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Week 6

[bookmark: _GoBack]Chapter 22: Chimneys and Fireplaces

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 22 from pages 705 to 720 in Modern Carpentry, Essential Skills for Building Trades by Willis H. Wagner and Howard Bud Smith.

Introduction

In this chapter, we are studying about chimneys and fireplaces which are both functional and decorative inside and outside the home.  Given the number of chimney fires and fireplace problems, such as a room full of smoke and soot, this author is surprised that the text does not discuss safety issues.

The textbook defines a chimney as a vertical shaft that exhausts the smoke and gases from heating units, fireplaces, and incinerators.  Fireplaces used to be the primary heat source but the efficiency was low compared to modern heating systems.  Most of us enjoy the warm atmosphere of a crackling fireplace.  With the rising cost of energy, fireplace design is now much more efficient including glass doors, ductwork, and blowers, to save and circulate the heat.  They may also draw combustion air from the outside.  Fireplaces can be custom built and extravagant or simple prefabricated units that are inexpensive and easy to install.

22.1 Masonry Chimneys

In the next sections, you will learn about masonry chimney and fireplace construction and all the parts of each.  Many measurements are used.  Before building, always check local ordinances and building codes for correct requirements.  Here are some details:

· A masonry chimney has its own footing and is independent of the building structure.
· Footings should extend below the frost line.
· Footings should project at least 6” beyond the sides of the chimney.
· Walls of chimneys with clay flue lining should be at least 4” thick.
· Foundation for chimney may be combined with foundation of the building.
· Size of chimney depends on number, arrangement and size of the flues (vertical openings).
· Flue for a heating plant should have appropriate cross-sectional area and height to create a good draft.
· Chimney must be built high enough to avoid downdrafts.  See Figure 22-1.
· Chimney should extend at least 2’ above any roof ridge that is within a 10’ horizontal surface.
· Combustibles such as framing must be located at least 2” away from chimney.  See Figure 22-2.
· Open spaces can be filled with mineral wood or other non-combustible material.
22.1.1 Flue Linings

Fireclay is usually required for flue linings in masonry chimneys.  They are available in different shapes and sizes.  See Figure 22-3.  The methods of measurement vary for the three types.  Be sure you understand them.  Small and medium flue linings come in two foot lengths.  Flue rings provide a form for the lining.  Unlined fireplace masonry chimneys (walls at least 8” thick) will work well but a glazed flue lining is recommended to reduce the likelihood of pitch and tar accumulation.  These deposits restrict the passage and can lead to a chimney fire.  Connecting a single gas-fired water heater to a furnace flue may be permitted but to not combine larger flues.  If you have ever experienced a chimney fire, it is an experience you will remember for a long time.  It can destroy an entire home.

22.1.2 Construction

For proper strength, chimney footings need to cure for several days.  Be sure all lines are level and plumb.  Each section of flue lining is set in place and then the surrounding part of the chimney wall is built.  The lining serves as a guide for the masonry work.  Flue lining joints are bedded in mortar of fireclay and be sure they are square and plumb.  This sequence is continued up the chimney.  If offsets or bends are needed, miter ends of abutting sections of flue lining to prevent reducing flue area.  Offset should be limited to 60 degrees from horizontal.  Center of gravity of the upper wall must not fall beyond the centerline of the lower wall.  Chimneys may be corbelled to increase size of the upper section just before the chimney projects through the roof.  See Figure 22-4 and be sure you understand this term.  The larger exterior chimney may be more attractive and wind resistant.  Each corbelled course should not exceed a 1” projection.  Final size should be at least 6” below the roof framing.  Roof opening should be made before the chimney is constructed.  Flashing with a corrosion resistant metal prevents water leakage.  The flashing attaches to the roof and extends up the chimney wall.  Cap flashing (counterflashing) is bonded into the mortar joints and then lapped down over the base clashing.  
This would be a good time to review Chapters 10 and 12 on roofing.  

