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About Wood

• Consists primarily of long tubular cells whose long axes are parallel to the long 

axis of the trunk.

• Cells are structured of cellulose, and are bound together by a softer 

cementing substance called lignin.

• The direction of the long axes of the cells is referred to as the grain of the 

wood.

• Grain direction is important to the designer of 

wooden buildings because the appearance 

and physical properties of wood parallel to 

grain and perpendicular to grain are very 

different.

• Long fibers of wood allow for flexibility and 

the ability to resist shear loads. 
Wood cell structure/grain (hardwood).



Tree Growth + The Structure of Wood

Outer Bark
(Dry Dead Tissue)

Inner Bark
(Living Tissue)

Cambium (Zone of Growth)

Sapwood (Includes Both 
Living and Dead Tissue)

Heartwood (Inactive)

Pith

Rays

Growth occurs by cell division in the cambia zone.  The existing bark is pushed 

outward by the formation of new bark, and the outer bark layers become 

stretched, cracked, and ridged and are finally sloughed off. 





Sapwood + Heartwood

• Sapwood

• Located between the cambium and heartwood.

• Contains both living and dead cells and functions primarily in the storage 

of food.

• In the outer layers near the cambium, sapwood handles the transport of 

water or sap. 

• The sapwood may vary in thickness and number of growth rings. 

Sapwood commonly ranges from 4 to 6 cm (1-1/2 to 2 in.) in radial 

thickness.

• As a rule, the more vigorously growing trees have wider sapwood. Many 

second-growth trees of merchantable size consist mostly of sapwood. 



Sapwood + Heartwood (continued)

• Heartwood

• Consists of inactive cells that do not function in either water conduction 

or food storage. 

• The transition from sapwood to heartwood is accompanied by an 

increase in extractive content (biochemicals stored within the wood).

• In some species, such as black locust, western red cedar, and redwood, 

heartwood extractives make the wood resistant to fungi or insect attack.

• All dark-colored heartwood is resistant to decay, and some nearly 

colorless heartwood is decay resistant, as in northern white cedar.

• None of the sapwood of any species is resistant to decay.

• As sapwood changes to heartwood, no cells are added or taken away, nor 

do any cells change shape.   The basic strength of the wood is essentially 

not affected by the transition from sapwood cells to heartwood cells. 



Growth Rings

• In temperate climates, cambium 

begins to manufacture new 

sapwood cells in the spring, when 

the air is cool and groundwater is 

plentiful, conditions that favor rapid 

growth.

• Growth is slower during the heat of 

the summer, when water is scarce.

• Springwood or earlywood cells are 

larger and less dense in substance 

than summerwood or latewood
cells. 



Growth Rings (continued)

• Concentric bands of springwood 

and summerwood make up the 

annual growth rings in a trunk that 

can be counted to determine the 

age of a tree.

• The relative proportions of 

springwood and summerwood have 

a direct bearing on the structural 

properties of the wood.

• Summerwood is stronger and 

stiffer than springwood.



Growth Rings as marker of time:  Vertigo (Alfred Hitchcock, 1958) 0:28



Structural Properties of Wood

• Strength depends chiefly on species, grade, and direction in which load acts 

with respect to grain.

• Wood is several times stronger parallel to grain than perpendicular to grain.

• Wood is stronger in compression than in tension.

Tension Compression

Parallel

Lower strength perpendicular to grain

Higher strength parallel to grain

Perpendicular



Hardwoods and Softwoods

• Trees are divided into two broad classes, usually referred to as hardwoods

and softwoods.  

• These names can be confusing since some softwoods are actually harder 

than some hardwoods, and conversely some hardwoods are softer than some 

softwoods.  For example, softwoods such as longleaf pine and Douglas-fir are 

typically harder than the hardwoods basswood and aspen.

• Softwoods primarily structural lumber

• Hardwoods primarily finish carpentry, cabinetry, and furniture



Hardwoods ≈ angiosperm ≈ deciduous (leaves) ≈ finish carpentry

• Botanically, hardwoods are Angiosperms; the seeds are enclosed in the 

ovary of the flower. 

