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Week  7

Chapter  23:Post-and-Beam 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 23 from pages 721 to 739 in Modern Carpentry, Essential Skills for Building Trades by Willis H. Wagner and Howard Bud Smith.

Introduction

So far in Construction Technology I and II, we have studied chapters that walked us through building a frame house from footing to fireplaces.  Now the textbook will focus on other specialty types of construction.  In this chapter it is post-and-beam construction, which consists of large framing members—posts, beams, and planks.  Because these members have great strength, they may be spaced farther apart than conventional framing members.  To picture this, think of an old “mill construction” barn or heavy-timbered building from the past.  Today it is popular for upscale residential buildings.  It permits greater flexibility.   Post-and-beam construction can be combined with conventional framing.  For example, walls can be conventional framing while roof and floor can be built with planks and beams.  See Figures 23-1 and 23-1.

23.1 Advantages of Post-and-Beam Construction

Advantages:

· Distinctive architectural effect by the exposed beams, wide spans, and extra height.  See Figure 23-3

· Material savings because planks may serve as ceilings and floors

· Labor savings because larger pieces assemble faster

· Simple framing around windows and doors because no headers are needed to carry the load.  See Figure 23-4

· Wide overhangs can be built by extending the heavy roof beams

· Flexibility in design

· Fire resistant because wood beams do not transmit heat , do not collapse like metal, and slow loss of strength

Disadvantages:

· Absence of concealed spaces makes installation of electrical, wiring, plumbing, and heating more difficult

· Plank floors are designed to carry moderate, uniform loads.  Extra framing is needed under load-bearing partitions, appliances, bathtubs, and other places where heavy loads are likely

· Extra members may be needed for lateral stability to frame and walls making extra bracing necessary.  Or, large panels and conventional stud construction may be used to enclose some of the wall areas.  See Figure 23-5.

23.2 Foundations and Posts

Foundations for post-and-beam construction may be continuous wall or simple piers located under each post.  Both of these must rest on footings that meet codes.

Posts must be strong enough to support and lead and large enough to provide full bearing surfaces for the ends of the beams.  Whether sold stock or built up, posts must be at least 4” x  4” nominal size.  Where ends of beams are joined over a post, the bearing surface should be increased with bearing blocks.  See Figure 23-6.

To prevent buckling, a greater cross-sectional area is required when the posts extend to any great height without lateral bracing.  Requirements are listed in building codes and through l/d ratio or slenderness ration where “I” represents the length in inches and “d” stands for the smallest cross-sectional dimension.  The distance between posts is determined by the structure’s design, therefore spacing must be engineered carefully.  Posts are evenly spaced along the length of the building and within the allowable free span of the floor and roof planks.  Savings can be realized by using standard increments.  In single-story construction, a plate is attached to the top of the posts much as in conventional framing.  Roof beams are positioned over the beams.  See Figure 23-7.

23.3 Floor Beams

Floor beams may be solid, glue-laminated, or built-up.  See Figure 23-8.  Box beams may also be used.  When under-the-floor appearance is not critical, standard dimension lumber can be nailed together to form any size beam.

Sill design for plank-and-beam floors can be similar to regular platform construction.  See Figure 23-9.  If the silhouette of the structure is low, the floor can be near grade level by supporting the beams in pockets in the foundation wall.

23.4 Beam Descriptions

Solid timbers work well for small size beams and for rustic appearance.  Where high stress factors require large sizes or a finished appearance is desired, laminated beams are usually more economical.  They are manufactured in a wide variety of sizes and finishes.  Selection for solid timbers is limited.
Solid timbers may have be rough sawn or planed depending on the appearance desired.  Figure 23-10 shows casing in a beam for a better appearance.  Beam size is based on: span, deflection, and load.  Tables are available to help in this determination.  See Figure 23-11.  

23.5 Roof Beams

There are basically two beam-supported roof systems:  See Figure 23-12.

· Transverse beams that are similar to exposed rafters on wide spacings

· Longitudinal beams (also called purlins) that run parallel to the supporting sidewalls and ridge beam.

The purpose of beams is to support roof planking or panels.  Longitudinal beams are usually larger in cross-sectional area than transverse beams because they have greater spans and carry heavier loads.  They also permit variations in end-wall design including use of glass and extended roof overhangs.  Either type of beam must be supported on posts or stud walls that incorporate a heavy top place.  Panel frames that extend to the top of the beam can reinforce the connection.  See Figure 23-13.  Figure 23-14 illustrates a similar method for the ridge beam.  Figure 23-15 shows how a transverse beam is joined.  Metal tie plates, hangers, and straps are required to absorb the horizontal thrust.  Flat and low-sloping roofs often consist of a plank-and-beam system.

23.6 Fasteners

Because post-and-beam structures have a limited number of joints, the load and forces exerted are concentrated at the joints.  Traditionally, mortise-and-tenon joints with wood pegs have been used.  If butt joints are used, metal fasteners are needed.  See Figure 23-16.  Regular nailing patterns are just not sufficient and the joints need to be reinforced with metal connectors.  To increase the holding power even more, lag screws or bolts are used.  Because beams are usually exposed, the metal fasteners can be concealed.  Notches and gains cut in the member create an interlocking effect or a recess of metal connectors.  See Figure 23-17.  Tool and hammer marks can also mar the final appearance.

