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Introduction
The technological and scientific knowledge of engineering materials is essential for 
design.
Extensive research into properties of timber has established that it is sensitive to 
environmental conditions E.g. moisture content, which has a direct bearing on the 
strength and stiffness as well as the swelling and shrinkage of timber.
Therefore, adequate understanding of the physical characteristics of wood is necessary 
for the construction of safe and durable timber structures.

The structure of timber
Structural timber is sourced from matured trees, thus adequate knowledge of the nature 
and growth patterns of trees is essential for understanding its behaviour under various
loading conditions.
Basically a tree has three subsystems; roots, trunk and crown. Each subsystem has a 
role to play in the growth pattern of the tree.
1. Roots. They act as a foundation by spreading through the soil, enabling the tree to 

withstand wind forces. They also absorb moisture containing minerals from the soil 
and transfer it via the trunk to the crown.

2. Trunk. This provides rigidity, mechanical strength and height to maintain the 
crown.  It also transports moisture and minerals up to the crown and sap down from 
the crown.

3. Crown. This provides as large as possible a catchment area covered by leaves. These 
produce chemical reactions that form sugar and cellulose which cause the growth 
of the tree.

Engineers we are mainly concerned with the trunk of the tree. Consider a cross-section 
of a trunk as shown in Fig. 1.
The figure shows that wood, in general, is composed of long thin tubular cells. The cell 
walls are made up of cellulose and the cells are bound together by a substance known 
as lignin. 
Most cells are oriented in the direction of the axis of the trunk, except for cells known 
as rays which run radially across the trunk. Rays are present in all trees but are more 
pronounced in some species, such as oak.
In temperate countries, a tree produces a new layer of wood just under the bark in the 
early part of every growing season. This growth ceases at the end of the growing season
or during winter months. 
This process results in clearly visible concentric rings known as annular rings, annual 
rings or growth rings.
In tropical countries where trees grow throughout the year, a tree produces wood cells 
that are essentially uniform.
The age of a tree may be determined by counting its growth ring.
The annular band of cross-section nearest to the bark is called sapwood. The central 
core of the wood which is inside the sapwood is heartwood.
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The sapwood is lighter in colour compared to heartwood and is 25-170mm wide, 
depending on the species. It acts as a medium of transportation for sap from the roots 
to the leaves.
The heartwood functions mainly to give mechanical support or stiffness to the trunk. In 
general, the moisture content, strength and weights of the two are nearly equal. 
Sapwood has a lower natural resistance to attacks by fungi and insects and accepts 
preservatives more easily than heartwood.

Fig. 1  Cross-section of a trunk of a tree

Defects in timber

Because wood is a naturally occurring material, there are many defects which are 
introduced during the growing period and during the conversion and seasoning process. 
Any of these defects can result in either reducing the strength of timber or impairing its 
appearance.
Defects may be classified as: natural defects, chemical defects, conversion defects and 
seasoning defects.

Natural defects
These are defects that occur during the growing period. Examples of natural defects are
illustrated in Fig. 2(a). These may include:

Cracks and fissures. They may occur in various parts of the tree and may even indicate 
the presence of decay or the beginnings of decay.
Knots. These are common features of the structure of wood. A knot is a portion of a 
branch embedded by the natural growth of the tree, normally originating at the centre 
of the trunk or a branch.

Pith
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Grain defects. Wood grain refers to the general direction of the arrangement of fibres 
in wood. Grain defects can occur in the form of twisted-grain, cross-grain, flat-grain 
and spiral-grain, all of which can induce subsequent problems of distortion in use.
Fungal decay. This may occur in growing mature timber or even in recently converted 
timber, and in general it is good practice to reject such timber. 
Annual ring width. This can be critical in respect of strength in that excess width of 
such rings can reduce the density of the timber. 

Fig. 2  Defects in timber
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Chemical defects
These may occur in particular instances when timber is used in unsuitable positions or 
in association with other materials. 
Timbers such as oak and western red cedar contain tannic acid and other chemicals 
which corrode metals. 
Gums and resins can inhibit the working properties of timber and interfere with the 
ability to take adhesives.

Conversion defects
These are due basically to unsound practice in the use of milling techniques or to undue 
economy in attempting to use every possible piece of timber converted from the trunk. 
A wane is a good example of a conversion defect.

Seasoning defects
Seasoning defects are directly related to the movement that occurs in timber due to 
changes in moisture content. 
Excessive or uneven drying, exposure to wind and rain, and poor stacking and spacing 
during seasoning can all produce defects or distortions in timber. 
Examples of seasoning defects are illustrated in Fig. 2(b). All such defects have an 
effect on structural strength as well as on fixing, stability, durability and finished 
appearance.

Types of timber
Trees and commercial timbers are divided into two groups: softwoods and hardwoods. This 
terminology has no direct bearing on the actual softness or hardness of the wood.

Softwoods
Softwoods are generally evergreen with needle-like leaves 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.
E.g. Fir, Larch, Spruce, Hemlock, Pine.

Softwood characteristics
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 speed of felling, they are readily available and comparatively cheap.

Hardwoods
Hardwoods are generally broad-leaved (deciduous) trees that lose their leaves at the 
end of each growing season. 
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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. 
E.g.  Ash, Elm, Oak, Teak, Iroko, Ekki, Greenheart.

Hardwood characteristics
Hardwoods grow at a slower rate than softwoods. This generally results in a timber of 
high density and strength which takes time to mature - over 100 years in some instances.
There is less dependency on preservatives for durability qualities.
Due to time taken to mature and the transportation costs of hardwoods, as most are 
tropical, they tend to be expensive in comparison to softwoods.

Physical properties of timber

Because of the variability of timber its strength is influenced by many factors, among which 
the following are most important.

Moisture content
The structural behaviour of timber is greatly influenced by moisture content unlike most 
other structural materials.
The moisture content as determined by oven drying of test piece is defined as:= 100 ( ) (1)          ( )           ( )
Moisture contained in green timber is held both within the cells (free water) and within 
the cell walls (bound water). The condition where all the free water has been removed 
but the cell walls are still saturated is known as the Fibre Saturation Point (FSP).
At levels of moisture above the FSP, most physical and mechanical properties remain 
constant.
While variations of moisture content below the FSP cause considerable changes to 
properties such as weight, strength, elasticity, shrinkage and durability.
Thus, timber is described as being hygroscopic meaning that it attempts to attain an 
equilibrium moisture content with its surrounding environment. Fig. 3 shows the 
relationship between timber strength/stiffness and its moisture content.
It is for this reason that timber is dried in a controlled environment in a process known 
as seasoning. Two methods are generally used; Air seasoning and kiln drying.

Density
Density is the best single indicator of the properties of a timber and is a major factor 
determining its strength. 
Specific gravity or relative density is a measure of timber's solid substance. It is 
generally expressed as the ratio of the oven-dry weight to the weight of an equal volume 
of water.
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Since water volume varies with the moisture content of the timber, the specific gravity 
of timber is expressed at a certain moisture content.
specific gravity of commercial timber ranges from 0.29 to 0.8 1, most falling between 
0.35 and 0.60.

