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A typical “stick construction” house, using wood studs and particle-board sheathing.



The floor system of a residence serves for the roof of a basement.





Qualities of Wood

- Strong and stiff
- Light
- Easily worked or shaped
- Fastens quickly and economically
- Recyclable
- Biodegradable
- Renewable resource

Undesirable Characteristics of Wood

- Not perfectly straight nor cut precisely 
- Size and shape is affected by moisture
- Contains growth defects
- Can spilt and warp
- Burns easily
- Decays
- Susceptible to insect damage



Parts of a Tree for use as Timber.

Bark

Cambium

Sapwood

Heartwood

Pith

(protective layer ; dead outside, and alive 
inside)

(very thin; creates 
new cells)

(stores nutr ients and transmits the sap; living por tion of the 
trunk)

(dead; provides structural 
stability)

(ear ly years growth; small and 
weak)



The Tree’s Cells.

The cells are primarily hollow and 
cylindrical (called “ tracheids” ). 
Their axis runs parallel to the 
tree’s height (grain direction), 
made from tough cellulose bound 
by lignin. It affects the properties 
of wood.

To understand their structural 
behavior, imagine them as a group 
of straws bound together. That 
makes the wood strong parallel to 
the grain, and much weaker 
perpendicular to the grain.



The Tree’s Growth Cycle.

The springwood (or early-wood) has a faster growth, and the cells are larger and less dense.

The summerwood (or late-wood) has a slower growth with smaller cells and denser.



Oak

Poplar

Pine

- Softwoods (coniferous) are simple, coarse grain. 
Common trees are pine,  spruce, fir  and cedar . 
These are the most common lumber in building 
because they grows faster , and hence much more 
economical.

- Hardwoods, are broad leafed trees, with a more 
complex cell structure, leading to beautiful grain 
patterns. Used pr imar ily for  furniture, doors, 
tr ims and accents. Common trees are oak, 
poplar , walnut and maple.



Construction Uses for Wood.

1) Structural framing.

2) Sub-floors and roof sheathing.

3) Siding: structural and exposed.

4) Finish carpentry, cabinetry and trim.
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Lumber Production – Sawing.

- Plain sawing: produces maximum yield, but causes
varying grain patterns and much distortion. It is 
acceptable because it usually is not seen, since it 
is used primarily for structural work. The 
maximum yield keeps the price down.
Commonly termed framing lumber.



- Quarter sawing: cut perpendicular to the annual 
rings. It has less yield than plain sawing, but the 
grains have a consistent pattern. The cut also 
improves the lumber’s wearing quality, and has 
less distortion.



- Typical Sawing Method: optical scanners and computer software now selects the best 
way to cut up a log, to reduce waste and costs.



Drying Lumber.

Green wood may be as much as 300% 
of its dry weight. Seasoned lumber is 
19% moisture or less. Green lumber is 
therefore heavier and weaker. 

Drying Methods:
- Air is the cheapest; the cut pieces 

are stacked and left to dry in the open, 
which may take many months.
- Kiln dried only takes a few days, 

and yields a higher quality board.

The shrinkage due to drying is 
negligible to the board’s length but 
measurable in the radial direction (a 
12” thick board has a 2% shrinkage, or 
¼”). The board has a reduced weight, 
and an increase of its strength and 
stiffness. It is also more dimensional 
stable.



Lumber Surfacing.

The purpose of surfacing is to provide a 
smooth surface and dimensional precision.

Some designations:  
S2S = some quality hardwoods
S4S = rough framing (structural) lumber

Surfacing is typically performed before drying 
is order to let the wood shrink before it is 
finished.

rough sawed (not sur faced)



Lumber Defects.

- Growth defects:
a) Knots and knot holes are due to where the 

branches and limbs are born in the trunk.

b)  Decay and/or insect damage are common in moist 
conditions, as are common bores from insects 
(termites, etc.).

- Manufacturing defects:
Defects are splits, checks, crook, bow and twists, 

caused by differential drying.









Lumber Grade and Species.

- Graded by:
1) Structural or Framing lumber, chosen for its strength and stiffness, versus 
2) Finish lumber, chosen for its appearance.

- Sold by species and grade:
Grades: #1 Select: highest grade and rated at higher allowable stresses; difficult 

to find and the most expensive;
#2 and #3 are most commonly used for structural or framing.

Appearance: #1 most beautiful appearance; 5x more expensive than #3;
#2 is twice as expensive as #3, and
#3 based on a 1”x12” board, priced a $ 1/bf

At left, a No 2 kiln 
dr ied (19% 
moisture).

At r ight, a spruce, 
fir , or  pine stud, 
sur faced dry.



Considerations Affecting Lumber’s Strength.

Primary Considerations:
- Species: hardwoods are denser and hence, usually stronger than softwoods. 
- Grade: higher grades have fewer imperfections and hence higher strength.
- Direction of load with respect to the grain.

