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Timber designers usually consider connection design to be 
the most difficult area in timber engineering. The traditional 
mechanical fasteners for structural timber are divided into two 
groups depending on how they transfer the forces between 
the connected members – ‘dowel-type fasteners’ and ‘metal 
connectors’.

This Wood Information Sheet (WIS) describes the dowel-type 
fasteners: nails, staples, screws, dowels and bolts. These 
fasteners can be CE marked in accordance with BS EN 14592. 
With these fasteners, the magnitude of load transfer between the 
connected members depends on the bending behaviour of the 
fastener as well as the bearing stresses developed in the timber 
along the shank of the fastener. Friction within the interface 
between the two connected members and axial pullout resistances 
could also contribute to the shear (lateral) capacity, depending on 
the fastener type. 

Metal connectors include fasteners such as split rings,  
shear-plates and punched metal plate fasteners where the load 
transfer is primarily achieved by bearing on to the surface of the 
members. This group is covered in a companion WIS 2/3-51 
Timber engineering hardware and connectors [1].

BM TRADA recommends Eurocode 5 [2] for structural design of 
timber. However, this WIS includes a summary of variations when 
using BS 5268-2 Structural use of timber. Code of practice for 
permissible stress design, materials and workmanship [3].

This Wood Information Sheet (WIS) is an overview of the subject 
with signposts to more detailed sources that are listed at the end.
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Key points

•	 Two types of mechanical fasteners are used in structural 
timber design – dowel-types and metal connectors

•	 Dowel-type fasteners are nails, staples, screws, dowels and 
bolts.

•	 Dowel-type fasteners can be CE marked to BS EN 14592.

•	 Dowels and bolts are heavy duty fasteners whereas nails, 
staples and screws have comparable but lower capacities.

•	 Proper fastener designs require the connection detailing to be 
appropriate as well as getting the capacity calculations correct.

•	 Accounting for slip during service and protection of 
fasteners during fire are important aspects of a good 
fastener design.

•	 Eurocode 5 contains calculation methods for fasteners  
in connections.

Subject: 	Structural
Reviewed:   April 2018
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Figure 1: Hexagonal head bolt
Photo and drawing: Wurth
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Nails

Applications
Nails are the most commonly used fasteners for many forms of 
structural timber components, such as timber frame stud walls 
and floor diaphragms. In timber structures, nails are used primarily 
in single shear for connecting timber, steel or wood-based panel 
products together.

Specification

Round nails

Nails for structural use are specified in BS EN 14592. Nails are 
manufactured in many different sizes, shapes and materials, but 
the most common is probably still the round wire nail. The round 
wire nail (Figure 2) is produced from a steel wire with a minimum 
tensile strength of 600 N/mm2 as specified in BS EN 10218-1 
Steel wire and wire products. General. Test methods [5]. The 
nominal diameter for nails must be between 1.9mm and 8.0mm 
as specified in BS EN 14592.

The head of a nail is usually stamped from the end of the cut wire 
as a flat circle of diameter approximately twice that of the shank, 
but with an area of not less than 2.5d2 where d is the nominal 
diameter of the nail. Nails with smaller head areas should not be 
specified for structural use.

Figure 2: Round nail

CE marking
Dowel-type fasteners for structural use in timber can be CE 
marked to BS EN 14592 Timber structures. Dowel-type fasteners. 
Requirements [4]. CE marking for construction products is now 
obligatory throughout the EU. The manufacturer must declare 
values for the characteristics in Table 1.

Table 1: Fastener characteristics

Characteristic Fastener type

Material: wire or steel specification Nails, staples, 
screws, dowels, bolts

Geometry: varies by fastener type
Length, threaded length, nominal diameter, 
head, cross-section area

Nails, staples, 
screws, dowels, bolts

Yield moment Nails, staples, 
screws, dowels, bolts

Withdrawal resistance Nails, staples, 
screws

Head pullthrough resistance of a named 
substrate

Nails, threaded nails, 
staples, screws

Tensile capacity of the shaft Nails, threaded nails, 
screws

Torsional strength: head twist off Screws

Torsional resistance to inserting fastener Screws

Corrosion resistant coating: type and 
thickness

Nails, staples, 
screws, dowels, bolts

Most of these values are best based on tests conducted by 
a notified laboratory. Material properties are passed to the 
manufacturer by their raw material supplier. The manufacturer 
must have a system of factory production control that is regularly 
audited.