Fig. 3 General relationship between strength and/or stiffness and moisture content.

Slope of grain
Grain is the longitudinal direction of the main elements of timber, these main elements 
being fibres or tracheids, and vessels in the case of hardwoods.
In many instances the angle of the grain in a cut section of timber is not parallel to the 
longitudinal axis. 
It is possible that this variation is due to poor cutting of the timber, but more often than 
not the deviation in grain angle is due to irregular growth of the tree. 
This effect is of lesser consequence when timber is axially loaded, but leads to a
significant drop in bending resistance. 

Direction of grain
Anisotrophy is a characteristic of timber because of the long fibrous nature of the cells 
and their orientation and the variations from early to late wood and the differences 
between sapwood and heartwood.
The elastic modulus of a fibre in a direction along its axis is considerably greater than 
that across it, resulting in the strength and elasticity of timber parallel to the grain 
being much higher than in the radial and tangential directions.

Timber defects
Defects in timber, whether natural or caused during conversion or seasoning, will
have an effect on structural strength as well as on fixing, stability, durability and 
finished appearance of timber.
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Structural Timber Design to BS 5268: Part 2: 1996
The strength of timber is a function of several parameters including the moisture 
content, density, duration of the applied load, size of members and presence of various 
strength-reducing characteristics such as slope of grain, knots, fissures and wane. 
To overcome this difficulty, the stress grading method of strength classification has 
been devised.
Guidance on the use of timber in building and civil engineering structures is given in 
BS 5268: Structural use of timber.
This has now been replaced by Eurocode 5 as of 1st of April 2010.

Design Philosophy
The structural design of timber members is related to Part 2 of BS 5268, and is based 
on permissible stress design philosophy in which design stresses are derived on a 
statistical basis and deformations are also limited.
Elastic theory is used to analyse structures under various loading conditions to give the 
worst design case. Then timber sections are chosen so that the permissible stresses are 
not exceeded at any point of the structure.
Permissible stresses are calculated by multiplying the ‘grade stresses’, given in Tables 
7 to 12a of BS 5268 : Part 2, by the appropriate modification factors, K-factors, to allow 
for the effects of parameters such as load duration, moisture content, load sharing, 
section size, etc. 
Applied stresses which are derived from the service loads should be less than or equal 
to the permissible stresses. 
A summary of the K-factors used for the calculation of permissible stresses is given in 
Table 1. 
The limit states design philosophy of Eurocode 5 has two basic requirements. The first 
is ultimate limit states (i.e. safety) which is usually expressed in terms of load-carrying 
capacity and is achieved by factoring-up of load values and factoring-down of material 
strength properties by partial safety factors.
The second is serviceability limit states (i.e. deformation and vibration limits) 
which refers to the ability of a structural system and its elements to perform 
satisfactorily in normal use.
In permissible stress design philosophy partial safety factors (i.e. modification 
factors) are applied only to material properties, i.e. for the calculation of permissible 
stresses, and not to the loading!!!

Stress grading of timber
Once timber has been seasoned it is stress graded; this grading will determine the 
strength class of the timber to satisfy the design requirements of BS 5268 : Part 2. 
Strength grading takes into account defects within the timber such as slope of grain, 
existence and extent of knots and fissures, etc.
All timber used for structural work needs to be strength graded by either visual 
inspection or by an approved strength grading machine. Clause 2.5 of BS 5268 : 
Part 2 deals with strength grading of timber.
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Table 1 Summary of K-factors used for calculation of permissible stresses

Visual grading
Visual grading is a manual process carried out by an approved grader. The grader 
examines each piece of timber to check the size and frequency of specific physical 
characteristics or defects, e.g. knots, slope of grains, rate of growth, wane, resin pockets 
and distortion, etc.
The required specifications are given in BS 4978 and BS 5756 to determine if a piece 
of timber is accepted in to one of the two visual stress grades or rejected.
These are General Structural (GS) and Special Structural (SS)grades. Table 2 of BS 
5268 : Part 2 (reproduced here as Table 2) refers to main softwood combinations of 
species visually graded in accordance with BS 4978.
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Table 2 Softwood combinations of species and visual grades which satisfy the requirements for 
various strength classes. Timber graded in accordance with BS4978 (Table 2, BS 5268 : Part 2)

Machine grading
Machine grading of timber sections is carried out on the principle that strength is related 
to stiffness. 
The machine exerts pressure and bending is induced at increments along timber length. 
The resulting deflection is then automatically measured and compared with pre-
programmed criteria, which leads to the grading of timber section.
In general less material is rejected if it is machine graded, however timber is also 
visually inspected during machine grading to ensure major defects do not exist.

Strength classes
There are a total of 16 strength classes, C14 to C40 for softwoods and D30 to D70 for 
hardwoods as given in Table 7 of BS 5268: Part 2: 1996 (reproduced here as Table 3). 
The number in each strength class refers to its ‘characteristic bending strength’ value, 
for example, C40 timber has a characteristic bending strength of 40N/mm2.
It is to be noted that characteristic strength values are considerably larger than the grade 
stress values used in BS 5268: Part 2, as they do not include effects of long-term loading 
and safety factors.
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Table 3 Grade stresses and moduli of elasticity for various strength classes: for service classes 1 and 2 (Table 7, BS 5268: Part 2)
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Bending
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Design considerations (factors affecting timber strength)

I. Loading
For the purpose of design, loading should be in accordance with BS 6399 : Parts 1, 2, 
and 3 and CP 3: Chapter V : Part 2 or other relevant standards, where applicable.

II. Service classes
Due to the effects of moisture content on mechanical properties of timber, the 
permissible property values should be those corresponding to one of the three service 
classes described in Clause 1.6.4 and given in Table 1 of BS 5268 : Part 2 : 1996. These 
are summarised below:
(1) Service class I refers to timber used internally in a continuously heated building. 
The average moisture content likely to be attained in service condition is 12%.
(2) Service class 2 refers to timber used in a covered building. The average moisture 
content likely to be attained in service condition if building is generally heated is 15%, 
and if unheated, 18%.
(3) Service class 3 refers to timber used externally and fully exposed. The average 
moisture content likely to be attained in service condition is over 20%.

Grade stress and elastic moduli values given in Tables 7 to 12a of BS 5268 : Part 2 apply to 
various strength classes and timber species in service classes 1 and 2. For service class 3 
condition they should be multiplied by the modification factor K2 from Table 13 of the code 
(reproduced here as Table 4).

