Wood Material



Wood as a Building Material

Suited to a wide range of construction applications.

High strength to weight ratio in compression, tension,
bending and resistance to impact.

Easily worked using simple tools.
Highly durable when properly treated.
Excellent insulating qualities.

Renewable resource, readily available



Tree Species
Two Main Classifications:

— Softwoods — from conifers or coniferous trees. Most softwood tree
species bear cones, needle-like leaves, and are evergreen.

« Grown principally in the Northwest, the Southeast, and some areas of the
Southwest.

» Typical softwoods: Pine, Fir, Spruce, and Cedar.

» Used in the following applications:
— structural and framing lumber
— sheathing, roofing, subflooring
— exterior siding, flooring, trim, and interior paneling

— Hardwoods — from deciduous trees - shed leaves each growing season.

» Grown east of the Great Plains. Typical hardwoods include Oak, Maple,
Birch, Beech and Walnut.

» Used in the following applications:
— flooring
— interior paneling
— cabinetry and furniture



Wood Growth

» A tree grows by the production of new cells
every year just beneath its inner bark. Each year
this new layer of cells envelops the cells formed
during the preceding year.

» This growth pattern creates an annual growth
ring, which is most visible in a tree’s cross
section. In many species, growth is more active
during the spring, and cells formed then tend to
be large and thin walled as opposed to cells
formed during the summer, which are denser
and thick-walled.

 These two different types of wood cells are
referred to respectively as springwood and
summerwood. Because of its density,
summerwood is denser and darker than
springwood.




Tree Composition

Wood is comprised of:

Cellulose — The chief constituent of the cell walls. 70%
Lignin — The adhesive that imparts strength to the wood. 18 to 28%

Minerals and extracted elements — These remaining ingredients give wood its color, odor, decay
resistance and other related characteristics.

Looking at a cross section of a living tree the cell layers can be divided as follows:

Cambium Layer — The active cell layer just beneath the inner bark where new cells develop.

Outer Bark — The outside layer of the tree composed of dry dead tissue.
Inner Bark — The inside layer of bark that carries food from leaves to the growing parts of the tree.

Pith — The center ring of the tree.

Sapwood - the light colored outer layers of growth rings whose cells are active in storing food and
carrying sap from the roots to the leaves.

Heartwood — The darker layers of growth rings between the pith and sapwood, whose cells are active in
the growth process and in providing the structural support of the tree.

Over time, sapwood is converted to heartwood. During this transformation, chemicals are deposited into the

cellular structure of the heartwood. In some species, these chemicals are toxic and provide the tree with
a high degree of resistance to wood destroying fungi and insects. Examples of species with decay and
insect resistant heartwood include: California Redwood, Red Cypress, and Red Cedar.




Natural “Defects”

* The following characteristics result from a tree’s
natural growth:

— Knots —formed from branch growth - originates in the
pith and is enclosed within the wood during later
growth. Knots lower the structural strength of wood
due to the interruption of grain.

— Shakes —a separation between annual growth rings.
Shakes reduce shear resistance.

— Pitch pocket —a small contained pocket within the
tree's structure that contains solid or liquid resin.
Depending on their number, size and location in a
given piece of wood, pitch pockets may affect the
strength of wood.




Lumber Manufacturing Defects

The following characteristics
arise from the lumber
production process:

Check — Grain separation
caused by seasoning.

Split — Separation of wood
extending from one face to
the other.

Wane — Absence of wood at
edge or corner location

Warp — Distortion of wood
shape due to shrinkage



Moisture Content

* Inits living state, wood is defined as green, meaning its cell fibers and cell
cavities are filled with moisture.

o After wood is cut, moisture is lost to the environment, and will shrink. the
equilibrium moisture content is reached when no more moisture is lost to the
environment. The equilibrium moisture content varies depending upon several
factors including local humidity and temperature.

 Wood will swell if it absorbs moisture. It is advisable, therefore, to condition
wood products by storing them at the site for several days prior to installation.



Seasoning Practice

 Lumber seasoning : process of reducing moisture content by:

— Air Drying — During air drying, lumber dries by evaporation of moisture to the
atmosphere over a period of several months, leaving a moisture content of 10 to
20%.

— Kiln Drying — During kiln drying, lumber is placed in a controlled environment
where heat, humidity, and air circulation are set to rapidly reduce moisture
content. Kiln drying takes a matter of days and reduces moisture content to less
than 10%. Some advantages of kiln drying over air drying include:

 Framing lumber is considered seasoned if its moisture content is 19% or
less.

 Advantages of seasoned over unseasoned wood include:
— Increased strength
— Reduction in shrinkage and permanent deformation
— Less susceptibility to fungus and mold
— Improvement in the capacity to receive pressure preservative treatment
— Reduction in weight
— Increased paintability
— Improvement of glue bond



Structural Properties

e Stresses In structural wood :

— Compression and Tension — Tension stresses result
from stretching forces. Compression stresses result
from squeezing forces. A simple loaded beam has
tension stress in the upper fibers and compressive
stress in the lower fibers.

— Bending — Caused when a load is applied to a wood
member perpendicular to its length. Bending stress is
characterized by compression in the upper fibers and
tension in the lower fibers. Wood has a high degree of
fiber strength in bending.

— Shear :
» Vertical Shear: shearing perpendicular to the grain.
» Horizontal shear: shearing parallel to the grain.




Structural/Material Properties

 Wood fiber orientation affects strength of wood
relative to the direction of applied loads:

— Wood is stronger in compression than tension

— Axially-loaded members: (columns, struts, chords)
load is applied parallel to the grain.

— Spanning members: (joists, beams, girders) load is
applied perpendicular to the grain.