Other Considerations:
- The length and time of the maximum loading is an important value (dead versus 

live loading).
- Temperature and moisture conditions.
- Size and shape, or the slenderness ration.
- Chemical treatments, for example, against insects or moisture, etc.

Design and Selection Criteria.

- Expected loads and allowable stresses.
- Required appearance (number of imperfections).
- Local availability and price.
- Selection of appropriate species and grade.



Lumber Thickness and Width (Nominal).

- Thickness:
less than 2 inches = called boards
2 to 4 inches = called dimension lumber
greater then 5 inches = called timbers

- Widths:
Framing lumber = 2, 4, 6, 8, 10, 12 

inches
Finish lumber = 1 inch (typical).

Lumber Thickness and Width (Actual).

Nominal dimensions are not equal to Actual 
dimensions, because lumber is first sawn to the 
Nominal dimensions and then dried and surfaced.

Therefore, lumber up to 6 inches is actually 
about 1/2 inch less in width and thickness.
Lumber greater than 6 inches is actually about 
3/4 inch less.



Lumber Lengths.

Lumber is typically sold in two (2) foot increments, such as 8’ , 10’ , 12’ , 14’ and 16’
(although longer are also available). There are exceptions, such as 93 inch studs. Explain 
why. Special lengths may be ordered from the saw mill.

Lumber Pricing Factors.

Prices are in board-feet and depend on (1) the species, (2) the grade and drying, and (3) the 
lumber size.

A board-foot (bf) is the standard unit for buying and selling wood and timber. It is based on 
a board with a width in feet, a length in feet and a thickness in inches. Hence, a board 12 
inches wide, 12 feet long and I inch thick is 12 bf.



Laminated Wood (Glulam).

The lamination process of pressing together many planks of lumber with adhesives that 
depend on the moisture, can create a select type of structural lumber with sizes not normally 
available and with excellent grade. Glulams can be formed into any shape, such as arches, 
curves, etc., which are ideal for churches, lodges, restaurants, etc.















Wood Panel Products.

Panelizing provides a more “ controlled” product ( with less shr inkage and higher  
strength, etc). I t is also a more efficient use of forest products, with less wastes wood, 
and increased labor  productivity. There are three types:

- Plywood panels,
- Composite panels, and 
- Non-veneered panels.



Veneered Panels – Plywood.

Plywood is made up of thin layers of wood veneer (from rotary cutters) glued 
together . There are an odd number  of veneers, glued in alternating directions of the 
veneer ’s grain. The two face veneers are parallel to each other . The typical size is 
4’x8’ panels, with the most common thickness of  ¼” to 1” . Plywood is commonly 
used for  exposed wood panels, or  painted; it is also used for  roof sheathing.



Composite Panels.

Similar  to plywood, with the two face veneers of real 
wood in parallel, but with the core made of 
reconstituted wood fibers. Much cheaper  than 
plywood, but weaker .

Veneer Grades.

Grades are based on the smoothness and the integr ity 
of the veneers. They are classified as A, B, C 
(plugged), C, D in descending order  of quality. 
L ikewise, their  pr ice var ies with the grade.

A grade

C grade

C plugged



Non-veneered Panels

-Or iented Strand Board (OSB);

-Wafferboard;

-Par ticleboard; and

- Fiberboard.

Par ticleboardFiberboard

Or iented Strand Board (OSB)



Oriented Strand Board (OSB).

The long strands are like wood par ticles. They have alternate grain or ientation (from 
3 to 5 layers), and are glued and compressed at high pressure. These OSB boards are 
the strongest of the non-veneered  boards because the strands are or iented. They are 
used commonly for  under-floor ing, roof sheathing and for  external sidings. Note that 
they per formed terr ibly in Flor ida dur ing a hurr icane. The par ticles turn into a mush 
when exposed to dr iving rain. Shor tly after  that they disintegrate. They are however, 
suitable for  external use elsewhere if used cautiously.



Plywood versus OSB.

In 1994 the Amer ican Plywood Association (APA) changed its name to “ APA -
Engineered Wood Products” . In the per iod of 1994-1995, Georgia Pacific, a major  
producer  cited these statistics,

- US consumption of plywood was 19 billion sf and declining; whereas
- US consumption of OSB was 10 billion sf and increasing. By 1999 the OSB 

market share had exceeded plywood’s.

Wafferboard and Particleboard.

Wafferboard is made up of large wafer -like par ticles, without preferential or ientation. 
I t is used in areas of low moisture.

Par ticleboard is made up of small wood par ticles, also without or ientation, and is also 
limited to use in low moisture areas.



Panel Standards and Grading.

These standards were established by Amer ican 
Plywood Association (APA) based on their ,

- Structural adequacy,
- Dimensional stability, and the
- Durability of the adhesive.