Table 4 Modification factor K2 for obtaining stresses and moduli applicable to service class 
3 (Table 13, BS 5268 : Part 2)

III. Moisture content
Moisture content affects the structural properties of timber significantly, BS 5268 : Part 2 : 
1996 recommends that in order to reduce movement and creep under load the moisture content 
of timber and wood-based panels when installed should be close to that likely to be attained in 
service.
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IV. Duration of loading
Duration of load affects timber strength and therefore the permissible stresses. 
The grade stresses (Tables 7 to 12a) and the joint strengths given in BS 5268 :Part 2 are 
applicable to long-term loading. 
Because timber and wood-based materials can sustain a much greater load for a short 
period (a few minutes) than for a long period (several years), the grade stresses and the 
joint loads may be increased for other conditions of loading by the modification factors 
given in the appropriate sections of BS 5268 : Part 2.
Table 14 of BS 5268: Part 2 (reproduced here as Table 5) gives the modification factor 
K3 by which all grade stresses (excluding moduli of elasticity and shear moduli) should 
be multiplied for various durations of loading.

Table 5  Modification factor K3 for duration of loading (Table 14, BS 5268 : Part 2)

V. Section size
The bending, tension and compression and moduli of elasticity given in Part 2 of BS 
5268 are applicable to materials 300 mm deep (or wide, for tension). 
These properties of timber are dependent on section size and size related grade effects.
The grade stresses should be modified for section sizes other than 300 mm deep by the 
modification factor K7 specified in the appropriate sections of the code.
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VI. Load sharing systems
The grade stresses given in Part 2 of BS 5268 are applicable to individual pieces of 
structural timber. 
Where a number of pieces of timber (in general four or more) at a maximum spacing 
of 610 mm centre to centre act together to support a common load, then the grade 
stresses can be modified (increased) in accordance with the appropriate sections of 
the code.
In a load-sharing system such as rafters, joists, trusses or wall studs spaced at a 
maximum of 610 mm centre to centre, and which has adequate provision for the 
lateral distribution of loads by means of purlins, binders,boarding, battens, etc., the 
appropriate grade stresses can be multiplied by the load-sharing modification factor 
K8 which has a value of 1.1.
In addition, BS 5268 :Part 2 recommends that the mean modulus of elasticity should 
be used to calculate deflections and displacements induced by static loading 
conditions.
Therefore in a load-sharing system:



UNIJOS
CVE 306- Design in Timber
Prof. A. Mohammed Design of Flexural Members

 
14 

 

Design of Flexural Members

Flexural members are those that are under the action of bending forces. There are various types 
of flexural timber members and they include; solid rectangular beams, floor joists, rafters and 
purlins, glulam (vertical and horizontal glued laminated beams), ply-web beams (I- beams and 
box beams) and simple composites (Tee and I shaped beams).

Design Considerations

The main design considerations for flexural members are:

1. Bending stress and prevention of lateral buckling
2. Deflection
3. Shear stress
4. Bearing stress.

In the design, the cross-sectional properties of all flexural members have to satisfy elastic 
strength and service load requirements. In general, bending is the most critical criterion for 
medium span beams, deflection for long-span beams and shear for heavily short-span beams. In 
practice, design checks are carried out for all the criteria enumerated above.

The design is carried out according to the permissible stress design philosophy by calculating the 
permissible stress value as the product of the grade stress and the appropriate modification 
factors for particular service and loading conditions. This is then compared with the applied 
stress in a member or a component in structural design calculations. Generally;

Permissible stress (= grade stress x K-

Bending stress and prevention of lateral buckling

The design of timber beams in flexure requires the application of the elastic theory of bending as expressed by:

(2.1)

The term I/y is referred to as section modulus and is denoted by Z. The applied bending stress 
about the major (x-x) axis of the beam (say) (see Figure 2.1), is calculated from:

(2.2)
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Figure. 2.1 Cross-section of a rectangular beam,

(2.3)

(2.4)
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K2, K3 and K8 are general modification factors as described previously. K6 and K7 specifically 

relate to the calculation of permissible bending, and are described in the following 
sections.

Effective Span  Le

Clause 2.10.3 of BS 5268:Part 2 recommends that the span of flexural members should be taken 
as the distance between the centres of bearings.

Figure 2.2.- Effective Span (Baird and Ozelton)

Where members extend over bearings, which are longer than is necessary, the spans may be 
measured between the centres of bearings of a length which should be adequate in accordance with 
Part 2 of the code (see Figure 2.2).

In determining the effective span, Le, it is usually acceptable to assume an addition of 50mm to 
the clear span, between the supports, for solid timber beam and joists and 100mm for built up 
beams on spans up to around 12m.

Form Factor, K6

Grade bending stress values given in the code apply to solid timber members of rectangular cross-
section. For shapes other than rectangular (see Figure 2.3) the grade bearing stress value should be 
multiplied by the modification factor K6 where:

K6 = 1.18 for solid circular sections, and

K6 = 1.41 for solid square sections loaded diagonally (see Figure 2.3)

Depth Factor, K7

The  grade bending stresses given in Tables 7-12a of BS 5268: Part 2 apply to beams having a 
depth, h, of 300mm (Clause 2.10.6) For other depths of beams, the grade bending stress should be 
multiplied by the depth modification factor, K7, where:
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Figure 2.3- Form Factor, K6

Selection of a suitable section size

There are two methods commonly used in selecting an appropriate trial section:

1. By utilising engineering judgement based on experience.
2. Using the permissible bending stress criterion in equation 2.2. Thus the expression for 

calculation of the required section modulus Zxx for timber members, incorporating all the 
relevant factors, is as follows:

(2.5)
Thus a suitable section size having a Zxx xx,required can be selected. The chosen section 
should then be checked for lateral stability, deflection, shear and bearing.

Lateral Stability
BS 5268: Part 2:1996 recommends that the depth to breadth ratio of solid and laminated 
rectangular beams should not exceed the values given in Table 16 (shown here as Table 
2.1) of the code corresponding to the appropriate degree of lateral support. Examples of 
provisions of lateral support are shown in Figure 2.4.
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Table 2.1. Maximum depth to breadth ratio for solid and laminated members, (Table 16, 
BS 5268:part 2)

Figure 2.4- Examples of provisions of lateral support
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Example 2.1

Solution in Tabular form:

Allowable maximum bending moment is obtained by rearranging equation 2.5

Deflection
BS 5268: Part, Clause 2.10.7 recommends that “the dimensions of flexural members should 
be such as to restrict deflection within limits appropriate to the type of structure, having 
regards to the possibility of damage to surfacing ,materials, ceilings, partitions and to the 
functional needs as wells as aesthetic requirements.



UNIJOS
CVE 306- Design in Timber
Prof. A. Mohammed Design of Flexural Members

 
20 

 

Deflection limits

Bending Deflection
The maximum bending deflection induced by the two most common load cases is given 
below:

(2.6)

(2.7)
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(2.8)
BS 5268 :Part 2, Clause 2.10.11 recommends that for trimmer joists and lintels which 
comprise two or more pieces connected together in parallel and acting together to support 
the loads, the minimum modulus of elasticity modified by the modification factor K9,given 
in Table 17 (shown here as Table 2.2) of the code, should be used for calculations of 
deflections.

