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Terms, definitions and requirements 

Wood – is a porous and fibrous structural tissue found in the stems and roots of trees and other 

woody plants. It is an organic material, a natural composite of cellulose fibers that are strong in 

tension and embedded in a matrix of lignin that resists compression. 

Softwoods – characterized by having naked seeds or as cone-bearing trees, are generally 

evergreen with needle-like leaves (such as conifers) comprising single cells called tracheids, 

which are like straws in plan, and they fulfil the functions of conduction and support. Rays, 

present in softwoods, run in a radial direction perpendicular to the growth rings. Their function is 

to store food and allow the convection of liquids to where they are needed. Examples of the UK 

grown softwoods include spruce (whitewood), larch, Scots pine (redwood) and Douglas fir. 

Softwood is characterized by: 

- quick growth rate (trees can be felled after 30 years) resulting in low-density timber with 

relatively low strength; 

- generally poor durability qualities, unless treated with preservatives; 

- due to the speed of felling they are readily available and comparatively cheaper. 

Hardwoods – generally broad-leaved (deciduous) trees, which often lose their leaves at the end 

of each growing season. The cell structure of hardwoods is more complex than that of softwoods 

with thick-walled cells, called fibres, providing the structural support and thin-walled cells, called 

vessels, providing the medium for food conduction. Due to the necessity to grow new leaves 

every year the demand for sap is high and in some instances larger vessels may be formed in the 

springwood, these are referred to as ‘ring-porous’ woods such as in oak and ash. When there is 

no definite growing period the pores tend to be more evenly distributed, resulting in ‘diffuse-
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porous’ woods such as in poplar and beech. Examples of the UK grown hardwoods include oak, 

beech, ash, alder, birch, maple, poplar and willow. Hardwood is characterized by: 

- hardwoods grow at a slower rate than softwoods, which generally results in a timber of high 

density and strength, which takes time to mature, over 100 years in some instances; 

- there is less dependence on preservatives for durability qualities; 

- due to the time taken to mature and the transportation costs of hardwoods, as most are tropical, 

they tend to be expensive in comparison with softwoods. 

Colour of wood – is one of the properties of wood dependent on climatic conditions, humidity of 

wood and presence of light; wood from temperate climate can have followed colours:  

- close to white: fir, spruce, hornbeam, beech, maple, sycamore, alder, poplar; 

- yellow: birch, swiss stone pine; 

- brown: oak, ash, elm; 

- shades of red: yew, larch, pine, cherry, plum; 

- yellow-green: acacia; 

- gray or close to black: nut. 

Water in wood – is a main component of the juice that fills cells of the wood, two types of the 

water in wood can be distinguished: 

- free water – filling cells and vessels of cells; 

- bound water – saturates the cell membrane; 

- constitutional water – a part of chemical compounds found in wood, it cannot be removed by 

drying. 

Moisture of wood – the ratio of the weight of water contained in the wood to the mass of 

absolutely dry wood, expressed in percentage; moisture content of the softwood right after the 

cutting is usually 100% – 160%, moisture content of the hardwood right after the cutting is usually 

50% – 130%; the strength of wood decreases with increasing humidity. 

Shrinkage and swelling – wood changes dimensionally with change in moisture below its fiber 

saturation point: it shrinks when it loses moisture and swells as it gains moisture. These 

dimensional changes are mostly in the direction of the annual growth rings (tangentially), with 

about half as much across the rings (radially) and as such mainly affect cross-sectional 

dimensions (perpendicular to the grain) and can result in warping, checking or splitting of wood. 

Longitudinal shrinkage of wood (shrinkage parallel to the grain) for most species is generally very 

small. The combined effects of radial and tangential shrinkage (differential shrinkage) can distort 

the sawn timber. 

Thermal insulation – the thermal conductivity λ depends on the type of wood, density, grain 

direction, moisture content. 
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Table 1. Thermal properties of different types of woods (PN-EN ISO 6946:1999) 

Type of wood 
Dry density 

Thermal conductivity λ 

Specific heat capacity 

moderately moist 
conditions 

moist conditions 

kg/m
3
 W/(m*K) kJ/(kg*K) 

Pine and spruce 550  

perpendicular to the 
grain 

- 0,16 0,20 2,51 

parallel to the grain - 0,30 0,35 2,51 

Oak 800  

perpendicular to the 
grain 

- 0,22 0,26 2,51 

parallel to the grain - 0,40 0,46 2,51 

Plywood 600 0,16 0,20 2,51 

Porous beaverboard 300 0,06 0,07 2,51 

Hard beaverboard 1 000 0,18 0,21 2,51 

 

Hardness of wood – hardness implies the ability of a body to resist deformation; hardness can be 

determined in any ways. The most wide used test method is the Janka hardness test, whereas 

European Standard EN 1534 based on the Brinell test. 

