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emt bending cheat sheet is your ultimate guide to mastering the art of electrical metallic tubing (EMT)

bending. This comprehensive resource delves into the fundamental principles, essential tools, and

practical techniques required for achieving accurate and compliant bends. Whether you're a seasoned

electrician or a budding apprentice, understanding EMT bending is crucial for efficient and safe
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electrical installations. This article will cover everything from basic bend types like stub-ups and offsets

to more complex calculations, troubleshooting common issues, and best practices for ensuring quality

workmanship. Prepare to elevate your skills with our in-depth exploration of EMT bending, ensuring

your projects meet all industry standards and electrical code requirements.
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What is an EMT Bending Cheat Sheet?

An EMT bending cheat sheet is a concise and readily accessible reference tool designed to simplify

the often intricate process of bending electrical metallic tubing (EMT). It typically compiles essential

formulas, common bend measurements, conversion charts, and step-by-step guides for various types

of bends. The primary purpose of an EMT bending cheat sheet is to provide electricians with quick

access to the critical information needed to perform accurate bends without having to memorize

complex calculations or consult extensive manuals on-site. These sheets are invaluable for ensuring

that EMT conduit is installed correctly, adhering to specific project requirements and electrical code

standards, thereby enhancing efficiency and minimizing errors in electrical wiring installations.

Why is an EMT Bending Cheat Sheet Essential for



Electricians?

The utility of an EMT bending cheat sheet for electricians cannot be overstated. In the fast-paced

environment of electrical work, precision and adherence to specifications are paramount. An EMT

bending cheat sheet serves as a vital resource, enabling electricians to consistently achieve the

correct bend angles and measurements, which is crucial for proper conduit routing, fitting connections,

and overall system integrity. Without this handy reference, electricians might resort to guesswork,

leading to wasted material, increased labor time, and potentially non-compliant installations.

Furthermore, understanding bend deductions and take-up values, readily available on a cheat sheet,

prevents issues like conduit not reaching junction boxes or shorting connections. It empowers

electricians to work more efficiently, safely, and professionally, making it an indispensable tool in their

professional arsenal.

Essential Tools for EMT Bending

Mastering EMT bending requires a specific set of tools, each playing a critical role in achieving

accurate and compliant bends. The quality and proper use of these tools directly impact the outcome

of the bending process. Having the right equipment not only saves time but also ensures the longevity

and safety of the electrical installation.

The EMT Bender

The primary tool for bending EMT is the conduit bender, often referred to as a hand bender. These

come in various sizes, typically designed for specific conduit diameters (e.g., 1/2-inch, 3/4-inch, 1-

inch). Key features to look for include a well-marked bending indicator, a sturdy hook, and a solid

handle. The bender has a shoe that cradles the conduit and a head that guides it through the bending

process. Understanding the markings on the bender is essential for achieving precise angles.



Measuring Tools

Accurate measurements are the bedrock of precise EMT bending. Electricians rely on several

measuring tools:

Tape Measure: For determining the length of conduit needed and the distances for offset and

saddle bends.

Level: Crucial for ensuring that bends, particularly 90-degree bends and stub-ups, are perfectly

vertical or horizontal.

Marker or Pencil: To mark the conduit at the precise points where bending should begin and

end, based on calculations.

Accessories and Safety Gear

Beyond the bender and measuring tools, a few other items contribute to efficient and safe EMT

bending:

Work Gloves: To protect hands from sharp edges and provide a better grip.

Safety Glasses: To shield eyes from debris or potential mishaps.

Chalk Line: Useful for marking longer runs or ensuring straightness across multiple bends.

Pipe Wrench or Vise Grips: Can sometimes be used for extra leverage or to hold conduit steady,

though care must be taken not to damage the conduit.



Understanding EMT Bending Fundamentals

Successful EMT bending hinges on a solid grasp of fundamental concepts that dictate how the conduit

will deform during the bending process. These concepts ensure that the final bent conduit fits perfectly

into its intended space and connects seamlessly with fittings. Ignoring these principles often leads to

errors in measurement and alignment.