Table 2.2. Modification factor K9 used to modify the minimum modulus of elasticity for 
trimmer joists and lintels (Table 17, BS 5268: part 2)

Shear Deflection

(2.9)

Bearing Stress
The bearing stresses in timber beams are developed due to compressive forces applied in a 
direction perpendicular to the grain and occur in positions such as points of support or 
applied concentrated loads. Possible bearing failure positions are shown in Figure 2.5.
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       (2.10) 

 

      (2.11) 

K2,K3, and K8 are general modification factors, which have been described previously. 
K4 relates to the calculation of permissible bearing stress, , and is described 
below.

Figure 2.5- Possible bearing failures.

Length and Position of Bearings

BS 5268: Part 2, clause 2.10.2 stipulates that the grade stresses for compression normal to the 
grain apply to bearings of any length at the ends of a member, and bearings 150mm or more in 
length at any position. For, bearing less than 150mm long located 75mm or more from the end of 
a member, as shown if Figure 2.6, the grade stresses should be multiplied by the modification 
factor K4 given in table 15 of the code (shown here as Table 2.3).



UNIJOS
CVE 306- Design in Timber
Prof. A. Mohammed Design of Flexural Members

 
23 

 

Figure 2.6- Bearing length and position.

Table 2.3. Modification factor K4 for bearing stress (Table 15, BS 5268: Part 2)

Shear Stress

The critical position for shear stress is usually at supports where maximum the reaction occurs. 
(not average ) shear stress from the 

following equations:

(2.12)

(2.13)
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(2.14)

K2,K3, and K8 are general modification factors, which have been described previously. K5 relates 
to the calculation of the permissible shear stress, for members with notched ends and is 
described below.

Shear at Notched Ends

K5 is a modification factor which allows for stress concentration induced at square-cornered 
notched at the ends of flexural member (Clause 2.10.4, BS 5368: Part 2) where:

1. For a notch on the underside of a beam, see Figure 2.7(a)

2. For a notch on the top edge, see Figure 2.7(b),
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Figure 2.7 Notched Beams

Suspended Timber Floors
A suspended timber flooring system generally consists of a series of joists closely spaced, 
being rather simply supported at their ends or continuous over load bearing partition walls. 
The floor boarding or decking is applied on the top of the joists and underneath ceiling 
linings are fixed. A typical suspended floor arrangement is shown in Figure 2.8(a).

Joist spacing is normally dependent on the size of the decking and ceiling boards. In 
addition, the choice of joist spacing may also be affected by the spanning capacity of the 
flooring material, joist span and other geometrical constraints such as opening for a 
stairwell.

The most common floor decking in domestic dwellings and timber framed buildings uses 
some form of wood based panel products, e.g. chipboard or plywood. Solid timber decking 
such as softwood tongued and grooved (t &g) decking (Figure 2.8(b)) is often used in roof
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constructions, in conjunction with glu-lam members, to produce a pleasant, natural timber 
ceiling with clear spans between the main structural members.

The supports for joists are provided in various forms depending on the type of construction. 
Timber wall plates are normally used to support joists on top of masonry walls and 
foundations, Figure 2.8 (e). In situations where joists are to be supported on load bearing 
timber frame walls or internal partitions, header beams or spreader beams are provided to 
evenly distribute the vertical loads. Joist hangers are often used to attach and support joists 
onto the main timber beams, trimmer members or masonry walls (Figure 2.8 (c)).

Timber trimmer joist are frequently used within timber floors of all types in domestic 
buildings, see Figure 2.8(a). They are mainly used for two reasons, first is to trim around 
an opening such as s stairwell or loft access (trimmer joists A), and to support incoming 
joists (trimmer joists B), and second is to reduce the span of floor joists over long open 
spans (trimmer joists C) as indicated in Figure 2.8 (a). Trimmers can be formed by using 
two or more joists nailed together to form a trimmer beam, Figure 2.8 (c), or by using a 
single but larger timber section if construction geometry permits. Alternatively, trimmers 
can be of hardwood or glu-lam timber, boxed ply-webbed beams or composite timber and 
steel fitched beams, Figure 2.8 (d).
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Figure 2.8- Typical components of suspended timber floors.
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Example 2.2 Design of a main beam
A main beam of 3m length spans over an opening 2.8m wide Figure 2.9 and supports a 
flooring system which exerts a long duration loading of 3.9 kN/m, including its own self-
weight, over its span. The beam is supported by 50mm wide walls on either side. Carry out 
design checks to show that a 75mm x 225mm deep sawn section whitewood grade SS under 
service class 1 is suitable.

Figure 2.9- Beam details of Example 2.2
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Example 2.3 Design of Floor Joists

A timber floor spanning 3.8m centre to centre is to be designed using timber joists at 400 mm 
centres. The floor is subjected to a domestic imposed load of 1.5 kN/m2 and carries a dead loading, 
including self-weight  of 0.35 kN/m2. Carry out design checks to show that a series of 44mm x 
200mm deep sawn section British spruce grade SS under service class 1 is suitable.

Figure 2.10- Timber floor joists (Example 2.3)
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Design of Axially Loaded Members

Design of compression members

Examples of compression members are posts or columns, vertical wall studs, and 
struts in trusses in trusses and girders. The relevant sections of BS 5268 that govern 
timber compression members are stipulated in Clauses 2.6.2, 2.8 and 2.9 which 
relate to different service class conditions, duration of loading and load sharing 
systems respectively. Additional factors given in Clause 2.11 of the code also govern 
the design of compression members and it deals principally with their design in two 
categories:

1. Members subjected to axial compression only, and
2. Members subjected to combined axial compression and bending (mainly due 

to applied eccentric compressive force).

Design considerations

Slenderness ratio

(3.1)
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Where I is the second moment of area and A is the cross-sectional area of the 
member. For rectangular sections, where b is the least lateral dimension (Figure 3.1) 
the value of i simplifies to:

(3.2)

(3.3)
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The end condition defined in Table 18 of BS 5268: Part 2 are reproduced here as 
Table 5.1 and are shown in Figure 3.2.

Figure 3.1 Cross-section of a column

Table 3.1 Effective length of compression members (Table 18, BS 5268: Part 2)
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Figure 3.2 Effective lengths and end conditions

Modification factor for compression members K12

The modification factor for compression members, K12, can be determined using 
either Table 19 of BS 5268 or calculated from equation given in Annex B of the 
code. For either method, the minimum value of modulus of elasticity E (i.e. Emin)
should b used in all cases including when load sharing is present. The value of 
for use in either method, should be the grade compressive stress, (given in 
Tables 7-12a) of the code) modified only for moisture content, duration of loading 
and size as appropriate. 

Table 19 of BS 5268 is shown here as Table 3.2 and the equation given in Annex B 
for calculation of K12 is in the form following form:

(3.4)
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Table 3.2 Modification factor K12 for compression members (Table 19, BS 5268: Part 2)
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Members subjected to axial compression only (Clause 2.11.5)

An axially loaded column has its line of action of load passing through the centroidal 
axis of the column as shown in Figure 3.3(a).

