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20  Structural Timber Design to Eurocode 5

1.7.2  Cross-laminated timber (CLT or X-Lam)

Cross-laminated timber, known as CLT or X-Lam, is a prefabricated solid timber 
panel, formed with a minimum of three orthogonally bonded layers of solid tim-
ber boards (laminates). For improved performance, long continuous lengths of timber 
boards can be produced by the finger jointing process. Cross-laminated timber panels 
can have three, five, seven or more layers in odd numbers, symmetrically formed 
around the middle layer (Figure  1.9). The layers are stacked perpendicular to one 
another and are glued together either on their wide faces only or on both wide and 
narrow faces and then pressed together over their entire surface area mechanically, or 
by means of a vacuum bag.

The European standard prEN 16351:2011 [15] deals with the performance require-
ments and minimum requirements for the production of the cross-laminated timber 
products for use in buildings and bridges. CLT laminations comprise timber boards 
that are strength graded according to EN 14081-1 or wood-based panels such as 
LVL. The common panel thicknesses range between 50 to 300 mm, but panels as 
thick as 500 mm are also produced. Various panel sizes from 0.6 m wide up to 3 m 
wide by 16 m long, 4.8 m wide by 20 m long, or even 1.2 m wide by 24 m long are 
possible and are produced by a number of manufacturers. However, often the ability 
to transport, shipping or crane lifting of the panels, is the limiting factor governing 
their size. In the UK, CLT is currently imported from mainland Europe (e.g. Austria, 
Germany and Switzerland) and Scandinavia, see Table 1.6. But the situation is likely 

Fig. 1.9.  Cross-laminated timber.

(a) Three and five laminates (b) Production

(c) Construction
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Timber as a Structural Material  25

are detailed in Table�4 of the Standard. Plywood of these classes can also be used 
under service classes 2 and 3 in accordance with the requirements of EC5.

However, the Standard also recommends that, where optimised values are required, 
the characteristic values are determined directly by testing in accordance with BS EN 
789:2004 [18] and BS EN 1058:2009 [19] or by a combination of testing to these two 
standards and calculation to BS EN 14272:2011 [20]. In this regard, the characteristic 
strength and stiffness values of products with CE certification (marking) should be 
obtained from the manufacturers or suppliers. Often such information is available 
from manufacturers’ websites.

The relevant grades, national standards and the quality control agencies relating to 
the structural grade plywoods that are commonly used in the United Kingdom are 
detailed in Table 1.7.

Indicative strength, stiffness and density values for the American plywood grade: 
C-D exposure 1 (CDX) and Swedish plywood grade P30 are given in Table 1.8.

In Tables  1.9, 1.10, 1.11 and 1.12 characteristic values for a range of Finnish 
plywoods that are used in the United Kingdom are given, based on the Handbook of 
Finnish Plywood [21].

In Tables 1.13 and 1.14 strength, stiffness and density values for unsanded CANPLY 
Canadian Douglas fir plywood and Canadian softwood plywood are given, respec-
tively, based on data published by CANPLY Canadian Plywood Association [22].

1.7.4  Laminated Veneer Lumber (LVL)

LVL, shown in Figure 1.12, is an engineered timber composite manufactured by lami-
nating wood veneers using exterior-type adhesives. In production, LVL is made with 
thin veneers similar to those in most plywoods. Veneers, 3–4 mm in thickness, are 
peeled off good quality logs and vertically laminated, but unlike plywood, successive 
veneers are generally oriented in a common grain direction, which gives orthotropic 
properties similar to those in sawn timber. Certain grades of LVL also include a few 
sheets of veneer in its lay-up in the direction perpendicular to the long direction of the 
member to enhance the strength properties. LVL was first produced some 40 years ago 
and currently it is being manufactured by a number of companies in the United States, 
Finland, Australia, New Zealand and Japan.

In the USA, LVL is manufactured from species such as southern yellow pine or 
Douglas fir by Weyerhaeuser under the name Microllam® LVL; and in Finland LVL is 
manufactured from Spruce by Metsa Wood (Finnforest) under the name Kerto. Kerto is 
produced as a standard product when all veneers are parallel (Kerto-S®) and also as 
Kerto-Q® in which approximately every fifth veneer is in the perpendicular direction. 
Kerto-T, a new product by Metsa Wood, is similar to Kerto-S but  is made from lighter 
veneers and is produced for use as a stud in both load-bearing and non load-bearing walls.

Standard dimensions of cross-section for Kerto-LVLs are shown in Table 1.15 and the 
characteristic values for their strength and stiffness properties are given in Table 1.16.

1.7.5  Laminated Strand Lumber (LSL), TimberStrand®

LSL, shown in Figure 1.13, is manufactured in the USA by Weyerhaeuser under the 
registered name TimberStrand®. LSL is produced from strands of wood species (often 
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Timber as a Structural Material  27

aspen), up to 300 mm in length and 30 mm in width, or species combinations blended 
with a polyurethane-based adhesive. The strands are oriented in a parallel direction 
and formed into mats 2.44 m wide by up to 14.63 m long, of various thicknesses of up 
to 140 mm. The mats are then pressed by steam injection to the required thickness. 
TimberStrands are available in dimensions of up to 140 mm thick × 1220 mm 
deep × 14.63 m long. Design values for the strength and stiffness properties of 
TimberStrand are given in Table 1.17.

