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This study unit focuses on what the electrician needs to 
know about conduit. It begins by explaining the characteris-
tics of commonly used types of conduit. Next, the study unit 
covers conduit installation, including fittings, supports, and 
conduit sizing considerations. When installing conduit, you 
frequently have to make bends in the conduit. These bends 
must be made with the proper tools, using specific tech-
niques which are described in this study unit. The study  
unit concludes with a discussion on why and how specific 
conductors are installed in conduit.

When you complete this study unit, you’ll be 
able to 

• Identify and define the types and characteristics of  
conduit

• Describe and install various types of conduit fittings and 
supports

• Identify the tools needed to bend conduit and use those 
tools correctly

• Determine conduit sizing when given a particular wiring 
job
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ELECTRICIANS’ TERMINOLOGY
This study unit will introduce you to many new terms that 
are specific to conduit and its installation. However, we’ll 
begin by reviewing some general terminology used by elec-
tricians. Included here is a list of the definitions of many 
commonly used terms. You’ll find it helpful to refer to this 
list as you proceed through this study unit.

appliance, fixed  An appliance that’s fastened or otherwise 
secured at a specific location, such as a garbage disposal 
unit.

appliance, portable  An appliance that can be moved from 
one place to another in normal use. An example is a toaster.

appliance, stationary  An appliance that’s not easily moved 
from one place to another in normal use. An example is a 
refrigerator.

cabinet  An enclosure with doors that’s either surface- or 
flush-mounted.

conduit body  A part of a conduit system that provides 
access to the interior of the system through one or more 
removable covers. The access point is at a junction of two 
or more sections of the system or at a terminal point of the 
system.

equipment  A general term that includes material, fittings, 
devices, appliances, fixtures, and apparatus connected to 
an electrical installation.

Working with Conduit
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fitting  An accessory such as a locknut, bushing, or other 
part of a wiring system that’s primarily intended to perform 
a mechanical function rather than an electrical function.

ground  A conducting connection between an electrical 
 circuit and the earth or some conducting body. This con-
nection can be intentional or accidental.

location, damp  A partially protected location under a can-
opy, marquee, or a roofed open porch. Similarly, an interior 
location subject to moderate degrees of moisture, as in 
some basements, barns, and cold-storage warehouses.

location, dry  A location not normally subject to dampness 
or wetness. A location classified as dry may be temporarily 
subject to dampness or wetness, as in the case of a build-
ing under construction.

location, wet  (1) An installation underground or in a con-
crete slab or masonry that’s in direct contact with the 
earth. (2) A location subject to saturation with water or 
other liquids, such as vehicle-washing areas. (3) A location 
that’s exposed to weather and is unprotected.

service  The conductors and equipment used for deliver-
ing energy from the electrical supply system to the wiring 
 system.

CONDUIT TYPES AND  
CHARACTERISTICS

Rigid-Metal Conduit Systems
Suppose you ask an electrician, “When money is no object, 
what’s the best kind of wiring system I can put in my 
house?” You’ll probably hear, “A rigid-metal conduit system.” 
This is shown in Figure 1. Since you don’t want to spend 
extra money unless you’re getting something worthwhile in 
return, you ask, “Why is this the best wiring system?” The 
electrician will tell you that the conduit acts like a permanent 
subway tunnel for the wiring on the inside or outside of the 
walls, ceilings, and floors. Also, rigid conduit can be used 
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inside and outside the house. It allows you to put in new wir-
ing, take out old wiring, and never have to make an opening 
in a wall or ceiling to do it.

Conduit is a safe and rugged wiring system. It provides an 
excellent, permanent electrical path to ground as well as a 
high level of protection against electrical shock and fire. For 
example, if someone accidentally contacted the thick wall of 
the tubing with a nail or drill, the tubing would resist the 
attack. Conduit is also highly resistant to hammer blows, 

FIGURE 1—This partial subfloor conduit installation consists of two sections with back-to-back bends. 
The conduit would be continued from the receptacle outlet on the right to either another outlet recep-
tacle or to the distribution panelboard.
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animal chewing, or the jolts of minor earth tremors. Rigid 
conduit also resists the normal corrosive effects of cement 
and can be embedded in floor slabs, partitions, and walls.

Even though rigid-metal conduit has many excellent quali-
ties, it’s seldom used in residential systems. This is because 
it’s very expensive to install and offers more protection than 
is necessary for normal residential wiring.

Raceways

Rigid-metal conduit is just one of several types of raceways 
that are available for wiring systems. A raceway is defined as 
any channel that’s designed to hold wires, cables, or busbars. 
Raceways are made from both metal and nonconducting 
materials and can be either rigid or flexible. Other types of 
conduit such as rigid nonmetallic conduit (PVC), flexible metal 
conduit, intermediate metal conduit (IMC), electrical nonmetal-
lic tubing (ENT), and electrical metallic tubing (EMT) are also 
available.

Besides the various types of conduit that we just mentioned, 
several other types of raceway are also available. Underfloor 
raceway, cellular concrete floor raceway, cellular metal floor 
raceway, surface raceway, wireway, and busway are all used 
in electrical work, chiefly in commercial and industrial wiring.

Wiring systems are usually named after the type of raceway 
that’s used in the installation. When raceway isn’t used, the 
wiring method or system is described by the type of conduc-
tor or cable used, and whether the conductor is installed in 
the open or concealed behind walls. A wiring system includes 
the raceways, conductors, and corresponding fittings neces-
sary to connect the system together. 

Rigid Conduit Construction

Rigid conduit looks like galvanized threaded water pipe, but 
it’s softer, which makes bending easier. The interior of the 
rigid conduit is also smoother, which makes pulling wires 
easier and reduces the possibility of damaging insulation.
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Rigid conduit is made in 10-foot lengths and in standard 
diameters, or trade sizes. The trade size is the approximate 
inside diameter of the conduit, which may vary between  
1/2 inch and 6 inches. The inside diameter of a conduit is 
larger than its trade size. For example, a 1-inch rigid conduit 
has an actual inside diameter of 1.049 inches. Both ends are  
threaded and reamed, and a sleeve (threaded coupling) is 
included with each 10-foot length.

Rigid conduit is commonly made of mild steel and protected 
with a galvanized finish so it can be used in practically all 
applications. Rigid aluminum conduit is used around chemi-
cal plants and wherever severely corrosive gases are present. 
Aluminum conduit is also used in standard commercial work 
because it’s light and easy to handle, bend, and thread. 
Rigid-metal conduit is also available with a polyvinyl chloride 
(PVC) coating for use in corrosive environments. 

Rigid conduit is also made from nonmetallic materials such 
as PVC and plastic. These materials are approved for wet 
locations (such as dairies where the walls are frequently 
washed). However, nonmetallic materials don’t provide as 
much protection for the wires as metallic conduit, and some 
aren’t approved for use in sunlight or in areas of extreme 
heat. Both metallic and nonmetallic rigid conduit should be 
used only as permitted by the National Electrical Code (NEC).

Rigid Conduit Applications
Rigid-metal conduit has a wider range of application than any 
other type of wiring system. It’s approved for both exposed and 
concealed work in all types of buildings. It’s the principal wir-
ing system used in fireproof buildings, and can also withstand 
the harsh effects of cement found in masonry buildings. It’s 
sometimes installed in frame buildings, but its use is limited 
by higher cost and labor requirements. Also, considerable skill 
and much labor is required to install rigid-metal conduit in a 
frame building without weakening the structure.

Installing a wire system with rigid conduit costs more than 
other systems, but the advantages of rigid conduit make it 
the preferred wiring system for many applications. Certain 
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hazardous locations also require the use of rigid-metal con-
duit. Rigid-metal conduit is considered the best system for 
these applications because it provides maximum protection 
to the conductors or wires. At the same time, it provides an 
effective grounding conductor for equipment. Because of its 
strength and resistance to damage, it’s often used for service 
equipment, even in areas where simpler wiring methods are 
used for the general wiring.

Electrical Metallic Tubing (EMT)
Electrical metallic tubing (EMT) has most of the advantages  
of rigid conduit. EMT is sometimes called thinwall conduit, 
not because it goes behind thin walls, but because its wall 
thickness is less than that of rigid-metal conduit. The inside 
diameter of EMT up to the 2-inch size is the same as that of 
rigid-metal conduit, but the outside diameter is much smaller 
than that of rigid-metal conduit. 

EMT is manufactured in sizes of 1/2 inch through 4 inches. 
Table 1 lists the sizes of EMT and rigid-metal conduit. Note 
that the inside diameters of the two are basically the same. 
EMT has thinner walls than rigid-metal conduit. That’s why 
the outside diameter of a piece of EMT is smaller than the 
outside diameter of a same-size piece of rigid-metal conduit. 
When you’re using EMT that’s larger than 2 inches in  
diameter, you’ll find that the outside diameters are identical 
to those of same-size rigid conduit. In larger-diameter con-
duit, the internal diameters of EMT are slightly larger than 
those of rigid and IMC conduit. 

Restrictions on Use of EMT

EMT is popular for residential installations because it’s more 
economical to use than rigid-metal conduit and, in most 
cases, performs similarly. The NEC allows you to use EMT 
in both concealed and exposed applications, on the face of 
masonry walls, and on wood or metal studs in walls. It can 
also be buried in concrete or plaster.
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EMT is often the preferred choice, but there are a few restric-
tions on its use. For example, it can’t be subjected to severe 
physical damage, either during or after its installation. What 
constitutes “severe physical damage”? Well, the answer to 
that question will require the installer and the electrical 
inspector to make some judgments. The word “severe” is the 
key. EMT is somewhat rugged, but it’s not as strong as rigid 
metal. When you encounter an installation situation such 
as the direct-buried conduit in Figure 2, you may have to 
use rigid-metal conduit. The weight of poured concrete can 
 collapse the EMT, or change its shape, particularly in instal-
lations where larger sizes of EMT are used. Also, because 
EMT isn’t galvanized like rigid conduit, minerals in the soil 
can corrode it in a relatively short amount of time. When bad 
soil conditions are found, plastic-covered or concrete-encased 
rigid conduit is generally used. If you’re certain that you 
can use EMT in an underground installation, be sure that 
the fittings used to connect pieces of conduit underground 
are watertight and concrete-tight. Clearing concrete out of a 
newly installed piece of conduit is virtually impossible. If you 
run into this situation, you’ll need to dig up the ground and 
redo your work.

When thinwall conduit is used in wet or damp locations 
(such as laundry rooms, steam rooms, around swimming 
pools, or on the outside walls of a buildings), the EMT system 

Table 1

TYPICAL CONDUIT DIMENSIONS

Trade Size 

in.

Rigid Metal Conduit Electrical Metalllic Tubing

Inside 

Diameter 

in.

Outside 

Diameter 

in.

Wall 

Thickness 

in.

Inside 

Diameter 

in.

Outside 

Diameter 

in.

