper or aluminum Conductors. 243 
 244 
Firestopping.  Using approved materials (generally detailed by building codes or specifications) which 245 
fill the opening (annular space) around the conduit to prevent the spread of fire and smoke and assure the 246 
fire rating of the wall, floor, or ceiling being penetrated is not reduced.   247 
 248 
Fire-Resistance-Rated Assemblies.  Construction materials assembled together then tested and rated 249 
for ability to inhibit the spread of fire for a specified period of time under specific test conditions.  The 250 
rating is expressed in hours; e.g.  1 hour, 2 hour, etc.  Information can be found in various laboratory 251 
“listing” directories. 252 
 253 
Fitting, Threadless.  A fitting intended to secure, without threading, rigid or intermediate metal conduit 254 
or electrical metallic tubing to another piece of equipment (connector) or to an adjacent length of conduit 255 
or tubing (coupling). 256 
 257 
Galvanized.  Protected from corrosion by a specified coating of zinc which may be applied by either the 258 
hot-dip or electro-galvanized method. 259 
 260 
Homerun.  The run of raceway between the panelboard/switchboard and the first distribution point. 261 
 262 
Identified (for use).  As defined in the NEC.  NOTE: For the purposes of this Guideline the product 263 
has been evaluated for a specific purpose, environment or application and written documentation or 264 
labeling verifying this exists. 265 
 266 
Penetration Firestop System.  A listed assembly of specific materials or products that are designed, 267 
tested and fire resistance-rated in accordance with ASTM E814 to resist, for a prescribed period of time, 268 
the spread of fire through penetrations in fire-rated assemblies. 269 
 270 
Primary Coating.  The corrosion protection coating evaluated by the listing authority and required by 271 
the applicable standard for listing. 272 
 273 
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Raceway.  As defined in the NEC, this term includes more than steel conduit.  In this Guideline it is steel 274 
rigid metal conduit, intermediate metal conduit, or electrical metallic tubing, designed for enclosing and 275 
protecting electrical, communications, signaling and optical fiber wires and cables. 276 
 277 
Running threads.  Continuous straight threads cut into a conduit and extended down its length — not 278 
permitted on conduit for connection at couplings. 279 
 280 
Supplementary coating.  A coating other than the primary coating applied to listed conduit/tubing 281 
either at the factory or in the field to provide additional corrosion protection where needed. 282 
 283 
 284 
3.   General Product Information 285 
 286 
3.1  Steel Conduit and Tubing Overview 287 
 288 
The wall thickness and strength of steel make RMC, IMC, and EMT the wiring methods recognized as 289 
providing the most mechanical protection to the enclosed wire conductors.  Additionally, a properly 290 
installed steel RMC, IMC or EMT system is recognized by the NEC as providing its own equipment 291 
grounding path. 292 
 293 
 294 

3.1.1  Steel Rigid Metal Conduit — RMC (ferrous metal) 295 
 296 
Steel Rigid Metal Conduit (RMC) is a listed taper-threaded metal raceway of circular cross section with a 297 
straight tapped coupling (see Figure 1) or an integral fitting (see Figure 4). 298 
 299 

 300 
Figure 1.  Rigid Metal Conduit (RMC) 301 
(Courtesy of Allied Tube & Conduit) 302 

 303 
Threads are protected on the uncoupled end by color-coded thread protectors which keep them clean and 304 
sharp and aid in trade size recognition.  Steel RMC is available in trade sizes ½ through 6.  Thread 305 
protectors for trade sizes 1, 2, 3, 4, 5, and 6 are color-coded blue; trade sizes ½, 1½, 2½, 3½ are black, 306 
and trade sizes ¾ and 1¼ are red.  (See Table 1 for Metric Trade Size Designators.) The nominal finished 307 
length of RMC with a coupling is 10 feet (3.05m).  Longer or shorter lengths of threaded or unthreaded 308 
conduit are also permitted with or without a coupling. 309 
 310 
  311 
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Table 1: Metric Trade Size Designators 
for RMC, IMC, and EMT 

*Trade Size Designator 
English (inches) Metric (mm) 

½ 16 
¾ 21 
1 27 

1-1/4 35 
1-1/2 41 

2 53 
2-1/2 63 

3 78 
3-1/2 91 

4 103 
5 129 
6 155 

*Identifier only; not an actual dimension 
 312 
Steel RMC can have a primary coating of zinc, a combination of zinc and organic coatings, or a 313 
nonmetallic coating with or without zinc (such as PVC).  Other supplementary coatings can be applied 314 
where additional corrosion protection is needed. 315 
 316 
NOTE: Contact suppliers with product-specific questions.   317 
 318 
Special installation practices and tools are generally required for working with PVC-coated products.  319 
These practices are covered in Section 6. 320 
 321 
Steel RMC is the heaviest-weight and thickest-wall steel conduit.  Where galvanized by the hot-dip 322 
process, it has a coating of zinc on both the inside and outside.  Electro-galvanized rigid has a coating of 323 
zinc on the exterior only, with a corrosion-resistant organic coating on the interior.  Steel RMC with 324 
alternate corrosion protection generally has organic coatings on both the exterior and the interior surfaces.  325 
Galvanized RMC does not require a temperature rating as it is considered non-combustible by the 326 
international building code.  Galvanized RMC can be used indoors, outdoors, underground, concealed or 327 
exposed.  RMC with coatings that are not zinc-based sometimes has temperature limitations or is not 328 
listed for use in environmental air spaces; consult manufacturers’ listings and markings. 329 
 330 
 331 

3.1.2  Intermediate Metal Conduit — IMC (ferrous metal) 332 
 333 
Intermediate Metal Conduit (IMC) is a listed taper-threaded metal raceway of circular cross section with a 334 
straight tapped coupling (see Figure 2) or an integral fitting (see Figure 4).  Threads are protected on the 335 
uncoupled end by color-coded thread protectors which keep them clean and sharp, and aid in trade size 336 
recognition.  IMC is available in trade sizes ½ through 4.  Thread protectors for trade sizes 1, 2, 3, 4, are 337 
color-coded orange; trade sizes ½, 1½, 2½, 31/2 are yellow; and trade sizes 3/4 and 1 1/4 are green.  (See 338 
Table 1 for Metric Trade Size Designators.) The nominal finished length of IMC with coupling is 10 feet 339 
(3.05m).   340 
 341 
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 342 
Figure 2.  Intermediate Metal Conduit (IMC) 343 

(Courtesy of Allied Tube & Conduit) 344 
 345 
IMC has a reduced wall thickness and weighs about one-third less than RMC.  The outside has a zinc-346 
based coating and the inside has an organic corrosion-resistant coating.  IMC is interchangeable with steel 347 
RMC.  Both have threads with a 19 mm per 300 mm (3/4 inch per foot) taper (1 in 16); use the same 348 
couplings and fittings; have the same support requirements; and are permitted in the same locations. 349 
 350 

3.1.3  Electrical Metallic Tubing — EMT (ferrous metal) 351 
 352 
Electrical Metallic Tubing (EMT), also commonly called thin-wall, is a listed steel raceway of circular 353 
cross section which is unthreaded, and nominally 10 feet (3.05m) long (see Figure 3).  The outside 354 
corrosion protection is zinc-based and the inside has an organic corrosion-resistant coating.  EMT is 355 
available in trade sizes 1/2 through 4.  (See Table 1 for Metric Trade Size Designators.) EMT is installed 356 
by use of set-screw or compression-type couplings and connectors.  EMT is permitted to have an integral 357 
coupling (see Figure 4).   358 
 359 
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 360 
Figure 3.  Electrical Metallic Tubing (EMT) 361 

(Courtesy of Allied Tube & Conduit) 362 
 363 
Electrical Metallic Tubing (EMT) is available in various factory-applied colors. 364 
 365 
 366 

3.1.4  PVC-coated conduit 367 
 368 
(See Section 6) 369 
 370 
 371 
3.2  Manufactured Elbows, Nipples, and Couplings 372 
 373 

3.2.1  Factory elbows 374 
 375 
Elbows are bent sections of conduit or tubing used to change raceway direction or bypass obstructions.  376 
IMC and RMC elbows are threaded on each end.  Elbows of the correct type and dimensions are an 377 
important element of the raceway installation.   378 
 379 
Factory-made elbows in both standard and special radius are readily available for all sizes of steel RMC, 380 
IMC, and EMT.  Elbows with integral couplings are available in various trade sizes.  Specialized large 381 
radius elbows, often referred to as “sweeps,” are also available.  They are custom ordered to solve various 382 
installation problems.  Some typical uses of sweeps are to facilitate easier wire pulling, install conduit in 383 
limited or geometrically difficult spaces, provide specific stub-up length, or ease installation of 384 
communication or fiber optic cables.   385 
 386 
Physical dimensions of factory-made elbows for RMC, IMC, and EMT vary between manufacturers.  387 
When installing factory elbows for a job, being aware of this variability can avoid installation problems.  388 
Always measure to be safe.  To order factory elbows, you need to specify the raceway type, trade size, 389 
and angle of bend.  If ordering a special radius elbow, the radius will also have to be specified. 390 
 391 



 8 

 392 
3.2.2  Nipples 393 

 394 
A nipple is a short length of conduit or tubing material which is used to extend the system.  Nipples are 395 
used between conduit and items such as (but not limited to) fittings, boxes, and enclosures or between two 396 
boxes, two enclosures, etc.  When nipples are used to extend a conduit run to an enclosure, box, etc., the 397 
percentage wire fill requirements shown in Chapter 9, Table 1 of the NEC apply; for example, 40-percent 398 
fill for three or more conductors. 399 
 400 
 401 

3.2.3  Couplings and Integral Fittings 402 
 403 
Each length of steel RMC and IMC is furnished with a coupling on one end.  This conduit coupling is 404 
included in the UL conduit standards.  Additional couplings may be purchased separately. 405 
Steel RMC and IMC are also available with integral couplings.  These integral couplings are listed to the 406 
UL fitting standard UL 514B which permits make-up by turning the fitting rather than the conduit (see 407 
Figure 4).  EMT with an integral fitting is also available.   408 
 409 

