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Preface

It is 18 years since the publication of the previous edition of this manual, during
which time the timber engineering industry has undergone many changes. Most
notable is the harmonizing of British Standards with European practice and the
recent release of BS 5268-2:2002 ‘Code of Practice for permissible stress design,
materials and workmanship’ which moves design concepts closer to those given in
Eurocode 5 ‘Design of Timber Structures’. This third edition is updated to reflect
the changes that are introduced in BS 5268-2:2002.

Recent years have seen the introduction of a range of composite solid timber
sections and I-Beams from the USA and Europe. There are now a number of sup-
pliers offering a range of products supported by technical literature in the form of
safe load tables and section performance properties with in-house staff providing
a comprehensive design service to the construction industry. This greatly reduces
the input required from the timber designer and is reflected in Chapter 8, Thin Web
Beams, and Chapter 10, Structural Composite Lumber.

The load capacities for nails, screws, bolt and dowel joints are now taken from
Eurocode 5 and are discussed in detail in Chapter 18, Mechanical Joints, and
Chapter 27, Design to Eurocode 5. Code bolt capacities are based on grade 4.6
bolts and Chapter 18 reviews and simplifies the formulae given in Annex G for the
derivation of bolt capacities and considers the improved performance that may be
achieved using grade 8.8 bolts.

This manual should be read in conjunction with BS 5268-2:2002. Reproduction
of Code text and tables is kept to a minimum. As with earlier editions, tables and
coefficients are provided to save the practising engineer many design hours and
should prove indispensable time-savers.

The timber engineering industry is constantly changing and it is hoped that this
latest edition will give the reader an overview of current practice.

E. C. Ozelton

xi
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Chapter 1
The Materials Used in Timber Engineering

1.1 INTRODUCTION

The decision by the European Commission in the early 1980s to have common
material and design standards for the various construction materials has led to the
withdrawal of many long-established British Standard Specifications and their
replacement with standards produced under the auspices of the Comité Européen
de Normalisation (CEN).

Whereas it was common practice for a British Standard Specification to describe
a product or group of products, and indicate how to control manufacture, test the
output, mark the product or products and even how to use it, the CEN rules for
drafting standards mean that each one of these procedures becomes a ‘stand alone’
document. As a consequence there has been a proliferation of European standards
relating to timber and its associated products. A European standard is identified by
a number preceded by the letters ‘EN’ (Europédische Norm) in a similar way to the
prefix ‘BS’ to British standards.

Under European legislation any conflicting part of a national standard has to
be withdrawn within a specified time period from the publication date of the
European standard. Because the use of a series of interrelated standards may well
rely upon the completion of one particular document, the standards for timber are
being collated and released in batches. The first of these batches relating to solid
timber brought about the major revision of BS 5268-2 in 1996. The release of the
second batch relating to panel products (plywood, particleboard, etc.) will give rise
to a further revision.

European standards are published in the UK by the British Standards Institution
with the prefix ‘BS EN’. To facilitate use in the UK these BS EN documents can
have a UK National Foreword explaining how the standard fits into the existing
UK legislation and methods of working. There can also be UK National Annexes
giving ‘custom and practice’ applications of the standard (e.g. BS EN 336: 1995
‘Structural timber — coniferous and polar — Sizes — Permissible deviations’ gives
the cross-sectional dimensions of timber usually held by UK merchants). Neither
the National Foreword nor a National Annex can alter the content or intent of the
original European standard.

The European standards, particularly for the panel products, have broadened the
range of materials available to the designer. Unfortunately reliable strength prop-
erties are not presently available for many of the newer panel products. Neverthe-
less these materials have been described in this chapter and it is left to the reader
to assimilate the appropriate design values when they become available.
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In addition to the extension of the ranges of the existing materials, new materials
that may be generally described as ‘engineered wood products’ have become avail-
able, viz. Laminated Veneered Lumber (LVL, see section 1.5.2), Parallel Strand
Lumber (PSL, see section 1.5.3) and Laminated Strand Lumber (LSL, see section
1.5.4). These materials are not currently covered by either British or European stand-
ards but most products have an Agrement certificate that allows their use in the UK.

