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Week  2

Chapter  18:  Stair Construction

The textbook for this course is: Modern Carpentry, Essential Skills for the Building Trades. By Willis H. Wagner and Howard Bud Smith, Published by the Goodheart-Willcox Company Inc., Tinley Park, Illinois (2008) ISBN 978-1-59070-648-0
The second half of this textbook will be covered in this course with the first half of the textbook covered in Construction Technology I.  

Please Read Chapter 18 from pages 597-618 in Modern Carpentry, Essential Skills for Building Trades by Willis H. Wagner and Howard Bud Smith.

Introduction

This chapter introduces us to the science of constructing stairs. The history of stairway construction is filled with elaborate styles, shapes, and designs. Modern construction was typically marked by very simple stairways. Current construction involves a return to the elaborate designs of yesteryear. This textbook covers stairways from the simple set-up and design all the way up to very beautiful and artistic geometries, designs, and styles.

The International Residential Code makes sure that stairwells are constructed for safety. If treads are too narrow or if the riser heights are too high it would be easy to fall going up or down a set of stairs. The IRC establishes minimal rules for building safe stairs.

The IRC requires that a tread is never less than 10 inches wide. Men and women both have a larger shoe size, on average than people who lived 100 years ago. We need a tread where most people's shoes will fit comfortably onto the tread. The 10 inch rule is a minimum width, and many builders use a wider tread to make the stairs easier for older people, disabled people, or really big people to have plenty of room to set their foot on the tread.

The IRC requires that a riser is never more than 7 3/4 inches high. Any riser height more than 7 3/4 inches tall might be difficult for an older person, disabled person, or small person to lift their foot that high. It is especially difficult for an older person to lift the foot time after time when ascending the stairs.

Many states still use the 8 1/4" riser height and the 9" tread width rules.

When this author builds, I use 2" x 12" lumber for building the stair jacks and for the treads of the stairs. I like a stair geometry of 5 1/2 inch riser heights and an 11 1/4" tread width. This stair geometry is easy to use for all people. The stairs are easier to climb and there is a broad base to set your foot on. Older people can easily lift their foot 5 1/2 inches and the wide tread gives much more stability.

There have been many ergonomic studies about stairwell safety.  The conclusion of one of those studies was that when moving from the 8 1/4" x 9" geometry to the 7 3/4" x 10" geometry there would be 30% fewer injuries/falls on the stairwell.

The IRC requires that stairwells are a minimum 36 inches wide for emergency movement out of the house. Handrails must be continuous the entire length of the stairs, so a person can hold on the whole way up or down the stairs. When a handrail is added, the stairs must be 31 1/2 inches wide (minimum) from the face of the handrail to the opposite wall. When handrails are positioned on both sides of the stairwell, then the stairs must be 27 inches wide when measured from one face of the handrail to the other. Keeping the stairwell nice and wide will make it easy for a firefighter to get up the stairs in case of a fire or plenty wide for people to move down the stairwell and out of the building. All landings must be at least 36" x 36" for the same reason.

Spindles must be placed so that the opening between them is less than 4 inches. This is done so that children do not slip their heads between the spindles, turn their head and then choke. All spindles must be placed in a vertical layout (not horizontal). If protective side rails are positioned horizontally, children could then use the rails as a ladder and climb up onto the top rail and then fall over the edge of the stairs. Railings must be at least 36 inches of finished height.

The safe travel up or down the stairs is very important. Our textbook will show us the different configurations of stairwells, how to build the stair jacks, and how to complete a code-compliant set of stairs.  The contractor who builds stairs needs to be a skilled fine carpenter, a math whiz, a safety cop, and an artist.  See Figure 18-1.

18.1 Types of Stairs

At the beginning of this chapter is a list of terms related to stair construction.  Be sure you know those common industry terms.  There are two stair categories: service stairs and main stairs.  Either type may be closed, open, or a combination.  See Figure 18-2.  The type of stairs may be straight run, platform, or winding.  Be sure you understand these terms. 

Platform type stairs include landings where the direction of the stair run is usually changed. Many terms are used to describe these stairs.  Figure 18-3 will familiarize you with the descriptive terms used for platform stairs.  Split-level houses with short and straight runs are used.  The next level of living area comprises the landing.  The stairs are usually located so that the stair directly above provides headroom.    See Figure 18-4. Have you ever hit your head climbing stairs?

A straight run stairway is continuous without landings from one floor to the next and is the easiest to build.  A long stairwell is required to provide headroom.  This can be a challenge in small structures and a long run of stairs can also be tiring to climb with no landing to stop and rest.

Winding stairs are also called geometrical.  They are circular or elliptical, gradually changing directions as they ascend.  These are difficult to build and often expensive because walls may need to be curved, making them a feature in high-end homes.