Center-to-Center Measurements

This refers to the distance between the centers of two bends when they are made in the same piece

of conduit. Understanding how bends affect the overall length of the conduit run is critical for planning.

This measurement is particularly important when making back-to-back bends or when trying to fit

conduit through specific openings.

Take-Up

Take-up is the amount the conduit is shortened by a bend. It's the distance from the desired bending

point on the conduit to the actual point where the bend starts to form. Every bender and conduit size

has a specific take-up value. This value is crucial for calculating where to place your foot or mark the

conduit for a precise bend, especially for 90-degree bends.

Gain

Gain is the theoretical length of conduit that is "gained" by bending it. For a 90-degree bend, it's the

difference between the hypotenuse of the triangle formed by the offset and the actual length of the

bent conduit. This concept is fundamental when calculating offset bends, ensuring the conduit travels

the correct diagonal distance while staying level at both ends.



Setback

Setback is the perpendicular distance from the starting point of a bend to the end point of the bend. In

simpler terms, it's the horizontal or vertical distance the conduit needs to travel before it makes its

bend. Accurate setback measurements are essential for all types of bends, especially offsets and

saddles, to ensure the conduit aligns with boxes, equipment, or other conduits.

Deduction

Deduction, also known as shrinkage or bend radius, is the amount of length "lost" from the outside of

the bend. It's the difference between the length of the conduit before bending and the length after

bending. This value is closely related to the take-up and is essential for calculating the total length of

conduit needed for a run, particularly when making multiple bends.

Common EMT Bending Techniques

Electricians frequently employ several standard bending techniques to route EMT conduit effectively

and safely. Each technique addresses specific installation challenges and requires a precise

understanding of the bending tools and calculations.

The Stub-Up Bend

A stub-up bend is a 90-degree bend used to bring conduit vertically from a horizontal run, typically to

terminate in an electrical box or junction. The bend needs to be precisely placed to align with the

knockout of the box. The key challenge is accurately calculating the starting point of the bend to

ensure the conduit ends flush with the box opening after the bend is made.



The 90-Degree Bend

This is perhaps the most fundamental EMT bend. It’s used to change the direction of conduit by

exactly 90 degrees. Achieving a perfect 90-degree bend requires accurate marking of the conduit,

correct placement on the bender, and consistent pressure. Over-bending or under-bending can cause

significant problems for subsequent connections and the overall conduit run.

The Offset Bend

An offset bend is used to make two parallel bends in a conduit, typically to navigate around an

obstruction or to raise or lower a conduit run slightly while maintaining its overall parallel alignment. It

involves two bends, usually 30 degrees each, made in opposite directions. The calculation for an offset

bend involves determining the setback and the desired gain, ensuring the conduit remains level at both

ends.

The Saddle Bend

A saddle bend is used to transition conduit over another conduit or pipe. It involves three distinct

bends: two equal bends on either side of a central, inverted "saddle" bend. The most common saddle

bend is a 45-degree saddle, which involves two 22.5-degree bends. Accurately calculating the center

point and the angles for a saddle bend is crucial for a neat and functional installation.

The Back-to-Back Bend

This technique involves making two 90-degree bends in the same direction, back-to-back, without any

straight conduit between them. It's commonly used to turn a corner in a conduit run or to make a

specific transition. The key to a successful back-to-back bend is to correctly calculate the starting point

for the second bend, taking into account the take-up of the first bend and the desired overall angle.



Calculating EMT Bends: Formulas and Examples

Accurate calculations are the cornerstone of professional EMT bending. These calculations ensure that

conduit runs meet their intended endpoints and align perfectly with boxes and fittings. Different bends

require specific formulas to account for the conduit's deformation during bending.

Calculating for a Stub-Up

For a stub-up bend, you need to determine where to start bending the conduit so that after the 90-

degree bend, the end of the conduit is at the correct height, typically flush with an electrical box. The

primary calculation involves the bender's take-up value. The formula is generally: Mark Location =

Desired Height - Take-Up.

For example, if you need a stub-up to a box that is 4 feet (48 inches) from the floor and your bender's

take-up for 1/2-inch EMT is 5 inches, you would mark the conduit 48 - 5 = 43 inches from the end.