The embedment strength of a fastener in solid wood, or 
other substrates, may also be established by test, but is not a 
requirement of CE marking.

For proprietary fasteners that do not fit the scope of BS EN 14592, 
CE marking is achieved via a European Technical Approval (ETA). 
The ETA will specify the intended use, expected performance and 
method of installation.

Threaded nails

Modifying the surface of a smooth round nail may improve nail 
performance, both under lateral and withdrawal loading. Any nail 
with a modification of the shank profile is called a threaded nail. 
A common choice is to use annular ringed (Figure 3) or helically 
threaded shank nails. These are produced by rolling annular 
or helical threads on to the shank of the nail to provide greater 
withdrawal strength. Another variation is to take nails with a 
square cross-section and twist them into a helical pattern which 
modifies the surface and work hardens the steel, thus raising 
the yield strength. These square twisted nails are often specified 
for fixing three-dimensional nailing plates, such as joist hangers. 
These improvements are mainly in terms of withdrawal resistance 
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of the nail, although they may also indirectly improve the lateral 
strength. Eurocode 5 specifies that the nails used to resist 
permanent or long term axial loading shall be threaded.

Douglas fir, to avoid splitting. The diameter of the pre-drilled hole 
should not be more that 80% of the nail diameter. Pre-drilling is 
also required when the connected members are so thin that the 
risk of splitting is high. Eurocode 5 contains guidance.

Staples

Applications
Staples are used most commonly in factory fabrication with 
pneumatic tools. Their use has been increasing as manufacturers 
have provided new products, and standards have changed to 
reflect this. They are particularly useful for fixing thin panels or 
pieces of timber to solid timber frames.

Staples for pneumatic tools are supplied as collated strips, where 
the strip is held together by resin (Figure 5). The resin coating 
not only serves to collate the staples but reduces the friction on 
insertion so that the staple is less likely to buckle.

Staples are also available as loose fixings for manual insertion. 
Although these could comply with EN 14592, they are usually 
used for fencing.

Figure 4: Coil of nails
Photo: Young Black Industrial Stapling

Specification
EN 14592 specifies sizes for staples based on their nominal 
diameter d. The length of the crown must be at least 6d, and the 
leg length not more than 65d. The cross-sectional area of the leg 
must be at least 1.7mm² and not more than 3.2mm².

Collated staples have a rectangular cross-section, so the nominal 
diameter d is taken as the average of the two cross-section 
dimensions. 

Loose staples may have a round or oval cross-section. Staples 
may have a coating to provide corrosion resistance.

How to use staples
As with nails, staples should be driven at right angles to the grain. 
If possible, the crown of the staple should be at an angle to the 

Figure 5: Strip of staples
Photo: Young Black Industrial Stapling

Figure 3: Annular ringed shank nail
Photo: Simpson Strong-tie

Collated nails for pneumatic tools

In factory fabrication, nails are usually driven in with pneumatic 
tools. Nails for these tools are collated in strips or coils in a range 
of lengths and designs (Figure 4). They are usually made of steel 
that is stronger than that used for common round wire nails. It is 
important to match the nail and collation type to the tool. Coiled 
nails usually have a round head and are not close packed. The 
coils may be collated with plastic or wire which breaks off as the 
nail is inserted.

Nails with a segment of the head cut away (clipped head or 
D-head nails) and T-head nails are available. Their head design 
allows the nails to be collated in close packed angled strips for 
cartridges. Collated strips are usually held together with adhesive 
paper tape that tears as the nail is driven in, so some paper is 
carried into the wood with the nail.