(3.5)

(3.6a)

(3.6b)
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Figure 3.3 Axial concentric and eccentric loads

Members subjected to axial compression and bending (Clause 2.11.6)

This includes compression members subjected to eccentric loading, where load acts 
through a point at a certain distance from the centroidal axis, which can be equated
to an axial compression force and bending moment as shown in 3.3(b), (c) or (d). 
Members which are restrained at both ends in position but not direction, which 
covers most real situations, should be so proportioned that:

(3.7)
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Equation 3.7 is the interaction formular used to ensure that lateral instability does 
not arise in compression members subject to axial force and bending. Thus, if the 

column is subjected to compressive loading only, then and hence the 
equation simplifies to Alternatively, if the column is subjected to 

bending only, i.e. then the equation simplifies to 

Design of tension members (Clause 2.12)

The permissible stresses for timber members in tension are stipulated in Clauses 
2.6.2, 2.8 and 2.9 of the code, and relate to different service class conditions, duration 
of loading and load-sharing systems respectively. Additional factors that govern 
design in tension are also outlined in Clause 2.12 of the code and are discussed here.

Design considerations
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Width factor, K14

The grade tension stresses given in Tables 7-12a of the code apply to members 
having a width(i.e. the greater transverse dimension), h, of 300mm as shown in 
Figure 3.1. For other widths of members assigned to a strength class, the grade 
tension stresses should be multiplied by the width modification factor, K14, where:

Members subjected to axial tension only

(3.8)
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(3.9)

Combined bending and tensile stresses

In members that are subjected to lateral loading as well as the axial tension, the 
position of maximum stress occurs at the point of maximum bending moment 
(Figure 3.5). Clause 2.12.3 of the code stipulates that the sum of the ratios of the 
applied tensile and bending stresses to those of the permissible ones must not exceed 
unity:

(3.10)
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Figure 3.5 Tension member subjected to lateral loading.

Design Examples

Example 3.1 Load capacity of a timber column

A timber column in strength class C18 is 4m in height with a rectangular cross-
section of 97mm x 145mm as shown in Figure 3.6. The column is restrained at both 
ends in position but not in direction and is subjected to service class 2 conditions.

Figure 5.6  Details of column in Example 3.1
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Example 3.2 Design of an eccentrically loaded column

For the design data given below, check that a 100mm x 250mm rough sawn section, 
as shown in Figure 3.7, is adequate as a column if the load is applies 90mm eccentric 
to its x-x axis. The column is 3.75m in height and has its ends restrained in position 
but not in direction.

Figure 3.7 Column details in example 3.2
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Design of glued laminated members

Glued laminated timber, commonly known as glulam, is a structural material 
obtained by gluing together at least four laminations of timber sections of usually 
19-50 mm basic thickness so that the grain directions of all are parallel. Normally 
the laminations are dried to around 12-18% moisture content before being machined 
and assembled. This leads to a reduction in laminations’ thickness of around 3-5mm. 
Assembly is commonly carried out by applying carefully controlled adhesive mix to 
the faces of the laminations. They are then placed in mechanical or hydraulic jigs of 
the appropriate shape and size, and pressure is applied at right angles to the glue 
lines and is held until curing of the adhesive is complete. Glulam is then cut, shaped 
and any specified preservative and finishing treatments are applied. In Figure 4.1 the 
cross-section of a typical glulam beam is shown.

Figure 4.1 Cross-section of a glulam beam.

Since the length of glulam members normally exceeds the length of commercially 
available solid timber, the individual laminations are finger-jointed together to make 
laminations of the required length. These finger-joints are then placed randomly 
throughout the glulam component.
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A glulam beam designed to resist loads applied perpendicular to the plane of the 
laminations is referred to as horizantally laminated, and when it is designed to resist 
loads applied parallel to the plane of the laminations it is vertically laminated, see 
Figure 4.2.

Construction with glulam members offers the advantages of excellent strength and 
stiffness-to-weight ratio, which are usual with timber materials. Glued laminated 
members can also be designed to have substantial fire resistance. A summary of 
the advantages of glulam members over solid timber sections is as follows:

1. Glulam sections are built up from thin members and it is therefore possible to 
manufacture complicated shapes. They can be produced in any size, length, 
and shape, and manufacturing and transportation facilities remain as the only 
practical limiting factors affecting dimensions.

2. The use of a number of laminates enables an even distribution of defects and 
the location of better quality timber where it is most efficiently utilised.

3. It is easily possible to build-in a camber at the time of assembly.

Figure 4.2 Horizontally and vertically laminated glulam beams.

Design considerations
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The main design considerations for flexural and axially loaded glulam members are 
the same as those described in the last two lecture notes. BS 5268 : Part 2 : 1996, 
Section 3 deals with the design of glued laminated timber and specifies that such 
timber should be manufactured in accordance with Clause 3.4 of the code and also 
with the recommendations of BS EN 386 : 1995 Glued laminated timber. 
Performance requirements and minimum production requirements. It also requires 
that all timber used for laminated softwood members should be strength graded 
visually or mechanically in accordance with BS EN 518 or BS EN 519, respectively. 

Single grade members
If a glulam section is manufactured using the same grade throughout it is referred to 
as single-grade glued laminated member. The grade stresses given in Tables 7-12 of 
BS 5268: Part 2 apply primarily to solid structural timber. In order to determine the 
grade stresses for a horizontally glued laminated softwood or hardwood member, 
Clause 3.2 of the code recommends that the strength class stresses given in its Tables 
7-12 for the relevant grade and species are multiplied by the modification factors 
K15 to K20 according to the nature of stress and the number of laminations. The 
modification factors K15 to K20, detailed in Table 21 of the code, are for single-grade 
horizontally glued laminated members (Table 21 is shown here as Table 4.1).

Combined grade members
For economic reasons there are many instances where members may be horizontally 
laminated with two different strength class timber sections. Higher grade 
laminations are normally placed in the outer portions of the member where they are 
effectively used, and lower-grade laminations are placed in the inner portion (core) 
where the lower strength will not greatly affect the overall strength. The combination 
is permitted provided that the strength classes are not more than three classes apart 
(as given in Table 7 of the code.) For example C24 and C16 can be horizontally 
laminated but C24 and C14 should not. The code also requires that in horizontally 
laminated members where combination grades are used, they should be fabricated 
so that not less than 25% of the depth at both the top and bottom of the member is 
of the higher strength class, see Figure 4.3. For such members the grade stresses 
should be taken as the product of the strength class stresses (given in Table 7) for 
the higher strength class laminations and the modification factors from Table 21 of 
the code. In addition, for bending,tension and compression parallel to grain, the 
grade stresses should be multiplied by 0.95.

Table 4.1 Modification factors K15,K16,K17,K18,K19, and K20 for single-grade glued 
laminated members and horizontally glued laminated beams (Table 21, BS 5268)
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Figure 4.3 Horizontally glued laminated members.