Then, you bend at that mark.

Calculating for a 90-Degree Bend

When making a simple 90-degree bend, the goal is to have the end of the conduit land at a specific

point after the bend. This involves using the take-up value to determine the starting mark. The formula

is: Bend Mark = Desired Distance - Take-Up. The result is where you place your foot on the bender or

make your mark on the conduit.

For instance, if you need the end of the bent conduit to be 10 inches from the starting point of the

bend, and the take-up is 5 inches, you would mark the conduit 10 - 5 = 5 inches from where the bend

is intended to start.



Calculating for an Offset Bend

Offset bends are more complex, involving two 90-degree bends to shift the conduit by a specific

amount (the setback) while maintaining a parallel run. The calculation involves trigonometry,

specifically the sine function. The formula for determining the bending angle (θ) is: sin(θ) = Setback /

Distance Between Bends. The conduit is bent at this angle, and the bends are made at equal

distances from the center point of the offset.

A common scenario is a 30-degree offset. If you need to move the conduit up by 2 inches over a

distance of 4 inches (meaning the two bends are 4 inches apart center-to-center), you'd calculate the

angle. However, often a cheat sheet will provide pre-calculated values for common angles like 30

degrees. For a 30-degree offset, the formula for the offset distance (or setback) based on the distance

between bends (D) is: Offset = D sin(30°). For example, if D = 4 inches, the offset is 4 0.5 = 2 inches.

The marks for the bends would be made at 2 inches from the center of the offset on either side.

Calculating for a Saddle Bend

A saddle bend allows conduit to pass over another object. A common type is a 45-degree saddle,

which consists of two 22.5-degree bends. The calculation involves determining the "gain" provided by

the saddle bend. For a 45-degree saddle, the formula for the gain (G) is related to the conduit

diameter (d) and the bend radius (R): G = 2 R (1 - cos(22.5°)).

Alternatively, for simpler 45-degree saddles, a common rule of thumb or cheat sheet value is that the

total length of the bent conduit is approximately 1.08 times the straight-line distance it covers. To

calculate the starting points for the bends, you would typically mark the conduit based on standard

saddle bend charts that account for the conduit diameter and the desired degree of the saddle.

Using an EMT Bending Cheat Sheet Effectively

An EMT bending cheat sheet is only as effective as the user's ability to interpret and apply the

information it contains. Proper usage ensures accuracy and efficiency on the job site, turning a



potentially complex task into a manageable one.

Identify the Bend Type: First, determine which specific bend you need to make (stub-up, offset,

saddle, etc.).

Note Conduit Size: Ensure the cheat sheet provides data for the specific EMT diameter you are

working with (e.g., 1/2", 3/4", 1").

Locate Relevant Data: Find the section on the cheat sheet pertaining to your bend type and

conduit size. Look for information like take-up values, multipliers, or pre-calculated setback

distances.

Measure Accurately: Use a reliable tape measure to mark the conduit at the calculated distance

from your reference point.

Align Bender Markings: Place the bender on the conduit, aligning the appropriate marking on the

bender with your mark on the conduit. This is crucial for achieving the correct angle.

Apply Consistent Pressure: Use steady, even pressure to operate the bender. Avoid jerky

movements, which can lead to kinks or inaccurate bends.

Check Against Cheat Sheet: After making the bend, compare your result with what the cheat

sheet suggests for accuracy. For example, check if the stub-up height is correct or if the offset

maintains the desired parallel alignment.

Practice: Familiarize yourself with the cheat sheet's layout and terminology by practicing on

scrap pieces of conduit.



Troubleshooting Common EMT Bending Problems

Even with the best cheat sheets and tools, electricians can encounter issues during EMT bending.

Knowing how to identify and resolve these common problems is key to maintaining quality and

efficiency.

Kinking

Kinking occurs when the conduit flattens or buckles during a bend, creating a sharp crease. This

usually happens when too much pressure is applied too quickly, or if the bender is not properly aligned

with the conduit. To avoid kinking, ensure the conduit is fully seated in the bender's shoe, apply steady

pressure, and do not force the bend. If a kink occurs, the section may need to be replaced.