Wall 

Thickness 

in.
1/2 0.622 0.840 0.109 0.622 0.706 0.042

3/4 0.824 1.050 .113 0.824 0.922 .049

1 1.049 1.315 .133 1.049 1.163 .057

11/4 1.380 1.660 .140 1.380 1.510 .065

11/2 1.610 1.990 .145 1.610 1.740 .065

2 2.067 2.375 .154 2.067 2.197 .065
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should be watertight. That is, water can’t be allowed to enter 
the tubing system. An EMT system can be made watertight 
by using compression-type fittings. In wet locations, the  
tubing is mounted to allow at least 1/4 inch of air space 
between it and the supporting surface. Also, all of the sup-
porting materials such as straps, bolts, and screws must be 
corrosion-proof.

Threadless Connections

Since the walls of EMT are thin, the NEC states that it’s not 
permissible to thread the tubing. Practically speaking, it’s not 
even possible to thread EMT. In contrast, rigid-metal conduit 
can be threaded, and usually is. Since you can’t thread thin-
wall conduit, you’ll need to use threadless fittings, couplings, 
and connectors instead.

FIGURE 2—When a conduit run has to pass through cinder concrete or cinder fill, the EMT is required 
to be protected on all sides by at least a 2-inch-thick layer of concrete. The protective layer isn’t 
needed if the burial depth is greater than 18 inches.



9Working with Conduit

Threadless connectors and couplings are 
made in setscrew, compression, and indenter 
types (Figure 3). These fittings are classified 
as concrete-tight or as rain-tight. The rain-
tight fittings are also concrete-tight. Only 
rain-tight types can be used outdoors or in 
wet locations. In general, only compression 
fittings are used in wet locations. In con-
crete, it’s permissible to use setscrew and 
indenter fittings, but they sometimes must 
be wrapped with electrical tape to be made 
concrete-tight.

Threadless connections are required to 
be sturdy and tight to maintain electrical 
ground continuity and mechanical rigidity 
and strength. A ground wire is sometimes 
used with a metal conduit system. Therefore, 
if a connection comes loose, the ground 
could be lost, and a shock hazard will be 
present. This means that the connections 
must be tightened using the proper tools, 
and not just your hand or fingers. The proce-
dure for installing a compression coupling is 
shown in Figure 4. A standard blade screw-
driver is used to install setscrew fittings 
and the indenter fitting uses a special tool 
designed just for that purpose. Don’t attempt to improvise  
on an indenter connection if you don’t have an indenter  
tool; instead, get the proper tool you need to do the job. The  

FIGURE 3—There are many different types of 
couplings. Some of them, such as the indenter 
type, require special tools. The indenter tool 
has indent jaws that match the size of the 
coupling or connector being used.

FIGURE 4—How to Install 
a Compression Coupling
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connection represents a permanent installation that will  
give you many years of service without maintenance if 
installed properly.

Intermediate Metallic Conduit (IMC)
Intermediate metallic conduit (IMC) is a metal raceway with a 
circular cross section. IMC has associated fittings that are 
approved for the installation of electrical conductors. IMC 
is larger in wall thickness than EMT and smaller than rigid 
conduit. Since IMC has the same outside diameter as rigid 
conduit, it has a greater interior cross-sectional area. In gen-
eral, the increased area doesn’t permit any more conductors 
to be used than with the same trade size of rigid conduit, but 
it does make wire pulling much easier. IMC is also slightly 
lighter and easier to bend, which makes installation less 
laborious. IMC is available in sizes from 1⁄2 inch to 4 inches 
and comes in 10-foot lengths which also include a coupling 
for each length.

Either threaded or nonthreaded rigid conduit fittings can be 
used with IMC. The same general usage rules apply to both 
IMC and rigid conduit, except that IMC can’t be used in haz-
ardous areas. When IMC is buried, follow the usage rules 
that apply to EMT and rigid-metal conduit.

Flexible Metal Conduit
Flexible metal conduit (sometimes called by the trade names 
Greenfield or flex) is similar to AC armored cable. Standard 
flexible metal conduit diameters range between 3⁄8 inch and  
4 inches, and lengths range between 25 feet and 250 feet. 
The 1⁄2-inch size is the minimum size used for general wiring 
purposes. The 3⁄8-inch Greenfield is limited to motor applica-
tions and certain kinds of lighting equipment, but isn’t used 
for general wiring. Flexible metal conduit is simple to install 
because it’s flexible and the installation requires no special 
tools. Where the conduit is exposed, it should be fastened at 
least every 41⁄2 feet and within 1 foot of every outlet box or fit-
ting. However, at terminals where flexibility is necessary, the 
conduit can be fastened 3 feet from the terminal. Every bend 
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should be well secured to prevent the conduit from deform-
ing when the wires are being pulled. A deformed conduit can 
cause wires to bind.

Flexible metal conduit is often used with motors, as shown in 
Figure 5. Its flexibility permits the motor to be moved slightly 
to tighten drive belts or align equipment. Also, less noise is 
transmitted when flexible conduit is used to connect motors 
and transformers to rigid conduit. Another use for flexible 
conduit is the connection between outlet boxes, where it 
might be difficult to bend rigid conduit properly. As shown 
in Figure 5, a squeeze connector is used in these situations. 
The squeeze connector clamp is tightened around the conduit 
with a screw.

FIGURE 5—Common 
places where flexible 
metal conduit is used.
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When flexible metal conduit is used in wet locations, it must 
be liquid-tight. This type of flexible metal conduit has an 
outer plastic jacket that keeps liquids out. When you’re using 
liquid-tight flexible metal conduit, the requirements for the 
number of conductors, the number of bends permitted, and 
the number of supports are the same as for standard flexible 
metal conduit. It’s important to remember that special liq-
uid-tight fittings must also be used where liquid-tight conduit 
is required.

Flexible metal conduit may be used for grounding when both 
the fittings and conduit have been approved for that purpose. 
Otherwise, a separate grounding wire should be run inside 
the conduit and properly grounded at each outlet box, or at 
similar equipment to which the conduit is connected.

Other Types of Conduit
Other types of conduit are used in industrial electrical work, 
although they’re used much less frequently than the ones 
just discussed. A nonmetallic-sheathed cable known as Romex, 
which is the most commonly used cable in residential work, 
is also used in small commercial establishments. Romex 
contains two to four insulated conductors plus a grounding 
conductor. Liquid-tight flexible nonmetallic conduit is used in 
wet or damp areas where flexible plastic conduit is necessary 
or allowed. Rigid nonmetallic conduit (usually made of PVC) 
is used primarily for underground applications or service 
work. These nonmetallic conduits are used where corrosive 
substances might react chemically with a metallic conduit. 
To bend PVC, heat the conduit with a heater box or a heater 
blanket until it’s pliable, and then form it into ells and 
angles. Another type of conduit, called surface raceway, is 
used when you need to add new circuits in an area where the 
existing wiring isn’t accessible. In these situations you would 
install one-piece or two-piece conduit channels on the exte-
rior surface of the wall. Every conduit installation is different 
and requires the type of conduit that’s designed for that sit-
uation. If you’re ever in doubt, consult the NEC to learn the 
allowable uses of each type of conduit or wireway.

Now take a few minutes to review what you’ve learned by 
completing Self-Check 1.
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Self-Check 1

At the end of each section of Working with Conduit, you’ll be asked to pause and check  
your understanding of what you’ve just read by completing a “Self-Check” exercise. 
Answering these questions will help you review what you’ve studied so far. Please  
complete Self-Check 1 now.

 1. Name three often-encountered types of conduit.

  __________________________________________________________

 2. What’s the largest size of EMT?

  __________________________________________________________

 3. What type of fittings can be used with IMC installations?

  __________________________________________________________

 4. When can flexible metal conduit be used in a wet location?

  __________________________________________________________

 5. Define the term raceway.

  __________________________________________________________

 6. Which of the following conduits—IMC, EMT or rigid-metal—includes a coupling with each 
length when it’s purchased? 

  __________________________________________________________________

 7. Which type of conduit is sometimes called thinwall?

  __________________________________________________________

 8. Name three types of threadless fittings.

  __________________________________________________________________

(Continued)
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Self-Check 1

 9. What are two classifications of threadless fittings?

  __________________________________________________________

10.  How do the dimensions of IMC compare with those of rigid-metal conduit and EMT?

  __________________________________________________________________

11. Which types of conduit can be buried in cinder concrete or cinder fill at a depth of 18 inches 
or more with no external protection?

  __________________________________________________________

Check your answers with those on page 75.
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INSTALLING CONDUIT

Conduit Fittings
Conduit fittings can serve one or more functions when installed. 
First, they may be used to join two or more sections of con-
duit that are the same type or different types. Fittings that are 
used for this purpose are called couplings. Second, they’re used 
to terminate conduit at an outlet box, pull box, or other type 
of junction box or panelboard. Fittings that are used for this 
purpose are called connectors. Third, when metal conduit is 
used, the fittings must preserve the continuity of the electrical 
ground circuit, since a ground wire is sometimes not used in 
this situation. Fourth, fittings called conduit bodies are used to 
allow access to the system conductors. This makes it easier to 
make splices and pull wires through long conduit runs.

Cutting, Reaming, and  
Threading Conduit
A short piece of conduit is shown in Figure 6. When a short 
piece of conduit is needed, it’s often cut from a longer piece 
with a hacksaw or power chop saw. A hacksaw is preferred 
over other methods because it leaves less burr to remove with 
a half-round file or a reamer. Even better than a hacksaw is 
a cordless metal-cutting saw, because it does the job easier 
and faster. 

After a length of conduit is cut, a reamer is used to quickly 
remove all burrs and smooth the inside edge of the conduit 
end. Threads are then cut on the conduit using a hand-
threader or a power threader. A given threader stock will 
hold several different sizes of dies for cutting threads on dif-
ferent sizes of conduit. While conduit is being cut, reamed, 
and threaded by hand, it’s held in a pipe vise mounted on a 
workbench or a pipe stand. Note that when a lot of conduit 
is installed, electrically powered cutting and threading equip-
ment is a necessity.
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Grounding Conduit
Conduit enters an enclosure (such as a panelboard or 
pull box) through holes called knockouts. Often electri-
cians will make their own knockouts, rather than use the 
concentric-ring or multiple-ring knockout provided by the 
manufacturer (Figure 7). An electrician chooses to cut a new 
knockout if he or she believes it will provide a better ground. 

FIGURE 6—The threads on rigid conduit should be made with the proper threader. Factory-made nip-
ples that are already threaded are available in lengths up to 12 inches. The nipples are easier to use 
than short pieces of conduit that have to be cut, reamed, and threaded before use.
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In addition, an electrician might need to connect a fitting to a 
box where a knockout from the manufacturer isn’t provided. 
Holes for conduit are usually made by using a knockout 
punch, as shown in Figure 7.

Good ground connections are assured by using two locknuts 
on rigid conduit. Threadless fittings (such as those for EMT) 
are designed to allow the use of one locknut on the inside of 
the enclosure; the body itself acts as a stop on the outside. 
When using rigid conduit with two locknuts, one locknut is 
placed on each side of the metal box so that the metal is sol-
idly clamped between two locknuts. You can’t depend on a 
bushing to provide a good ground, because the conduit may 
extend into a box a greater distance than the thickness of the 
bushing. Thus, the bushing may not touch the inside surface 
of the box.