The flue lining should extend at least 4” beyond the top of the chimney.  Put 2” thick mortar around the lining.  Slope the cap so wind currents are directed upward and water drains away.  If the chimney has several flues, each should extend to a different height and be horizontally spaced no closer than 4” apart.

22.2 Masonry Fireplaces

In this section, you will learn the elements (parts) of a fireplace and the construction sequence.  Figure 22-5 is a cutaway view.  The chimney and fireplace together comprise one unit.  The flue may also include a flue for the regular heating system.

22.2.1 Design Details

Figures 22-6, 22-7, and 22-8 show drawings and details for the chimney and fireplace assembly.  The size should be proportional to the room.  A huge fireplace in a small room can be overwhelming to look at and for the heat it puts out.  Cordword is cut in standard 2 foot lengths so the fireplace should be able to accommodate it thus avoiding having to recut it to fit.

22.2.2 Hearth

The hearth, including the front section, must be supported by the chimney.  A form is built first and then filled with reinforced concrete.  A cantilever design is secured by recessing the back edge of the rough hearth into the rear wall of the chimney.  The rear hearth may include an ash pit for cleaning.  This pit consists of a metal frame with a pivoted cover.  A basement ash pit should be tight masonry and include a cleanout door. In slab-on-grade construction, the ash pit may be formed by a raised hearth when the fireplace is located on an outside wall but not where snow may block access.  If no ash pit is included, the rear hearth is lowered so ashes are contained.  See Figure 22-9.

22.2.3 Side and Back Walls

Side and back walls of the combustion chamber extend upward to the level of the damper.  These walls must be lined with firebrick at least 2” thick and set in a special clay mortar that can withstand the heat.  Total thickness of the walls, including the firebrick should not be less than 8”.  Side walls are angled to reflect heat into the room.  This angle is called splay and is usually laid out at 5” per foot.  The back wall rises from the base of a distance slightly less than one half of the opening height, then slopes forward to direct the smoke into the throat and keeps an area clear for the smoke shelf located above.

22.2.4 Damper and Throat

A damper is a venting device in fireplaces used to control combustion, prevent heat loss, and redirect downdrafts.   A throat in a fireplace is the narrowed passage above the hearth and below the damper.  See Figure 22-10.  Notice the upward flow of hot air and smoke from the throat into the front side of the smoke chamber.  The rapid upward passage of hot gases creates a downward current called a downdraft on the opposite side of the flue.  The damper controls this circulation of gases and smoke to keep it from being forced into the room.  Many of us have experienced what happens when a damper is closed.  The damper is installed so that the masonry work above it does not interfere with full operation, including a clearance for expansion.  The highest efficiency of a fireplace occurs when the cross-sectional area of the throat is equal to that of the flue.  The length of the throat along the face of the fireplace is the same as the opening width.  The horizontal space is much less than the flue depth to get the proper cross section.  The parts of the fireplace that we don’t see while we are sitting in front of a nice fire are a complex construction that must be just right or we get smoke in the room and dangerous buildup of creosote in the chimney.

22.2.5 Smoke Shelf and Chamber

The next parts of this complex construction are the smoke shelf which helps the damper change the direction of the downdraft (the deeper the shelf the better the fireplace) and the smoke chamber which is the space extending from the top of the throat up to the bottom of the flue.  The area at the bottom of the chamber is quite large since its depth includes that of the throat plus the depth of the smoke shelf.  This space temporarily holds accumulated smoke if a gust of wind across the top of the chimney cuts off the updraft, preventing smoke from being forced into the room.  Side walls are drawn inward one foot for each 18” of rise and the surfaces of the smoke chamber are plastered with about a ½” thickness of cement mortar.

22.2.6 Flue Size

A flue liner is recommended for chimneys that are at least 20’ high.  For shorter chimneys, a larger flue helps compensate for the lack of height and also compensates for the lower velocity of the upward movement of smoke.  See the Math Box for calculating the ratio of flue size to fireplace opening.