Wrinkling

Wrinkling is characterized by small, undesirable ripples on the inside of the bend. This is often a result

of bending too slowly or using a bender with worn-out parts. While sometimes minor wrinkling is

acceptable, excessive wrinkling can weaken the conduit. Using a conduit bender with a proper shoe

design and applying consistent, firm pressure can help prevent this.

Over-bending

Over-bending means the bend angle is greater than intended. This can happen if too much force is

applied or if the initial mark is miscalculated. Over-bending can lead to the conduit not fitting correctly,

making connections difficult, or violating code if the angle is significantly off. Always double-check your

measurements and use the bender's markings to guide the bend to the precise angle.



Under-bending

Conversely, under-bending occurs when the bend angle is less than desired. This is typically due to

insufficient force or misreading the bender's markings. Under-bending can result in conduit not clearing

obstacles or not aligning properly with boxes. Ensure you are applying enough pressure and that the

bender's indicator is correctly aligned with your mark.

Incorrect Measurements

Human error in measuring is a frequent cause of bending problems. Whether it's a misread tape

measure, an incorrectly marked conduit, or a calculation error, the result is a bend that is out of spec.

Always measure twice, mark clearly, and reconfirm calculations before bending. Using a cheat sheet

with pre-calculated values can reduce the chances of mathematical errors.

Tips for Achieving Precision EMT Bends

Achieving perfectly formed EMT bends consistently requires attention to detail and adherence to best

practices. These tips, often summarized on a good EMT bending cheat sheet, can significantly improve

the quality of your work.

Use the Right Bender: Ensure your bender is designed for the specific EMT size you are working

with. Bender shoes are contoured for different conduit diameters.

Know Your Bender's Take-Up: Every bender has a unique take-up value for each conduit size.

Refer to the bender's manual or a cheat sheet for this crucial number.

Mark Clearly: Use a sharp marker or pencil to make precise marks on the conduit. Double-check

your measurements before marking.



Align Bender Markings: Match the appropriate marking on the bender (often an arrow or notch)

with your mark on the conduit. This is critical for achieving the correct angle.

Maintain Consistent Foot Pressure: Apply steady, even pressure with your foot on the bender

handle. Avoid rocking or jerking the bender.

Keep Conduit Level: When making bends like stub-ups or offsets, use a level to ensure the

conduit is perfectly vertical or horizontal before and after bending.

Don't Over-Bend: For 90-degree bends, stop precisely when the bender's indicator reaches the

desired mark. Over-bending can compromise the bend.

Understand Gain and Setback: For offsets and saddles, a clear understanding of these

measurements, as provided by a cheat sheet, is vital for accurate routing.

Use a Star or Arrow for 90-Degree Bends: Most benders have a "star" or "arrow" marking

corresponding to a 90-degree bend. Align this with your initial mark.

Practice Makes Perfect: Spend time practicing on scrap conduit to get a feel for the bender and

the techniques.

EMT Bending and Electrical Code Compliance

Adherence to electrical codes, such as the National Electrical Code (NEC) in the United States, is not

just a suggestion but a requirement for safe and reliable electrical installations. EMT bending plays a

significant role in ensuring compliance.



Minimum Bend Radius: The NEC specifies minimum bend radii for conduit to prevent damage

and allow for wire pulling. Using an EMT bending cheat sheet that incorporates these radii helps

ensure compliance. Bends that are too tight can damage the wire insulation during installation or

future maintenance.

Number of Bends: The NEC limits the total number of bends between pull points to typically no

more than four 90-degree bends. Exceeding this limit can make pulling wires difficult or

impossible. Understanding how different bend types contribute to this count is important.

Offset and Saddle Bend Limitations: While the NEC permits offsets and saddles, it does place

limits on their degrees to ensure that they do not impede wire pulling. Cheat sheets often

provide guidance for common offsets and saddles that fall within these limits.