18.2 Stair Parts

Stairs are sets of risers and treads supported by stringers.  See Figure 18-5. The relationship between the riser height (unit rise) and tread width (unit run) determines how easy the stairs are to climb (and requires good math to figure out the right proportions based on the height from one floor to the next and the length of room allowed for the stairwell).  Be sure to read the author’s introduction above concerning this relationship.  Headroom is measured from a line along the front edges of the treads to the enclosed surface or header above.  All of these measurements and ratios are usually specified in the building code.  Remember though, just because a certain standard is required by the code, it may not be the best standard for the comfort of the people in the home.  The building code provides minimum standards.  Often we want more than just the minimum in quality construction - in all aspects of building.

18.3 Stairwell Framing

Determining when to begin stairway construction varies from one builder to another.  See Figure 18-6.  No matter when stair work begins, the rough opening for the stairwell must be carefully laid out and constructed.  Some architectural drawings will include dimensions and details, and sometimes the builder must make the calculations themselves, being sure to follow recognized standards and code requirements.  Read this section to learn more about framing a stair well including making sure there is enough headroom.  See Figure 18-7.

18.4 Stair Design

The most important thing in designing a set of stairs is the mathematical relationship between the riser and tread.  There are three generally accepted ratios and the wise builder will adhere to them:

1. The sum of two risers and one tread should equal 24-25”.
2. The sum of one riser and one tread should equal 17-18”.
3. The height of the riser times the width of the tread should equal 70-75”.

Building codes change at least every three years, so be sure you know the current codes regarding stairs.  

A nose (sometimes called a bullnose) is a small extension of the tread to make is look more attractive.  It is extremely important that all treads are the same width and all risers the same height.  Uneven stairs cause falls and extra strain on leg muscles. As stair rise is increased, the run must be decreased.   See Figure 18-8.  Stairs should be wide enough for two people to pass without contact.  If you have ever moved into a house with stairs, you will also appreciate that stairs and landing turns should be wide enough to accommodate furniture.  See Figure 18-9.  Again, code requirements must be followed.  Stairs also need a continuous handrail for safety and convenience.  In a closed stairwell, the support rail is called a wall rail.  A rail on one side is usually sufficient unless the stairs are wide.  Height of the rail is important and also the width of the stairs should take into account the projection of the rails.  See Figures 18-10 through 18-12.

18-5 Stair Calculations

Calculations for building a stairway must be accurate.  The table in Figure 18-13 is useful for managing these calculations.  Software programs can also be helpful.  Even with these aids available, it is good to understand how these calculations are made:

Math Box

To calculate the number and size of risers and treads (less the nosing) for a given stair run, first divide the total rise by 7 (some carpenters use 8).  For example, if the total rise for a basement stairway is 8’-4“ or 100”, the answer will be 14.29.  Since there must be a whole number of risers, select the one closest to 14.29 and divide it into the total rise:
100” divided by 14 = 7.14 or 7 1/64
So the number of risers is 14 and each is a height of 7 1/64”

The number of treads is always one less than the number of risers.  In this example a 10 ½” tread will be used and the total run can be calculated as follows:
Number of treads = 13
Total run = 10 ½ x 13 = 136.5”
Total run = 11’-4 ½”

18.6 Stairwell Length

The length of the stairwell opening must be known during the rough framing.  If not included in the drawings, it can be calculated from the size of the risers and treads.  The headroom must also be known.  Add to this the thickness of the floor structure and divide this total vertical distance by the riser height.  This gives the number of risers in the opening.  When counting down from the top to the tread from which the headroom is measured, there is the same number of treads as risers.  So to find the total length of the rough opening, multiply the tread width by the number of risers.  A scale drawing can be helpful.



18.7 Stringer Layout

Unless you have already had some experience building stairs, this section may be confusing.  Do take time to study it along with Figures 18-14 through 18-16 which may help the information make more sense.  One thing is certain, the layout of the stringer must be perfect or your stairs will not be even and will be uncomfortable to ascend and descend.  Until you have some experience, seek help from a builder who will not only create your stairs but show you how it is done too.  

18.8 Treads and Risers

The thickness of risers and treads varies depending on the codes and type of material used.  If the stairs are not going to be painted or covered with carpet or other type of covering, carefully select lumber for treads and risers that is attractive and matches.  There are different types of riser designs as shown in Figure 18-17.  There are also different methods for attaching the tread to the riser including nails, rabbet and groove joints, glue blocks, and special fasteners.  Stair treads must have a nose which provides toe room, much like a toe space under kitchen cabinets.  The wider the tread, the more the nosing can be decreased.  Basement stairs, and sometimes stairs built for special effect, do not have risers.  Again, there are various methods of support and suspension including custom made metal brackets.  See Figure 18-18.