When the voltage between a wire and ground is more than 
250 volts, two locknuts are required by the NEC. The dou-
ble-locknut requirement, however, doesn’t apply to service 
entrance conductors. Standard, single-locknut EMT fittings 
are sufficient for EMT use. 

FIGURE 7—When a knock-
out has to be made, a 
pilot hole is drilled in the 
metal where the conduit 
is to go. Then the bolt 
of the knockout punch 
is passed through the 
pilot hole and the die is 
screwed on it. When the 
bolt is tightened with 
a wrench, the die cuts 
the metal. The bolt is 
tightened until the die 
has cut a complete ring 
of metal from the panel 
and the proper-size hole 
for the conduit is made. 
Knockout punches are 
made for conduit diame-
ters between 1/2 inch and 
5 inches. (Greenlee Textron)
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Supporting Conduit
The NEC requires that EMT, IMC, and rigid-metal conduit be 
fastened securely in place at least every 10 feet and within 
3 feet of each junction box, outlet box, cabinet, or fitting. 
These support requirements are different when rigid-metal 
conduit is used with threaded couplings. In this case, the 
support distance can be increased to 20 feet for vertical ris-
ers, if the conduit is supported at the top and bottom of the 
riser. The support distance for threaded rigid-metal conduit 
used in a straight horizontal run may be increased to the 
distances listed in Table 2. The minimum-support distances 
are a guideline for you to use. There are instances where 
the weight of the conduit, plus the weight of the conductors, 
will cause the conduit to sag if it’s only supported at 10-foot 
intervals. In these cases, it would be appropriate to support 
the conduit every 6 or 7 feet.

In most buildings, conduit has to be supported on wood or 
masonry surfaces. It’s fairly easy to install conduit on a wood 
surface, because there are several types of pipe straps and 
hangers you can use to secure the conduit into position. To 
install a pipe strap or hanger on a wood surface, you’ll  
usually need to notch or bore studs or rafters as shown in 
Figure 8. However, it’s generally more difficult to install  
pipe hangers in masonry surfaces. In a typical masonry 

Table 2

SUPPORTS FOR RIGID METAL CONDUIT

Conduit Size  

(inches)

Maximum Distance Between Rigid 

Metal Conduit Supports (feet)
1/2 to 1/4 10

1 12

11/4 to 21/2 14

2 to 21/2 16

3 and longer 20

(Reprinted with permission from NFPA 70-1999, the National Electrical Code, 
Copyright 1998, National Fire Protection Association, Quincy, MA 02269. This 
reprinted material is not the complete and official position of the National Fire 
Protection Association on the referenced subject which is represented only by the 
standard in its entirety. National Electrical Code and NEC are registered trademarks 
of the National Fire Protection Association, Inc., Quincy, MA 02269.)
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installation, you’ll need to drill holes in the stone or con-
crete, and plastic or lead expansion anchors will have to be 
installed. Screws can then be turned into the anchors to hold 
the EMT firmly in place. In the past, wooden plugs were used 
in place of the screws, but are now prohibited because they 
eventually dry out and loosen in the hole. 

If you have to use several parallel runs of conduit as shown in 
Figure 8, U-channel hangers and supports are ideal. Conduit 
clamps, rod hangers, and spring clips are used to secure the 
EMT to U-channel supports. The U-channel installation is also 
very handy in rooms that use lift-out ceiling panels. The com-
bination of U-channel runs and lift-out panels provides easy 
access to the electrical and mechanical equipment.

FIGURE 8—Conduit can be 
supported in many differ-
ent ways. Support fittings 
exist for almost  every 
kind of conduit.
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Typical Conduit Fittings
As we mentioned earlier in this study unit, hundreds of dif-
ferent fittings are used with conduit. In this section, we’ll 
describe and illustrate a few of these fittings so that you’ll have 
some knowledge of what they look like and how they’re used.

Threadless fittings, like the couplings shown in Figure 3, are 
used primarily with EMT. One type of threadless fitting is the 
compression fitting. A compression fitting consists of a body 
and a split ring that provide tremendous pressure and electri-
cal continuity when the nut is securely tightened. A setscrew 
fitting contains a screw that’s tightened against the outside 
surface of the conduit. You’ve already seen several examples 
of typical fittings that would be used with rigid and flexible 
conduits.

Now, let’s look at some conduit fittings that are used in 
 service entrances (Figure 9). The locknut used isn’t flat; it’s 
bent or dished. The bushing (sometimes called an insulating 
bushing) is made of metal, plastic, or nylon. It’s used in out-
let boxes, panelboards, and meter sockets. The grounding 

FIGURE 9—The service entrance installation view shows an inwardly curved locknut that digs into 
the panel for a good ground connection. The sharp point on the grounding bushing also digs into the 
metal panel to ensure a good electrical ground connection. When a plastic bushing is used, a second 
locknut is used on the inside of the panel to secure the conduit, since the bushing provides the insu-
lating surface only for the wire.
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bushing is a metal bushing with a large screw that’s used to 
connect a grounding wire, and a small screw with a sharp 
point that’s tightened securely after the grounding bushing is 
tightened. An entrance elbow is used where the wires enter 
the building. An entrance elbow has a cover that’s removable 
to make installation of wires easier.

An entrance elbow is also called a type LB conduit or conduit 
body. A conduit body, as defined earlier, is a separate portion 
of a conduit system that has a removable plate. This plate 
allows an electrician access to pull wire or make connections 
and splices easily. When a conduit body is used with conduc-
tors that are larger than No. 6, it must have a cross-sectional 
area that’s twice as large as the largest conduit it’s connected 
to. The wiring inside a conduit body, including splices, can’t 
take up more than 75 percent of the cross-sectional area 
of any portion of the conduit body. In future lessons, you’ll 
learn which types of conduit bodies can be used when you 
need to splice wires in a conduit system.

Conduit that’s properly installed in an outlet box is shown  
in Figure 9. The first step is to screw the locknut onto the 
conduit. To do this, hold the outwardly curved side of the 
locknut toward the conduit. The conduit with the locknut 
is slipped through a hole in an outlet box or panelboard. 
(The proper-size knockout is removed or a hole is made in 
advance.) If the surface of the panelboard or other device is 
painted, scrape the paint off so that the locknut will make 
good contact with the metal. Tighten the locknut with a 
screwdriver or tongue-and-groove pliers. Then, screw on the 
bushing and tighten it with a screwdriver or tongue-and-
groove pliers. The rounded bushing surface protects the wire 
insulation as the wires are being pulled through the end of 
the conduit. 

When using No. 4 size or larger wires, additional protection 
for the wires is required. This is obtained by using bushings 
with insulating sleeves or linings, separate insulating sleeves, 
or plastic bushings.
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Installing Conduit in a Service Entrance
We’ve discussed the conduit fittings used in a service 
entrance installation. Now we’ll look at the conduit installed 
at a typical service entrance. As shown in Figure 10, the 
service entrance head, meter socket, entrance ell, and pan-

elboard are joined by three pieces of 
conduit. Two pieces of conduit are 
very short and could be nipples in 
installations using rigid-metal conduit. 
Pre-bent or factory-made elbows are 
used to join the conduit where it can’t 
be run in a straight line. This is done 
by joining the elbows to the conduit 
with couplings. Otherwise, a bender 
can be used to make the necessary 
bends.

To begin the installation, mount the 
meter socket and then cut an open-
ing in the building for the conduit to 
enter. The size of the conduit used 
depends upon the size of the wires 
that are to be placed in it. Be sure the 
meter socket is made for the same size 
of conduit. If the building has a wood-
frame construction, bore the hole with 
an electric drill fitted with a hole saw 
or auger bit. To cut large holes, you 
can use an electric saber saw, but 
a larger hole-saw will usually do a 
neater job.

Next, cut, ream, and thread the conduit (if using rigid con-
duit). Install a service bracket at the top of the service riser 
to secure the cable coming from the utility pole. Remember: 
The service entrance head should be 1 foot or more above the 
service bracket and the meter socket should be about 4 to 
5 feet above the ground. Install the conduit with the service 
entrance head at the top, the meter socket in the middle, 
and the entrance ell on the bottom. With larger rigid conduit, 
use pipe wrenches to tighten the fittings that join lengths  
of conduit.

FIGURE 10—This is a typical service installation 
using conduit.
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Mast-Type Risers

For conduit installations on low buildings, the mast-type riser 
shown in Figure 11 may be needed to obtain adequate clear-
ance between the service drop and the ground. The mast is 
a piece of rigid-metal conduit. The conduit used should have 
a diameter of 2 inches or more to provide sufficient rigidity. 
Only rigid-metal conduit should be used for a mast service. 
On the top of the mast is a service entrance head. Below the 
service entrance head is an insulator that’s used to connect 
the service drop neutral. The insulator should be at least 11⁄2 
feet above the roof at the mast, and the mast shouldn’t be 
more than 4 feet from the edge of the roof. Flashing with an 
adjustable seal is used at the roof surface to prevent water 
leaks. The mast is bolted to the building with at least two 
conduit brackets, or supports. Another piece of conduit that 
runs to the meter socket is connected to the fitting at the 
bottom of the mast.

Conduit Nipples and Elbows

In the discussion on service entrance installation, we men-
tioned that you could use nipples and pre-bent elbows. Even 
though you can always make your own nipples or elbows, a 
conduit system can be installed much more easily and a lot 
faster if factory-made nipples and elbows are used.

Nipples are short pieces of threaded rigid conduit. Three 
styles of conduit nipples are available in standard lengths 
from 11/8 inches to 12 inches and in trade diameters rang-
ing from 1/2 inch to 6 inches. The available combinations of 

FIGURE 11—The mast-
type riser basically 
furnishes a termination 
for the service drop wires. 
The rest of the service 
entrance is the same as 
that shown in Figure 10.
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length and diameter are listed in Table 3. For example, if  
31/2 inches diameter-conduit is being used, long nipples are 
available only in lengths of 4, 5, 6, 8, 10, and 12 inches. 
Of course, you can always make one of a different length 
with the proper threading tools. When conduit nipples are 
installed, they can’t exceed 24 inches in length between 
boxes and panels. Within the panel, the total cross-sectional 
area of conductors may not exceed 60 percent of the total 
cross-sectional area of conduit.

Pre-bent elbows are also available, and using them will help 
to speed up an installation. However, in many cases pre-bent 
elbows won’t look as good as conduit that has been shaped 
to fit the job. Pre-bent elbows come in standard angles, so 
there may not always be one available if you need to make a 
nonstandard angle. You can see how much better hand-bent 
elbows can look in Figure 12. The pre-bent elbows come in 
standard sizes that are listed in the conduit-bending section 
of this study unit.

Table 3

CONDUIT NIPPLES

Trade 

Size in.