The European standards are intended to support the limit state timber design
code Eurocode 5 (ECS), the initial draft of which is available in the UK as DD
ENV 1995-1 (published by the British Standards Institution). The values expressed
in these supporting standards are ‘characteristic values’ set at the fifth percentile
level, i.e. in statistical terms, 1 in 20 of the test values could fall below the char-
acteristic value. For the purposes of the permissible stress design code (BS 5268),
these characteristic values are further reduced by including safety factors to arrive
at grade stress values or strength values for use in design.

The materials covered by the European standards have new European designa-
tions, e.g. softwood timber strength classes are described as C16, C24, etc., and
these are the only ones now available in the market place. BS 5268 therefore uses
the new European designations and descriptions albeit with permissible stress
values rather than the characteristic values.

1.2 TIMBER
1.2.1 General

The many species of timber used in timber engineering can be divided into two
categories: softwoods and hardwoods. Softwood is the timber of a conifer whereas
hardwood is that of a deciduous tree. Some softwoods can be quite hard (e.g.
Douglas fir), and some hardwoods can be quite soft (e.g. balsa).

This manual deals almost entirely with design in softwood, because nearly all
timber engineering in the UK is carried out with softwood. Hardwoods are used,
however, for certain applications (e.g. harbour works, restoration works, farm
buildings, etc.), and Chapter 25 deals with aspects that must be considered when
using hardwood.

The UK is an importer of timber even though the proportion of home-grown
softwood for structural applications has risen steadily in recent years from 10% to
about 25% of the total requirement. About 80% of the imported softwood comes
from Norway, Sweden, Finland, Russia, Poland and the Czech Republic with the
balance mainly from Canada and the USA, although imports from other parts of
Europe, and from New Zealand, Southern Africa and Chile, do occur.

The European imports are usually the single species European whitewood (Picea
abies) or European redwood (Pinus sylvestris).

Canada and the USA supply timber in groups of species having similar proper-
ties, e.g.

® Spruce—pine—fir consisting of
Engelmann spruce (Picea engelmannii)
lodgepole pine (Pinus contorta)
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alpine fir (Abies lasiocarpa)
red spruce (Picea rubens)
black spruce (Picea mariana)
jack pine (Pinus banksiana)
balsam fir (Abies balsamea)

* Hem-fir consisting of
western hemlock (7Tsuga heterophylla)
amabilis fir (Abies amabilis)
grand fir (Abies grandis)

and additionally from the USA

California red fir (Abies magnifica)
noble fir (Abies procera)
white fir (Abies concolor)

* Douglas fir-larch
Douglas fir (Pseudotsuga menziesii)
western larch (Larix occidentalis)

The USA provides the following groupings

* Southern pine consisting of
balsam fir (Abies balsamea)
longleaf pine (Pinus palustris)
slash pine (Pinus Elliottii)
shortleaf pine (Pinus echinata)
loblolly pine (Pinus taeda)

* Western whitewoods consisting of
Engelmann spruce (Picea engelmannii)
western white pine (Pinus monticola)
lodgepole pine (Pinus contorta)
ponderosa pine (Pinus ponderosa)
sugar pine (Pinus lambertiana)
alpine fir (Abies lasiocarpa)
balsam fir (Abies balsamea)
mountain hemlock (Tsuga mertensiana)

The UK and Ireland provide

* British spruce consisting of
Sitka spruce (Picea sitchensis)
Norway spruce (Picea abies)
* British pine consisting of
Scots pine (Pinus sylvestris)
Corsican pine (Pinus nigra var. maritima)

The UK provides

* Single species
Douglas fir (Pseudotsuga menziesii)
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® Larch consisting of
hybrid larch (Larix eurolepsis)
larch (Larix decidua)
larch (Larix kaempferi)

From the publication of the first UK timber code, CP 112: 1952, through the
1960s and 1970s the usual practice for obtaining timber for structural use was to
purchase a ‘commercial grade’ (see section 1.2.3) of a particular species, often from
a specific source and then by visual assessment to assign the timber to an appro-
priate structural grade. Today timber is strength graded either visually or by
machine with the specification aimed essentially towards the strength of the timber
and then towards the species only if there are requirements with regard to specific
attributes such as appearance, workability, gluability, natural durability, ability to
receive preservative treatments, etc.