How to use nails
Nails should ideally be driven at right angles to the grain. 
Eurocode 5 includes guidance on slant nailing, if required. Avoid 
nailing on the end grain wherever possible. Eurocode 5 offers a 
simplified method to calculate the end grain capacities of nails, 
for secondary structures only. The standard also states that there 
should be at least two nails in a connection.

Pre-drilling holes for larger nails may be necessary when driving 
into dense hardwoods, or into softwoods such as larch and 
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grain direction, to reduce the risk of splitting. Staples should not 
be driven into end grain timber. Most collated staples are not 
suitable for higher density timbers since they are likely to buckle.

Screws 

Applications
Wood screws can be used for plain timber-to-timber joints but are 
especially suitable for steel-to-timber and panel-to-timber joints. 
Such screwed joints are usually designed as single shear joints. 

The common types are countersunk head screw (Figure 6), round 
head screw and coach screw (Figure 7). There are many screws 
intended for specific purposes, such as the self-tapping Assy 
screw (Figure 8) that is intended for high strength, and the Topix 
CC screw (Figure 9) that is intended for joining together large 
timbers into a tight-fitting joint.

In large connections, coach screws conveniently hold timber 
connectors in place or replace bolts for single-sided access. 

Figure 6: Countersunk head screw
Photo: Wurth

Figure 7: Coach screw
Photo: Wurth

Figure 8: Assy screw for special applications
Photo: Wurth

Figure 9: Topix CC screw for special applications
Photo: Heco

Specification 
Wood screws are specified in BS EN 14592.

The nominal diameter d of a screw relates to the smooth shank 
for screws that are turned down from the original rod diameter, or 
the outer thread diameter for screws that are produced by rolling 
or forging. The latter has become the more common type, with the 
outer thread diameter exceeding the shank diameter. Following  
EN 14592, screws for structural use must have a nominal 
diameter of at least 2.4mm and not more than 24mm.

The inner diameter of most screws in the threaded portion is 
about 70% of the outer threaded diameter measured and must 
be in the range 60%–90%. The length of the threaded portion 
must be at least 4d. The manufacturer must declare the nominal 
diameter, the length and the threaded length.

Coach screws are a specific type of structural screw produced to 
the German standard DIN 571. The thread is turned down from 
the original rod diameter, leaving a full diameter shank and the 
screws have hex heads, like bolts. They are used in engineered 
timber structures, particularly for fastening metalwork to timber. 
Available lengths are 25mm–300mm, with 6mm–20mm 
diameters. Coach screws must also comply with BS EN 14592. 

A number of proprietary screws are available that offer specific 
advantages. They may be longer or stronger than typical screws, 
the thread geometry may vary along the length, the design of 
the head or tip may have special features. Manufacturers may 
claim advantages that are not reflected in standard tests, in which 
case they should provide a basis for their claims. However, these 
improved screws can offer benefits that are independently verified 
and genuinely innovative.

How to use screws
Screws should be inserted by turning and not by driving with 
a hammer, otherwise the load-carrying capacity will decrease 
significantly. Proprietary head recesses allow screws to be 
machine driven and have displaced the traditional slotted head. 
Screws with these recesses should only be driven with the 
matching bit. 

Under Eurocode 5 rules, screws (as defined by BS EN 14592) with 
a diameter greater than 6mm should be inserted into pre-drilled 
holes to prevent splitting of the wood. Guidance on pre-drilling 
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is given in Eurocode 5. Smaller diameter screws may be more 
closely spaced with pre-drilled holes than without. For most 
designs, the threaded length of screw that is driven into the  
point side timber must be at least 6d. 

Coach screws require a washer and must always be inserted into 
a pre-drilled hole.

Proprietary screws covered by an ETA may have alternative 
methods of installation.

Dowels and bolts

Applications 
Dowels and bolts are used to hold two or more members together to 
form a joint, generally loaded in shear. 