Close 

Nipple 

Length 

in.

Long Nipple Lengths

11/2 in. 2 in. 21/2 in. 3 in. 31/2 in.
4 and 5 

in.

6, 8, 10 

and 12 

in.
1/2 11/8 X X X X X X X

3/4 13/8 X X X X X X X

1 11/2 X X X X X X

11/4 15/8 X X X X X X

11/2 13/4 X X X X X X

2 2 X X X X X

21/2 21/2 X X X X

3 25/8 X X X

31/2 23/4 X X

4 27/8 X X

5 3 (59 only) X

6 31/8 (59 only) X
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Selecting Conduit Size
The conduit size that’s used in a particular installation 
depends on three factors. First, for economic reasons, choose 
the smallest-size conduit that will satisfy the requirements 
of the present installation (plus any planned future wiring 
changes). Second, choose the conduit size that’s appropri-
ate for the available physical space. For example, you may 
need to install two or more smaller conduit runs in place 
of one larger run. Third, consider the conductor fill when 
you’re choosing the conduit size. The conductor fill is the total 
cross-sectional area required by the wiring in a particular 
run. The NEC allows only a certain maximum percent of the 
cross-sectional area of conduit to be “filled”with conductors, 
depending on the number of conductors in the run. Since the 
cross-sectional area of a conductor depends on the type and 
size of the conductor, the conduit size is determined by the 
number, type, and size of the conductors. 

You’ll learn about bending conduit later in this study unit, but 
there’s one specific NEC requirement on bends that you should 
be aware of at this point. The requirement states that no more 
than 360° of bends may exist between any two conduit termi-
nals (such as outlet boxes, junction boxes, or conduit bodies). 
For example, if you were to use the pre-bent elbows discussed 
earlier, you would be allowed to use no more than four in a 
given run, if each elbow were a 90° bend.

Now take a few minutes to review what you’ve learned by 
completing Self-Check 2.

FIGURE 12—Pre-bent 
elbows are usually con-
structed with minimum 
bending radii as specified 
by the NEC. Hand-bent 
bends sometimes use a 
bending shoe with a  
larger radius than factory 
bends. 
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Self-Check 2

 1. When can conduit be supported at intervals greater than 10 feet?

  __________________________________________________________

 2. When using a conduit body, what’s the maximum percent of its cross-sectional area that can 
be filled with wire?

  __________________________________________________________

 3. What will determine the smallest size of conduit to be used?

  __________________________________________________________

 4. How are good ground connections made where conduit enters through a knockout?

  __________________________________________________________

 5. What’s the maximum horizontal distance at which 4-inch diameter EMT can be supported?

  __________________________________________________________________

 6. Explain the difference between a connector and a coupling.

  __________________________________________________________

 7. Why is a locknut used for fastening a connector to a panel curved and not flat?

  __________________________________________________________

(Continued)
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Self-Check 2

 8. Define a conduit body.

  __________________________________________________________

 9. The service entrance head must be how far above the bracket for the service drop?

  __________________________________________________________

10. What three styles of nipples are available?

  __________________________________________________________

11. Define conductor fill.

  __________________________________________________________

12. (a) Can you have two 90° bends and five 45° bends in the same conduit run?

  __________________________________________________________

  (b) Why or why not?

  __________________________________________________________

Check your answers with those on page 75.
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BENDING CONDUIT

The Right Way
One of the important skills electricians rely on is that of 
bending conduit. It sounds simple and when you watch an 
expert using conduit bender, it looks easy. When you try 
it yourself though, you’ll find it’s not as easy as it looks. 
Conduit bends easily, but it doesn’t always bend correctly.

Making good bends demands care and precision. Bad bends 
don’t look professional, and quite often won’t pass inspection. 
The length and angles of a bend have to be exact. There can’t 
be creases or kinks on the inside of the bend, and the inter-
nal diameter must be maintained around all corners. You 
must make an effort to develop the good bending techniques 
described in the next few sections of the study unit. Once you 
have a basic understanding of how to make quality bends, the 
only way to perfect them is practice.

There are many types of bends, such as offsets, front bends, 
back bends and re-bends. In order to make these bends, you 
need to learn about the tools used to bend conduit and also 
how to use these tools correctly. Even though we’ll discuss 
bending with regard to EMT, most of the methods also apply 
to IMC and rigid conduit unless otherwise noted.

Manually Operated Benders
Bending EMT for a residential installation is usually per-
formed with a conduit hand bender. Several types of hand 
benders, including the type known as a hickey, are shown  
in Figure 13. In practice, all hand benders are referred to  
as benders. 

The hand bender is most commonly used on EMT of sizes 1⁄2, 
3⁄4, and 1 inch. There are hand benders that can be used with 
EMT up to 11⁄4 inches. You must have the bender that accom-
modates the size EMT you’re bending.

Refer to Figure 13 and note the following four features of a 
bender: the foot pad, starting mark, handle, and hook. To 
begin a bend, the length of conduit is usually placed on the 
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FIGURE 13—Notice how simple a hickey is when compared to the conduit benders. Even though you 
can make very sharp bends with a hickey, you must still obey the NEC for the minimum bending 
radius.
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ground and marked with a bend-starting point. The bender’s 
hook is placed around the conduit, and the bender’s starting 
mark is aligned with the starting point marked on the conduit.

Now place your hand on the handle and your foot on the foot 
pedal. It’s important that pressure is applied equally to the 
handle and foot pedal. Without proper foot pressure applied, 
the conduit is likely to kink and the bend won’t be a smooth 
one. Refer back to Figure 13 and note the bender’s angular 
scale. As conduit bends, the bent leg will line up with each of 
the bend marks. Obviously, a 60° bend represents more of a 
bend than a 10° bend.

The amount of bend is controlled by the distance the han-
dle is pushed. You must practice to consistently produce the 
proper bend angle. Today, most benders come equipped with 
bend-angle gages as well as tables and guides affixed to the 
handle.

A mechanical bender that can bend rigid conduit with diam-
eters between 1/2 and 11/2 inches or thinwall conduit with 
diameters between 3/4 and 2 inches is shown in Figure 14A. 
The conduit is placed on the pin and roller and underneath 
the shoe unit. The clamp holds the conduit against the shoe 
unit so that the conduit is bent into the shape of the shoe unit 
as the lever is pushed down. The ratchet makes it possible 
to apply short, powerful strokes for faster bending. Conduit 
benders may also include a bending gage to indicate the angle 
of the bend in the conduit. A double-shoe unit allows bending 
of two sizes of conduit. Shoe units are easily changed to bend 
other sizes of conduit. The mechanical bender shown in Figure 
14B has several replaceable shoes that will bend several sizes 
of conduit.

Hydraulic Benders
Elbows and other bends can be made with electric or hydrau-
lic benders. In Figure 15A, a battery-powered electric bender 
is shown bending a piece of conduit. Figure 15B shows the 
setup of a hydraulic unit. The conduit is placed in the frame, 
where it rests against the two pipe supports. The pipe sup-
ports, which are shaped to match several sizes of conduit, are 
fastened to the frame by the pipe support pins. The ram unit, 
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which consists of a cylinder and a ram, or piston, pushes 
the shoe support against the bending shoe. The bending 
shoe presses against the conduit. Because the conduit is 
held by the pipe supports, it bends to match the shape of 
the bending shoe as the ram is forced out of the cylinder by 

FIGURE 14—Mechanical benders are very versatile, since they usually 
have an assortment of shoes for bending almost every size of conduit. 
(Greenlee Textron)
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the hydraulic oil being pumped into the cylinder. Hydraulic 
oil is pumped into the cylinder by either an electric or hand 
hydraulic pump. When a hand hydraulic pump is used, 
many strokes of a handle, or lever, are needed to bend the 
conduit. After the conduit is bent, a valve is opened to allow 
the hydraulic oil in the cylinder to return to the pump. Then 
the ram can be pushed back easily into the cylinder and the 
conduit removed.

FIGURE 15—Hydraulic 
benders are machines 
that make quick and 
accurate bends. Special 
shoes or adapters allow 
the machine to bend 
more than one piece of 
small-size conduit in a 
single operation. (Greenlee 
Textron)
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When hydraulic benders are set up, the correct shoe support 
and bending shoe must be selected. Using the wrong-size 
shoes will likely result in kinks in the bend. Kinked bends 
won’t pass inspection. The pipe supports are then rotated 
to match the conduit size. The frame has two rows of seven 
holes for holding the pipe supports at the proper position in 
the frame. Decals on the frame give the information neces-
sary to set up the hydraulic bender quickly for different sizes 
of conduit.

Radius of the Bend
In addition to the angle of the bend, another important con-
sideration is the bend radius. That can be confusing, since 
at first glance two 90° angles would seem to have the same 
dimensions. The angles themselves are the same. However, 
it’s the radius of the angle formed by the shoe unit that 
has to be considered. Different shoe units for different-size 
conduit benders are purposely constructed with different 
diameters or radii. Notice in Figure 16, that if the radius gets 
too small, you could have a lot more trouble pulling wire 
through a sharp 90° angle than through an angle with a 
larger radius.

FIGURE 16—The greater 
the radius, the less sharp 
the bend, and the easier 
it is to pull wires through 
the conduit. Also, the 
greater the radius, the 
greater the length of con-
duit needed. 
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A bender with a shoe unit can make what’s called a one-shot 
bend. A one-shot bend is made in one continuous curve or 
motion of the bender, as shown in Figure 17.

To make a proper bend, you must consider the bend’s radius. 
The NEC dictates minimum radii depending on the size of the 
conduit. Measuring from the center of the conduit to the cen-
ter of the shoe unit, the radii can’t be less than the conduit 
bending tables indicate. For instance, 1 inch conduit can’t 
have a radius less than 53/4 inches for the one-shot bend.

FIGURE 17—Even though only two bends are illustrated in the multiple-bend view, three or more 
bends could have been used. As the length of the straight sections between bends decreases and the 
number of bends increases, the total bend will approach that of a one-shot bend.
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Sometimes, instead of one continuous curve, a bend consists 
of a number of short bends with a short length of straight 
conduit between the bends. This is known as a multiple 
bend or segment bend, and is shown in Figure 17. The con-
duit angle is made up of a number of multiple bends, that 
when added together give the desired angle. In these cases, 
you need to use a slightly larger radius. The measurement 
is made, not from the center of the conduit, as in the one-
shot bend, but from the inner edge of the conduit to the 
center of the shoe. When making a multiple bend, you need 
to consider an imaginary circle following the inside curve of 
the bend and measure to the center of the curve. The bend 
can’t have a radius smaller than the table in Figure 17 dic-
tates. For example, the 1-inch conduit with a multiple bend 
requires a 6-inch minimum radius.

Both the one-shot and multiple bends just discussed assume 
that you’re using ordinary insulated wire. Be sure to use the 
required bending radius for the type of wire you’re installing.