Permissible stresses for horizontally glued laminated members
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The permissible stresses for a horizontally glued laminated member are 
determined as the product of grade stresses, given in Table 7, by any relevant 
modification factors, i.e. K2, K3,. . . , KI4 and modification factors K15 to K20 
appropriate to the number of laminations. These are summarised below:

Bending parallel to grain:
for a single-grade glulam,    
for a combined-grade glulam, 

Tension parallel to grain:
for a single-grade glulam, 
for a combined-grade glulam, 

Compression parallel to grain:
for a single-grade glulam,  
for a combined-grade glulam, 

Compression perpendicular to grain:
for both single- and combined-grade glulam members,

Shear parallel to grain:
for both single- and combined-grade glulam members,  

Modulus of elasticity:
for both single- and combined-grade glulam members,

It should also be noted that for tension perpendicular to grain and torsional shear, 
permissible stresses should be calculated in accordance with Clause 2.7 of the 
code, and factors K19 and K27 should be disregarded. For example,

For tension perpendicular to grain:
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for both single- and combined-grade glulam members

Grade stresses for vertically glued laminated beams
A glulam beam designed to resist loads applied parallel to the plane of laminations 
is referred to as a vertically laminated beam . This is illustrated in Figure 4.2. BS
5268 : Part 2, Clause 3.3 specifies that the permissible stresses of vertically glued 
laminated beams are governed by the particular conditions of service and loading 
defined in its Clauses 2.6.2, 2.8 and 2.9 which relate to service class 3 (wet-exposure) 
condition, duration of loading and load-sharing systems respectively; and also by the 
additional modification factors K27,K28 and K29 given in Table 22 of the code 
appropriate to the number of laminations. Table 22 of the code is reproduced here as 
Table 4.2.

In general it is not recommended that vertically laminated beams be designed using 
different grade laminates (i.e. combined strength classes). When a designer is 
considering a glulam beam with vertical laminations, it is often because a 
horizontally laminated member with bending about the axis is also being subjected 
to bending on its y” axis, for example, due to lateral loading. If the vertically
laminated beam is made from different grade laminations it can be assumed that such 
a member has grade stresses equal to the product of weighted strength class stresses, 
and the modification factors K27, K28 and K29, given in Table 22, appropriate to the 
total number of laminations in the beam.

A weighted strength class stress, , may be obtained from:

(4.1)

Where and refer to appropriate Stress or modulus of elasticity for 
the lower-grade and higher-grade laminations respectively, as given in Table 7 of 
the code; and similarly N refers to the appropriate number of laminations in the 
member. For example, the weighted bending stress parallel to grain for a vertically 
laminated beam of 12 laminations, where 3 laminations at each end are in C24 and 
6 inner ones are in C18 softwood timber, may be calculated as follows:

From Table 7 of the code (Table 3 of the lecture notes):
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for C18 timber, 
for C24 timber, 

Therefore the weighted grade bending stress is:

Hence the weighted bending stress parallel to grain for this glulam beam is
calculated as:
From Table 22 of the code (Table 4.2 of the lecture notes), for 12 laminations,
K27 = 1.25.

Permissible stresses for vertically glued laminated members
The permissible stresses for a vertically glued laminated member are determined as 
the product of grade stresses (or weighted grade stresses in the case of a member 
with combined-grade laminations) by any relevant modification factors, i.e. K2,K3

&, . . . , K14 and modification factors K27, K28 and K29 appropriate to the number of 
laminations). These are summarized below:

Bending parallel to grain: 
Tension parallel to grain: 
Shear parallel to grain: 
Compression parallel to grain: 
Compression perpendicular to grain: 
Modulus of elasticity:

For vertically laminated beams, the E value (for 4 or more laminations) is Emean,, 
and K28 is only applicable to Emin. It should be noted that the size factors K7 and K14

for all glulam members, whether horizontally or vertically laminated, should be 
applied to glulam strengths not to the individual laminate strengths.

It should also be noted that for tension perpendicular to grain and torsional shear, 
permissible stresses should be calculated in accordance with Clause 2.7 of the code, 
and factor K27 should be disregarded.
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Deflection
BS 5268: Part 2 : 1996, Clause 3.5 recommends that in addition to the deflection due 
to bending, the shear deflection may be significant and should be taken into account. 
The deflection criteria for flexural members which were covered in detail previously 
also apply to glulam beams.

As it is easily possible to build-in a camber at the time of assembly, the code 
specifies that members can be pre-cambered to offset the deflection under dead or 
permanent loads. In such cases the deflection under live or intermittent imposed load 
should not exceed 0.003 of the span.

Table 4.2 Modification factors K27,K28, and K29. For vertically glued laminated 
members,(Table, BS 5268: Part 2)
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Design examples

Example 4.1  Design of a single-grade glued laminated beam

A series of glulam beams of l15 mm wide x 560 mm deep (14 laminations) with 
an effective span of 10.5m is to be used in the construction of the roof of an 
exhibition hall. The roof comprises exterior tongued and grooved solid softwood 
decking exposed on the underside and covered on the top with 3 layer felt and 
chippings. For the design data given below,
(a) check the suitability of the section,
(b) determine the camber required.



UNIJOS
CVE 306- Design in Timber
Prof. A. Mohammed Design of Glued Laminated Members

 
63 

 

Figure 4.6 Cross-section of glulam beam (Example 4.1)
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Design of timber connections

The common connecting systems in structural timber may be classified as
mechanically fastened and glued joints. Mechanical fasteners may also be
categorised into two groups; dowel-type fasteners and connectors. The classification 
is based on how they transfer the forces between the connected members. Examples 
of fasteners are nails, screws, bolts and dowels, while connectors can be toothed-
plates, split rings, shear plates and punched metal plates in which load transmission 
is primarily achieved by a large bearing area at the surface of the members.

Design considerations

Design considerations for timber joints are detailed in section 6 of the code. This 
section stipulates the basic lateral shear and withdrawal loads for most common 
dowel type fasteners in Tables 54-74. A summary of the design considerations are 
given as follows:

(1) Joints should be designed so that the loads induced in each fastener or timber 
connector unit by the design loads appropriate to the structure should not 
exceed the permissible values determined in accordance with Section 6 of the 
code.

(2) When more than one nail, screw, bolt, etc is used in a joint, the permissible 
load is the sum of the permissible loads for the individual units provided that 
the centroid of the fasteners' group lies on the axis of the member, and that 
the spacing, edge and end distances are sufficient to develop the full strength 
of each fixing unit.

(3) If the line of action of a force in a member does not pass through the centroid 
of the fasteners' group, account should be taken of the stresses and rotation 
due to the secondary moments induced by the eccentricity. This will impose 
higher loads on the fasteners furthest from the centroid of the group.

(4) If the load on a joint is carried by more than one type of fastener, due account 
should be taken of the relative stiffnesses. Glue and mechanical fasteners have 
very different stiffness properties and should not be assumed to act in unison.
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(5) For the purpose of designing joints in glued laminated timber, tabulated 
values should be taken for the strength class of timber from which the glued 
laminated timber was made.

(6) The effective cross-section of a jointed member should be used when 
calculating its strength. In addition, the shear stress condition shown in Figure 
5.1 should be satisfied in the jointed member. Therefore the design 
requirement is to ensure that: 

(5.1)

Figure 5.1- Shear stresses in a jointed member.