 410 
Figure 4.  RMC, IMC, and EMT with integral coupling 411 

(Courtesy of Allied Tube & Conduit) 412 
 413 
For threadless fittings for use with RMC, IMC, and EMT, see section 4.3. 414 
 415 
 416 
4.   General Installation Practices 417 
 418 
NOTE: See Section 6 for installation practices for PVC-coated conduit and fittings. 419 
 420 
 421 
4.1  Conduit Cutting and Threading Guidelines 422 
 423 
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Close attention to measuring the exact length of conduit needed is important for a quality installation. 424 
 425 
 426 

4.1.1  Cutting and threading steel RMC and IMC 427 
 428 
NOTE: Although coupling threads are straight tapped, conduit threads are tapered. 429 
 430 
Field threading is to be performed in accordance with the following procedures unless manufacturer’s 431 
instructions differ.  The operating and safety instructions should be read and understood prior to operating 432 
the equipment. 433 
 434 
Use a standard 19 mm per 300 mm (3/4 inch per foot) taper (1 in 16) National Pipe Thread (NPT) die.  435 
The threads shall be cut full and clean using sharp dies.  (See ANSI/ASME B.1.20.1-1983 (R2013) 436 
Standard for Pipe Threads, General Purpose (Inch). 437 
 438 
Do not use worn dies.  Although ragged and torn threads or threads which are not cut deep enough can be 439 
caused by poor threading practices; they can also indicate worn dies.  If inspection shows this to be true, 440 
see Annex A for procedure to change dies. 441 
 442 
To adjust the dies, loosen the screws or locking collar that hold the cutting dies in the head.  When the 443 
screws or collar are loosened, the dies should move freely away from the head. 444 
 445 
Screw the die head onto the threaded portion of a factory-threaded nipple or factory-threaded conduit 446 
until the die fits the factory thread.  If the die head has an adjusting lever, set the head to cut a slightly 447 
oversized thread. 448 
 449 
NOTE: This will ordinarily be one thread short of being flush with the face of a thread gauge when the 450 
gauge is hand tight.  This is within the tolerance limits which allow the thread to be one thread short or 451 
long of being flush with the gauge face. 452 
 453 
Tighten the screws or locking collar so that the dies are tightly held in the head. 454 
 455 
Remove the set-up piece of threaded conduit.  The die is ready for use. 456 
 457 
After adjusting the dies as outlined above, proceed as follows: 458 
 459 
Cut the conduit with a saw or roll cutter.  Be careful to make a straight cut (see Figure 5). 460 
 461 
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 462 
Figure 5.  Lower the roll cutter to the desired length.   463 

Tighten the handle about one quarter turn per each revolution  464 
and repeat until the conduit is cut through.   465 

(Courtesy of Wheatland Tube) 466 
 467 
NOTE: If the die is not started on the pipe squarely, crooked threads will result.  When using the wheel 468 
and roll cutter to cut pipe, the cutter must be revolved completely around the pipe.  Tighten the handle 469 
about one quarter turn after each rotation and repeat this procedure until the pipe is cut through. 470 
 471 
After cutting and prior to threading, ream the interior and remove sharp edges from the exterior (see 472 
Figures 6, 7 and 8). 473 

 474 

 475 
Figure 6.  The roll cutter will leave a burr on the inside diameter 476 
of the conduit.  The burr must be removed to ensure that the wire 477 

insulation will not be damaged during pulling. 478 
(Courtesy of Wheatland Tube) 479 

 480 
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 481 
Figure 7.  Insert the (flute) reamer into work piece and rotate until 482 

the burr is removed.   483 
(Courtesy of Wheatland Tube) 484 

 485 

 486 
Figure 8.  A minimal amount of pressure will remove the burr 487 

completely and eliminate the possibility of flaring of the  488 
conduit end. 489 

(Courtesy of Wheatland Tube) 490 
 491 

NOTE: Reaming the conduit after threading will stretch or flare the end of the conduit. 492 
 493 
To start a universal die head, press it against the conduit end with one hand and turn the stock with the 494 
other (see Figures 10 and 11).  With a drop head die, the stock remains stationary and the head rotates.  495 
After the dies have engaged for a thread or two, they will feed along without pressure. 496 

 497 
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 498 
Figure 10.  When proper thread length is achieved, the end of the 499 

conduit becomes flush with the ends of the die segments. 500 
(Courtesy of Wheatland Tube) 501 

 502 
 503 

 504 
Figure 11.  Wire brush the threads to remove any shavings or debris. 505 

(Courtesy of Wheatland Tube) 506 
 507 

Stop the cutting as soon as the die has taken hold and apply thread cutting oil freely to the dies and the 508 
area to be threaded (see Figure 10). 509 
 510 
NOTE: Frequent flooding of the dies with a good grade of cutting oil will further safeguard against poor 511 
threads.  The oil keeps the material lubricated and ensures a smoother cut by reducing friction and heat.  512 
Insufficient cutting oil will also cause ragged threads.  The flow of the cutting fluid to the die head should 513 
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be such that the cutting surfaces of the die segments are flooded.  As a general rule, there is no such thing 514 
as too much oil at the die head. 515 
 516 
Thread one thread short of the end of the chaser. 517 
 518 
NOTE: It is a good practice to thread one thread short to prevent butting of conduit in a coupling and 519 
allow the coupling to cover all of the threads on the conduit when wrench tight. 520 
 521 
Back the die head off and clean the chips from the threads (see Figure 11). 522 
 523 
 524 

4.1.2  Importance of thread length 525 
 526 
The length of the thread is important and the applicable UL requirements specify the manufactured length 527 
of the thread and the tolerance.  A ring gauge is used to determine the correct thread length at the factory 528 
(see Figures 12 and 13).  Good practice is to thread the conduit one thread short.  This is to prevent 529 
conduit from butting inside the coupling.  This practice will permit a good electrical connection between 530 
the conduit and coupling.   531 

 532 

 533 
Figure 12.  Threads should be checked with an NPT-L1 threaded 534 

ring gauge to ensure proper make up.   535 
(Courtesy of Wheatland Tube) 536 

 537 
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 538 
Figure 13.  A proper thread should be free from chips or tears over 539 

the entire length. 540 
(Courtesy of Wheatland Tube) 541 

 542 
To ensure that the threads are properly engaged, the coupling should be made up hand-tight, then wrench 543 
tightened.  Generally, wrench-tightening should not exceed three additional threads (see Figure 13).  It 544 
should never be necessary to use an extension handle on a wrench to make up a tight joint.  The only time 545 
an extension handle should be used is to dismantle a stubborn joint in an existing line.   546 
 547 

 548 
Figure 14.  When assembled wrench-tight, the coupling will cover  549 

all threads. 550 
(Courtesy of Wheatland Tube) 551 

 552 
A simple rule regarding the use of tools is to select the right type and the right size.  The proper size 553 
wrench for a given conduit size trade is indicated in Table 2. 554 
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 555 
Table 2: Proper Wrench Sizes 

Conduit Trade Size Wrench Size (inches) 
Under ½ 10 

½ 12 
¾ - 1-1/4 14 

1-1/2 18 
2 - 2-1/2 24 

3 - 4 36 
5 - 6 48 

 556 
 557 

4.1.3  Protection of field cut threads 558 
 559 
NEC Section 300.6 (A) requires that where corrosion protection is necessary and the conduit is threaded 560 
in the field, the thread shall be coated with an approved electrically-conductive, corrosion resistant 561 
compound (see Figure 20).  Coatings for this purpose, listed under UL category “FOIZ” are available.  562 
Zinc-rich paint or other coatings acceptable to the AHJ may be used.   563 
 564 
NOTE: Corrosion protection is provided on factory-cut threads at time of manufacturing.  Conduit, 565 
elbows, or nipples that are threaded anywhere other than at the factory where the product was listed are 566 
considered field cut. 567 
 568 
 569 

4.1.4  Cutting EMT 570 
 571 
Cut the EMT square using a hack saw or band saw.  NOTE: Roll-type cutters require reaming which 572 
flares the wall of EMT, making fittings difficult to install. 573 
 574 
A tool designed for the purpose is best for reaming the inside of EMT.  Where side cutter pliers or other 575 
general tools are used, take special care not to flare the ends. 576 
 577 
 578 
4.2  Bending Guidelines 579 
 580 
The variety of electrical installations makes field bending necessary.  While a full range of factory elbows 581 
are readily available, they do not address the variability of stubs, back-to-back, offset, and saddle bends 582 
encountered in the field-routing of conduit and EMT.  These most commonly-used types of bends can be 583 
quickly, efficiently, and economically made by a knowledgeable and experienced installer.  The skills 584 
needed to obtain a level of proficiency are readily learned and require knowledge of basic mathematics, 585 
industry terminology and bending tools.  Manufacturers of bending equipment publish manuals for each 586 
specific bender model which provide excellent in-depth information on bending conduit.  The information 587 
in this section is supplemental to that provided by the manufacturers.  Contact bender manufacturers for 588 
complete information. 589 
 590 