• Anatomically, hardwoods are porous; that is, they contain vessel elements.  

A vessel element is a wood cell with open ends; when vessel elements are 

set one above another, they form a continuous tube (vessel), which serves 

as a conduit for transporting water or sap in the tree.

• Typically, hardwoods are plants with broad 

leaves that, with few exceptions in the 

temperate region, lose their leaves in 

autumn or winter (deciduous). 

• Most tropical woods are hardwoods. 

• Hardwoods occur in all parts of the US, 

though most grow east of the Great Plains.

Porous (w/vessels).



- Images © Robert O’Brien, from: http://texastreeplanting.tamu.edu/.

Hardwoods



Softwoods ≈ gymnosperm ≈ evergreen (needles/scales) ≈ structural lumber

• Botanically, softwoods are Gymnosperms or conifers; the seeds are naked (not 

enclosed in the ovary of the flower). 

• Anatomically, softwoods are nonporous and do not contain vessels.

• Softwoods are usually cone-bearing plants with needle- or scale-like evergreen 

leaves.

• Some softwoods, such as larches and 

bald cypress, lose their needles during 

autumn or winter.

• Major resources of softwood species are 

spread across the United States, except 

for the Great Plains where only small 

areas are forested.

Nonporous (without vessels).



- Images © Robert O’Brien, from: http://texastreeplanting.tamu.edu/.

Softwoods



Major Resources of Wood Harvested in the U.S. by Region

Hardwoods:

(most common: oak, maple, birch, alder)

Softwoods:

(most common: fir, cedar, pine, hemlock)

- Forest Products Laboratory, Wood Handbook, 1999.



Milling of Trees into Lumber: Sawmill

Early 20th century Early 21th century



Seasoning:

• Wood increases in strength and shrinks as it dries after harvesting.

• Seasoning: the controlled drying of lumber to a given % moisture content.

• Most lumber for structural or finish carpentry applications is seasoned.

-Framing Lumber: 19% (15% for specialty applications)

-Finish Carpentry/Woodwork: 5 – 11%

• Two principal methods of seasoning:

-Air Drying

-Kiln Drying



Seasoning: Air Drying Seasoning: Kiln Drying



Peter Zumthor.  Swiss Pavilion at the Hannover World Expo 2000.



Peter Zumthor.  Swiss Pavilion at the Hannover World Expo 2000.



Peter Zumthor.  Swiss Pavilion at the Hannover World Expo 2000.



Sawing Types: Plainsawing v. Quartersawing



Sawing Types: Plainsawing v. Quartersawing Face Grain

Quartersawing                         Plainsawing



Surfacing

• Lumber is surfaced to make it smooth and more dimensionally precise.

• Rough (unsurfaced) lumber is available commercially and is used for many 

purposes

• Surfaced lumber is easier to work with because it is more square, uniform in 

dimension, and less damaging to the hands of the carpenter.

• Most lumber is surfaced on all four sides, surfaced four sides (S4S), but 

hardwoods are often surfaced two sides (S2S), leaving two edges to be 

finished by the craftsman.

• Lumber is typically seasoned before it is surfaced. 



Lumber Defects

• Defects may be caused by growth characteristics of the tree from which it came 

or by manufacturing characteristics created at the mill.

• Growth characteristics:

• Knots – places where branches joined the trunk of the tree

• Knotholes – holes left by loose knots dropping out of the wood

• Decay + Insect Damage 

• Manufacturing characteristics:

• Changes that take place during the seasoning process

• Splits and checks – usually caused by shrinkage stresses

• Crooking, Bowing, Twisting, and Cupping – caused by non-uniform 

shrinkage

• Wane – irregular rounding of edges or faces if cut too close to edge of log



Seasoning Distortions in Lumber: Shrinkage and Deformation 



Seasoning Distortions in Lumber: Shrinkage and Deformation (continued) 



Seasoning Distortions in Lumber: Shrinkage and Deformation (continued) 

Inverting the alternate pieces in a slab assembly in order to avoid 

cumulative warp

… and in glulam beams 



Wood Products

• Glue-Laminated Wood (glulam)

• Three major reasons to laminate: size, shape, and quality.