Protection of Conductors: Proper bending ensures that the EMT provides adequate physical

protection for the conductors within, preventing abrasion or crushing. Kinked or deformed conduit

compromises this protection.

Grounding and Bonding: While not directly a bending issue, properly installed EMT contributes to

the grounding path. Any damage to the conduit during bending could potentially affect the

integrity of the grounding system.

Advanced EMT Bending Techniques and Considerations

Beyond the basic bends, experienced electricians often employ more advanced techniques and

consider specific factors for complex installations. These might involve creative solutions for routing

conduit in tight spaces or meeting specific aesthetic requirements.



Concentric Bends: These are multiple bends made around the same center point, often used

when conduit runs closely parallel. Achieving precise concentric bends requires careful

calculation of the take-up for each bend.

Custom Offset Degrees: While 30-degree offsets are common, electricians may need to create

offsets with different angles to precisely navigate obstructions. This requires using trigonometric

functions or specific offset multipliers found on advanced cheat sheets.

Stub-Ups to Multiple Boxes: When running conduit to several boxes at slightly different heights

or positions, precise stub-up calculations are crucial to ensure all connections are clean and

accessible.

Using Offset Multipliers: Many cheat sheets provide offset multipliers for common angles. For

instance, a 30-degree offset multiplier is typically 2.0. If you need to move a conduit up 3 inches

(the offset), the distance between your bend centers will be 3 inches 2.0 = 6 inches.

EMT Bending Software: For highly complex projects, specialized software can assist with conduit

bending calculations, often providing 3D visualizations and precise measurements. While not a

physical cheat sheet, these digital tools serve a similar purpose of simplifying complex

calculations.

Specialty Bender Shoes: Some manufacturers offer specialty bending shoes or accessories that

can aid in making specific types of bends or working with different conduit materials, though the

focus here is primarily on EMT.

Where to Find Reliable EMT Bending Cheat Sheets

Finding a dependable EMT bending cheat sheet is essential for accurate electrical work. These



valuable resources can be sourced from various places, ensuring you have the information you need

at your fingertips.

Tool Manufacturers: Companies that produce electrical tools, particularly conduit benders (e.g.,

Klein Tools, Ideal Industries), often provide comprehensive bending guides or cheat sheets with

their products or on their websites.

Electrical Supply Houses: Your local electrical supply distributor is a prime location to find free or

low-cost cheat sheets, often provided by tool manufacturers or industry associations.

Online Electrical Forums and Websites: Many online communities and educational websites

dedicated to the electrical trade offer downloadable EMT bending cheat sheets, often with user-

submitted tips and explanations.

Professional Organizations: Organizations like the National Electrical Contractors Association

(NECA) may provide resources or direct members to reliable cheat sheets and training materials.

Apprentice Training Programs: Electrical apprenticeships and trade schools are excellent sources

for learning how to use and where to find accurate bending charts and cheat sheets.

Mobile Applications: In the digital age, there are also numerous mobile apps available that

function as EMT bending calculators and cheat sheets, offering portability and quick access.

Frequently Asked Questions

What are the most common EMT bending terms I should have on my



cheat sheet?

Key terms include: Radius (R), Setback (SB), Offset, Stub-up, Kick, Arrow, Saddle, Outside Bend,

Inside Bend, and Center of Bend.

Which conduit types are most crucial for an EMT bending cheat sheet?

Focus on EMT (Electrical Metallic Tubing) as it's the primary type. You might also include notes on

IMC (Intermediate Metal Conduit) and Rigid Metal Conduit (RMC) if your work often involves them, as

their bending rules can differ slightly.

What are the essential formulas or rules of thumb for EMT bending I

need to know?

Key formulas include: calculating the gain for bends (especially 4-point saddles and offsets), and

understanding how to use the bend multiplier for different degree bends. Rules of thumb include the

'deduct-a-dimension' for marking conduit and remembering that the centerline of the conduit is used for

most calculations.

What are the practical tips or common mistakes to avoid that belong

on an EMT bending cheat sheet?