Bending for a Given Rise
When bending a section of EMT, the first thing you need is 
the right bender. To bend 3/4-inch EMT, you’ll need a 3/4-inch 
hand bender. A 3/4-inch EMT bender also fits on 1/2-inch rigid 
metal conduit or 1/2-inch IMC. The 1/2-inch rigid metal con-
duit and 1/2-inch IMC have about the same outside diameter 
as the 3/4-inch thinwall. In general, a given size of EMT  
bender will bend the next smaller size of rigid conduit and 
IMC. The bender is usually labeled with both numbers in 
case it’s used on rigid metal conduit.

Now that you understand how to choose an appropriate 
bending tool for the job, we’ll discuss the step-by-step  
process of bending conduit. 

First, look at Figure 18. This very common conduit bend is 
known as a stub up. The height the stub reaches above its 
starting point at floor level is known as the rise. The rise is 
made up of two components: the height of the curved portion, 
known as the take-up, and the straight portion above the 
bend known as the stub.
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Example: We want to bend 1/2-inch EMT. The bend is 
required to extend 11 inches from the floor level where the 
EMT begins. This is what we call an 11-inch stub up. We’ll 
use a 1/2-inch EMT bender that has written on the shoe 
“DEDUCT 5 inches FOR 90° STUB AT ARROW.” What does 
that mean? In order to answer this, look again at the section 
of EMT with a 90° bend shown in Figure 18. 

• The rise is a straight measurement from the floor level of 
the EMT to the desired height. The rise is composed of a 
6-inch stub and a 5-inch take-up. The take-up is equal 
to the radius of the bend at the outside edge of the  
conduit. The take-up is also the dimension we were 
reminded of on the shoe.

FIGURE 18—Different makes of benders will have shoes with different radii, which will cause the 
take-up to vary with the bender. In this illustration the radius is measured to the outside of the bend.
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• Because of the bend, the actual length of conduit 
required for making a 5-inch take-up is 73/8 inches. 
Therefore, in order to obtain the 11-inch rise, 6 inches 
plus 73/8 inches of conduit, totaling 133/8 inches, is  
needed. In just a moment, you’ll learn where the 73/8 
inch value comes from. The amount of conduit required 
for the take-up will increase as the radius increases, 
since the bend will be deeper and longer.

• To make the actual bend, we’ll use the bender’s starting 
mark as our reference. Place the conduit in the bender 
and set the mark (located near the hook) at a distance  
6 inches from the end of the conduit, as shown in  
Figure 19. Then bend until the level on the bender 
indicates a 90° bend, or until the stub is straight up, 
perpendicular to the floor. Because a bender is a tool 
and by its nature takes quite a bit of physical abuse, the 
level on the bender can’t always be counted on for accu-
racy. The bender’s 5-inch take-up will add to your 6-inch 
stub to produce the desired 11-inch rise.

FIGURE 19—Most benders 
are constructed so that, 
with the handle straight 
up, a 30° or 40° bend is 
made.  
In this illustration, the 
handle starts at 45° from 
the conduit. So, when the 
handle is straight up (at 
90°), the conduit is bent 
45°.
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• Notice in Figure 18 that the distance from reference line 
A to the wall is 5 inches and the take-up distance is also 
5 inches. However, the actual length of conduit used for 
this total curved portion (reference line A to reference 
line B) is only 73/8 inches. This is 25/8 inches less than 
the 10 inches it would take to cover the vertical and hor-
izontal distances with straight pieces of conduit. The  
25/8 inches of conduit you’ve saved by making the bend 
is known as the gain. This gain will vary with the size of 
conduit used and the radius of the bend. Table 4 lists 
typical take-ups and gains you would obtain from stan-
dard conduit benders. By knowing the gain ahead of 
time, you’re able to cut the conduit to the proper length 
and in the case of rigid-metal conduit or IMC, thread it 
before you bend it. This makes the job much easier.

Back-to-Back Bends
Making the first bend on a piece of conduit is relatively easy 
and fast. Making the second or third bend as related to the 
original bend gets more complicated. With practice, though, 
you’ll develop techniques that work. Bending conduit is cus-
tom work, and no two conduit installations are exactly alike. 
You must practice the technique and master the skill of  
making bends of the correct angle at the correct location.

Table 4

TYPICAL GAINS AND TAKE-UPS FOR 90° ENDS

Conduit Type and Size Take-up in. 90° Gain in.

1/2 in. EMT 5 25/8

3/4 in. EMT or 1/2 in. rigid and MC 6 31/4

1 in. EMT or 3/4 in. rigid and MC 8 4

11/4 in. EMT or 1 in. rigid and MC 11 55/8
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A common two-bend configuration is the back-to-back bend 
illustrated in Figure 20. It’s typically a mirror image bend of 
the 90° bend we’ve just discussed. This type of bend occurs 
when you’re required to attach a piece of conduit between two 
outlet boxes on facing walls. In this case, the first bend, the 
bend on the left-hand side, is easy to make since it’s made on 
a piece of straight tubing. The first bend’s starting position is 
measured from the end of the tubing. It’s an ordinary 11-inch, 
90° bend like the one we just discussed.

FIGURE 20—Note that 
the distance L is actually 
measured to and from 
the knockout locations 
on the outlet boxes. This 
distance could have been 
measured wall-to-wall if 
small offsets, called box 
offsets, were also going 
to be made in the conduit 
at the outlet boxes.
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The back bend isn’t quite as easy to make. This is because the 
back bend can’t be measured from the other end of the tubing. 
The measurement must be made from the first bend. In Figure 
20 you must first obtain the measurement L between the two 
outlet boxes. Then you mark L on the tubing and attach the 
bender as shown and make your 90° bend. Note that this time 
we aren’t using the normal starting mark (typically an arrow) 
for reference. When making back-to-back bends, you must 
use the back-bend mark (typically a star) on the bender. After 
slowly making your 90° bend, saw off any excess conduit that 
protrudes above the required 11-inch rise.

Re-bending
Even the most experienced electricians 
make some bends that aren’t correct. They 
might be too short or too long, or have an 
incorrect angle.

When an improperly made bend reduces 
the diameter of the conduit, chances are 
the piece will be discarded. If any major 
damage occurs, conduit is usually dis-
carded. However, if only the angle is wrong 
or if some other fault doesn’t damage the 
conduit, you can easily straighten the con-
duit and try re-bending. Several re-bends, 
though, will weaken the conduit walls. The 
straightening process is best performed by 
sliding the rigid-metal handle of the bender 
over the EMT, as shown in Figure 21. Then 
with one strong sweep, straighten the piece. 
Before you straighten the conduit, it’s a 
good idea to notice carefully why the bend 
was wrong in the first place. That way you 
won’t repeat the same mistake.

FIGURE 21—A bend may be readjusted in 
small increments by using the handle of a 
bender. The length of straightened conduit 
you’ll get depends on how far the conduit 
bend extends into the handle and the size 
of the sweep of the handle. If the bend has 
kinked, you’ll have to cut off and discard the 
bend.
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Offsets
Strictly speaking, an offset is a bend that takes the tubing 
out of line with the run and then returns it in a direction 
parallel to the original run. Offsets are used to account for  
a change in elevation. If you examine the offset bend in 
Figure 22, you’ll see it’s actually two separate bends. The 
first bend takes the tubing out of line, and the second bend 
returns it to the same direction, on a different line of run. 
The illustration shows how a run of tubing is offset from its 
mounting on a wall stud into a knockout in an outlet box.

To avoid having to make the two offset bends, some electri-
cians just run the conduit at a slant into the outlet box. This 
is poor technique and doesn’t meet NEC regulations. The NEC 
requires that the conduit enter the fitting as it was designed, 
and connectors are designed only to accept conduit ends that 
are straight. Conduit work should be straight and square.

Since offsets require two bends, they’re a bit more difficult 
to execute than one regular bend of 90°. On a job requiring 
many offset bends, a special tool designed to make offset 
bends can be used. However, after making several offset 
bends and perfecting your technique, you’ll find that the 
high cost of such tools and the setup time involved doesn’t 
justify their use in most instances. Many offsets are small 

FIGURE 22—In general, 
outlet boxes require a 
box offset with a depth 
of about 3/8 inch. The 
bends should be approx-
imately 10° and spaced 
about 21/2 inches apart.
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bends to match up fractions of an inch and must be made 
by eye. Practice and experience are the only way to learn to 
make them expertly. The larger offsets can’t be made by eye; 
they have to be calculated and measured. That’s a bit more 
difficult and definitely requires some practice. The trick to 
making offsets is measuring and marking the EMT for the 
two bends. 

Example: Assume you have to bend an offset so that the 
EMT in Figure 23 will rise over a 5-inch 3 8-inch joist with 
45° bends. You’re using the same bender used in the previous 
examples. It’s used on 1/2-inch EMT, and has a 5-inch take-up 
for 90° bends.

• The first measurement you make is from the base of the 
joist to the point where the EMT originates. That could 
be an outlet box or the end of another section of conduit, 
as shown in Figure 23. The measurement is made with a 
tape measure and is shown to be 14 inches.

• The actual length of conduit the run requires is going to 
be slightly greater than the measurement because the 
conduit is going to bend at 45° and rise to the top of 
the beam, not to the base where the measurement was 
made.

• You must next determine how much more conduit is 
needed for the rise. This can be done with simple trig-
onometry. In Figure 23, the height of the beam is 5 
inches. We’ll call this side A of a triangle. You’ll note that 
in Figure 23 the base of the triangle is labeled B, and 
the conduit length itself is labeled C. Also, the fact that 
sides A and B meet at a right angle makes this a right 
triangle. Since it’s a 45° right triangle, side B must also 
be 5 inches. (The two sides of a 45° right triangle which 
are next to the right angle are equal in length.) Using the 
equation for a right-angle triangle gives us

C 
2 = B 

2 + A2 = 52 + 52

C 
2 = 25 + 25

C = 50  = 7.07, or 7 in.
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Now we have our conduit measurements, which are all listed 
in Figure 23. From the conduit coupling to the first bend is  
9 inches. The length of the conduit from the first bend to 
the second bend is 7 inches. Those two measurements are 
marked on the tubing. The first bend is made as shown in 
Figure 24, and then the second bend is made. Both bends 
are 45° and are easily made by using the 45° level or angle 
marking on the bender.

In actual practice, there are a number of different styles of 
benders. Before using a new bender, read the instructions 
carefully, since each bender might require a slightly different 
measurement or layout technique.

Notice in Figure 23 that the actual length of conduit required 
to run from the end of the conduit to the joint is about 16 
inches. This means that about 2 inches of additional con-
duit were needed compared to a straight run. The loss, called 
shrinkage, depends on the angle of the offset and the offset 
distance.

Table 5 lists the offset spacing and shrinkage for different off-
set depths and offset angles of 221⁄2°, 30°, and 45°. Note that 
this information depends on the bender used. Spacing and 
shrinkage values can differ slightly depending on the bender 
model. While the values shown in Table 5 are typical, be sure 
to refer to the information supplied with your own bender. 
The table will save you time, since it solves the trigonometry 

FIGURE 23—You’ll soon use Table 5 to calculate the shrinkage and spacing between bends when mak-
ing offsets.
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required for the various lengths. Offsets using 60° or 90° 
angles are also used, but don’t forget that a total of only 360° 
of bends is allowed in a run. It’s preferred to make offsets 
with the smallest angles possible, usually 30° or 45°.