— For shear, wood is strong perpendicular to the grain
and weak parallel to the grain.



Lumber

Wood : the fibrous material found in trees.

Lumber: wood products manufactured in wood mills by sawing, edging and trimming
into square or rectangular pieces. Veneers and carved wood products are not
considered lumber.

Lumber is bought and sold by its nominal dimension, (often calculated in board feet).
— Nominal lumber size: rough unfinished size before seasoning and surfacing.

— Dressed lumber size: size of lumber after seasoning and surfacing. Surfacing is the planing
of the outer rough wood layer to provide a relatively smooth continuous finish.

Examples of relative sizes (in inches):

Nominal Size Dressed Size
1x2 Yax 12
1x4 YaX 3 V2
2X4 1% X 3%
2X6 1% x5%

2 X8 1% X7 Y
4x8 S3Yax T VYa
4x10 3Yax9VY,

4x12 3Y2x11Ya



Lumber Categories

 Lumber categories include:

— Boards — generally, wide flat members from 1” x 2" up
to 1 ¥2" by 16" (nominal). Used for sheathing, siding,
flooring, paneling, trim, and patterned millwork.

— Dimension Stock —used for light framing, joists,
planks and roof and floor decking. Nominal member
sizes from 2" x 2" up to 4 2" x 16".

— Timbers —members with a minimum 5” nominal
dimension in both directions. Used for posts, beams,
and stringers.




Lumber Sawing Methods

Shrinkage: tangential to the growth rings greater than across the rings in

the radial direction, and very little in the longitudinal direction. Lumber is cut
from a log in one of two ways, either by plain sawing or quarter sawing. The
plain sawn method involves the slicing of a log into adjacent parallel pieces.

Sawing Methods/Types affect structural characteristics, appearance,
weathering, geometric stability Lumber shrinkage is related to grain
direction.

Plain-sawn lumber characteristics:

Less expense due to less labor and less waste
Interesting figure patterns in grain

Thickness is more stable, may shrink or swell in width
May twist, cup and wear unevenly

Has raised grain

Quarter-sawn lumber characteristics:

More consistent grain pattern resulting in less shrinking and swelling
Better ability to withstand surface wear
Tendency to limit twisting and cupping

More consistent grain allows for easier workability for patterns and
profiles

More consistent and uniform strength
More waste in cutting, higher cost



Lumber Grading

 Wood (an organic material) varies in strength
and appearance properties. Uniform quality
standards establish grades for strength (stress
grading):

— Visual Grading — Based on the types, size, amount
and location of visual defects including knots, shakes,
and wane. The grade assigned is then stamped on
the lumber.

— Machine Stress Rating — Involves subjecting the
wood to bending in order to establish values for the
modulus of elasticity and the allowable fiber stress.



Lumber Grades



Softwood Quality Standards

Commercial standards and grading rules: written/maintained by
regional manufacturer’s associations having jurisdiction covering the
species.

As such, different types of wood are classified by different agencies.
All classifications include the following:

— Use Classification — designates the wood as either yard lumber (used in
general construction), structural lumber (used as load bearing
members), or factory and shop lumber (used for shop fabrication of
items such as doors and windows).

— Manufacturing Classification —the extent to which lumber has been
processed: Rough lumber (unplaned, has visible saw marks), Dressed
lumber (planed smooth to uniform sizes), Worked lumber (matched,
shiplapped, or patterned).

— Size Classification —nominal size classification of board, dimension
lumber, or timber.

— Grade Classification — appearance and finishability. Grades include
Select, Finish, or Common.




Wood Protection

Wood is susceptible to insect, decay and fire.
Other precautions should always be taken:

» Insect Protection —Termites pose the greatest threat to wood, attacking

wood in direct contact with the ground or enter through cracks and voids
as small as 1/32 of an inch. Termite control methods include :

Provide proper drainage to minimize moisture.

Provide good ventilation.

Termite Shields — Metal shields that prevent termites from reaching the wood.
Chemically treat soil with termite insecticides

Poured concrete foundations with no cracks smaller than 1/64th of an inch.

Poured reinforced concrete caps at all CMU foundations with no cracks
smaller than 1/64th of an inch.

Where possible, the use of natural insect resistant woods.



Wood Protection

« Decay Protection — Decay is caused by fungi that feed on wood cell walls.
Fungal development requires moisture, air and mild temperatures. To avoid

fungus:

— Keep wood dry and well ventilated, or,

— Keep completely and permanently submerged under water to prevent air
exposure.

— Chemical Preservatives : surface applied or pressure applied. Preservatives are
often toxic, so their use is restricted. Additionally, some preservatives are oil
based, and therefore discolor wood and affect wood finishes.

» Fire Protection - Heavy timbers burn slowly; dimension lumber however is
highly combustible and should be protected as required for structural/life
safety. Fire resistance is enhanced by impregnation with fire resistant
chemicals producing fire-retardant-treated-wood. Surface treatments such
as Intumescent Paint are also used to reduce the rate of flame spread.




Platform and Balloon Framing

Wood light frame construction was the first
uniquely American building system.

» The earliest version of wood light framing is
the balloon frame — a name derived from
the suspicion that its weakness would
cause it to be blown away like a balloon.

* QOver time, the balloon frame was modified
to suit modern means of economy and
convenience. Today, the platform frame is
the universal standard.

Balloon Framing: wall studs extend unbroken
from the foundation to the roof.

Platform Framing: wall studs extend only from
the platform of one level to the bottom of the one
above.

Platform Framing supplanted Balloon Framing
due to:

» use of shorter, less expensive wood
members;

» allows walls to be constructed horizontally
and then tilted up;

» platform serves as work platform and
permanent floor

« found to be typically convenient, faster, less
expensive.