For design purposes, the principal differences between dowels and 
bolts are that dowels (Figure 10) are a tight fit in the joint, whereas 
bolt holes may be up to 1mm larger in diameter in timber than the 
bolt and 2mm or 0.1d (whichever is larger) larger in steel plates. As a 
consequence, bolted joints slip a little before bearing lateral load, but 
dowelled joints in timber barely slip because the dowel is a snug fit.

Bolts are threaded with nuts and fixed heads, so they can carry an 
axial load. Common types are the hexagonal head bolt (Figure 1), 
the square head bolt and the carriage bolt (Figure 11). The heads 
often remain visible on the surface. Dowels cannot carry axial loads, 
but their plain ends are neater in appearance than bolts, and may 
sometimes be plugged, which improves both the appearance and 
the fire performance.

Specification 
Dowels and bolts are specified in BS EN 14592 and are usually 
made from mild steel but may be made from stainless steel. 
Dowels and bolts have a constant cross-section, usually circular. 

Bolts are threaded dowel-type fasteners, with hexagonal or square 
heads or nuts. The threaded part of bolts must be circular in cross-
section. They are available in diameters from 6mm to 30mm.

Dowels are rods, usually circular in cross-section, but may be 
deformed circular or rectangular. Their surface is usually smooth, 
but may be fluted to ease insertion. They are also available in 
diameters from 6mm to 30mm.

How to use dowels and bolts
When installing a bolt, pre-drill the timber to allow a clearance 
for easy insertion of the bolt. This also reduces any tendency for 
the members to split on assembly or after drying out. Eurocode 
5 says the hole diameter in the timber may be up to 1mm larger 
than the bolt diameter, d. Bolt holes in steel plates should have a 
diameter not more than 2mm or 0.1d larger than the bolt diameter, 
whichever is the greater. Tighten bolts so that the members 
fit closely and then retighten when the timber members reach 
equilibrium moisture content.

Whenever a bolt is used, either on its own or through a connector, 
install a washer under the head and nuts when they are otherwise 
in contact with the timber. To minimise bearing stress on the timber, 
use washers of diameter at least 3d and of thickness at least 
0.3d. For bolt heads and nuts in contact with steel surfaces follow 
nominal washer rules for metalwork given in Eurocode 5.

Insert dowels into pre-drilled holes with a diameter not greater 
than that of the dowel itself. This means that the holes must be 
accurately positioned, which is generally achieved by drilling 
through one member into the other. Joints made with dowels have 
a better appearance than bolted joints and are also stiffer. In large 
dowelled connections it may be necessary to replace some of the 
dowels with threaded bolts to stop the joint from opening laterally. 
In dowelled joints that include steel members, allow a clearance in 
the steel members and allow for the slip that may occur as a result. 
Depending on the joint design it may be possible to weld dowel 
ends to steel plates, in which case there should be no slip.

Bolted and dowelled joints may be made stronger by incorporating 
a resin into the joint. The technique is described in WIS 4-22 Resin-
bonded repair systems for structural timber [6]. The use of glued-in 
rods is not covered by Eurocode 5, but some guidance is given in 
the IStructE manual [7].

Figure 10: Plain dowel
Photo: Simpson Strong-tie

Figure 11: Carriage (coach) bolt
Photo: Wurth
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Design
Follow Eurocode 5 when designing joints using dowel-type fasteners. 

For further guidance, consult:
•	 The Institution of Structural Engineers’ Manual for the  

design of timber building structures to Eurocode 5 [7] 

•	 TRADA’s Eurocode 5: timber design essentials for engineers [8].

Although published in 1995, as background information to an 
early draft of Eurocode 5, there is much useful guidance for 
designers in:
•	 Timber Engineering STEP 1 [9]

•	 Timber Engineering STEP 2 [10].

Spacing rules
To avoid splitting of the timber, space dowel-type fasteners at 
suitable distances from each other and from the ends and edges 
of timber or wood-based materials. Figure 13 shows the various 
distances involved.

Variation when using BS 5268
Although it is a permissible stress design code, BS 5268-2 now 
takes the Eurocode 5 approach to the design of nailed, screwed, 
bolted and dowelled joints. Refer to Annex G in BS 5268-2.