Joint slip

All mechanically connected timber joints, under the action of applied load, will 
undergo slip which occurs between their component parts. Slip can be a significant 
factor in the deformation and, in some cases, it can also affect the strength of some 
components. Clause 6.2 of BS5268: Part 2 provides a method for calculation of slip 
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in joints, whereby the slip per fastener per shear plane, u, in millimetres, may be 
obtained from:

(5.2)

Where:

F = applied load per fastener per shear plane, in Newtons (N)

Kser = slip modulus, in Newtons per millimetre per fastener per shear plane, given in 
Table 52 of the code (reproduced here as Table 5.1).

For bolted joints it is recommended that an additional 1 mm should be added at each 
joint to allow for take-up of bolt hole tolerances. It is to be noted that the magnitude 
of slip is time-dependent and the final slip following medium-term or long-term
loading may be considerably greater than the slip calculated as above, particularly 
in conditions of fluctuating moisture content.

Table 5.1 Fastener slip moduli Kser per fastener per shear plane for service classes 1 and 2 (Table 
52, BS 5268: Part 2)
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Effective cross-section

The effective cross-section of a jointed member should be used when calculating its 
strength. This is because several connector units remove part of the cross-sectional 
area of the timber and hence affecting the load capacity of the timber section. In such 
cases the effective cross-section should be determined by deducing the net projected 
area of the connectors from the gross area of the cross-section being considered.

The recommendations of BS 5268: Part 2 for multi-dowel-type joints are as follows:

(1) Nailed and screwed joints. When assessing the effective cross-section of multi-
nailed or multi-screwed joints, all nails or screws of 5 mm in diameter, or larger, that 
lie within a distance of five nail or screw diameters, measured parallel to the grain 
from a given cross-section, should be considered as occurring at that cross-section.

No reduction of cross-section needs to be made for screws of less than 5mm 
diameter, and for nails of the same diameter but driven without pre-drilling.

(2) Bolted and dowelled joints. When assessing the effective cross-section of multi-
bolted or multi-dowelled joints, all bolts or dowels that lie within a distance of two 
bolt or dowel diameters, measured parallel to the grain from a given cross-section, 
should be considered as occurring at that cross-section.

Spacing rules

In order to avoid splitting of timber, all dowel-type fasteners must be spaced at 
suitable distances from each other and from the ends and edges of timber or wood-
based material. The various distances involved are illustrated in Figure 5.2.

An end distance is said to be loaded when the load on the fastener has a component 
towards the end of the timber. Otherwise, it is referred to as an unloaded end 
distance. Loaded end distances need to be greater than unloaded ones. In a similar 
way the edge distance may be loaded or unloaded.
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Figure 5.2 Spacing of dowel type connectors.

The values of spacings and distances vary from one fastener type to another, as well 
as between the various material types. The spacings and distances recommended in 
Section 6 of BS 5268: Part 2 are detailed below:

(1) Nail spacing. The recommended end and edge distances and spacing of nails, 
to avoid undue splitting, are given in Table 53 of the code (reproduced here 
as Table 5.2).

Pre-drilling (with a hole diameter up to 0.8 times the nail diameter) reduces 
the splitting tendency considerably and hence allows much closer spacing of the 
nails.

All softwoods, except Douglas fir, may have values of spacing (but not edge 
distances) for timber to timber joints multiplied by 0.8. For nails driven into a glued 
laminated section at right angles to the glue surface, the spacings (but not edge 
distances) can be multiplied by a further factor of 0.9.

(2) Screw spacing. The recommended end and edge distances and spacing of 
screws, to avoid undue splitting, are given in Table 59 of the code (reproduced 
here as Table 5.3).

(3) Bolt and dowel spacings. The recommended end and edge distances and 
spacing of bolts and dowels are given in Table 75 of the code (reproduced 
here as Table 5.4).
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Table 5.2 Minimum nail spacings (Table 53, BS 5268: Part 2)

where d is the nail diameter
aSpacings and distances are illustrated in Figure 5.2
bPlywood, tempered hardboard or particleboard
c The loaded edge distance should not be less than: in timber 5d, in plywood 3d, in particleboard and 
tempered hardboard 6d, and in all other cases the edge distance should not be less than 3d

Table 5.3 Minimum screw spacings (Table 59, BS5268: Part 2)

where d is the shank diameter of the screw
aSpacings and distances are illustrated In Figure 5.2
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Table 5.4 Minimum bolt and dowel spacings (Table 75 and clause 6.6.7.3, BS 5268: 
Part 2)

Multiple shear lateral loads

Dowel-type fasteners, such as nails, screws, bolts and dowels, are used to hold two, 
three or more members together to form a joint. In general, they are designed to carry 
lateral shear loads, but there are occasions where they might be subjected to axial 
loads (or withdrawal loads in the case of nailed or screwed joints) or a combination 
of lateral shear and axial loads.

Dowel-type fasteners, depending on their type and size and the arrangement of the 
joint components, may be subjected to single, double or multiple lateral shear forces 
(see Figure 5.3). It is important to note that the dowels in joints (a) and (b), shown 
in Figure 5.3, are all in single shear (i.e. one shear plane per dowel) and the dowels 
in joint (c) are in double shear (i.e. two shear planes per dowel).

The basic multiple shear lateral load for each dowel can generally be obtained by 
multiplying the value for its basic single shear load (given in the relevant tables of 
the code) by the number of shear planes; provided that the recommended standard 
thickness for members of the joint and the recommended joint details are met.



ATBU Bauchi
CVE 306- Design in Timber
Prof. A. Mohammed Design of Timber Connections

 
75 

 

Figure 5.3 Single shear (a) and (b) double shear (c) joints.

Nailed joints

Nails are straight slender fasteners, usually pointed and headed, and are available in 
a variety of lengths and cross-sectional areas. There are also many types and forms 
of nails; but the most frequently used nails are the bright, smooth, common steel 
wire nails with circular cross-sectional area with a minimum tensile strength of 
600N/mm2, which are available in standard sizes of 2.65 mm to 8mm in diameter. 
Nails can be plain or enamelled, etched, electroplated, galvanised or polymer coated, 
for example, for protection against corrosion.

Nailed joints, which should normally contain at least two nails, are simple to 
fabricate and are of considerable economic value. They are suitable for lightly 
loaded structures and for thin members. They are commonly used in framing, walls, 
decks, floors and roofs and in nearly every construction that involves light loads and 
simple elements. 

Improved nails

The performance of an ail, both under lateral and withdrawal loading, may be 
enhanced by mechanically deforming nail shanks to form annular ringed shank or 
helical threaded shank nails (see Figure 5.4). Such nails provide higher withdrawal 
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resistance than plain shank nails of the same size. Other forms of improved nails are 
obtained by grooving or twisting of square cross-sectioned nails. The process of 
twisting not only modifies then ail surface but also work-hardens the steel, 
increasing its yield strength.

In order to provide for the enhanced performance of improved nails, BS 5268: Part 
2, Clause 6.4.4.4 permits a 20% increase in the basic single shear lateral load 
capacities of the square grooved and square twisted shank nails, and a 50% increase 
in the basic withdrawal load capacities for the threaded part of annular ringed shank 
and helical threaded shank nails.