4.2.1  General information 591 
 592 
Read and understand all the bender manufacturers’ operating and safety instructions before operating 593 
their equipment. 594 
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 595 
It is extremely important that the bender, its components and accessories are matched to the conduit type 596 
and size being bent because of the forces being applied.  When using a power bender, it is important that 597 
pins are in the proper pin holes for the conduit size. 598 
 599 
Although the National Electric Code allows up to 360 degrees between pulling points, using as few bends 600 
as possible, and none exceeding 90 degrees, will make wire pulling easier.  The fewer total degrees 601 
between pulling points and the use of shallow bends combine to reduce the strain created by pulling wire.  602 
For multi-conductor control cable and communications cable, it is recommended that runs be limited to 603 
two 90-degree bends (a total of 180 degrees) per EIA/TIA-569 Commercial Building Standard for 604 
Telecommunications Pathways and Spaces. 605 
 606 
Before placing the conduit in the bender, accurately measure and mark the conduit with a thin line that 607 
goes completely around the conduit.  This will assure the mark is visible if the conduit needs to be 608 
rotated. 609 
 610 
The minimum radius shall comply with NEC, Chapter 9, Table 2 and the measurement shall be made to 611 
the centerline of the bend.  See EIA/TIA-569 Commercial Building Standard for Telecommunications 612 
Pathways and Splices for guidance on bend radius for conduit and tubing used with communication and 613 
optical fiber cables. 614 
 615 
Where hand benders do not have degree markings, degrees of bend shall be measured to the inner edge of 616 
the conduit; the surface that fits in the groove. 617 
 618 
Where it is necessary to compensate for spring back, slightly over-bend. 619 
 620 
When using a hand bender, choose a solid, flat surface.  Pin the conduit firmly to the surface with steady 621 
foot pressure sufficient to keep the conduit and bender marks aligned and the conduit nestled in the 622 
groove throughout the full arc of the bend. 623 
 624 
 625 

4.2.2  Bending steel RMC 626 
 627 
NOTE: Benders recommended for a larger size range may be capable of bending some sizes below their 628 
primary range if so equipped. 629 
 630 
Trade sizes 1/2, 3/4 and 1 can be bent with a hand-type bender.  Trade sizes 1-1/4 and 1-1/2 require a 631 
power bender or a mechanical ratchet-type bender.  Bend trade sizes 2 and larger on a power bender.   632 
 633 
Do not put conduit ends in the hook or bending shoe of the bender because thread damage and end 634 
flattening will occur.   635 
 636 
When an EMT bender is designated as suitable for bending rigid conduit, a bender shoe one trade size 637 
larger than the conduit to be bent should be used for ½ -2 trade sizes.  Using the EMT bender will result 638 
in a slightly larger radius. 639 
 640 
 641 

4.2.3  Bending IMC 642 
 643 
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A full shoe or universal bender is the preferred bending tool for IMC.  Limit hand bending to trade sizes 644 
1/2, 3/4, and 1.  To make hand bending of trade size 1 easier, use a two-position foot-pedal bender.  This 645 
allows more weight to be applied for leverage.   646 
 647 
Trade sizes 1-1/4 and 1-1/2 require a power bender or a mechanical ratchet-type bender.  Trade sizes 2 648 
and larger require a power bender. 649 
 650 
NOTE: Benders recommended for a larger size range may be capable of bending some sizes below its 651 
primary range if so equipped. 652 
 653 
 654 

4.2.4  Bending EMT 655 
 656 
Use a bender of the correct trade size designed for bending EMT.  EMT trade sizes 1/2, 3/4 and 1 can be 657 
bent with hand benders because of the thinner wall.  Use a mechanical ratchet-type bender for trade sizes 658 
1-1/4 and 1-1/2.  Use a power bender for trade sizes 2 and larger. 659 
 660 
NOTE: Bending EMT in an oversized EMT bender will flatten the bend and possibly kink the tube. 661 
 662 
When making a short radius bend, straightening stubs in concrete, or applying greater than normal stress 663 
to bend 1/2 or 3/4 EMT, place a mandrel into the EMT to support the wall.  Any object that can be 664 
inserted to support the wall and is flexible enough to be bent and is removable can be used.  A spring, 665 
rope, or hose are typical items used.  Use a lubricant to aid in extracting the mandrel. 666 
 667 
Knocked-down EMT stubs which can be bent using a hand bender (1/2 through 1) can be straightened by 668 
placing the bender handle over the stub and pulling back to the desired position.  If kinked, insert a drift-669 
pin, working it back and forth while inserting; this should force the tube back to round.   670 
 671 
To shift the position of a stub of a vertical run when the stub is slightly out of line, remove handle from 672 
bender and place bender head on the EMT with the step-end of bender down.  Brace bender head with 673 
your foot and apply pressure against tube and pull.  Over-bend the stub slightly beyond the intended 674 
position to compensate for spring-back.  Place handle back into bender and bend to desired vertical 675 
position.   676 
 677 
When a stub or horizontal run is located close to the floor, remove concrete from around the EMT 678 
raceway.  Put the bender in the stub with the step-end down, brace with your foot and bend.   679 
 680 
NOTE: If step-end is not down, the bender could get wedged during the bending process. 681 
 682 
To bend EMT coming out of a wall, remove handle and insert a close nipple.  Thread a 90-degree pipe 683 
elbow onto the nipple and thread the handle into the elbow.  The handle will parallel the bender center.  684 
This provides clearance to swing the handle down to make the bend. 685 
 686 
 687 
4.3  Fittings for Use with Steel RMC, IMC, and EMT 688 
 689 
NOTE: See Section 6 for PVC-coated conduit.   690 
 691 
 692 
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4.3.1  Size and raceway type 693 
 694 
Before installing a fitting or a raceway support, review the packaging labels containing specific 695 
applications for which the fitting or raceway support is recommended and/or listed. 696 
 697 
NOTE: Do not take applications for granted.  Many fitting designs look the same but may contain subtle 698 
construction differences designed to enhance performance in particular applications.  Listed fittings 699 
contain required, informative markings and any specific conditions for use.  For specific selection and 700 
installation guidelines, consult NEMA FB2.10, “Selection and Installation Guidelines for Fittings for Use 701 
with Nonflexible Metallic Conduit and Tubing.” 702 
 703 
Fittings and raceway supports shall be used only with conduit of the trade size indicated on the fitting or 704 
raceway support or its smallest unit shipping container. 705 
 706 
 707 

4.3.2  Fittings for special applications 708 
 709 
Threadless fittings intended for use in wet locations are marked “Wet locations” on the fitting or its 710 
smallest unit shipping container.  Fittings marked “Raintight” are suitable for use in “Wet Locations.”  711 
”Wet Locations” fittings are sometimes referred to as “Raintight.” 712 
 713 
A threadless fitting designed for use in wet locations that requires a gasket or sealing ring installed 714 
between the fitting and a box shall be installed only with the specific component marked on the fitting’s 715 
smallest unit shipping container. 716 
 717 
NOTE: “Wet Locations” or “Liquidtight” fittings are not necessarily suitable for use in applications 718 
where submersion in water is expected.  ”Wet Locations” fittings are not necessarily considered 719 
“Liquidtight.  “Liquidtight” fittings are intended for use in typical wet locations and also in “wet” 720 
industrial environments which may contain machine oils and coolants. 721 
 722 
RMC and IMC fittings for use in industrial applications involving sprayed mineral oils and coolants are 723 
marked “Liquidtight” on the fitting or its smallest unit shipping container.  Threadless fittings intended 724 
for embedment in poured concrete are marked “Concrete-tight” or “Concrete-tight when taped” or” Wet 725 
Locations” on the fitting’s smallest unit shipping container. 726 
 727 
NOTE: Taping is adequate to prevent the entrance of concrete aggregate into the raceway or box.  728 
Concrete aggregate consists of cement combined with inert material such as coarse sand.  When 729 
hardened, such aggregate may be abrasive and might pose a risk to abrade conductor insulation or 730 
effectively reduce the area inside the raceway.  Fittings listed as ”Wet Locations” are also “Concrete-731 
tight.”  The term “Raintight” has been removed from UL 514B as the result of NEC changes that 732 
removed the term in reference to EMT and Rigid fittings.  The term “Wet Locations” is now required. 733 
 734 
 735 

4.3.3  Expansion and deflection fittings 736 
 737 
Expansion fittings shall be installed where significant temperature differentials are anticipated.  When 738 
conduit is installed as outdoor raceway spans between buildings, attached to bridges, on rooftops, etc., 739 
where expansion and contraction would result from the direct heat of the sun coupled with significant 740 
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temperature drops, the full coefficient of expansion shall be applied in determining the need for expansion 741 
fittings.  Table 3 shows length changes for steel conduit and tubing at selected temperature differentials. 742 
 743 

Table 3:  Expansion Characteristics of Rigid Metal Conduit (RMC) 
Coefficient of Thermal Expansion = 0.65 x 10-5in/in/oF* 

 
Temperature 

Change in 
Degrees F 

Length 
Change 

Steel 
Conduit 

in/100 feet 

 
Temperature 

Change in 
Degrees F 

Length 
Change 

Steel 
Conduit 

in/100 feet 

 
Temperature 

Change in 
Degrees F 

Length 
Change 

Steel 
Conduit 

in/100 feet 

 
Temperature 

Change in 
Degrees F 

Length 
Change 

Steel 
Conduit 

in/100 feet 
5 0.04 55 0.43 105 0.82 155 1.21 
10 0.08 60 0.47 110 0.86 160 1.25 
15 0.12 65 0.51 115 0.90 165 1.29 
20 0.16 70 0.55 120 0.94 170 1.33 
25 0.20 75 0.59 125 0.98 175 1.37 
30 0.23 80 0.62 130 1.01 180 1.40 
35 0.27 85 0.66 135 1.05 185 1.44 
40 0.31 90 0.70 140 1.09 190 148 
45 0.35 95 0.74 145 1.13 195 1.52 
50 0.39 100 0.78 150 1.17 200 1.56 

*Fine Print Note in Section 300.7(B) of the NEC refers the user to the Expansion Characteristics of PVC, Table 
352.44(A) for Rigid, Nonmetallic Conduit, and suggests multiplying the lengths in that table by 0.20 to obtain a 
nominal number for steel conduit.  Since the coefficient of steel conduit is between 2 and 3 times less than that of 
PVC conduit, you would need more expansion fittings for PVC conduit for a given temperature and length than 
for steel conduit.  This table uses the coefficient of expansion for steel to calculate the exact length We have used 
the exact length of change.   