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. Similarly, 
the edge distance may be loaded or unloaded.

The values for spacings and distances vary from one fastener 
type to another, as well as between the various material types. 
Eurocode 5 takes account of factors including the cleavage and 
shear strength of the timber, the timber density, the fastener 
diameter and, in some cases, the angle of load to the grain. 
The recommended spacings and distances are based upon 
testing and years of experience. Do not deviate from the Code 
recommendations unless strongly supported by tests performed 
by an independent authority.

Variation when using BS 5268
BS 5268-2 says the hole diameter in the timber may be up to 
2mm larger than the bolt diameter.

Figure 12: Single and double shear connections

Shear joints
Joints made with dowel-type fasteners are usually single- or 
double-shear, as shown in Figure 12.

Calculation methods are given in Eurocode 5 for both types  
of joint. Joints with more than two shear planes are calculated  
by summing the results from double shear plane calculations  
as appropriate. 

Figure 13: Spacings and edge distances

a1 Spacing parallel to grain
a2 Spacing perpendicular to grain
a3 End distance (may be loaded or unloaded)
a4 Edge distance (may be loaded or unloaded)

a3 a1

a4

a2
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Lateral loading
In most joints made with nails, screws, bolts or dowels, the 
fastener is loaded in lateral shear. Three material properties are 
needed to calculate the load-carrying capacity of such a joint:
•	 the timber density

•	 the embedment strength of the timber or the wood-based 
material

•	 the yield moment of the fastener.

Eurocode 5 provides formulae, based on test results, for 
calculating the characteristic embedment strength of commonly 
used fastener/timber combinations from the density of the  
timber and the diameter of the fastener. Manufacturers may 
provide declared values based on tests for their fasteners, 
particularly for non-standard or proprietary types of fastener  
or substrate.

Use the manufacturer’s declared value for the yield moment, if 
available; otherwise calculate the yield moment from formulae in 
Eurocode 5.

Variation when using BS 5268
BS 5268-2 does not contain tables for screws with a shank 
diameter larger than 10mm. However, the strengths of joints 
made with larger coach screws can be calculated using Annex G 
of BS 5268-2 (or Eurocode 5), provided that the strength of the 
steel from which they are made is known.

Eurocode 5 also includes a design method for slant nailing. The 
complexity of the axial capacity calculation method for screws in 
Eurocode 5 means that more input from fastener manufacturers 
may be required before useful results can be obtained. The current 
Eurocode 5, through equations in section 8, allows the addition of 
a percentage of the axial capacities of any fastener to their lateral 
capacities. This contribution is known as the “rope effect”. 

Variation when using BS 5268
BS 5268-2 includes similar formulae in Annex G. The tables of 
basic loads for fasteners have been derived using the same 
principles as Eurocode 5, but with load carrying capacities 
adjusted to match the permissible stress design basis of the 
Code. Section 6 contains design rules for developing permissible 
loads.

For laterally loaded joints, there are numerous possible methods 
of failure of the joint. WIS 2/3-36 Design of structural timber 
connections explains this. Eurocode 5 provides a set of equations 
that combine the effects of embedment strength, yield moment, 
and axial capacity of the fastener to give a capacity for each 
failure mode. The mode with the least capacity is taken as the 
most probable failure mode. 

Axial loading
Eurocode 5 contains a design method for nails and screws loaded 
in axial withdrawal, covering such contributing factors as head pull-
through in the case of nails with small heads. The Code also gives 
guidance on calculating the axial capacities of bolts based on the 
bearing strength of timber under the area of a washer. Dowels do 
not have axial capacities. 

Variation when using BS 5268
BS 5268-2 includes some useful guidance on withdrawal loads 
for improved nails, which is not fully covered by Eurocode 5.

Slip
Slip between the components occurs to some degree in all 
mechanical joints as the joint takes up load. It can be a significant 
factor in the deformation and, in some cases, the strength of some 
components.