Making offsets with 30° bends is convenient for you for a 
couple of reasons. It will be easier to pull wires through 
two 30° bends than through two 45° bends. In addition, 
the figures you need to mark the conduit with are easy to 
remember with 30° bends. Looking at Table 5, you’ll notice 
that for an offset with 30° bends, the spacing between the 

FIGURE 24—To make 
this bend, refer to Table 
5, locate bend No. 2 (Y) 
by adding the shrinkage 
(about 2 inches) to the 
distance to the obstruc-
tion (14 inches). Then 
subtract the spacing (7 
inches) to locate bend No. 
1 (X). In this illustration, 
bend No. 2 will be at 16 
inches and bend No. 1 at 
9 inches from the end of 
the conduit.
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marks is double the offset depth. If you use 30° bends as 
much as possible, you’ll know where to mark your conduit 
without having to look at a table.

Saddle Bends
Quite often you’ll encounter a row of beams, conduits, 
ductwork, or some other obstruction over the top of which 
you have to continue a conduit run. In some cases, only one 
offset is required for the conduit run. In others, you may only 
need to rise over one beam and then return the conduit to 
its original line of run by adding a second offset bend. For 
instance, the conduit will take a 45° drop on one side of the 
beam, then another 45° rise back into line. Such a rise over 
or under the beam is called a saddle. To make a saddle bend 
out of an offset bend, the following procedure is added to the 
procedure for the 45° offset bend.

• After the offset is made, the tubing is laid across the 
beam to be saddled. The tubing is marked on the other 
edge of the beam by eye, as shown in Figure 25. Also 
mark off a 7-inch length as was marked for the original 
offset bend.

Table 5

SPACING BETWEEN BENDS AND SHRINKAGE FOR OFFSET BENDS

Offset 

Depth in.

221⁄2° Bends 30° Bends 45° Bends

Spacing in.
Shrinkage 

in.
Spacing in.

Shrinkage 

in.
Spacing in.

Shrinkage 

in.

1 25⁄8
3⁄16

2 51⁄4
3⁄8

3 73⁄4
9⁄16 6 3⁄4

4 101⁄2
3⁄4 8 1

5 13 10 11⁄4 7 17⁄8

6 151⁄2 11⁄8 12 11⁄2 83⁄4 21⁄4

7 181/4 15⁄16 14 13⁄4 93⁄4 25⁄8

8 203/4 11⁄2 16 2 111⁄4 3

9 231⁄2 13⁄4 18 21⁄4 121⁄2 33⁄8

10 26 17⁄8 20 21⁄2 14 33⁄4
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• Next, the starting-mark arrow on the bender is aligned 
with the beam-edge mark, and a 45° bend is made 
toward the original conduit line of run (labeled bend #3 
in Figure 26). The arrow is then attached at the 7-inch 
mark, and the conduit is bent back into line with the 
original run (bend #4).

A good saddle has legs that straddle the beam identically in 
both length and angle. To complete a full saddle, you’ll note 
that four 45° bends were made. Other angles, such as 221⁄2° 
or 30°, could have also been used. Even 90° bends could be 
used, but note that the total would be 360°, the maximum 
total allowed in run. You wouldn’t be able to have any other 
bends in the run. Also, it would be much more difficult to 
pull wires through 90° bends.

FIGURE 25—Bend #1 in the three-bend saddle is the same as if bends 2 and 3 of the four-bend saddle 
had been made in one continuous bend without the straight section. In the three-bend saddle, bend 
#1 is also always double the angle of bends #2 or #3.
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Shrinkage is also illustrated in Figure 25. The shrinkage for a 
single offset is designated as S1, and the shrinkage for a dou-
ble offset or saddle is designated as S2. The lengths of S1 and 
S2 correspond to the shrinkage listed in Table 5. In the  
example bends you’ve been studying, the shrinkages would 
be slightly less than 2 inches and 4 inches for S1 and S2, 
respectively.

FIGURE 26—Notice in this figure and in Figure 24 that the conduit bender has its hooked end toward 
the starting end of the conduit when all four of the bends are made. Always read the instructions that 
come with a bender so that you’ll use the correct starting marks for particular types of bends.
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Saddle bends can also be constructed using only three bends, 
as shown in Figure 25. The three-bend saddle is usually 
used for rising over pipes and isn’t generally recommended 
for depths greater than 5 or 6 inches. The center bend, or 
bend #1, must be located and bent first. For this first 90° 
bend, you’ll use the notch in the bender to line up with 
the first mark, which will be the center of the obstruction 
plus a shrinkage amount. The shrinkage and spacing of the 
other bends are based on the angle of bend #2 or #3, since 
these bends are equal. The shrinkage must be added to the 
obstruction distance when locating the center bend. Table 5 
can be used for determining the spacing and shrinkage for 
three-bend saddles just as it was for four-bend saddles.

Conduit Run Requirements
The main concern after installing the conduit is whether the 
conductors that are going to be run through the conduit can 
be pulled into the conduit and withdrawn easily. When con-
ductors are pulled through conduit, insulation is subject to 
injury and small wires can get stretched and broken. As more 
and more wire is pulled through the conduit, more and more 
insulation surface area makes contact and the friction between 
wires increases. The tension on the wire being pulled becomes 
greater and greater as the friction increases. A rule of thumb 
is that no more than 1,000 pounds of pull should be exerted 
on a conductor being pulled through a straight run of conduit. 
Even though you might use some sort of pulling lubricant for 
difficult pulls, the tension increases directly with the length of 
the pull and the number of bends in the run.

As mentioned earlier, the NEC states that a run of conduit 
between outlets, between a fitting and an outlet, or between 
an outlet and a fitting shall contain not more than the 
 equivalent of four 90° bends, including the bends located 
immediately at the outlet or fitting. Therefore, the total 
allowed is 360°.
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The total can be made up of four 90° bends, two 90° bends 
and four 45° bends, as shown in Figure 27, or any other 
combination. You can see that it will be difficult to pull the 
conductor through each bend, and the more bends you have, 
the more difficult the conductor-pulling will be. 

Now take a few minutes to review what you’ve learned by 
completing Self-Check 3.

FIGURE 27—Even though 
you’re allowed to have 
360° of bends in a run, 
you would seldom bend 
the conduit as shown 
here. As pointed out in 
Figure 22, you would 
probably use box off-
set bends of 10° to 15° 
instead of 45°. Another 
option would be to use 
a back-to-back bend, as 
shown in Figure 20.
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Self-Check 3

 1. Briefly describe a one-shot bend.

  __________________________________________________________ 

  __________________________________________________________

 2. Name two requirements that determine the minimum radius of a bend.

  __________________________________________________________

 3. If you have to pass over a small water pipe with a section of conduit, then return to the  
original level, which type of bend should you make in the conduit?

  __________________________________________________________

 4. In a multiple bend, where is the radius measurement made?

  __________________________________________________________

 5. What will be the 90° rise height if a section of 1-inch EMT contains an 8-inch stub?

  __________________________________________________________

 6. What’s the gain for the bend in question 5?

  __________________________________________________________

 7. In general, why wouldn’t you use 90° bends for a saddle bend?

  __________________________________________________________________

Check your answers with those on page 76.
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MATING CONDUCTORS  
AND CONDUITS

Sizing Conductors for Conduits
We’ll begin this section of the study unit by discussing how 
conductors are installed in conduit. There are strict rules 
specifying how much of a conduit can be packed with wires. 
The NEC has prepared a number of tables that dictate how 
much wire you’re allowed to pull through the tubing. The 
 reasons for the restrictions are twofold. First of all, it’s 
important that a conduit wiring job can be easily repaired. 
That means that all the wires can be pulled and removed 
if the need arises. There are times when wiring must be 
removed or replaced. This is usually due to insulation dete-
rioration or the installation of new appliances. If the wires 
are jammed too tightly in the tubing, the wiring removal task 
becomes much more difficult. The second consideration is 
heat. If too many wires are installed in a conduit, the con-
ductors can overheat and the insulation may break down and 
cause a hazardous situation.

The amount of conductor that’s installed in a run of conduit 
is known as the fill. Several tables that govern the conductor 
fill in conduit are available. These tables are based on careful 
analysis of conductor ampacity, insulation quality, and con-
duit size. Ampacity derating shouldn’t be confused with filling 
conduit with conductors. Derating is separate and has to do 
with how much current capacity is allowed for the particular 
conductors of a circuit. Conductor fill is based on the size of 
the wires installed in a conduit and on the internal area of 
the conduit.

The following steps are required when you’re using conduit in 
a wiring system:

 1. Determine the conductor size.

  a. Know the basic ampacity of the conductor.

  b.  Derate the basic ampacity according to the number of 
conductors in the wiring run.
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  c.  Derate the basic ampacity according to the ambient 
temperature conditions.

  d.  Determine the conductor size necessary to meet the 
circuit or load requirements.

 2. Find the total number of and sizes of conductor that will 
be run in the same section of conduit.

 3. Determine the conduit size based on allowed usable area 
of conduit (maximum conductor fill).

You’ve already learned how to perform most of these steps. 
Now, we’ll tie all the steps together while repeating previously 
discussed material as necessary.

Basic Conductor Ampacity

The ampacity of a particular wire depends on the following 
factors:

• Type of conductor—aluminum or copper

• Type of insulation—rubber or plastic

• Temperature rating of the insulation

Tables 6 and 7, which you’ve seen in an earlier study unit, 
bring together the information needed for determining basic 
conductor ampacity. At this point the conditions for using 
each table are summarized:

Table 6A is used if all of these criteria are met:

 1. The conductor is insulated copper.

 2. The combination of temperature rating and insulation 
type is listed.

 3. The conductor is a single conductor used in free air.

Table 6B is used if all of these criteria are met:

 1. The conductor is insulated copper.

 2. The combination of temperature rating and insulation 
type is listed.

 3. One, two, or three conductors are used in a cable or 
raceway.



53Working with Conduit

Unless specifically permitted in NEC Section 240-3, the overcurrent protection shall not exceed 15 amperes for No. 
14, 20 amperes for No. 12, and 30 amperes for No. 10 copper conductor; or 15 amperes for No. 12 and 25 amperes 
for No. 10 aluminum and copper-clad aluminum conductor after any correction factors for ambient temperature and 
number of conductors have been applied.

(Reprinted with permission from NFPA 70-1999, the National Electrical Code, Copyright 1998, National Fire 
Protection Association, Quincy, MA 02269. This reprinted material is not the complete and official position of the 
National Fire Protection Association on the referenced subject which is represented only by the standard in its  
entirety.)