The most commonly used softwood species in the UK are European whitewood
and redwood. These species have similar strength properties and by virtue of this and
their common usage they form the ‘reference point’ for European strength-grading
practices. The designer can consider the two species to be structurally interchange-
able, with a bias towards whitewood for normal structural uses as redwood can be
more expensive. Redwood, on the other hand, would be chosen where a ‘warmer’
appearance is required or if higher levels of preservative retention are needed.

1.2.2 Strength grading of timber

1.2.2.1 General
There is a need to have grading procedures for timber to meet the requirements
for either visual appearance or strength or both. Appearance is usually covered
by the commercial timber grades described in section 1.2.3. Strength properties
are the key to structural design although other attributes may well come into
consideration when assessing the overall performance of a component or
structure.

Although readers in the UK may well be familiar with the term ‘stress grading’,
‘strength grading’ is the European equivalent that is now used. Strength grading
may be described as a set of procedures for assessing the strength properties of a
particular piece of timber. The strength grade is arrived at by either visual grading
or machine grading.

It is convenient to have incremental steps in these strength grades and these are
referred to as ‘Strength Classes’. The European strength class system is defined in
BS EN 338: 1995 ‘Structural timber. Strength classes’ and this has been adopted
for use in BS 5268. There is a set of classes for softwoods — the ‘C’ classes (‘C’
for conifer) — and a set for hardwoods — the ‘D’ classes (‘D’ for deciduous).

Through referenced codes of practice and standards, the various Building Regu-
lations in the UK require timber used for structural purposes to be strength graded
and marked accordingly. In addition to the BS EN 338 requirements, certain
grading rules from Canada and the USA may be used. The acceptable grading rules
are listed in BS 5268-2.

Strength grading of solid timber can be achieved in one of two ways:
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* Visual means, using the principles set out in BS EN 518: 1995 ‘Structural
timber. Grading. Requirements for visual strength grading standards’ with the
requirements for timber to be used in the UK given in detail in BS 4978 ‘Speci-
fication for softwood grades for structural use’.

* Machine methods, in accordance with the requirements of BS EN 519: 1995
‘Structural timber. Grading. Requirements for machine strength graded timber
and grading machines’.

Visual grading will give as an output the strength related to the visual charac-
teristics and species while machine grading will grade directly to a strength class.
From tables in BS 5268-2 it is possible to arrive at an equivalent grade or strength
class, whichever method of grading is used. Thus from Table 2 of BS 5268-2, SS
grade redwood is equivalent to strength class C24.

The grading of timber to be used for structural purposes in the UK is controlled
by the United Kingdom Timber Grading Committee (UKTGC). They operate
Quality Assurance schemes through authorized Certification Bodies. These Certi-
fication Bodies may be UK or overseas based but each overseas Certification Body
must have nominated representation in the UK, which may be through personnel
resident in the UK or through another Certification Body that is UK based. The
Certification Bodies are responsible for licensing persons as visual graders and for
the approval and continuing inspection of approved types of grading machine. As
a large part of the UK softwood requirement is imported, it follows that these
approval schemes operate world wide.

Each piece of graded timber is marked to give the grade and the species or
species combination of the timber, whether it was graded ‘dry’ (at or below 20%
moisture content) or ‘wet’, the standard to which the timber was graded (BS 4978
for visual or BS EN 519 for machine grading) and with sufficient information to
identify the source of the timber, i.e. the Certification Body and reference of the
grader. In certain circumstances marking may be omitted, e.g. aesthetic reasons, in
which case each parcel of a single grade has to be issued with a dated certificate
covering the above information plus the customer’s order reference, timber dimen-
sions and quantities together with the date of grading.