• Individual laminations most commonly 1 ½ inches thick except in 

curved members with small bending radii, where ¾-inch stock is used.

• End joints between individual pieces are either finger jointed or scarf 

jointed.  These allow glue to transmit tensile forces longitudinally from 

piece to piece.

≈



Wood Products (continued)



Wood Products (continued)

• Structural Composite Lumber (also called Engineered Lumber)

• Substitutes for solid lumber, made from wood veneers or wood fiber 

strands and glue.

• Laminated Strand Lumber (LSL) and Oriented Strand Lumber (OSL) -made 

from shredded wood strands coated with adhesive and pressed together.

• LSL and OSL are the least strong and least expensive options, used 

mainly for short spans.

• Laminated Veneer Lumber (LVL) - made from thin wood veneer sheets, as 

wide as member is deep, glued together

• Parallel Strand Lumber (PSL) - made from long thin strips of wood veneer 

glued and pressed in a process similar to that for LSL and OSL, but more 

uniformly parallel.



Wood Panel Products

• Typical panel dimensions are 4 by 8 feet

• Require less labor for installation than smaller pieces

• More nearly equal in strength in their two principal directions than solid wood

• Shrinking, swelling, checking and splitting are greatly reduced

• More efficient use of resources, including large recovered or recycled wood 

components and rapidly renewable vegetable fibers in some cases

PlywoodOriented Strand Board (OSB)Particleboard Fiberboard



Wood Panel Types – Non-structural

• Particleboard

• Manufactured in different density ranges

• Made up of smaller particles than OSB

• Used most often as a base material for wood veneer or plastic laminate

• Also used as an underlayment panel for resilient flooring



Wood Panel Types – Non-structural

• Fiberboard (LDF, MDF, HDF)

• Very fine-grained board made of wood fibers and resin binders

• Intended for interior use only

• Panels more dimensionally stable, stiffer, superior in working and finishing 

characteristics

• Most commonly used form is medium-density fiberboard (MDF)

• Used for cabinets, furniture, moldings, paneling, etc.



Wood Panel Types – Structural (Rated)

• Oriented Strand Board (OSB) – sometimes called waferboard

• Made of long shreds (strands) of wood compressed and glued into 
three to five layers

• Strands oriented in same manner in each layer as the grains of the 
veneer layers in plywood

• Stronger and stiffer than other types of nonveneered panels

• More economical than plywood



Wood Panel Types – Structural (Rated)

• Plywood

• Panels made up of thin layers of wood veneer glued together

• Grain on front and back veneers run in long direction of the sheet, 

whereas the grain in one or more interior crossbands runs perpendicular

• Always an odd number of layers in plywood, which equalizes the effects 

of moisture movement



Plywood Production

• Veneers for plywood and composite panels are rotary sliced, glued, trimmed 

to size, sanded, graded, and gradestamped

• Quality depends not only on the grade of the face ply but of the 

thickness/number of plys that make up the body of the panel

• Higher quality plywoods have more plys for a given thickness, are denser 

(heavier), and more dimensionally stable



Specifying Structural Wood Panels: Veneer Grades



Hardwood Plywood 

• Hardwood Plywood is generally, but not always associated with interior finish 

work such as cabinetry and panelling

• Unlike structural panels, veneers for interior paneling and cabinetwork are 

sometimes sliced from square blocks of wood called flitches

• Veneers can be arranged to provide symmetrical grain patterns, if desired 

(bookmatching)

• A variety of woods can and are used to make hardwood plywoods giving 

different tones and grain patterns.  These are specialty plywoods and tend to 

be rather expensive.

• There is not an established grading system for hardwood plywoods as there is 

for structural wood panels.



Plywood Production



Bent Plywood vs. Bent Wood

Bent Plywood Bent Wood