23.7 Partitions

Interior partitions are more difficult to build under an exposed beam ceiling.  The textbook discusses how to do this for both longitudinal and transverse beams.  Load-bearing is the issue.  Creating the angles to match the ceiling is also a challenge.  It is often better to build these wall partitions in two sections.  Build the lower conventional section first and then fill in the triangle shape above.

Nonbearing partitions that run at a right angle to a plank floor need no special framing.  When nonbearing partitions run parallel, additional support must be provided.  Replace the sole plate with a small beam or add the beam below the plank flooring.  See Figure 23-18.

23.8 Planks

Floor and roof planks can be from 2 to 4 inches thick depending on the span.  Edges may be tongue-and-groove or grooved for a spline joint.  Figure 23-19 illustrates standard tongue-and-groove styles and their WWPA identification numbers.  Planks that are end matched tongue-and-grooved do not require joints to meet over the beams.

Planks, beams, plywood, and other support materials can support greater leads if they continue over more than one span.  See Figure 23-20.  No one wants to walk on a floor that deflects and over time permanently sags.  Roof planks that will have exposed faces should be carefully selected and moisture content should correspond to the Equilibrium Moisture Content of the interior when placed in service.  Because large cross-sectional size posts, beams, and planks are used precautions should be observed in selecting material with proper moisture content to reduce the likelihood of problems due to excessive swelling or shrinking.  

Roof and floor 

Insulation and vapor barrier is needed when plank roof structures are directly  over heated areas.  The insulation should be a rigid type that will support the roof surface and anyone who walks on the roof.  See Figure 23-21.  Several types of heavy structural composition board are available for roof decks.  The panel sizes are large and they are lightweight with edges that interlock to provide a tight, smooth deck.  If the ceiling side is prefinished, no further decoration is necessary.  Be sure to follow manufacturer’s directions.

23.9 Stressed-Skin Panels

Roof and floor decking and wall sections can be formed with plywood stressed-skin panels which carry structural loads over wide spans.  See Figure 23-22.  Stressed-skin panels are made by gluing sheets of plywood (skins) to longitudinal framing members or other core materials to form a structural unit with a supporting action similar to a series of built-up wooden I-beams.  These panels are usually factory-built and insulation can be installed as part of the manufacturing process.  See Figures 23-23 and 23-24.

Sandwich panels are similar to the stressed-skin panels but the core is made of rigid polystyrene or paper honeycomb and they are not as rigid or strong.  Skins can be made from a wide variety of materials.

23.10 Box Beams

Box beams made of plywood webs can span up to 120’.  The high strength to weight ratio makes them good in commercial structures where wide, unobstructed areas are needed.  Figure 23-25 shows a box beam construction.  Flanges are separated by spacers to help distribute the load between the upper and lower flange and also to prevent buckling.  Be sure to study this construction carefully.

23.11 Laminated Beams and Arches

Laminated wood beams and arches are available in many variations and sizes providing a great deal of flexibility in the building design (think churches).  They are attractive, strong, safe, and economical. And can be factory built and finished.  See Figure 23-26, 23-27 and 23-28.  Note how finger joints are used.

23.12 Prefabricating Post-and-and Beam Structures

Prefab post-and-beam structures are a major industry.  Clients begin by looking at standardized plans and then combining them to produce their dream building.  Decisions are made about types of materials.  Wall and roof sections are fabricated with rigid insulation installed.  When complete, the panels are transported to the site where builders have erected the frame.  See Figures 23-29 through23-35.

Green Box

Prefab post-and-beam homes can be very green. Factory building and mass production allow efficient use of materials, saves labor and thus saves dollars.  The sections are built based on climate conditions where the home will be located.  Wood used in these factories often comes from sustainably harvested trees.  Beautiful timbers and planks may even come from a nostalgic old barn that is being repurposed.  Beautiful wood is often salvaged from river bottoms.  When using salvaged lumber, just be sure moisture content is correct and that the wood is free from insects such as powder post beetles which destroy wood.  Also be alert for any dry rot.

Chapter Summary and Assignments

Read the chapter summary on page 739. 

Please complete the Test Your Knowledge questions on page 738 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 23

1. In general, posts should not have a nominal size less than ______.
a. 2 x 4
b. 4 x 4
c. 8 x 8
d. None of the above
2. Beams for floor sections may be ________.
a. Solid
b. Glued-laminated
c. Built-up
d. All of the above
3. _______ beams run parallel to the supporting side walls and ridge beam.
a. Transverse
b. Longitudinal
c. Purlin
d. Both b and c
4. _______ panels are made by gluing sheets of plywood to longitudinal frame members.
a. Solid-core plywood
b. Particle board
c. Stressed skin
d. All of the above
In this section, match the term to its correct definition.  Put the letter of the definition next to the term.
	
5. Transverse beams ________
6. Longitudinal beams _______
7. Mortise-and-tenon _______
8. Stressed-skin panels ______
9. Sandwich panels _______
10. Box beam _______

a. Two facings are glued to opposite side of an inner structural framework 
b. A joint in which a tongue on the end of one wood member is inserted into a slot cut into another member
c. Roof beams that run parallel to the supporting sidewalls and ridge beam.
d. When the major support is carried by other components, panels can be made with core materials such as rigid polystyrene, and paper honeycomb, and skins can be made from a wide variety of sheet materials such as plywood, hardboard, plastic laminates, and aluminum.
e. A member made of one or more plywood webs connected to lumber flanges
f. Roof beams that are similar to exposed rafters on wide spacings
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