Math Box

Ratios and proportions can be used to compare relationships between numbers.  For example, one method of sizing flues for fireplaces is to allow 13 square inches of flue area for every 1 square foot of fireplace opening.  How would you determine the flue size that is appropriate for a fireplace with a 9 square foot opening?

Here we have two ratios.  13 to 1 or written algebraically as 13:1 and an unknown ratio of X to 9 or x:9.
Multiple ratios are called proportions.  Here we would read 13 is to 1 and x is to 9.  Now we have to solve for X.

Write out the proportion in fraction form:
13 sq.in. = x sq.in.       OR  13  =   X
1 sq.ft.        9 sq.ft.              1         9
Cross multiply the two ratios. Multiply the numerator of the first ratio by the denominator of the second ratio. Then multiply the denominator of the first ratio by the numerator of the second ratio:
13 x 9 = 117  and  1 X X = 1X or simply X
Simplify each side so that only the unknown integer remains
117 = X
Plug the integer value back into the original proportion:
13:1 = 117:9
Therefore, if the ratio of flue size is 13 square inches for every foot of fireplace opening, the corresponding ratio for flue size for 9 square feet of fireplace opening is 117 square inches.

22.2.7 Construction Sequence

Masonry fireplaces are usually built in two stages:
· Stage One
· During rough framing masonry work is carried up from the foundation and the main walls of the fireplace are formed.  After a steel lintel is set above the opening, the damper is installed and the smoke chamber built.  The chimney is then carried up through the roof and the exterior masonry is completed.  This all occurs before the roof deck is laid.
· Stage Two
· The finishing stage takes place during the application of interior trim and wall surfaces are finished.  The face may be set with brick or stone and the surface of the hearth can be finished.  Finally the mantel is installed.
22.2.8 Special Designs

Fireplaces are available in many styles including ones with openings on two or more sides.  Remember the size of the flue is based on the size of the opening.  So, the additional opening must be considered in determining flue size.  The standard construction may also need to be altered.  Side walls cannot be splayed when there are no side walls.  The throat and damper construction may also need to be adjusted as well.  See Figure 22-11.

22.2.9 Built-In Circulators

A factory built metal circulator can be installed to increase the efficiency of a fireplace.  See Figure 22-12.  The sides and back are double walled to provide a space where air is heated.  Cool air enters the chamber at floor level.  As the air is warmed, it rises and returns to the room through registers at a higher level.  These units, also called modified fireplaces, include the firebox, heating chamber, throat, damper, smoke shelf, and smoke chamber.  These engineered systems assure proper flue draw and size.  The unit is first positioned on the hearth then the masonry work is completed around it.  Steel lintels and other supports are needed.  The unit itself is not sufficient to carry the masonry work.  Fireproof insulation is also needed around the metal form to prevent the loss of heat and to provide expansion space between the metal and masonry.  Manufacturer’s specification should be carefully followed.

22.3 Prefabricated Chimneys

Now that we have covered all these aspects of masonry fireplaces, we jump over to prefabricated fireplaces.  Many people like to do their own projects but not many of us are skilled enough as masons to build a fireplace.  Lightweight chimney units are available that require no masonry work.  They have flues for furnace or fireplaces and can be installed in most structures whether single-story or multi-story.  Prefab chimneys usually consist of double- or triple-walled sections of pipe that are assembled to form the flue, along with special flanges and fitting to fasten the flue to the building frame with proper clearance.  See Figure 22-14.  