1.7.6  Parallel Strand Lumber (PSL), Parallam®

PSL, shown in Figure 1.14, is manufactured in the USA by Weyerhaeuser under the 
registered name Parallam®. The manufacturing process involves peeling small-diame-
ter logs into veneer sheets. The veneers are then dried to a moisture content of 2–3% 
and then cut into thin long strands oriented parallel to one another.

The process of stranding reduces many of the timber’s natural growth and strength-
reducing characteristics such as knots, pitch pockets and slope of grain. This results in a 
dimensionally stable material that is more uniform in strength and stiffness characteris-
tics and also in density than its parent timbers. For bonding strands, waterproof structural 
adhesive, mixed with a waxed component, is used and redried under pressure in a micro-
wave process to dimensions measuring 275 × 475 mm2 in section by up to 20 m in length.

1.7.7  Oriented Strand Board (OSB)

OSB is an engineered structural board manufactured from thin wood strands, flakes or 
wafers sliced from small-diameter round timber logs and bonded with an exterior-type 
adhesive (comprising 95% wood, 5% resin and wax) under heat and pressure; see 
Figure 1.15.

OSB panels comprise exterior or surface layers that are composed of strands 
oriented in the long panel direction, with inner layers comprising randomly oriented 
strands. Their strength is mainly due to their multi-layered make-up and the cross-
orientation of the strands. The use of water and boil-proof resins/adhesives provide 
strength, stiffness and moisture resistance.

In the United Kingdom, OSB is often referred to as Sterling board or Sterling 
OSB. OSB has many applications and often is used in preference to plywood as a more 
cost-effective, environmentally friendly and dimensionally stable panel. It is available 

Table 1.9  Finnish plywood: density values

Plywood

Mean density  
(kg/m3)

Characteristic density  
(kg/m3)

r
mean

r
k

Birch (1.4 mm plies) 680 630
Birch-faced (1.4 mm plies) 620 560
Conifer (1.4 mm (thin) plies) 520 460
Conifer (thick plies) 460 400
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urethane and other similar insulation cores. Typical SIPs can be seen in Figure 1.18. 
Further information on the structural performance of SIPs may be obtained from 
the Structural Insulated Panel Association (SIPA) website and relevant research 
publications [26, 27].

Fig. 1.18.  SIPs during construction.
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OSB or plywood. Solid timber decking such as softwood tongued and grooved 
(T&G) decking is often used in roof constructions, in conjunction with glued-
laminated members, to produce a pleasant, natural timber ceiling with clear spans 
between the main structural members. The solid timber T&G boards are normally 
machined from 150-mm-wide sections with 38 to 75 mm basic thicknesses; see 
Figure 1.19b.

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; see Figure 1.19e. In situations where joists are to be supported 
on load-bearing timber-framed walls or internal partitions, header beams or spreader 
members 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; see Figure 1.19c.

Timber trimmer joists are frequently used within timber floors of all types of 
domestic buildings; see Figure 1.19a. There are two main reasons for which trimmer 
joists may be provided. First is to trim around an opening such as a 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 
shown in Figure 1.19a.

Trimming around openings can usually be achieved by using two or more joists 
nailed together to form a trimmer beam, as shown in Figure 1.19c, or by using a single 
but larger timber section, if construction geometry permits. Alternatively, trimmers 
can be of hardwood or glued-laminated timber, boxed ply-webbed beams, or as shown 
in Figure 1.19d, composite timber and steel flitched beams.

All flooring systems are required to have fire resistance from the floor below and 
this is achieved by the ceiling linings, the joists and the floor boarding acting together 
as a composite construction. For example, floors in two-storey domestic buildings 
require modified 30-min fire resistance (30-min load-bearing, 15-min integrity and 
15-min insulation). In general, a conventional suspended timber flooring system 
comprising 12.5 mm plasterboard taped and filled, T&G floor boarding with at least 
16 mm thickness directly nailed/screwed to floor joists, meets this requirement 
provided that where joist hangers are used they are formed from at least 1-mm-thick 
steel of strap or shoe type. Further information on fire safety and resistance is 
given in 1.11.

1.9  ADHESIVE BONDING OF TIMBER

In recent years there has been a significant advance in adhesive technology achieving 
high strength, stiffness and durability. These adhesives are now being used with 
timber, in the production of EWPs and also in timber construction to manufacture 
adhesively bonded components and connections (glued joints).

Connections bonded by adhesives can result in a better appearance and are often 
stiffer, requiring less timber; if formed by thermosetting resins they can perform better 
in fire than mechanical connectors. Their main disadvantage is the high level of quality 
control that is required in their manufacture and they can also degrade in conditions of 
fluctuating moisture content, in particular where dissimilar materials are involved. 
Examples of uses of adhesives in structural timber connections include finger joints, 
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