 744 
NOTE: Where the conduit is not exposed to the direct heat of the sun, expansion fittings are not generally 745 
necessary because the coefficients of expansion for steel and common building materials are so similar.  746 
In conduit or tubing runs where expansion fittings are installed, provisions shall be made for the raceway 747 
to slide through the supports so that when expansion or contraction occurs it will allow the fitting to open 748 
and close properly.  One way to accomplish this is to place a short sleeve over the raceway at each 749 
support large enough to allow the raceway to move freely with normal expansion.  Support clamps should 750 
be sized per the sleeve size. 751 
 752 
Strong consideration should be given to the use of deflection fittings or other approved means when 753 
crossing a construction joint used in buildings, bridges, parking garages, or other structures.  Structural 754 
construction joints will experience shear and lateral loads due to gravity, expansion and contraction and 755 
movement of the structure.  Where significant expansion is expected, expansion fittings can be installed 756 
in-line with a deflection fitting or a combination expansion/deflection fitting can be used. 757 
 758 
For More information regarding expansion and deflection fittings please see NEMA FB 2.40 Installation 759 
Guidelines for Expansion and Expansion/Deflection Fittings 760 
 761 
 762 

4.3.4  Installing threadless fittings 763 
 764 
Threadless fittings for use with RMC, IMC and EMT should be installed per manufacturer’s installation 765 
instructions.  Where threadless fittings are to be assembled to steel RMC, IMC and EMT, conduit ends 766 
shall: 767 
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• Have square cut ends, be free of internal and external burrs, have the same circular form as 768 
provided from the factory and can be installed on threaded or unthreaded portion of conduit 769 
depending on fitting manufacturer’s instructions 770 

• Be free from dirt or foreign matter on the surface of the conduit to be inserted into the fitting, and 771 
• Have the ends of the conduit or tubing assembled flush against the fitting’s end stop.  Careful 772 

consideration shall be given to the torque applied to the fitting’s securement means. 773 
 774 
NOTE: All threadless fittings listed to UL 514B are tightened to a specific torque value which can be seen 775 
in the table below for compression type fittings.  All Set-screw fittings besides No.  8 or No.  6 are 776 
tightened to a torque of 35 lbf-in.  No.  8 is tightened to 20lbf-in and No.  6 is tightened to 12 lbf-in.  After 777 
being tightened to this torque value the fittings are then subjected to several performance tests including 778 
a pullout test anywhere from 200lbf to 1000lbf.  Performance of the fitting may be reduced by over or 779 
under torqueing the fitting’s securement means.   780 

 781 
Fitting 

Trade Size 
Recommended 

Tightening 
Torque (lbf-in) 

Pull Out Force Used 
During UL Pull Test for 

UL Certification 
1/2 300 1334 N (300 lbf) 

3/4 500 2002 N (450 lbf) 

1 700 2668 N (600 lbf) 

1 1/4 1000 3114 N (700 lbf) 

1 1/2 1200 3559 N (800 lbf) 

2 1600 4450 N (1000 lbf) 

2 1/2 1600 4450 N (1000 lbf) 

3 1600 4450 N (1000 lbf) 

3 1/2 1600 4450 N (1000 lbf) 

4 1600 4450 N (1000 lbf) 

 782 
This table shows the recommended torque value for compression fittings if no torque value is provided by 783 
manufacturer’s instructions.   784 
 785 

4.3.5  Installing set-screw type fittings 786 
 787 
The length of screws provided with set-screw type fittings varies.  The appropriate torque for some 788 
designs is reached when the head of the screw touches a screw boss on the fitting.  This cannot be 789 
universally relied upon, however.  Screws on certain fitting designs, particularly larger trade sizes, can 790 
offer more than one tightening option including screwdriver (Slot, Phillips, or Robertson-square drive) 791 
and bolt head for wrench application (hex or square).  Greater mechanical advantage and torque can 792 
generally be achieved with a wrench.  Where tightening options for both screwdriver and wrench 793 
application are offered, torque should be limited to that which can be applied by the screwdriver. 794 
 795 

4.3.6  Installing compression (gland) type fittings 796 
 797 
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Generally, most compression gland nuts achieve maximum securement after hand tightening and then 798 
wrench tightening one or two additional turns. 799 
 800 
Prior to embedment in poured concrete, all threadless fittings, including those marked “Concrete-tight,” 801 
shall be taped adequately to prevent the entrance of concrete aggregate where they will be embedded 802 
more than 24 inches or where the pour area will be subjected to a concrete vibrator.  Tape shall be applied 803 
after the fitting is assembled and secured to the conduit. 804 
 805 

4.3.7  Installing threaded fittings 806 
 807 
Threaded joints, both fitting to conduit and fitting to threaded integral box entries, shall be made up 808 
wrench-tight. 809 
 810 
NOTE: Avoid excessive force.  Generally, a force equivalent to hand-tight plus one full turn with an 811 
appropriate tool is recommended.  This should assure engagement of at least three full threads. 812 
 813 
Conduit bodies generally have an integral bushing to provide a smooth surface for conductors when 814 
pulled.  This bushing is often mistaken for a conduit end stop.  It is not necessary that the conduit be 815 
inserted flush against this bushing to assure a secure joint. 816 
 817 
 818 

4.3.8  Attachment to boxes and support 819 
 820 
Prior to attachment to a box, enclosure or a threadless coupling, RMC, IMC and EMT shall be supported 821 
at intervals required by the NEC, using raceway supports intended for the purpose and secured by 822 
hardware acceptable to the local jurisdiction. 823 
 824 
NOTE: The variability of mounting surfaces, expected loads, and application environments will 825 
determine the appropriate support options and securement hardware.  Project specifications normally 826 
calculate support requirements based on the minimum spacing intervals given in the NEC.  Using closer 827 
support intervals than are required by the NEC is an acceptable option to heavier supports and mounting 828 
hardware in some applications.   829 
 830 
Properly align the raceway, fittings, and knockouts to provide secure mechanical and electrical 831 
connections.  Allow sufficient conduit length to complete engagement of the conduit and fittings at joints 832 
and entries.   833 
 834 
Conduit bushings shall not be used to secure threaded RMC or IMC to a box or enclosure.  A locknut 835 
shall always be assembled between a conduit bushing and the inside of the box or enclosure.   836 
 837 
EMT connectors are permitted to be assembled into threaded entries of boxes, conduit bodies or internally 838 
threaded fittings having tapered threads (NPT).  EMT fittings designed to NEMA FB 1 “Fittings, Cast 839 
Metal Boxes, and Conduit Bodies for Conduit and Cable Assemblies,” have straight threads (NPS).  840 
Threaded openings where these fittings are intended to be used are permitted to have either tapered (NPT) 841 
or straight (NPS) threads.  Care should be taken to ensure that the threaded entry will accommodate a 842 
minimum of 3 full engaged threads of the fitting. 843 
 844 
Where a locknut is provided with a fitting as the means of securement to a box or enclosure, the locknut is 845 
to be secured by hand-tightening to the enclosure plus 1/4 turn using an appropriate tool. 846 
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 847 
NOTE: While securing the locknut, take care to avoid excessive pressure when gripping the body of the 848 
fitting is necessary. 849 
 850 
Do not rely upon locknuts to penetrate nonconductive coatings on enclosures.  Coatings shall be removed 851 
in the locknut contact area prior to raceway assembly to assure a continuous ground path is achieved.  852 
Touch up bare area as needed after installation. 853 
 854 
 855 

4.3.9  Verification of installation 856 
 857 
After the raceway is fully installed and supported, and prior to installing conductors in the raceway, all 858 
fittings and locknuts shall be re-examined for secureness (see Section 5.5). 859 
 860 
 861 
4.4  Support of steel conduit/tubing  862 
 863 
Support and securely fasten all raceways in place in accordance with NEC requirements. 864 
 865 
 866 

4.4.1  Supporting 867 
 868 
Follow all Code requirements for spacing of supports and frequency of securing RMC, IMC and EMT.  869 
The requirement to securely fasten raceways within the specified distance from each “termination point” 870 
includes, but is not limited to, outlet and junction boxes, device boxes, cabinets, and conduit bodies.  Each 871 
raceway shall be so secured.  Do not omit any supports. 872 
 873 
NOTE: Proper support and secure fastening protects the raceway joint during maintenance in the area of 874 
the raceway; this will help ensure a continuous ground path.  Good workmanship in this area improves 875 
safety for the installer, other workers, and the public. 876 
 877 
 878 