Pre-drilling

Nails driven into dense timbers are likely to induce timber splitting. Various research 
studies have shown that pre-drilling can prevent timber splitting and also has other 
advantages of less slip in the joint, increase in lateral load-carrying capacity and 
permits a more densely nailed joint (i.e. reduced nail spacings and distances).

The recommendations of BS 5268: Part 2 for pre-drilling are as follows:

(1) Hardwoods in strength classes of D30 to D70 will usually require pre-drilling
and the code recommends that the diameter of pre-drilled holes should not be greater 
than 0.8 times the nail diameter.

In general it is usual to provide pre-drilling when the density of the timber is 500 
kg/m3 or greater.

(2) For nails driven into pre-drilled holes in softwood strength classes C14 to C40 
and TR26, the code permits a 15% increase in their load capacities.
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Figure 5.4 Types of nails.

Basic single shear lateral loads

1. Timber-to-timber nailed joints

The basic single shear lateral loads for single round wire nails with a minimum 
tensile strength of 600N/mm2, driven at right angles to the side grain of timber in 
service classes l and 2, are given in Table 54 of the code (reproduced here as Table 
5.5).

For nails driven into the end grain of timber, the values given in Table 54 should be 
multiplied by the end grain modification factor K43 which has a value of 0.7, i.e. K43

= 0.7.

For nails driven into pre-drilled holes in softwood strength classes C14 to C40 and 
TR26, the basic single shear lateral load values given in Table 54 may be multiplied 
by 1.15, i.e. for convenience introduce a modification factor for pre-drilling, as Kpre-

drill = 1.15.

For square grooved and square twisted shank nails of steel with a yield stress of not 
less than 375 N/mm2, the basic single shear lateral loads given in Table 54 should 
be multiplied by the improved nail lateral modification, K44, which has a value 1.2, 
i.e. K44 = 1.2.
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For the basic loads in Table 54 to apply, the nails should fully penetrate the tabulated 
standard values in both the headside and pointside members. In addition, for joints 
where nails are subjected to multiple shear lateral loads, the thickness of the inner 
member should be at least 0.85 times the standard thickness given in Table 54. 
Otherwise, the basic shear load should be multiplied by the smaller of the following 
ratios, where relevant:

(1) actual to standard thickness of headside member, or

(2) actual penetration to standard pointside thickness, or

(3) actual inner member to 0.85 times the standard thickness.

It is important to note that no load-carrying capacity should be assumed where the 
ratios given above are less than 0.66 for softwoods and 1.0 for hardwoods. Where 
improved nails are used, the ratios may be reduced to 0.50 for softwoods and 0.75 
for hardwoods. In addition no increase in basic load is permitted for thicknesses or 
penetrations greater than the standard values.

Therefore, with reference to Figure 5.5, it is possible to define a modification factor 
for thickness of members and penetration depth (i.e. bearing lengths) for a nailed 
connection, Knail-bearing, as:
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Table 5.5 Basic single shear lateral loads for round wire nails in a timber-to-timber joint (Table 54, BS 5268: Part 2)



ATBU Bauchi
CVE 306- Design in Timber
Prof. A. Mohammed Design of Timber Connections

 
80 

 

Figure 5.5 Member thicknesses in nailed joints.

2. Steel plate-to-timber nailed joints

Steel plate-to-timber nailed joints can have a considerably higher load capacity than 
timber-to-timber joints with similar nailing arrangements. BS 5268 :Part 2, Clause 
6.4.5 recommends a 25% higher load capacity for steel plate-to-timber joints 
provided that steel plates have a minimum thickness equal to the greater of 1.2mm 
or 0.3 times the nail diameter.

Where a pre-drilled steel plate or component of such thickness is nailed to a timber
member, the basic single shear lateral load given in Table 54 should be multiplied 
by the steel-to-timber modification factor, K46, which has a value of 1.25, i.e. K46 = 
1.25.

It is recommended that the diameter of the hole in the steel plate should not be greater 
than the diameter of the nail.
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3. Plywood-to-timber nailed joints

The basic single shear lateral loads for single nails in a plywood-to-timber joint, 
where the nails are driven through the plywood at right angles into the side grain of 
timber in service classes 1 and 2, are given in Table 56 of the code (reproduced here 
as Table 5.6).

For the basic loads in Table 56 of the code to apply, the plywood should be selected 
from those given in Section 4 of the code, and the nails should be fully embedded 
and should have an overall length not less than those tabulated.

Axially loaded nails (withdrawal loads)

Round wire nails are weak when loaded axially and, thus, their strength should not 
be relied on to any great extent. The best resistance is generally obtained when the 
nails are driven into side grain (Figure 5.6). No withdrawal load is permitted by the 
code for nails driven into the end grain of timber.

Some of the main factors that influence the withdrawal resistance of a nail include 
the density and moisture content of the timber into which the nail driven and the 
nail type. As mentioned earlier, the type and surface condition of nails enhances 
their performance, for example, cement or polymer coated, annular ringed shank 
and helical threaded shank and square twisted nails all perform better under 
withdrawal loading than round wire nails.

In addition such improved nails are less affected by changes in the moisture
content of the timber. The basic withdrawal loads for single nails driven at right 
angles to the side of timber in service classes 1 and 2 are given in Table 55 of the 
code (reproduced here as Table 5.7). The values apply to each 1 mm depth of
actual pointside penetration achieved; where the pointside penetration of the nail 
should not be less than 15 mm.

For the threaded part of annular ringed shank and helical threaded shank nails, BS 
5268 : Part 2 recommends that the basic withdrawal loads given in Table 55 should 
be multiplied by the improved nail withdrawal modification factor, K45, which has 
a value of 1.5, i.e. K45 = 1.5.
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Table 5.6 Basic single shear lateral loads for round wire nails in a plywood-to-timber joint, 
(Table 56, BS 5268: Part 2)
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Figure 5.6 Axially loaded nails

Table 5.7 Basic withdrawal loads/mm of pointside penetration for smooth round wire nails 
driven at right angles to the grain (Table 55, BS 5268: Part 2)
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Permissible load for a nailed joint

(5.3)

(5.4)

(5.5)
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Design Examples

Example 5.1 Design of a simple nailed connection

The nailed joint shown in Figure 5.7 is subjected to medium-term tensile loading 
under service class 2. The joint comprises six 3.00 mm diameter x 60 mm long round 
wire nails acting in single shear in C18 timber. Determine the load-carrying capacity 
of the connection.

Figure 5.7 Nailed joint details (Example 5.1)
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Example 5.2 Design of a timber–to-timber connection with nailing into the    end 
grain
The nailed connection shown in Figure 5.8 is subjected to short-term loading under
service class 2 conditions. The joint comprises two 3.75 mm diameter x 65 mm long
round wire nails acting in single shear in C22 timber. Determine the load capacity 
of this connection.

Figure 5.8 Nailed joint details (Example 5.2)
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