18.9 Types of Stringers

Treads and risers are supported by stringers.  That is as basic as it gets.  Stringers are solidly attached to the wall or framework of the building.  For wide stairs, a third stringer may be installed in the middle to add extra support.  There are different types of stringers: built-up stringer, cut-out stringer, semi-housed stringer, housed stringer.  Figures 18-19, 18-20, and 18-21 illustrate these stringer types.  There are also definitions in this section for each type.  Study this section and learn to distinguish the different types.  When you are out and about, look at stairs and notice how many variations there are.  When climbing stairs, notice if the treads are wide enough, or the risers too high, or if they are uneven.  The biggest consideration is safety, but in most instances appearance is also a major factor.



18.10 Winder Stairs

Winder stairs present some safety hazards and may not be allowed by local building codes.  When space is very limited, however, winder stairs may be the answer.  Care must be taken to make them as safe as possible including maintaining a winder tread width along the line of travel that is equal to the tread width in the straight run.  The best location for winders is at the bottom of a straight run.   Figures 18-22 and 18-23 show winder stairs layouts.  

18.11 Open Stairs

Stairs that are open on one or both sides will require support for a handrail.  These supports can be decorative.  The assembly of parts is called a balustrade with the principal members:  newels, balusters, and rails.  These are usually made in a factory and assembled on the job site.  The starting newel must be securely attached to the starter step or carried down through the floor and attached to a floor joist.  Balusters are attached to the treads with two or three mounted on each tread.  Spacing of balusters is determined by code to prevent children and others from slipping under the railings or slipping their head between the balusters and then twisting and strangling.  See Figure 18-25.

18.12 Using Stock Stair Parts

Now that we have covered how to build stairs, the usual practice is to use factory-made parts.  These are available in a wide range of sizes and designs.  The stair parts are ordered through lumber and millwork dealers and shipped to the building site in protective cartons with assembly directions.   See Figures 18-26 through 18-30.  Also look at the beautiful prefabricated stairway on page 618.

18.13 Spiral Stairways

Prefabricated metal spiral stairways can solve the problem of putting stairs in a very small space, but they can be very treacherous.  At their maximum size of 30 steps and 22 ½ feet in height, they are very steep.  Codes regarding use of spiral stairways are very strict.  They are especially dangerous when carrying a child or laundry basket, as this author’s sister will be prompt to tell you.  See Figure 18-31.

18.14 Disappearing Stair Units

Disappearing stair units are primarily used for attic storage.  They fold up into the attic space.  They are purchased ready to install.  Did you ever see a comedy movie where someone either got bopped on the head or shut in the attic with this type of stair construct.  They are intended for infrequent use and the climb is very much like that of a ladder.  See Figure 18-32.

Green Box

One concept of green building is called Aging in Place.  Houses are constructed so people can stay in them far into their older years rather than moving into a handicap accessible facility.  AIP homes have wider doorways, safety bars, laundry facilities near the bedroom, lever door handles and many other features.  Many people have difficulty navigating stairs as they grow older. So stairs are a major consideration in AIP homes.  Where stairs are necessary, they can be built with wider treads and shorter risers.  The stairs can be wider to accommodate a stairway lift chair.  Handrails should be on both sides.  Many homes are also now being built with small elevators.

Chapter Summary and Assignments

Read the chapter summary on page 616. 

Please complete the Test Your Knowledge questions on page 616 and check your answers online.  

Then complete the Online Unit Quiz and check your answers online.  Save your responses. These notes will be good review for Exam preparation.

Online Unit Quiz for Chapter 18

For questions 1-10, choose the correct letter from the definition list shown below:

1. Unit run is _____.
2. Unit rise is _____.
3. Tread is _____.
4. Riser is _____.
5. Platform is _____.
6. Total rise is _____.
7. Total run is _____.
8. Stringer is _____.
9. Headroom is _____.
10. Straight run is ______.

Definition list:

A.  The width of a stair tread minus the nosing
B. The height of the stair riser, the vertical distance between two treads
C. Horizontal walking surface of a stair
D. The vertical stair member between two consecutive stair treads
E. The clear space between the floor line and ceiling
F. The carriage
G. A stairway that does not change direction
H. A landing
I. Vertical distance from one floor to another
J. Horizontal distance occupied by the stairs

11. The vertical space above the stair is ________.
a. Total rise
b. Headroom
c. Unit rise
d. Unit run
12. The sum of one riser and one tread should equal ________.
a. 9 to 10 inches
b. 13 to 14 inches
c. 17 to 18 inches
d. 21-21 inches
13. A minimum width of ______ is generally recommended for main stairs.
a. 2 feet 6 inches
b. 3 feet
c. 3 feet 6 inches
d. 4 feet
14. Treads and risers are supported by the ___________.
a. Finish floor
b. Tail joists
c. Headers
d. Carriage
15. The principal members of a(n) ________ are the newel, baluster, and handrail.
a. Balustrade
b. Open stringer
c. Closed stringer
d. None of the above
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