4.4.2  Securing and fastening 879 
 880 
Raceways are permitted to be mounted directly to the building structure.  Assure that supporting means 881 
and their associated fasteners are compatible with the mounting surface from which they are supported.  882 
Raceway supports shall be installed only on conduit of the trade size indicated on the fitting or its 883 
smallest unit shipping container. 884 
 885 
The following supporting and fastening methods are recommended (also see 4.3.4 “Note”).   886 
 887 
Steel conduit/tubing exposed on masonry surfaces, plaster, drywall or wood framing members: One-hole 888 
straps, two-hole straps, conduit hangers, or similar products intended for the purpose, securely fastened 889 
with appropriate hardware.  Conduit or tubing in trade sizes 1/2 through 1 are permitted to be supported 890 
by nail-straps in wood framing members. 891 
 892 
Steel conduit/tubing mounted on metal framing members: One-hole straps, two-hole straps, conduit 893 
hangers or similar products intended for the purpose, fastened with metal screws or rivets.  When using 894 
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clamp-on supports add screws, rivets, beam clamps, or similar means for extra support, unless the clamp-895 
on supports are the hammer-on or press-on type. 896 
 897 
Steel conduit/tubing run through openings in metal or wood studs: Such openings can be used for support 898 
where the openings are no more than 10 feet apart.  Secure fastening at termination points is still required.  899 
Be sure to secure the conduit or tubing to the framing member where the raceway transitions to vertical 900 
and within three feet of the termination, as required by the NEC®. 901 
 902 
Steel conduit/tubing suspended below ceilings or structural members such as beams, columns, or purlins, 903 
or in ceiling cavities: These raceways are best supported by lay-in pipe hangers.  The pipe hangers are to 904 
be supported by threaded rod, which is, in turn, fastened in place by beam clamps or similar devices.  905 
Strut-type channel can also provide secure support.  Raceways are not permitted to lie on the suspended 906 
ceiling.  In fire-rated ceiling cavities, support by the ceiling wires is not permitted unless tested as part of 907 
the fire-rated assembly.  A separate support system must be installed for the conduit/tubing.  Where this 908 
system is wire, it shall be identified as the raceway support.  Conduit/tubing support wires must be 909 
secured at both ends.  In non-fire-rated ceiling cavities, the ceiling wires can be used for support where 910 
installed in accordance with the manufacturer’s instructions. 911 
 912 
Groups of conduit/tubing: Mount on strut-type channels, and secure in place with strut-type channel 913 
straps identified for the particular channel and raceways.  Channel shall be fastened in place by means 914 
suitable to the mounting surface. 915 
 916 
Support at new concrete pours: In these cases, place approved channel inserts into the concrete pour.  917 
Raceways will be mounted to the channels later in the construction process. 918 
 919 
Structural steel members: Where raceways are mounted inside the web of I-beams, column-mount 920 
supports are permitted to support the conduit. 921 
 922 
 923 
4.5  Firestopping and Fire Blocking 924 
 925 
Steel RMC, IMC, and EMT do not require fire resistance ratings.  Fire resistance ratings apply only to 926 
assemblies in their entirety.  Building codes consider steel conduit and tubing to be non-combustible.  927 
Fire testing is not required by the UL standard to which these products are listed, however, steel RMC, 928 
IMC and EMT have been tested at UL to the ASTM E119 time temperature curve for up to four hours in 929 
duration.  This was done during testing of annular space filler and the temperature reached almost 2000 930 
degrees F.  The conduit/tubing was still intact at the end of the test.  This information is contained in a 931 
report entitled Annular Space Protection of Openings Created by Penetrations of Tubular Steel Conduit 932 
— a review of UL Special Services Investigation Investigations File NC546 Project90NK111650, which 933 
is available for downloading at www.steelconduit.org.  Since the conduit/tubing was tested without 934 
conductors, the condition of the insulation of the conductors within cannot be verified when subjected to 935 
that temperature. 936 
 937 
 938 

4.5.1  Penetration of fire-resistance-rated assemblies 939 
 940 
The raceway installer shall determine if the walls, floors, or ceilings are fire-rated prior to installing 941 
raceway systems.  Penetration openings shall be properly filled for fire safety, using approved materials.  942 
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The NEC and building codes require that openings around raceways which penetrate a fire-resistance-943 
rated assembly be sealed to prevent the spread of fire and smoke from one area migrating into another.   944 
 945 
NOTE: This can be accomplished by use of a listed penetration firestop system, or by use of annular 946 
space filler in accordance with building code exceptions.  There are many listed penetration firestop 947 
systems which can be used with steel conduit/tubing to seal openings; the listing instructions shall be 948 
strictly followed.   949 
 950 
NOTE: It is often incorrectly assumed that if steel conduit or EMT penetrates a fire-resistance-rated 951 
assembly, these products also must be “fire-resistance-rated.” Steel conduit and EMT are 952 
noncombustible and do not require a “fire resistance rating”.  The codes require that the annular space 953 
around the steel conduit be properly filled so that the fire-resistance-rating of the assembly is maintained. 954 
 955 
Most building codes permit openings around steel RMC, IMC, and EMT that are penetrating concrete or 956 
masonry to be filled with cement, mortar, or grout.  However, since local codes sometimes vary, the local 957 
requirements should be checked prior to installation.  Also, project specifications often describe exactly 958 
how these openings are to be filled, even though the codes might permit other methods.  Firestop systems 959 
listed for use with steel conduit/EMT are permitted to fill the space surrounding the conduit or tubing.   960 
 961 
In all cases, the raceway installer shall use materials which assure that fire-resistance- ratings of the 962 
penetrated assembly are not degraded by the installation of a raceway system. 963 
 964 
 965 

4.5.2  Penetration of non-fire-rated assemblies 966 
 967 
In non-fire-rated assemblies, when noncombustible penetrating items such as steel conduit and EMT 968 
connect not more than three stories, the space around the penetration must be filled with an approved 969 
noncombustible material to resist the passage of flames and products of combustion.  This is called fire 970 
blocking.   971 
 972 
 973 

4.5.3  Thermal protection of steel raceways 974 
 975 
The NEC and local or state code requirements for fire protection of emergency systems and fire-pump 976 
circuits are to be reviewed prior to installing these circuits.  Local codes sometimes vary from the NEC.  977 
Steel raceways withstand fire; however, ordinary conductor insulation melts when exposed to elevated 978 
temperatures and a short circuit can be created.  This is the reason for special protection of emergency and 979 
fire-pump circuits.   980 
 981 
Methods of thermal protection include putting the conduit/tubing in a fire-rated enclosure such as a chase 982 
(horizontal or vertical), embedding in concrete, using a listed wrap system for protection from fire or 983 
using circuit integrity cables within conduit as part of a listed Electrical Circuit Protective System.  (See 984 
UL Fire Resistance Directories (Category FHIT). 985 
 986 
NOTE: Fire wraps can affect the temperature of the conductors and the need for ampacity derating must 987 
be determined.  It is also important to determine that the support system is protected and will withstand 988 
the fire exposure. 989 
 990 
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The NEC does not require these thermal protection methods for emergency systems where conduit is 991 
installed in a fully sprinklered building.  Local codes shall be consulted and the requirements of the 992 
applicable code and/or project specification must be followed. 993 
 994 
 995 
4.6  Corrosion Protection 996 
 997 
Steel RMC, IMC and EMT are typically galvanized to provide excellent corrosion protection.  Sometimes 998 
supplementary corrosion protection is required if the installation is in a “severely corrosive” environment.  999 
See Sections 4.6.1 through 4.6.4 below for information on these types of environments and recommended 1000 
supplementary protection methods.  Specifics on installing steel conduit with a factory-applied PVC 1001 
coating are contained in Section 6 of these Guidelines. 1002 
 1003 
 1004 

4.6.1  Installed in soil 1005 
 1006 
Where installed in contact with soil, steel RMC and IMC do not generally require supplementary 1007 
corrosion protection unless: 1008 

• Soil resistivity is less than 2000 ohm-centimeter or 1009 
• Local experience has confirmed that the soil is extremely corrosive.  The authority having 1010 

jurisdiction has the authority to determine the need for additional protection. 1011 
 1012 
NOTE: Soils producing severe corrosive effects have low electrical resistivity, expressed in ohm 1013 
centimeters.  Local electric utilities commonly measure the resistivity of soils.  The authority having 1014 
jurisdiction has the authority to determine the necessity for additional protection. 1015 
 1016 
EMT in direct contact with the soil generally requires supplementary corrosion protection.  However, 1017 
local experience in some areas of the country has shown this to be unnecessary. 1018 
 1019 
 1020 

4.6.2  Transition from concrete to soil 1021 
 1022 
Where steel RMC, IMC, and EMT emerge from concrete into soil, it is recommended that protection be 1023 
provided a minimum of 4 inches on each side of the point where the raceway emerges.  In areas such as 1024 
coastal regions, use the same method of protection for EMT emerging from concrete into salt air to 1025 
lengthen the service life.  Examples of protection include paint, tape, and shrink-tubing. 1026 
 1027 
 1028 

4.6.3  Installed in concrete slab 1029 
 1030 
Where installed in a concrete slab below grade, determine if EMT requires supplementary protection for 1031 
that location.  RMC and IMC do not require supplementary corrosion protection in this application. 1032 
 1033 
 1034 

4.6.4  Supplementary protection methods 1035 
 1036 
Where supplementary corrosion protection is required for the conduit or EMT, the authority having 1037 
jurisdiction must pre-approve the method selected.  Following are typical methods of providing 1038 
supplementary corrosion protection: 1039 
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• A factory-applied coating which is additional to the primary coating for conduit or tubing. 1040 
• A coating of bitumen. 1041 
• Paints approved for the purpose.  Zinc-rich paints or acrylic, urethane or weather stable epoxy-1042 

based resins are frequently used.  Oil-based or alkyd paints should not be used.  Surface 1043 
preparation is important for proper adherence.  For best results, the conduit/EMT should be 1044 
washed, rinsed and dried.  It should not be abraded, scratched or blasted since these processes 1045 
could compromise the protective zinc layer.  A compatible paint primer or two coats of paint adds 1046 
protection. 1047 

• Tape wraps approved for the application.  Wraps must overlap and cover the entire surface of the 1048 
conduit/EMT and all associated fittings.  Shrink wraps are available that will protect the conduit 1049 
and fittings without requiring a heat source.   1050 

• Couplings and fittings can also be shrink-wrapped. 1051 
 1052 
 1053 
4.7.   Equipment Grounding Using Steel Conduit 1054 
 1055 

4.7.1  Steel conduit as an equipment grounding conductor 1056 
 1057 
Steel RMC, IMC and EMT are recognized by the NEC as equipment grounding conductors.  Using a 1058 
supplemental equipment grounding conductor in the form of a copper, aluminum, or copper-clad 1059 
aluminum conductor in addition to the raceway is a design decision, except where the NEC requires it in 1060 
some specific installations such as patient care areas in NEC 517.13.  Steel conduit is the main equipment 1061 
grounding conductor regardless of whether a supplemental equipment grounding conductor is installed.  1062 
In the event of a fault, the raceway will carry most of the current and therefore must be continuous.  For 1063 
this reason, each raceway must be installed securely and with tight joints to provide mechanical and 1064 
electrical continuity. 1065 
 1066 
 1067 