To prevent roof leaks, rooftop sections of a prefab chimney must be sealed.  Figure 22-15 shows the basic parts, including the flashing embedded in mastic with the roofing material overlapping the top and side edges.  A storm collar diverts waters from the pipe to a conical section of the flashing.  A cap needs to be installed on the top of the flue to keep out rain and snow (and bats).  The termination top is the part of the chimney that extends above the roof.  There are many different types available.  Pick one that blends with the design of the house and follow manufacturer’s directions.  See Figures 22-15 and 22-16.  The prefabricated chimney which is used for incinerators or solid-fuel boilers should be made of stainless steel or be porcelain coated to protect the pipe from corrosive acids, smoke and gases.  Be sure to read the Working Knowledge box that contains information about labeling on prefabricated chimney to conform to building codes.

22.4 Prefabricated Fireplaces

Fireplaces installed in new home construction are often factory-built units and are less expensive than masonry units.  They are simple to install and come in a wide variety of designs.  There are even units with special multiple-steel wall construction and special firebox linings that allow zero clearance.  Be sure to follow manufacturer’s instructions and check local building and fire codes.  If gas or electric fireplaces or gas logs and starters are used, special precautions must be followed.

22.4.1 Operation and Construction

Prefab fireplaces operate like metal circulators built into masonry fireplaces with air drawn in at the bottom.  As the air warms and rises it flows out the grillwork on the top.  These units may have switches to control the fans.  It is also possible to duct these units to carry warm air to other rooms.  Outside air may also be drawn in as air supply.  Figure 22-18 shows the construction sequence for a prefabricated, built in fireplace.  The outside can be trimmed with many styles of mantels and hearths but be sure building codes are followed for opening size and mantel height.

Free-standing prefab fireplaces are also available and come in many styles.  They usually have double- wall construction with a single-walled pipe running from the unit to the ceiling where it is fitted to a triple-walled section to permit zero-clearance installation.  See Figure 22-19 which illustrates a prefab fireplace mounted on a wall with the fireplace against combustible material.  These units can have blowers, outside air supply, and other features.  Be sure to check building codes prior to installation.

22.4.2 Chimneys for Prefabricated Fireplaces

We just studied about prefab chimney units for use with masonry fireplaces, prefab and free-standing fireplaces.  This section puts all this together by telling us that most prefab fireplaces are sold in a kit with the prefab chimney.  See Figures 22-20 and 22-21.  Special attention must be paid to clearances, support, ceiling and roof openings.  Firestop spacers and support boxes are important.  The chimney pipe must be supported so its total weight does not rest on the fireplace.  Supporting the chimney at the roof allows for better weight distribution and stability.  When installed on an exterior wall, a special projection called a chase may be used.  It is a box-like housing structure that is built as part of the floor, wall, or roof.  See Figure 22-22.  If a chase is not used, the entire fireplace structure is contained in the building which takes up space.  The outside of the chase can be finished to match the house or some decorative touch.  The chase should be insulated and sealed against air infiltration but the insulation must not touch the flue.

22.5 Glass Enclosures

Glass enclosures around a fireplace opening are decorative, add a level of safety from sparks and children getting too close, and increase efficiency by reducing the amount of heated air that goes up the chimney even if there is no fire.  Remember warm air rises.  Draft vents and dampers can help reduce this heat loss.  Glass enclosures can as well.  Fireplaces with glass enclosures often have blowers to push heat out into the room much like the blower on a furnace.  This type of enclosed fireplace is often considered a type of furnace.


Green Box

Fireplaces are warm and wonderful, but they can also be very dangerous.  Safety is certainly a green issue.  Think of the waste of natural resources, labor and even life when a house burns.  Here are safety tips courtesy of Michigan State University Extension.
Fireplace Safety 


If constructed properly, fireplaces will perform safely and dependably. Fireplaces, just like anything else, wear over a period of years and need to be maintained to extend their life. Here are check lists to follow for safely installing, maintaining and operating a fireplace. 