Table 6

AMPACITY OF COPPER CONDUCTORS
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Table 7A is used if all of these criteria are met:

 1. The conductor is insulated aluminum or copper-clad  
aluminum.

 2. The combination of temperature rating and insulation 
type is listed.

 3. The conductor is a single conductor used in free air.

Table 7B is used if all of these criteria are met:

 1. The conductor is insulated aluminum or copper-clad  
aluminum.

 2. The combination of temperature rating and insulation 
type is listed.

 3. One, two, or three conductors are used in a cable or 
raceway.

In this section of the study unit, we’re concerned with  
Tables 6B and 7B, since they deal with conductors in a 
 raceway or conduit.

Derating for More Than Three Conductors

There exists a unique situation when more than three 
conductors are contained in a raceway or cable. These con-
ductors are installed close together and are exposed to the 
heat generated by the cables around them. Table 8 lists the 
derating for that condition based on Tables 6B and 7B. The 
conductors involved are current carriers. When the neutral 
conductor of a circuit carries only the unbalanced current 
in a multiwire circuit, it’s generally not considered to be car-
rying current. You’ll learn more about deciding when this 
situation occurs later in your program. The ground wire is 
also not considered a current-carrying conductor.
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Unless specifically permitted in NEC Section 240-3, the overcurrent protection shall not exceed 15 amperes for No. 
14, 20 amperes for No. 12, and 30 amperes for No. 10 copper conductor; or 15 amperes for No. 12 and 25 amperes 
for No. 10 aluminum and copper-clad aluminum conductor after any correction factors for ambient temperature and 
number of conductors have been applied.

(Reprinted with permission from NFPA 70-1999, the National Electrical Code, Copyright 1998, National Fire 
Protection Association, Quincy, MA 02269. This reprinted material is not the complete and official position of the 
National Fire Protection Association on the referenced subject which is represented only by the standard in its  
entirety.) 

Table 7

AMPACITY OF ALUMINUM OR COPPER-CLAD ALUMINUM CONDUCTORS
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Let’s look at an example where you would need to derate for 
multiple conductors. In Table 6B you find that No. 14 THW 
copper conductors are rated at 20 A when more than three 
conductors are in the raceway or cable. If there were four 
current-carrying conductors in the raceway, you would be 
required to derate the ampacity according to Table 8. Table 
8 lists the derating of four to six conductors as 80 percent. 
Therefore, the 20 A cable would be derated to 80 percent of 
20 A, or 0.8 3 20 = 16 A. If the load required an ampacity 
of 20 A, you would use a No. 12 THW cable, the ampacity of 
which after derating would be 0.8 3 25 = 20 A.

Derating for Ambient Temperature

Remember that Tables 6 and 7 list allowable ampacity based 
on an ambient temperature of 30°C (86°F). Cables used in 
environments with ambient temperatures greater than 30°C, 
such as those listed in Table 9, will have to be derated by the 
correction factors listed in Table 10.

For example, using Table 6B, a No. 2 THW copper conductor 
has an ampacity of 115 A at 30°C, and its insulation is rated 

Table 8

AMPACITY DERATING* FOR FOUR OR MORE  
CONDUCTORS IN A CABLE OR RACEWAY

Number of Current-Carrying 

Conductors

Percent of Ampacity Listed in 

Tables 6 and 7

4 through 6 80

7 through 9 70

10 through 20 50

21 through 30 45

31 through 40 40

41 through 60 35

*Percent of ampacity listed in Table 6B or 7B

(Reprinted with permission from NFPA 70-1999, the National Electrical Code, 
Copyright 1998, National Fire Protection Association, Quincy, MA 02269. This 
reprinted material is not the complete and official position of the National Fire 
Protection Association on the referenced subject which is represented only by the 
standard in its entirety.)
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Table 9

TYPICAL AMBIENT TEMPERATURES

Location °C °F Location °C °F

Well-ventilated, 
normally heated 
buildings

30 86

Furnaces and 
boiler rooms

Maximum

Minimum

 
40

60

 
104

140

Buildings with 
such major heat 
sources as power 
stations and 
industrial  
processes

50 113

Outdoors in 
shade

In air

In thermal  
insulation

Direct thermal 
exposure

 

40

 
45

 
45

 

104

 
113

 
113

Poorly ventilated 
spaces such as 
attics

45 113

(Reprinted with permission from NFPA 70-1999, the National Electrical Code, Copyright1998, National Fire Protection 
Association, Quincy, MA 02269. This reprinted material is not the complete and official position of the National Fire 
Protection Association on the referenced subject which is represented only by the standard in its  
entirety.) 

Table 10



Working with Conduit58

at 75°C. Now, if the ambient temperature increases to 60°C, by 
referencing Table 10, you can see that the use of No. 2 THW 
would require a signifigant correction, down to about 67 A.  
If higher ampacity is required, you would have to install a 
cable insulation with a higher temperature rating, such as 
type SA 90°C insulation, which would allow 130 A before der-
ating. After derating for temperature, the allowed ampacity of 
the cable would be

0.71 3 130 = 92.3 A

In the example just described, the cables were derated only 
for temperature. If four or more conductors were to be used 
in the cable or conduit, the ampacity would also have to be 
derated as described in the previous section. If the No. 2 
THW cable in the above example were a four-conductor cable, 
it would have a total ampacity equal to 

Conductor Cross-Sectional Area
The cross-sectional area (CSA) of a conductor or wire 
includes the insulation and covering or sheath on the con-
ductor. Since the CSA of a wire is dependent on the outside 
diameter of the wire, you can use the following equation to 
find the CSA:

CSA = 
pD2

4
 = 0.785 3 D2

in which,

 CSA = cross-sectional area of the wire, (in2)

 D = outside diameter of the wire, (in)

 p/4 = 0.785, a constant value

Most wiring handbooks and the NEC contain tables similar 
to Table 11 that list the CSA for various types of wires. If you 
don’t have those tables available, you can always measure 
the outside diameter of the wire and calculate the CSA.

For example, if you measure the diameter of a single insu-
lated wire and find that it’s about 1/4 inch, or 0.25 inch,  
then by using the formula you can find the CSA to be  
0.785 3 0.252 = 0.049 in2.

Basic ampacity 3 Temperature correction factor 3 Quantity correction factor = 

130 A 3 0.71 3 0.8 = 73.84 A
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(Reprinted with permission from NFPA 70-1999, the National Electrical Code, Copyright 1998, National Fire 
Protection Association, Quincy, MA 02269. This reprinted material is not the complete and official position of the 
National Fire Protection Association on the referenced subject which is represented only by the standard in its  
entirety.) 
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Conduit Cross-Sectional Area

Conduit dimensions are quite standardized, with each trade 
size representing an exact internal diameter. We’re interested 
in the internal diameter because the usable area of a conduit 
is based on the conduit’s internal CSA. The formula for find-
ing the CSA of a conduit is the one we’ve used for conductor 
CSA, except that the internal diameter of the conduit, rather 
than the conductor diameter, is used in the calculation.

FIGURE 11—Continued
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Once again, you can use either the tables, which list the 
internal CSA, or measure the diameter and calculate the 
conduit CSA. In practice, you’ll rely on the NEC tables much 
more frequently than you’ll actually measure conduit’s inter-
nal diameter and compute its CSA. The diameters, total 
internal CSA, and various percents of conduit CSA for several 
standard trade sizes of conduit are listed in Table 12. This 
table can be used for the wide variety of conduit listed. You’ll 
learn in the next section why the various percents of CSA are 
also listed.

Conductor Fill

Conductor fill is the total of all of the CSAs of the conductors 
in a run. That is, it’s the total cross-sectional area required 
by all of the wires. It’s an extremely important area to con-
sider when conduit is used. The NEC allows only a portion 
of the conduit CSA to be utilized or occupied by conductors. 
The usable portion depends on the number of conductors in 
the run and whether the conductors are lead-covered. It’s 
expressed as a percent of conduit CSA. The maximum usable 
CSA, which means the same as maximum conductor fill, is 
given in Table 13.

Let’s look at an example. If conduit with a CSA of 1 in2 and 
three conductors are to be installed, you can find in Table 13 
that the maximum conductor fill can be 40 percent, or 0.40 
in2. The actual conductor fill of the three conductors might 
be only 25 percent, which would leave room for future wiring 
to be added.

You’re probably hoping by now that you’ll never have to wire 
a conduit installation and calculate conductor fill! However, 
you’re fortunate because in most cases the NEC and wiring 
handbooks contain tables that take into account the various 
CSAs. Table 14 is a table of this type. It lists the maximum 
number of like wires you can install in the standard trade 
sizes of conduit.
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(Reprinted with permission from NFPA 70-1999, the National Electrical Code, Copyright 1998, National Fire 
Protection Association, Quincy, MA 02269. This reprinted material is not the complete and official position of the 
National Fire Protection Association on the referenced subject which is represented only by the standard in its  
entirety.) 

Table 12



63Working with Conduit

FIGURE 12—Continued
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(Reprinted with permission from 
NFPA 70-1999, the National 
Electrical Code, Copyright 
1998, National Fire Protection 
Association, Quincy, MA 02269. 
This reprinted material is not 
the complete and official position 
of the National Fire Protection 
Association on the referenced 
subject which is represented only 
by the standard in its entirety.) 

(Reprinted with permission 
from NFPA 70-1999, the 
National Electrical Code, 
Copyright 1998, National 
Fire Protection Association, 
Quincy, MA 02269. This 
reprinted material is not the 
complete and official position 
of the National Fire Protection 
Association on the referenced 
subject which is represented 
only by the standard in its 
entirety.)

Table 14

Table 13
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TABLE 14—Continued
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TABLE 14—Continued
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Selection of Conduit Size

Conduit should be selected so that the wires can be pulled 
without damage. Pull boxes or pulling elbows may be 
installed in long runs of conduit to make wire pulling easier. 
Also, the number of wires in a conduit shouldn’t be greater 
than the number listed in the appropriate table of the NEC. 
The largest number of wires permitted in a particular conduit 
of a certain size is listed in Table 14. When small wires are 
used, a conduit can carry many more wires. For example, a 
2-inch EMT may carry up to 63 No. 10 type THHN wires but 
only 40 No. 10 type THW wires. As an example of the use of 
wire with thinner insulation, note that a 3-inch EMT may 
carry only 106 No. 10 type THW wires, whereas a 21/2-inch 
EMT can carry 111 No. 10 type THHN wires. The advantage 
of using types THHN and THWN wire decreases as the wire 
size increases.

Combinations of Wire Sizes in Conduit

When wires of two or more sizes are to be placed in a con-
duit, the conduit size must be calculated by using the CSA 
of the conduit and the total CSA of insulated wires. For three 
or more wires, not lead-covered, the wires may use up to 40 
percent of the area of the conduit. For example, a 2-inch con-
duit has a total, or 100 percent, area of 3.36 in2. The wires to 
be installed may occupy no more than 40 percent of the area, 
or 1.34 in2.

Thickness of wire insulation may vary with the insulating 
material, so the areas of each type of wire used in the conduit 
must be calculated. For example, Table 11 lists the area of a 
No. 10 type THW wire is 0.0333 in2, but the area of a No. 10 
type THHN wire is only 0.0211 in2.