4.7.2  Continuity of grounding path 1068 
 1069 
The NEC states that the path to ground in circuits, equipment and metal enclosures for conductors shall be 1070 
permanent and continuous.  Complying with guidelines in the Fittings section 4.3 and Support section 4.4 1071 
is the major factor in maintaining electrical continuity.  Using less than the NEC required supports or 1072 
failing to properly tighten joints can cause discontinuity in a raceway system, which would result in the 1073 
failure to carry a ground fault.  Good installation workmanship is critical.   1074 
 1075 
The NEC further requires that the path to ground have the capacity to safely conduct any fault current 1076 
likely to be imposed and have sufficiently low impedance to limit the voltage to ground to cause 1077 
operation of the circuit protective device.  Steel RMC, IMC and EMT are “conductors” permitted to carry 1078 
current in the event of a ground fault.  All three have been tested and they all meet the NEC requirements 1079 
when properly designed and installed (see Annex B). 1080 
 1081 
 1082 

4.7.3  Maximum length of steel conduit ⁄ EMT 1083 
 1084 
Copper, aluminum and copper clad aluminum equipment grounding conductors must be sized according 1085 
to NEC Table 250.122.  Just as with these types of ”wire” equipment grounding conductor, conduit runs 1086 
and couplings must be properly sized.  The installed length of any wiring method will impact the 1087 
operation of the overcurrent device.  In the event of a phase to neutral or phase to conduit ground fault, 1088 
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the length of the particular conduit run determines safe operation, assuming proper overcurrent protection 1089 
has been provided.  For a phase to phase fault, it is the conductor length which determines safe operation.  1090 
See Annex B for Tables that show examples of the maximum run lengths for steel RMC, IMC and EMT. 1091 
 1092 
 1093 

4.7.4  Clean threads 1094 
 1095 
Threads must be clean to ensure electrical continuity of the assembled raceway system.  Leave the thread 1096 
protectors on the conduit until ready to use.  Wipe field-cut threads with a clean cloth to remove excess 1097 
oil and apply an electrically conductive rust resistant coating (see 4.1.3). 1098 
 1099 
 1100 

4.7.5  Continuity of the raceway system 1101 
 1102 
The NEC does not permit certain circuits to be grounded.  However, steel raceways and all metal parts 1103 
likely to become energized must still have assured continuity and be bonded together and run to a 1104 
grounding electrode to prevent electric shock. 1105 
 1106 
 1107 

4.7.6  Bonding 1108 
 1109 
Bonding is used to provide electrical continuity so that overcurrent devices will operate and shock 1110 
hazards will not be present.  This is the “finishing touch” for a metallic raceway system and close 1111 
attention is to be paid to detail.  All fittings, lugs, etc., shall be securely made up.   1112 
 1113 
Bonding around steel raceway joints/couplings is not necessary when EMT, IMC, and RMC are properly 1114 
made up as recommended in this installation guideline.  A secure joint provides excellent low impedance 1115 
continuity.  Bonding is not required because this joint already meets the NEC definition of bonding.   1116 
 1117 
Metal raceways for feeder and branch circuits operating at less than 250 volts to ground shall be bonded 1118 
to the box or cabinet.  Do one or more of the following: 1119 

• Use listed fittings. 1120 
• For steel RMC or IMC, use two locknuts one inside and one outside of boxes and cabinets. 1121 
• Use fittings, such as EMT connectors, with shoulders that seat firmly against the box or cabinet, 1122 

with one locknut on the inside of boxes and cabinets. 1123 
 1124 
NOTE: Remove paint in locknut areas to assure a continuous ground path.  Repaint or cover any exposed 1125 
area after installation is completed. 1126 
 1127 
 1128 

4.7.7  Service raceway system bonding 1129 
 1130 
A service raceway system includes service equipment enclosures, meter fittings, boxes, etc., and requires 1131 
special consideration for bonding the enclosures to the raceways where the connection relies on locknuts 1132 
only.  Service equipment must be connected with threaded bosses and fittings such as locknuts, wedges, 1133 
and bushings of the bonding type.   1134 
 1135 
Standard locknuts are not to be used on circuits over 250 volts to ground where the raceway is terminated 1136 
at concentric or eccentric knockouts.  The raceway must be bonded to the enclosure using the same 1137 
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methods as noted above for service raceway systems; or boxes and enclosures listed for bonding are to be 1138 
used. 1139 
 1140 
 1141 

4.7.8  Additional bonding considerations 1142 
 1143 
Expansion fittings and telescoping sections of metal raceways shall be listed for grounding or shall be 1144 
made electrically continuous by the use of equipment bonding jumpers or other suitable means in 1145 
accordance with NEC 250.98. 1146 
 1147 
 1148 
5.  Specific Installation Requirements 1149 
 1150 
5.1  General 1151 
 1152 
All exposed steel RMC, IMC and EMT shall be run parallel or perpendicular to walls and ceilings. 1153 
 1154 
A sufficient number of home run conduits/tubing shall be installed so that excessive circuit loading will 1155 
be eliminated. 1156 
 1157 
If home runs are to be concealed by the finish of the building (except for suspended ceilings), the 1158 
minimum size of home run conduit and tubing shall be trade size 3/4. 1159 
 1160 
The minimum size for steel conduit/tubing in industrial occupancies shall be trade size 3/4. 1161 
 1162 
NOTE: Minimum size requirements above are intended to provide room for future expansion of circuits in 1163 
locations that are difficult to access. 1164 
 1165 
Overhead service conductors shall be run in steel RMC, IMC or EMT.  When used for mast installations 1166 
supporting the overhead drop, EMT shall be supported by braces or guys, in accordance with NEC 1167 
225.17. 1168 
 1169 
EMT shall not be used where damage severe enough to damage the conductors within is likely to occur. 1170 
 1171 
Sufficient expansion fittings for the application shall be installed (see Section 4.3.2). 1172 
 1173 
Where corrosion protection is required, field cut threads shall be protected with an approved electrically 1174 
conductive, corrosion-resistant coating.  For extended service life in wet or damp environments, it may be 1175 
desirable to also apply this coating to exposed factory threads after installation.   1176 
 1177 
Steel conduit/tubing shall not be used to support enclosures except as permitted by the NEC. 1178 
 1179 
Splices or taps shall not be made inside RMC, IMC, or EMT. 1180 
 1181 
All conductors and neutrals of the same circuit and all equipment grounding conductors shall be 1182 
contained within the same conduit/tubing. 1183 
 1184 
NOTE: This is extremely important in alternating current (AC) applications. 1185 
 1186 
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The conduit/tubing system shall be installed complete, including tightening of joints, from termination 1187 
point to termination point prior to the installation of conductors. 1188 
 1189 
Cutting and threading shall comply with Section 4.1 or Section 6.3, as applicable. 1190 
 1191 
Bending shall comply with Section 4.2. 1192 
 1193 
Supports shall comply with Section 4.4. 1194 
 1195 
 1196 
5.2  Protection From EMI 1197 
 1198 
For protection against EMI, steel conduit or steel tubing with steel fittings shall be used. 1199 
 1200 
NOTE: Steel RMC offers maximum shielding against EMI, due to its thicker wall.  IMC and EMT also 1201 
have excellent shielding capabilities.  (See Annex B) 1202 
 1203 
 1204 
5.3  Steel Conduit/Tubing Installed in Concrete 1205 
 1206 
All steel conduit and EMT runs through concrete shall be fully made up and secured to reinforcing rods to 1207 
prevent movement during the concrete pour. 1208 
 1209 
Conduit and EMT stubs installed in poured floors shall be effectively closed immediately after 1210 
installation.  Suggested means for closing are wrapping with a heavy grade of tape, installation of a 1211 
capped bushing, or plugs designed for the purpose.  Stubs shall remain closed during construction, or until 1212 
the raceway is extended to a termination point. 1213 
 1214 
NOTE: This is to protect threads from damage and to prevent debris from entering the conduit before or 1215 
after the concrete pour. 1216 
 1217 
Comply with Sections 4.6.2 and 4.6.3 of this document for supplementary corrosion protection. 1218 
 1219 
Conduit shall be supported to prevent damage prior to and during the concrete pour. 1220 
 1221 
When nonmetallic conduits/tubing are used in or under floor slabs or concrete pours, change to steel 1222 
conduit prior to exiting the floor or slab. 1223 
 1224 
Where completion of the raceway system will be delayed, the stub shall be marked in some manner to 1225 
indicate a supplemental equipment grounding conductor is required because the entire run is not metal, 1226 
and therefore not electrically continuous. 1227 
 1228 
NOTE: This is necessary to assure that a change in installer does not result in thinking the entire run is 1229 
metal and no supplemental equipment grounding conductor is necessary. 1230 
 1231 
Section 4.3.2 shall apply for requirements regarding taping of joints in concrete. 1232 
 1233 
 1234 
5.4  Communication Circuits 1235 
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 1236 
Steel conduit/tubing for low voltage or communications circuits shall terminate in boxes, enclosures, or 1237 
wireways. 1238 
 1239 
If steel RMC, IMC or EMT raceways are installed for future use, pull wires shall be provided and the 1240 
raceways shall be plugged. 1241 
 1242 
Stub raceways for communications circuits are permitted in a suspended ceiling space, basement space or 1243 
similar area, rather than running the raceway unbroken from outlet to outlet.  When the stub-in method is 1244 
used, a connector, bushing, or other fitting shall be installed at the end of the raceway to protect the cable.  1245 
Pull wires are to be installed in all stub-in raceways and provisions are to be made to prevent debris from 1246 
entering the conduit or EMT. 1247 
 1248 
Bends shall be limited to two 90-degree bends.  See Section 4.2.1. 1249 
 1250 
 1251 
5.5  Underground Services 1252 
 1253 
Where subject to physical damage, steel IMC or RMC shall be used to bring the underground service 1254 
conductors out of the ground to the meter or disconnect. 1255 
 1256 
Where underground service conduits enter a building, they shall be sealed. 1257 
 1258 
NOTE: This is done to prohibit the entry of moisture which might accumulate due to differences in 1259 
outdoor and indoor temperatures and to keep ground water and rodents, etc.  from entering the building. 1260 
 1261 
 1262 
5.6  Verification of Installation 1263 
 1264 
All steel RMC, IMC and EMT systems shall be electrically and mechanically continuous, and shall be 1265 
tested after conductor installation to assure continuity.  Simple continuity tests are permitted, but shall be 1266 
made between the service panel and the last outlet in each branch circuit. 1267 
 1268 
 1269 
6.   Installation Practices for PVC–Coated Conduit and 1270 