Safe Installations 

Check to determine that the fireplace complies with all building codes in your community, including special requirements such as earthquake construction. Be sure the flue is of adequate size, equal to at least 1/ lOth the area of the fireplace opening for chimneys more than 15 feet tall and at least 1/ 8th the area of the fireplace opening for chimneys less than 15 feet. Extend the chimney at least 3 feet above the highest point where it passes through the roof and at least 2 feet higher than any portion of the building within 10 feet. If the roof is flat, the chimney should be at least 3 feet above the roof. 

Be sure the flue is tight, well-built and well- maintained, with a smooth interior. Each fireplace needs its own flue, but more than one flue may be located in the same chimney. 

Extend the hearth in front of the fireplace at least 16 inches into the room and at least 8 inches on either side of the fireplace opening. Use brick, stone, tile, concrete or other non-combustible, heat-resistant material at least 4 inches thick. 

Support the chimney and fireplace properly. Wall-hung chimneys and fireplaces are apt to put undue weight on walls and partitions, cause the floors to settle and cause masonry flues to crack. A masonry chimney should rest on its own foundation below the frost line. 

Install metal flashings to protect areas where the flue goes through the roof, and keep them in good repair. Install a metal spark arrester on top of the chimney to keep sparks from setting the house afire. 

Be sure prefabricated metal fireplaces and chimneys are approved by the Underwriters' Laboratories (UL) and installed as specified by the instructions. Free-standing fireplaces should be at least 3 feet from unprotected walls, drapes or other flammable materials. Use necessary wall protection to protect walls closer than 3 feet. Place a pad of brick or insulated fireproof material on the floor beneath the fireplace. Be sure that pipes connecting free-standing stoves and fireplaces to a chimney are at least No. 24 gauge steel, UL listed and installed in accordance with the listing. No pipe should be longer than 10 feet nor more than 75% of the vertical height of the chimney, whichever is less. 

For a modified fireplace (a firebox inserted into an existing fireplace), select one with a steel liner at least 1/4-inch thick to decrease the likelihood of it eventually rusting out. 

Install bird and animal guards on the chimney. Squirrel and bird nests can stop up chimneys. 

If you choose a natural gas "log," follow instructions for installation and use. Look for the American Gas Association label. 

Maintenance for Safety 

Keep the fireplace in good condition by repairing cracks in the flue lining, bricks and mortar. 

Keep the flue clear of soot, creosote and obstructions. Inspect the fireplace and chimney at least once a year to prevent creosote buildup. 

Safe Operation 

Equip the house with fire-warning devices. Install a type ABC fire extinguisher near the fireplace. Install a screen that completely covers the fireplace opening to keep sparks from flying out. Keep combustible materials such as carpets, furniture, paper, logs and kindling at least 3 feet away from the fireplace. Arrange andirons so logs can't roll out. 

Use only enough fuel to keep the fire at the desired temperature. Avoid "roaring" fires. They can start chimney fires from soot and creosote deposits in the flue. 

Do not use gasoline or other flammable liquids to kindle or rekindle a fire because the flammable vapors can explode. Never use fuels near a fire; explosive vapors can travel the length of a room. 

Keep the damper open while the fuel is burning to provide for efficient burning and to prevent accumulation of poisonous or explosive gases. 

Never burn Christmas tree greens. They cause many sparks when burning and can cause a chimney fire. 

Remove colored comic sections before rolling newspapers into logs. The colored inks contain lead and can produce toxic gases. 

Do not use coal, charcoal or polystyrene packaging in a fireplace unless the fireplace is designed to handle the excess heat and smoke which occurs when burning these materials. 

Do not treat artificial logs (made from sawdust and wax) the same way you treat real wood logs. Use only one at a time. If you use more, they can produce too much heat for some fireplaces to withstand. 

Keep children away from the fire because their clothing can easily ignite. Warn the entire family about this hazard. 

Be sure that all ashes have thoroughly cooled before you dispose of them. Put ashes in a lidded metal container to prevent a possible fire and provide a sturdy place to store them. Ashes make good fertilizer in gardens, flowerbeds, etc. 