Eurocode 5 includes a calculation method for slip in joints. It defines 
a slip modulus (a measure of how much load is required to induce a 
slip of one unit, mm) based on the component timber densities. Slip 
modulus is greatly reduced in a fire situation and should be taken 
into account. The magnitude of slip is time-dependent and is also 
affected by fluctuating moisture content in the timber. GD 5: How to 
calculate deformations in timber structures using Eurocodes [11]
advises on calculating slip.

Variation when using BS 5268
BS 5268-2 includes a similar method for slip in joints.

Corrosion resistance
Table 2 summarises Eurocode 5 guidance on minimum 
thicknesses for electroplated zinc coatings for corrosion 
resistance. The nominal coating thickness is given by the number 
– Fe/Zn 12c refers to a 12 µm thickness, Fe/Zn 25c to a 25 µm 
thickness

Table 2: Thickness of zinc coating

Fastener Service Class

1 2 3

Nails and screws with  
d ≤ 4 mm

None Fe/Zn 12c Fe/Zn 25c

Bolts, dowels, nails and 
screws with d > 4 mm

None None Fe/Zn 25c

Staples Fe/Zn 12c Fe/Zn 12c Stainless 
steel
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Hot dip zinc coatings may be used as an alternative to 
electroplating and are particularly recommended – together 
with stainless steel – for especially corrosive conditions. Hot dip 
coatings tend to be slightly thicker than equivalent electroplated 
coatings. Coating types and thicknesses can be related to 
expected levels of performance in a salt spray chamber, although 
manufacturers are not obliged to conduct these tests. EN 14592 
allows manufacturers to use alternative materials or coatings, 
provided they can demonstrate equivalent levels of corrosion 
resistance.

Zinc coatings are often called galvanised coatings, since the zinc 
corrodes in preference to the steel fastener. Galvanised coatings 
are sacrificial and will eventually fail if permanently exposed to 
corrosive conditions; stainless steel fixings are preferable in these 
conditions.

Additional coatings may be applied to fasteners to reduce friction. 
These coatings are thinner than the corrosion resistance coatings 
and may be coloured.

Fire resistance
The loadbearing capacity of unprotected metal fasteners in a 
fire is considerably reduced by heat. Where any part of a nail, 
screw, bolt or dowel is exposed to fire, rapid heat conduction will 
also lead to localized charring of the wood around the fastener, 
resulting in loss of anchorage.

BS EN 1995-1-2 Eurocode 5. Design of timber structures. 
General. Structural fire design [12] gives the fire resistances, in 
minutes, of unprotected connections. 

Joints are considered protected if the fasteners are covered with 
protective plugs of wood or wood based panels. BS EN 1995-1-2 
gives a series of calculation methods (of increasing complexity) for 
the fire resistance of timber members and timber components.

Comparative performance
Figure 14 shows the relative load-carrying capacity for a selection 
of fasteners, based on Eurocode 5 design principles.

Variation when using BS 5268
Section 4.1 of the withdrawn BS 5268-4.1 Structural use of 
timber. Fire resistance of timber structures. Recommendations 
for calculating fire resistance of timber members [13] contains 
a calculation method to ensure that fasteners are fully protected 
from the effects of fire.

Nail

Screw

Bolt

1
2

3
Nail Screw Bolt

Figure 14: 	Typical design load-carrying capacity per fastener for a timber-to-
timber single shear joint, parallel to grain. Assumes a strength class 
C24 (to which SS grade European redwood and whitewood belong), 
medium-term load duration class and timber member thicknesses 
typically used with the various fasteners

The comparison shows that large bolts are much heavier-duty 
fastening devices than nails or screws, and therefore have the 
greatest load carrying capacity of the types described in this WIS.

The comparison also shows that, when comparing similar 
diameters, nails generally have better lateral load-carrying 
capacity than screws. This is because nails have a uniform cross-
section throughout the length, whereas screws have a reduced 
cross-section along their threaded length. However, screws 
outperform nails when demountability or better axial withdrawal 
resistance are required. 

M16

M12

M8
8mm

6mm

5mm

8mm
4.5mm

2.65mm
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