Fittings 1271 
 1272 
There are three types of PVC-coated conduit; couplings are supplied separately. 1273 

• Primary PVC coating over bare steel which is a listed rigid conduit for environmentally suitable 1274 
locations.  The listing label will indicate the PVC coating has been investigated for primary 1275 
corrosion protection. 1276 

• A PVC coating over listed galvanized steel conduit.  This is a supplementary coating intended for 1277 
added protection in severely corrosive locations.  The listing label will indicate the PVC coating 1278 
has not been investigated for primary corrosion protection. 1279 

• A primary PVC coating over a primary coating of zinc.  This is also intended for severely 1280 
corrosive locations.  The listing label will indicate both the zinc and PVC coatings have been 1281 
investigated as primary corrosion protection. 1282 

 1283 
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These PVC-coated raceways are generally installed as a system, which means the fittings, conduit bodies, 1284 
straps, hangers, boxes, etc., are also coated.  There are, however, installations where only a coated elbow 1285 
is used in a galvanized conduit run, such as where emerging from the soil or concrete. 1286 
 1287 
NOTE: Manufacturers’ instructions are very important when installing PVC-coated products and 1288 
systems, and special tools are generally required. 1289 
 1290 
 1291 
6.1  Tools 1292 
 1293 
To minimize installation damage to the PVC coatings, use tools specially designed for PVC-coated 1294 
conduit or standard tools that have been appropriately modified for installing PVC-coated conduit.  1295 
Standard tools which have not been modified could damage the coatings and shall not be used to install 1296 
PVC-coated conduit.  For repairing damage to the PVC coating see Section 6.6. 1297 
 1298 
 1299 
6.2  Clamping (Vising) PVC-Coated Conduit 1300 
 1301 
Various manufacturers offer modified jaws for use in standard vises to protect the coating (see Figure 15).  1302 
When using either a “jaw type” or a chain type” vise, the PVC-coated conduit can also be protected by 1303 
half-shell clamps.  These are available as a manufactured clamp or can be made in the field from RMC as 1304 
follows. 1305 
 1306 

 1307 
Figure 15.  Commercial yoke vise used to protect the PVC coating 1308 

of PVC-coated conduit. 1309 
(Courtesy of Thomas & Betts) 1310 

 1311 
 1312 

6.2.1  Clamping sleeves made from steel RMC 1313 
 1314 
Make two half-shell pieces by first cutting two 150 mm (6- inch) pieces of standard conduit one trade size 1315 
larger than the PVC-coated conduit to be clamped. 1316 
 1317 
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Use a band saw to cut the 300 mm (6-inch) conduit sections lengthwise.  Make the cut slightly off center.  1318 
This creates two half shells, one smaller than the other. 1319 
 1320 
Discard the larger pieces and use the two smaller pieces to protect the conduit in the vise.  Deburr any 1321 
sharp edges.  Properly made clamping sleeves will have a gap between the two pieces when positioned on 1322 
the conduit (see Figure 16). 1323 
 1324 

 1325 
Figure 16.  Field-fabricated half-shell clamps used with chain 1326 

vise to protect PVC-coated conduit. 1327 
(Courtesy of Thomas & Betts) 1328 

 1329 
Where proper tooling for making a sleeve is not available, protect the PVC coating in the vise by 1330 
wrapping the area to be clamped with sandpaper, emery cloth or cardboard.  The coarse side of emery 1331 
cloth or sandpaper should face the PVC coating. 1332 
 1333 
NOTE: This is the least desirable method and should be avoided by planning ahead. 1334 
 1335 
 1336 
6.3  Cutting and Threading PVC-Coated Conduit 1337 
 1338 
For full cutting and threading instructions for PVC coated conduit, contact the conduit manufacturer.  The 1339 
following provides general guidance. 1340 
 1341 
 1342 

6.3.1  Cutting and reaming 1343 
 1344 
Cutting with a saw is the preferred method.  However, a roller cutter is acceptable providing the conduit is 1345 
properly clamped.  See Section 4.1 for conduit cutting and threading guidelines. 1346 
 1347 
 1348 

6.3.2  Hand threaders (manual and motorized) 1349 
 1350 
If PVC-coated conduit is cut with a hacksaw or a band saw, and a hand-threader is used, trim the coating 1351 
at an angle all the way around the conduit before threading.  This is sometimes called pencil cut or bevel 1352 
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cut and enables the die teeth on the threader to engage the conduit (see Figure 17).  Be sure to follow the 1353 
instructions in 6.2.1 for clamping conduit, and ensure that the conduit is securely held in the vise. 1354 
 1355 

 1356 
Figure 17.  Using a utility knife to “pencil-cut” PVC coating before 1357 

threading conduit. 1358 
(Courtesy of Thomas & Betts) 1359 

 1360 
A standard die head must be modified (machined) for use with PVC-coated conduit.  To make this 1361 
modification, the guide sleeve must be bored to allow the coated conduit to enter the die.  The inside 1362 
diameter must be increased by 110 mils (0.11 inch). 1363 
 1364 
NOTE: The PVC coating shall not be removed to allow use of standard non-machined die heads. 1365 
 1366 
 1367 

6.3.3  Rotating machines 1368 
 1369 
Rotating machines with jaws that cut through the PVC coating shall not be used. 1370 
 1371 
Long strips of metal or PVC from the threading can foul the die head and collapse the conduit.  Make a 1372 
series of longitudinal cuts in the PVC coating (i.e., along the conduit), in the area to be threaded, to permit 1373 
the removal of PVC in small pieces and avoid fouling the die head.  The thread protector can be used as a 1374 
length guide for the cuts (see Figure 18). 1375 
 1376 
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 1377 
Figure 18.  Before threading PVC-coated conduit, make a series 1378 

of cuts along the axis of the conduit with a utility knife. 1379 
(Courtesy of Thomas & Betts) 1380 

 1381 
Following the cutting operation, use a reamer to remove rough edges (see Figure 19). 1382 
 1383 

 1384 
Figure 19.  Using a reamer to remove rough edges of cut  1385 

PVC-coated conduit. 1386 
(Courtesy of Thomas & Betts) 1387 

 1388 
 1389 

6.3.4  Thread protection 1390 
 1391 
The NEC requires in 300.6 that where corrosion protection is necessary and the conduit is threaded in the 1392 
field, the thread shall be coated with an approved electrically-conductive, corrosion resistant compound 1393 
(see Figure 20).   1394 
 1395 
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 1396 
Figure 20.  Application of UL listed electrically conductive  1397 

corrosion protection compound on field-cut threads. 1398 
(Courtesy of Thomas & Betts) 1399 

 1400 
Coatings for this purpose, listed under UL category “FOIZ” are available.  Zinc-rich paint or other 1401 
coatings acceptable to the AHJ may be used. 1402 
 1403 
NOTE: Corrosion protection is provided on factory-cut threads at time of manufacturing. 1404 
 1405 
 1406 
6.4  Bending PVC- Coated Conduit 1407 
 1408 
Manufactured elbows are available in a variety of radii.  For field-bending, do the following: 1409 
 1410 
 1411 

6.4.1  Hand bending of small conduit sizes 1412 
 1413 
To bend PVC-coated conduit, use an EMT bender one trade size larger than the conduit being bent.  This 1414 
is to avoid damaging the coating.  For example, to bend trade size 3/4 PVC-coated conduit, use a trade 1415 
size 1 EMT bender. 1416 
 1417 
 1418 

6.4.2  Bending coated conduit 1419 
 1420 
A bender with shoes made specifically to bend PVC-coated conduit is preferred.  Otherwise, for trade 1421 
sizes 1/2 through 1 1/2, use an electric bender (see Figure 21) with EMT shoes one size larger than the 1422 
PVC-coated conduit.  A hand bender can also be used to bend the smaller trade sizes. 1423 
 1424 



 36 

 1425 
Figure 21.  Bender with special shoes required for bending  1426 

PVC-coated conduit. 1427 
(Courtesy of Thomas & Betts) 1428 

 1429 
Trade sizes 2 and larger should be bent with a hydraulic bender. 1430 
 1431 
Do not use lubricants on bending shoes. 1432 
 1433 
 1434 

6.4.3  Hydraulic benders 1435 
 1436 
Most manufacturers of hydraulic benders offer special shoes for PVC-coated conduit.  Use these special 1437 
shoes when possible. 1438 
 1439 
If regular shoes are used, their sides must be modified to allow for the coating thickness.  Some installers 1440 
have done this by grinding or milling.  Such modification is not recommended as it can create a safety 1441 
hazard. 1442 
 1443 
 1444 
6.5  Installing PVC-Coated Conduit 1445 
 1446 

6.5.1  Pipe wrenches and pliers 1447 
 1448 
PVC-coated conduit requires special wrenches to protect the coating.  Pipe wrenches specially designed 1449 
with fine teeth are available for use with PVC-coated conduit.  Strap wrenches can also be used.  Slip-1450 
joint pliers of the Channel-Lock™ type, specially equipped with wide jaws, are also available to protect 1451 
the coating. 1452 
 1453 
NOTE: For PVC-coated conduit, wrench sizes are the same.  However, the jaw of the wrench must be 1454 
specially designed for PVC-coated conduit.  If not available, a strap wrench should be used. 1455 
 1456 
 Do not use ordinary slip-joint pliers or standard pipe wrenches with PVC-coated conduit. 1457 
 1458 
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 1459 
6.5.2  Sleeves on couplings and fittings 1460 

 1461 
Sleeves on PVC-coated conduit couplings and fittings are provided to insure continuous coating 1462 
protection.  Protection is added because the coating is separate, not continuous, between a section and 1463 
fitting.  This provides protection and makes the coating more resistant to corrosion penetration, but the 1464 
coating is not continuous. 1465 
 1466 
To make the sleeve softer in cold weather applications, soak the coupling or fitting in warm water. 1467 
 1468 
To make installation easier, silicon sprays can be applied to the inside diameter of the sleeve. 1469 
 1470 
 1471 