Be sure the fire is out completely before retiring for the evening. 

Safe Supply of Air 

A fireplace fire requires about 5 times as much air as most houses need for liberal ventilation. With today's tightly-constructed houses incorporating weather-stripped doors, caulked windows and self-closing exhaust vents, a fireplace can set up reverse draft and suck poisonous carbon monoxide fumes from combustion-type (natural gas, etc.) water heaters or furnaces and discharge them into the living area. 

In tight homes, the fireplace may also consume enough oxygen from the air in the house to cause problems to occupants. To be safe, a positive source of outside air should be supplied to all fireplaces and wood-or-coal burning stoves to bring in enough fresh air for efficient burning. This can be provided by installing an outside air vent or opening a window when the fireplace or stove is being used. To keep smoke from entering the room, turn off kitchen and bathroom exhaust fans and close the registers of forced air heating systems which are near the fireplace. 

Reference

This information comes from Michigan State University Extension. This information is for educational purposes only. This information becomes public property upon publication and may be printed verbatim with credit to MSU Extension. Reprinting cannot be used to endorse or advertise a commercial product or company. 




On the Job

This on the job segment discusses the different types of masons such as those who build walls, floor, walkways, chimneys, etc. from material like brick, block, or stone.  A special category is reserved for those who lay firebrick and refractory tile (mostly in steel mills and iron foundries).  Most masons work with material that is produced in standard sizes.  Stonemasons work with real stones which must be studied and cut to fit.  Most masons learn their craft on the job, working alongside more experienced masons.  Inexperienced workers often start out as hod carriers.  Experienced masons may work for a larger company or may be self-employed.  If you were a mason who specialized in firebrick, would you want to work for yourself or for someone else?  In thinking about this, consider liability issues, marketing, finding and bidding jobs, whether or not to have employees, etc.  Remember you do not have to turn this in.  It is just to get you thinking.


Chapter Summary and Assignments

Read the chapter summary on page 720. 

Please complete the Test Your Knowledge questions on page 720 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 22

1. The _________ is used to control a fire, and also prevent loss of heat from a room when the fireplace is not being operated.
a. Smoke shelf
b. Damper
c. Throat
d. Cleanout door
2. A chimney should extend __________ above any roof ridge that is within a 10 feet horizontal distance.
a. 6”
b. 1’-0”
c. 1’-6”
d. 2’-0”
3. The flue lining should project at least _________ above the top brick course or cap.
a. 4”
b. 8”
c. 1’-0”
d. 1’-4”
4. The ___________ is the space extending from the top of the throat to the bottom of the flue.
a. Flue lining
b. Hearth
c. Smoke chamber
d. Smoke shelf
5. According to FHA specifications, wooden parts of a prefabricated chimney should not be placed closer than ________ from the edge of the opening.
a. 1 ½”
b. 3 ½”
c. 5 ½”
d. 7 ½”
6. The ________ is the part of a fireplace in which the ashes are collected and stored for later removal.
a. Incinerator
b. Stoker
c. Ash pit
d. chase
7. The steel member ordinarily placed across the top of the fireplace opening to support further masonry construction is called a(n) ________.
a. Angle iron
b. Lintel
c. Head jamb
d. Header
8. When installing a damper unit, a clearance should be provided at each end to allow for ________.
a. Soot buildup
b. Free operation
c. Insulation
d. Expansion
9. Free standing fireplaces are usually constructed with double walls.  The smoke pipe running to the ceiling is usually _______.
a. Single-walled
b. Double-walled
c. Triple-walled
d. Both b and c are acceptable
10. The use of a metal built-in circulator will increase the heating efficiency of a fireplace.  Standard models are designed in about the same way as a regular masonry fireplace.  They include a combustion chamber, throat, damper, smoke shelf, and ___________.
a. Open hearth
b. Projected chase
c. Incinerator grating
d. Smoke chamber
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