Table 2. Hardness of woods 

Type of wood Brinell hardness HB Janka hardness [MPa] 

Pine 1,6 28 – 30 

Alder 2,1 43 

Birch 2,6 48 

Maple 3,0 73 

Oak 3,7 66 – 67 

Beech 3,8 78 

Ash 4,0 74 – 76 

 

Defects of wood – defects, e.g. knots, slope of grains, rate of growth, wane, resin pockets and 

distortion, can have a significant influence on a mechanical properties of wood. 
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Figure 1. Defects in timber 
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Table 3. Mechanical properties of timber 

Type of 
wood 

Bulk 
density 

Compressive strength Tensile strength 
Bending 
strength parallel to the 

grain 
perpendicular to 

the grain 
parallel to the 

grain 
perpendicular to 

the grain 

kg/m
3
 MPa MPa MPa 

Acacia 770 - - - - 120 

Birch 650 - - - - 125 

Beech 730 53 9 135 7 105 

Oak 710 47 11 90 4 93 

Hornbeam 830 - - 107 - 107 

Fir 450 - - - - 62 

Ash 750 47 11 104 7 99 

Maple 660 53 10 100 3,5 117 

Linden 530 44 9,5 85 - 90 

Larch 690 - - - - 85 

Mahogany 600   - 7 - 

Alder 530 40 6,5 - 2 85 

Pine 550 43,5 7,5 104 3 78 

Spruce 470 43 6 90 2,7 66 

Poplar 450 30 2,7 77 - 55 
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Table 4. Strength classes for softwood (EN 338) 

 C14 C16 C18 C20 C22 C24 C27 C30 C35 C40 C45 C50 

Strength properties in N/mm
2
 

Bending fm,k 14 16 18 20 22 24 27 30 35 4, 45 50 

Tension 
Paralel 

ft,0,k 7,2 8,5 10 11,5 13 14,5 16,5 19 22,5 26 30 33,5 

Tension 
Perpendicular 

ft,90,k 0,4 0,4 0,4 0,4 0,4 0,4 0,4 0,4 0,4 0,4 0,4 0,4 

Compression 
Parallel 

fc,0,k 16 17 18 19 20 21 22 24 25 27 29 30 

Compression 
Perpendicular 

fc,90,k 2,0 2,2 2,2 2,3 2,4 2,5 2,5 2,7 2,7 2,8 2,9 3,0 

Shear fv,k 3,0 3,2 3,4 3,6 3,8 4,0 4,0 4,0 4,0 4,0 4,0 4,0 

Density in kg/m
3
 

Characteristic 
density 

ρk 290 310 320 330 340 350 360 380 390 400 410 430 

Mean density ρmean 350 370 380 400 410 420 430 460 470 480 490 520 

The tabulated properties are compatible with timber at moisture content consistent with a temperature of 20 ˚C and 
relative humidity of 65 %, which corresponds to a moisture content of 12 % for most species. 
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Table 5. Strength classes for hardwood (EN 338) 

 D18 D24 D27 D30 D35 D40 D45 D50 D55 D60 D65 D70 D75 D80 

Strength properties in N/mm
2
 

Bending fm,k 18 24 27 30 35 40 45 50 55 60 65 70 75 80 

Tension Paralel ft,0,k 11 14 16 18 21 24 27 30 33 36 39 42 45 48 

Tension 
Perpendicular 

ft,90,k 0,6 0,6 0,6 0,6 0,6 0,6 0,6 0,6 0,6 0,6 0,6 0,6 0,6 0,6 

Compression 
Parallel 

fc,0,k 18 21 22 24 25 27 29 30 32 33 35 36 37 38 

Compression 
Perpendicular 

fc,90,k 4,8 4,9 5,1 5,3 5,4 5,5 5,8 6,2 6,6 10,5 11,3 12,0 12,8 13,5 

Shear fv,k 3,5 3,7 3,8 3,9 4,1 4,2 4,4 4,5 4,7 4,8 5,0 5,0 5,0 5,0 

Density in kg/m
3
 

Characteristic 
density 

ρk 475 485 510 530 540 550 580 620 660 700 750 800 850 900 

Mean density ρmean 570 580 610 640 650 660 700 740 790 840 900 960 1020 1080 

The tabulated properties are compatible with timber at moisture content consistent with a temperature of 20 ˚C and relative humidity of 65 %, 
which corresponds to a moisture content of 12 % for most species. 

 