Include tips like: ensure your bender is level, use the correct notch for the conduit size, always account

for the bender shoe's radius, and double-check your measurements before bending. Common

mistakes to avoid are over-bending, under-bending, kinking the conduit, and not accounting for take-

up.

How can an EMT bending cheat sheet help me improve my efficiency

and accuracy on the job?

A cheat sheet provides quick access to crucial measurements, formulas, and bending rules, reducing

the need to rely on memory or complex calculations. This leads to faster bends, fewer errors, reduced



material waste, and a more professional finish to your installations.

Additional Resources

Here are 9 book titles related to EMT bending, with descriptions:

1. The EMT Bender's Essential Guide

This book serves as a comprehensive manual for anyone learning the art of EMT conduit bending. It

breaks down the fundamental principles, terminology, and safety practices involved in creating

accurate bends. Readers will find detailed explanations of common bends like offsets, saddles, and

three-point bends, along with troubleshooting tips. The guide is perfect for apprentices, journeymen,

and even experienced electricians looking to refine their skills.

2. Inside the Bend: Mastering EMT Fabrication

Delving deeper than a simple cheat sheet, this publication explores the nuances of EMT bending for

intricate electrical installations. It focuses on achieving precise angles and consistent results, essential

for professional appearances and functional conduits. The book covers advanced techniques for

navigating complex raceways and overcoming challenging physical obstructions. It's an ideal resource

for electricians working on demanding commercial or industrial projects.

3. From Blueprint to Bend: Practical EMT Techniques

This title bridges the gap between theoretical knowledge and practical application in EMT bending. It

emphasizes understanding electrical schematics and translating them into accurately bent conduit

runs. The book offers step-by-step instructions for various bending scenarios, often illustrated with

clear diagrams and real-world examples. It's designed to build confidence and efficiency for electricians

in the field.

4. The Electrician's Pocket Companion: EMT Bending

This compact and portable book is designed for quick reference on the job site. It functions as a

condensed cheat sheet, providing essential formulas, common bend measurements, and handy

conversion charts for EMT bending. The focus is on accessibility and immediate utility, allowing



electricians to quickly access the information they need without carrying larger manuals. It’s an

indispensable tool for on-the-go problem-solving.

5. EMT Bending Secrets Revealed

This book aims to unlock the "secrets" behind consistently perfect EMT bends. It delves into the

physics of bending, explaining how different conduit sizes and wall thicknesses affect the process. The

author shares insider tips and tricks accumulated over years of experience to achieve flawless results.

For those who want to move beyond basic proficiency and achieve mastery, this book offers invaluable

insights.

6. Conduit Craftsmanship: A Guide to EMT Bending

This publication elevates EMT bending to an art form, emphasizing the importance of clean,

professional-looking conduit runs. It provides detailed instructions on creating aesthetically pleasing

and functional bends that meet stringent electrical code requirements. The book covers the proper use

and maintenance of bending tools, ensuring longevity and accuracy. It’s for electricians who take pride

in their work and aim for excellence in every installation.

7. The Bend-It Right Manual: EMT Fundamentals

This straightforward manual covers the absolute fundamentals of EMT conduit bending, making it

perfect for beginners. It systematically introduces the basic tools and their operation, along with the

most common types of bends encountered in electrical work. The book provides clear, easy-to-follow

instructions and visual aids to help new electricians grasp the core concepts quickly. It's an excellent

starting point for anyone entering the electrical trade.

8. Precision Bending for Electricians: EMT Edition

This title focuses on achieving high levels of precision in EMT bending, a crucial skill for many

electrical applications. It details the techniques required for accurate measurements, proper marking,

and consistent bend degrees, especially for complex layouts. The book also addresses how to avoid

common errors that lead to wasted material and time. It's a valuable resource for electricians who

demand accuracy in their work.



9. EMT Bending Simplified: Your Quick Reference

As the name suggests, this book aims to simplify the often-intimidating process of EMT bending into

easily digestible information. It functions as a quick reference guide, offering clear explanations of

essential bending concepts and practical solutions to common challenges. The content is designed to

be easily understood and applied by electricians at all levels. It's a no-nonsense approach to mastering

EMT bends efficiently.
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