6.5.3  Threadless fittings 1472 
 1473 
Threadless fittings shall not be used with PVC-coated RMC or IMC. 1474 
 1475 
 1476 

6.5.4  Engagement of threads 1477 
 1478 
Since the threads are not visible because they are covered by PVC sleeves, take extra care to be sure that 1479 
the threads are fully engaged and made up wrench-tight. 1480 
 1481 
 1482 
6.6  Patching Damaged Areas 1483 
 1484 
Even when following recommended practices, the PVC coating is sometimes damaged during installation.  1485 
This destroys the coating protection and provides for entry of corrosive elements.  Damaged areas shall be 1486 
patched, following the raceway manufacturers’ instructions. 1487 
 1488 
 1489 
6.7  Equipment Grounding and Bonding 1490 
 1491 
General considerations for equipment grounding using steel conduit are covered in Section 4.7.  When 1492 
expansion joints are used in PVC-coated conduit systems, it is recommended that an expansion fitting 1493 
containing an internal bonding jumper be used.  If using an expansion fitting without an internal bonding 1494 
jumper, an external bonding jumper should be installed.  Generally, this will require removing a portion 1495 
of the PVC coating from the conduit where the jumper will be attached, installing the jumper, and then 1496 
repairing the surrounding coating with touch up compound provided by the manufacturer.  Specific 1497 
instructions from the PVC-coated conduit manufacturer should be followed for proper installation. 1498 
 1499 
 1500 
  1501 
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(This annex is not part of the standard)  1502 
 1503 
Annex A: Threading Conduit 1504 
 1505 
Threading as a method of joining steel conduit has proven to be a sound and dependable method through 1506 
decades of service.  Some major advantages of threaded joints are: 1507 

• Simple hand tools can be used to dismantle and replace sections of existing conduit systems. 1508 
• Conduit can be threaded in the shop or on the job site. 1509 
• It is a safe method to use for installations in hazardous locations. 1510 
• When properly cut and made up, a threaded joint retains the maximum wall and ensures electrical 1511 

conductivity. 1512 
 1513 
Successful threading requires close attention to all of the details.  The threading operation is simple, yet 1514 
precision is the key.  The correct dies must be selected for the conduit being threaded and the dies must be 1515 
sharp.  A proper cutting lubricant must be used.  Both manual and power-driven threading equipment are 1516 
available.  In general, the nominal length of thread has been cut when the front surfaces of the thread 1517 
chasers are flush with the end of the conduit.  For all conduit sizes, the threads are cut at an angle of 60 1518 
degree (the angle included between the thread flanks).  The thread tapers 1 in 16 or 19 mm per 300 mm 1519 
(3/4 inch per foot) on diameter. 1520 
 1521 
 1522 
A.1  Changing Dies 1523 
 1524 
The necessary procedures for changing threading dies are dependent on the specific threader being used.  1525 
To provide good workmanship, be sure to refer to the manufacturer’s instructions.   1526 
 1527 
Make certain that the machine and die head are clean.  If chips are allowed to accumulate in the machine 1528 
components, problems will result.  Occasionally disassemble the die head and remove any accumulation 1529 
of foreign material.  This practice will increase the life of the die head and promote better threads.  When 1530 
cutting threads, occasionally check the condition of the dies.  Make certain the dies are not getting dull, or 1531 
chipped and that conduit material is not fusing or welding to the cutting edges.  If a problem persists with 1532 
the threads that are being cut, carefully look at the threads.  If the leading flank of a thread is deformed, it 1533 
probably is caused by something different than if the receding flank is deformed.  If only the first few 1534 
threads are deformed, the problem is different than if the deformation exists over the full length. 1535 
 1536 
 1537 
A.2  Some Causes of Common Threading Problems  1538 
 1539 
TORN THREADS: 1540 

• Improper cutting fluid 1541 
• Poor cutting fluid flow 1542 
• Dies are not ground for material being cut 1543 
• Dies are worn 1544 
• Speed is too fast 1545 
• Material is too hard 1546 

 1547 
WAVY THREADS: 1548 

• Dies are not ground for material being cut 1549 
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• Dies are too tight in the die head 1550 
• Not enough bearing. 1551 

 1552 
DIES CHIPPING ON TEETH: 1553 

• Improper cutting fluid 1554 
• The material is too hard 1555 
• Poor cutting fluid flow 1556 
• Speed is too fast. 1557 

 1558 
METAL FUSING TO DIES: 1559 

• Improper cutting fluid 1560 
• Poor cutting fluid flow 1561 
• Speed is too fast 1562 
• Dies are dull. 1563 

 1564 
DIES WEAR OUT QUICKLY: 1565 

• Improper cutting fluid 1566 
• Speed is too fast. 1567 
• Incorrect die sharpening 1568 
• Incorrect die material used 1569 

 1570 
SQUEALING DURING CUTTING: 1571 

• Improper cutting fluid 1572 
• Poor cutting fluid flow. 1573 

 1574 
RAGGED OR CHATTERED THREADS: 1575 

• Dies are getting worn out and are dull. 1576 
 1577 
 1578 
  1579 
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(This annex is not part of the standard)  1580 
 1581 
Annex B: Grounding and EMI 1582 
 1583 
Steel conduit and tubing have been proven to be excellent equipment grounding conductors, safely 1584 
providing a low impedance path in the event of a ground fault on the system.  Steel conduit and tubing 1585 
have also been proven to be very effective in reducing electro-magnetic interference at power frequencies.  1586 
Magnetic field reduction in steel conduit incased power systems is on the order of 70 to 95 percent. 1587 
Computer Model Developed 1588 
 1589 
For the past forty years, the following excellent publications have served as key industry resources for 1590 
information on grounding: 1591 

• R.H.  “Dick” Kaufman (General Electric), GER 957A “Some Fundamentals of Equipment 1592 
Grounding Circuit Design”, IE 1058.33 November 1954, Applications and Industry Vol.  73, Part 1593 
II 1594 

• J.  Philip Simmons, “IAEI Soares Book on Grounding” 1595 
• Eustace C.  Soares (Pringle Switch), “Grounding Electrical Distribution Systems for Safety” 1596 

 1597 
In the early 1990’s, the members of the Steel Conduit and Tubing Section of the National Electrical 1598 
Manufacturers Association (NEMA) provided funding to the Georgia Institute of Technology, School of 1599 
Electrical and Computer Engineering, to develop a computer model on grounding.  The model was 1600 
validated by field tests consisting of arc voltage testing and fault current testing on thirteen 256-foot runs 1601 
of steel RMC, IMC, and EMT, installed with a variety of couplings.  Results of the research, conducted 1602 
by Dr.  A.  P.  Sakis Meliopoulos, P.E.  and Dr.  Elias N.  Glytsis, P.E., were published in May 1994 as 1603 
“Modeling and Testing of Steel EMT, IMC, and Rigid (GRC) Conduit, Part 1.”  1604 
 1605 
This research on grounding and additional research on EMI provided the data for a software analysis 1606 
program (for the WINDOWS operating system) called GEMI, Grounding and Electro Magnetic 1607 
Interference.   1608 
 1609 
The GEMI program allows the user to quickly calculate and size equipment grounding conductors and 1610 
determine a safe run length to comply with the National Electrical Code® using steel rigid metal conduit 1611 
(RMC), intermediate metal conduit (IMC), electrical metallic tubing (EMT), and copper or aluminum 1612 
conductors.  See Tables on pages31 and 32 for examples of calculations from the GEMI software analysis 1613 
program. 1614 
 1615 
It also allows the user to calculate the EMF density of a network design for conduit enclosed circuits.   1616 
 1617 
GEMI software is available from the Steel Tube Institute (STI) or it can be downloaded from the STI 1618 
Conduit Committee web site: http://www.steeltubeinstitute.org/steel-conduit/ 1619 
 1620 
  1621 

http://www.steeltubeinstitute.org/steel-conduit/
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 1623 
Annex C: Reference Standards 1624 
 1625 
This publication, when used in conjunction with the National Electrical Code and steel conduit 1626 
manufacturers’ literature, provides sufficient information to install steel conduit.  The following 1627 
associations and publications may also provide useful information: 1628 
 1629 
National Fire Protection Association (NFPA) One Batterymarch Park  1630 
P.O.  Box 9101  1631 
Quincy, MA 02269-9101  1632 
Phone: (617) 770-3000   1633 
www.nfpa.org 1634 
 1635 
NFPA 70, National Electrical Code (ANSI) (Published by NFPA) 1636 
 1637 
 1638 
National Electrical Manufacturers Association (NEMA)  1639 
1300 North 17th St., Suite 1847  1640 
Rosslyn, VA 22209   1641 
Phone: (703) 841-3200   1642 
www.nema.org 1643 
 1644 
NEMA FB 1, Fittings, Cast Metal Boxes, and Conduit Bodies for Conduit and Cable Assemblies 1645 
 1646 
NEMA FB 2.10, Selection and Installation Guidelines for Fittings for use with Non-Flexible Metallic 1647 
Conduit or Tubing 1648 
 1649 
NEMA FB 2.40, Installation Guidelines for Expansion and Expansion/Deflection Fittings  1650 
 1651 
 1652 
Steel Tube Institute (STI) Conduit Committee 1653 
 1654 
Annular Space Protection of Openings Created by Penetrations of Tubular Steel Conduit Modeling and 1655 
Evaluation of Conduit Systems for Harmonics and Electromagnetic Fields Modeling and Testing of Steel 1656 
EMT, IMC, and Rigid (GRC) Conduit GEMI (Grounding and ElectroMagnetic Interference) Analysis 1657 
Software TECH TALK Bulletins on corrosion protection, grounding, through penetrations, etc. 1658 
 1659 
 1660 
 1661 
 1662 
 1663 

http://www.nfpa.org/
http://www.nema.org/