Problem:  What’s the smallest EMT that may be used with 
four No. 2 and four No. 8 wires? Assume all wires have type 
THW insulation.

Solution:  From Table 11, the area of each No. 2 wire is 
0.1333 in2 and the area of each No. 8 wire is 0.0556 in2.

 No. 2 wires: 4 3 0.1333 = 0.5333 in2

 No. 8 wires: 4 3 0.0556 = 0.2224 in2
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Adding the areas,

 0.5333 + 0.2224 = 0.7557 in2

These wires may be placed in a 11/2-inch EMT, which has a 
useful CSA of 0.814 in2 for wiring as shown by the 40% col-
umn, Table 12. For the actual design of an electrical system, 
always use the appropriate table of the latest edition of the 
National Electrical Code.

Fishing Wire through Conduit
Once you have a conduit system installed, you’re ready 
to pull the wires through. The conduit system is simply a 
grounded housing; it doesn’t conduct any electricity. To 
transport the power from the service entrance head to all the 
electrical fixtures and loads, you have to put wire into the 
conduit that connects all the fittings. The wire will then carry 
the system voltage.

Pulling the wire is the most demanding job an electrician per-
forms. If you take the wire firmly in hand and simply try to 
feed it into the conduit, it will travel a distance and then it 
may get snagged or bunch up. Pushing solid wire through a 
short run of conduit is usually not very difficult, but longer 
runs, runs with many bends, or runs using stranded wire 
make pushing wire through conduit a fruitless effort. As soon 
as enough of a knot develops, the wire will travel no farther. 
It’s obvious that this procedure for pushing wire can’t be 
used for complicated wiring systems. What you need to do is 
fish the wire through the conduit.

Sometimes small chain is used for fishing wires in vertical 
runs because gravity will keep it from bunching up. Chain is 
also useful because it makes noise as it falls. The noise lets 
you know exactly where the chain is located in a conduit or 
behind a closed wall.
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Fishing and Pulling Techniques
Every electrician needs a fish tape (Figure 28). Fish tapes are 
available either on a reel or as a loose tape. When you get a 
new fish tape, it comes with a bent hook on the tip. You’ll 
feed this hook into the conduit. Keep in mind that the hook 
must push past small obstructions to attach to the conduc-
tors or another fish tape. You’ll feed the tape until the hook 
comes out of the outlet you want to run the wire to. If the 
conduit run is too long or too difficult for a single fish tape, 
you’ll need a second tape. Push the second tape in from the 
other end and then catch the two hooks together. You’ll be 
able to hear or feel when the two hooks collide. Work the fish 
tapes around until the two hooks engage each other. Then 
withdraw one or the other tape depending on the end at 
which the wire is located.

FIGURE 28—Illustrated here are some of the many devices used to pull wire through conduit.
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A pulling job that’s difficult may require more than a fish tape. 
In this case, you need to use a pulling-in wire. Applications in 
which a pulling-in wire is useful include a pull that has a lot of 
bends, a lot of rubber insulation, or other wires already in the 
conduit. The pulling-in line could be a piece of rope, braided 
cord, or galvanized-steel wire. The pulling-in line is attached 
to the fish tape, and then the conductor is attached to the 
pulling-in line. The pulling-in line is drawn into the conduit, 
and the conductor is pulled through with the pulling-in line. 
In most light-commercial jobs, No. 12 or No. 14 wire can be 
pulled with just a fish tape. 

Attaching the Fish Tape

A lot of care should be taken when attaching the conductor 
to either the fish tape or, when the need arises, the pull-
ing-in line. You’ll find it an annoying loss of time if you’re 
pulling wire and the connection between the pulling-in line 
and the conductor breaks. In order to make a strong connec-
tion, about six inches of the conductor insulation should be 
stripped. The conductors are then tied to the hook section  
of the wire in a long, tapered tight knot. You can use some 
plastic electrical tape to smooth out the knot and cover all 
wire irregularities.

You can also use a flexible metal basket grip, known as a 
pulling grip or pulling sock. These are available in many sizes. 
The grip is fastened to the end of the fish tape, and the con-
ductor is then inserted into the grip. As you pull, the basket 
grip tightens; the harder you pull, the tighter it gets.

Feeding Conductors into Conduit

As the conductor itself is fed into the conduit, the feed should 
be slow enough for you to notice if the conductor starts 
twisting. The wire can be weakened if it’s twisted too much. 
In addition, if the conductors cross over each other, they’ll 
bunch up and block the conduit. These problems are to some 
extent avoidable if two people work on a wire pull together.
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There are a couple of things you can do to make a wire-pull 
easier. Make sure the inside of the conduit is clean and dry. 
The inside of the conduit is designed to allow the conduc-
tors to slide through with a minimum amount of resistance, 
but sometimes a little extra help is necessary. Wire lube, also 
known as pulling soap, is a liquid paste that’s spread on the 
conductor being fed into the conduit. The wire lube is a paste 
that dries into a nonconductive slippery powder and makes 
any subsequent conductor feedings or withdrawals easier. 
Wire lube also retards corrosive effects. If wire lube isn’t avail-
able, common dish soap is sometimes substituted, but it must 
be cleaned off after the wires are pulled since it doesn’t dry 
and may remain conductive.

As an example, let’s consider the installation of service 
entrance cables into the service entrance stack. The service 
entrance conduit will contain two ungrounded wires and a 
neutral. The neutral is an insulated wire with white insulation. 
Both of the ungrounded wires may be black, but it’s usual 
for one to be black and the other red or blue. However, heavi-
er-size wires come only with black insulation. Cut three wires 
about 3 feet longer than the distance from the meter socket 
to the service entrance head, and then three more lengths to 
reach from the meter socket to the panelboard. Remember to 
allow length to reach the connections within the panelboard. 
Always leave an excess amount of wire. Extra wire can be cut 
off, but when conductors are even 1 inch too short, the entire 
length must be replaced.

Remove the covers from the entrance ell and the service 
entrance head. Occasionally, the wires can be pushed from 
the service entrance head to the meter socket and from the 
meter socket to the panelboard. At the entrance ell the bend 
is sharp, but with a little effort the wires can be worked 
around the corner. Pulling is easier if a fish tape is used. The 
fish tape is placed into the conduit, and then the wires are 
fastened to it. The connection of the wires should be small 
and without unnecessary bulk. Keep the wires parallel with-
out twists as they’re pulled into the conduit by the fish tape. 
The wires may be connected to the terminals in the meter 
socket. Next, the entrance ell cover is replaced. At the service 
entrance head, feed each wire through a separate hole in the 
insulating block and replace the service entrance head cover.
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The wiring of the mast-type riser is the same as that of a reg-
ular conduit service entrance.

Now, take a few minutes to review what you’ve learned by 
completing Self-Check 4. 

When you feel confident that you understand the material 
in this study unit, log in to your Student Portal to take your 
exam. Please submit your exam online for feedback prior to 
moving to the next lesson

Self-Check 4

 1.  What’s the CSA of a cable with an outside diameter of 0.75 inch?

  __________________________________________________________

 2.  What’s the CSA of 3/4-inch EMT?

  __________________________________________________________

 3.  What’s the maximum usable CSA of 3/4-inch EMT if four wires are to be run?

  __________________________________________________________

 4.  Is the EMT in a wiring system supposed to conduct the system current?

  __________________________________________________________

  __________________________________________________________

 5.  (a) When would chain be used for a fishing wire? 

  __________________________________________________________

  (b) Why is chain used in this case?

  __________________________________________________________

Check your answers with those on page 77.
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Self-Check 1

 1. The three main types of conduit discussed in this text 
are rigid-metal conduit, electrical metallic tubing, and 
intermediate metallic conduit. Other types you may  
use are flexible conduit, rigid plastic conduit, and  
plastic-coated conduit.

 2. The largest trade size of EMT is 4-inch.

 3. Either threaded or threadless fittings can be used  
with IMC.

 4. The flexible conduit must be a liquid-tight type to be 
used in a wet location.

 5. A raceway is any channel designed expressly for the  
purpose of holding electrical conductors.

 6. Rigid-metal conduit and IMC come with one coupling  
per 10-ft length of conduit.

 7. EMT is also called thinwall conduit.

 8. Three types of threadless fittings are set-screw,  
compression, and indenter types.

 9. Threadless fittings are classified as concrete-tight or 
rain-tight.

10.  It has a thicker wall than EMT and a thinner wall than 
rigid-metal conduit.

11. IMC, EMT without any protection, and rigid-metal con-
duit can be buried at depths greater than 18 inches 
under the fill, but not in the fill.

Self-Check 2

 1. When rigid-metal conduit is used, it can be supported at 
intervals up to 20 feet each for a vertical riser and at the 
intervals shown in Table 2 for horizontal runs.

 2. No more than 75 percent of the cross-sectional area of a 
conduit body can be filled.

 3. The factor that determines the minimum size of conduit 
is the conductor fill.
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 4. A good ground connection is made by using two lock-
nuts, one on each side of the knockout.

 5. The maximum distance any size of EMT can be  
supported at is 10 ft.

 6. A connector is used to attach one piece of conduit to an 
outlet box, and a coupling is used to connect two pieces 
of conduit together.

 7. A locknut is curved so that it will dig into a panel and 
provide a good ground.

 8. A conduit body is a separate part in a conduit system 
that has a removable plate that provides access to the 
conduit system.

 9. The service entrance head must be at least one foot 
above the service bracket.

10. The styles of available nipples are short, close, and long 
or meter service.

11. Conductor fill is the percent of the conduit’s interior 
cross-sectional area filled with conductors.

12. (a) No.

   (b)  The seven bends add up to 405°, which is greater 
than the 360° of total bends allowed.

Self-Check 3

 1. A one-shot bend is a bend that has been formed by one 
continuous motion of the bender.

 2. The minimum bending radius for conduit depends on the 
size of conduit being used and the type of wire that will 
be run.

 3. The bend you should probably use for passing over an 
obstacle like a pipe is the three-bend saddle.

 4. From the center of an imaginary circle whose circumfer-
ence just touches the inside edge of the conduit bend

 5. The 90° take-up for 1-inch EMT is 8 inches. The rise 
equals the take-up plus the stub length, so the total is 
16 inches.
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 6. The 90° gain for 1-inch EMT is 4 inches.

 7. One saddle bend would require 360° of bends, so the run 
could have no other bends.

Self-Check 4

 1. CSA = 0.785 3 D2 = 0.785 3 0.752 = 0.44 in2

 2. CSA = 0.785 3 D2 = 0.785 3 0.8242 = 0.533 in2

 3. 0.213 in2 as found in the 40 percent column of Table 12

 4. No, the EMT must furnish a complete grounding  
circuit, but only the wires in the system are to carry  
system current.

 5. (a) Chain is used for fishing wires for a vertical run. 

  (b)  Chain makes noise, and the end of it can be readily 
located. Also, gravity prevents the chain from  
bunching up.