Structural Ratings.

Specified by its thickness or  its span rating, 

- the Span Rating is in inches, perpendicular  to 
the suppor ts;

- the larger  loads are used for  roof spans; and

- the smaller  loads are for  floor  spans. They have 
a Grade Stamp for  veneered and non-veneered, 
with the long dimension perpendicular  to the 
suppor t.



Exposure Durability Classifications.
The Exposure Durability rating has,

- Exter ior , for  sidings or  continuous external exposure, with 
- Exposure I , is a waterproof glue but lower quality veneers, and
- Exposure I I  is for  protected environments and minimum wetting.

Chemical Treatment.
- Combustibility, treated with a fire retardant impregnated under pressure;
- Decay and insect protected through pressure impregnation in an autoclave, with 

creosote, pentachlorophenol or  green waterborne salts (these latter  two can not be 
painted). Chromated copper  arsenate CCA is being phased out. Last about 30 years.



Wood Fasteners.

- Nails
- Wood and lag screws
- Bolts
- Toothed plates
- Sheet metal and metal framing devices
- Machine dr iven staples and nails
- Adhesives.

Nails.

Nails are sharpened metal pins, installed with a 
hand held hammer or  a mechanical nail gun.

- Common Nails 
- Finish Nails
- Other  types.



16d galvanized

16d sinker

Deformed shank

10d galvanized spiral

Finish nail

Roofing nail



Nails.

Nail sizes are measured in pennies (use the symbol 
“ d” which meant penny in England; that was their  
pr ice for  a hundred nails many years ago). Their  
lengths are the same for  common and finish nails. 
The most used nail is the common light frame nail  
16d for  2” , 10d and 8d.

Coatings:

The br ight / plain, is the most commonly used, 
made of uncoated steel, so it must be used in 
non-corrosive or  protected areas.

The corrosion-resistant nail is galvanized, and 
should be used when exposed to weather  or  
stained lumber .

The resin/vinyl nail decreases the dr ive and 
increases the holding power ; called a sinker .



Methods of Anchorage for Nails.



Machine Driven Nails and Staples.

Nail guns and staple guns, pneumatic or  electr ically dr iven are replacing hand 
hammers to increase productivity. The fasteners now come pre-packaged (collated 
nails). They are commonly used in roofing and sub-floor ing jobs.



Wood Screws.

-Head types:
phillips
slotted
square head
pan, flat, rounded, etc.

- Sizing:
wire gauge (say #8, #10)

length (in inches and fractions)

-Installation:
hand screw dr iver
screw gun
power  dr ill

-Holding power:
Screws are stronger  and tighter  than 
nails, and can be backed out of the hole 
and re-inser ted. They are commonly 
used in cabinetwork and finish 
carpentry where you want less squeak.

phillips

slotted

square head



Lag and drywall screws.

Lag screws are large screws that are used 
for  heavier  structural connections. Because 
they require higher  torque to dr ive, they 
are installed using a wrench. They have 
diameters to ¼” and vary in length from 
½” to 10 inches.

Drywall screws are used to attach drywall 
to the wood or  light metal studs. They are 
placed with a screw gun. Their  sizes are 1 
¼” , 1 5/8” and 2” .



Bolts.

Bolts are used for  heavier  structural connections, and most commonly with timber  
and structural steel construction. Their  diameters run from the smallest ¼” to over  
1” and lengths from 10” and much longer . There are two types (1) machine bolts 
with square or  hexagonal heads, always placed with a washer , which distr ibutes the 
compressive load, and (2) the car r iage bolt with a round head and a square shank 
that inhibits the bolt from turning when torqued.

machine bolt
car r iage bolt

washers



Toothed Plates.

Toothed plates are made of steel sheet plate with numerous teeth that dig into the 
wood. They are commonly used with roof and floor  trusses. They are placed in the 
factory that builds the truss by using a heavy press and nails. They are a very effective 
fastener .



Sheet Metal Framing Devices.

For  wood light structural framing, the 
plates are typically attached with nails, 
although screws are also used. There 
are many types, such as

Joist hangers 
Framing anchors
Angle anchors
Rafter  anchor

For  heavy timber  or  laminated framing 
the members are attached with bolts or  
lagging.



Adhesives.

Adhesives are widely used in the manufacture of wood products, although they still 
remain limited because of the need to remain clamped while they cure. They are used 
commonly with wood panels, laminated wood and all types of cabinetry. They are 
also being used in floor  sheathing (in lieu of nails), wall paneling and base or  sole 
plates.



Wood Manufactured Components.

- Trusses

- Wood I -Joists

- Beams

- Panel Components



Roof Trusses



Floor Trusses











I -Beams.  Used for  floors. Their  sizes are typically from 9 ½” to 24” deep. They span 
up to 40 feet.