Only timber that has been graded and marked in accordance with the procedures
described above should be used for designed timber structures in the UK and in
particular for structures and components purporting to be in accordance with BS
5268. The requirement for marking includes timber sized in accordance with the
span tables given in the various Building Regulations.

1.2.2.2 Visual strength grading to European standards

As each country in the European Union has its own long-established visual grading
rules it is not surprising that a common European visual grading standard could
not be agreed. Instead BS EN 518 gives the principles for visual grading that
national standards should achieve. In the UK the national standard is BS 4978:
1996 ‘Specification for visual strength grading of softwood’. Before the introduc-
tion of the European grading standards, BS 4978 also covered the machine grading
of timber to be used in the UK.

BS 4978 describes two grades for visual strength grading: General Structural
and Special Structural, which are abbreviated to GS and SS respectively. For visual
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strength grades, bending strength is influenced mainly by the presence of knots and
their effective reduction of the first moment of area of the timber section, so the
knot area ratio (KAR) and the disposition of the knots are important.

While knots may be the most critical aspect, the rules in BS 4978 also include
limitations for the slope of grain relative to the longitudinal axis of the piece of
timber, the rate of growth (as given by average width of the annual rings), fissures,
wane, distortion (bow, spring, twist and cup), resin and bark pockets and insect
damage.

The knot area ratio is defined in BS 4978 as ‘the ratio of the sum of the pro-
jected cross-sectional areas of the knots to the cross-sectional area of the piece’.
In making the assessment, knots of less than 5 mm may be disregarded and no dis-
tinction need be made between knot holes, dead knots and live knots. Figure 1.1
illustrates some typical knot arrangements and their KAR values.

As a knot near an edge has more effect on the bending strength than a knot near
the centre of the piece, the concept of a margin and a margin condition is intro-
duced. For the purposes of BS 4978 a margin is an outer quarter of the cross-
sectional area, and the margin knot area ratio (MKAR) is the ratio of the sum of
the projected cross-sectional areas of all knots or portions of knots in a margin to
the cross-sectional area of that margin. Likewise the total knot area ratio (TKAR)

KaR = %
% KAR = %
1 i‘ KAR = 4
_Vf/fz/_

Fig. 1.1
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is the ratio of the projected cross-sectional area of all knots to the cross-sectional
area of the piece.

To qualify as SS grade, the MKAR must not exceed 4, and the TKAR must not
exceed +; where the MKAR exceeds 1, the TKAR must not exceed +. For GS grade,
the MKAR must not exceed 5 and the TKAR must not exceed 3; where the MKAR
is greater than 4, the TKAR must not exceed +.

The most onerous (theoretical) arrangement of knots corresponding to these
limits is illustrated in Fig. 1.2. The ratio Z,./Zy. is shown alongside each sketch.
From these ratios it can be deduced that the ratio of bending stresses between SS
and GS grades would be in the order of

0.44 0.384

——=0.69 or ——=0.83
0.64 0.464

depending on the extent to which a margin condition is relevant. The ratio of the
bending strengths in BS 5268-2 is 0.7 for all softwood species.

Providing that any processing does not remove more than 3 mm from an initial
dimension of 100 mm or less, and 5 mm from larger dimensions, then according to
BS 4978 the grade is deemed not to have been changed. If a graded piece is re-
sawn or surfaced beyond these limits then it must be regraded and re-marked if it
is to be used structurally. If a graded piece is cut in length then the grade of each
piece is not reduced. The grade could well be increased if a critical defect is
removed by this means! The strength grading can be carried out in the country of
origin or in the UK.

As visual grading gives simply the projected area of knots, to establish the grade
strength of timber from the GS or SS rating, the species of the timber has also to
be given. Thus SS grade redwood/whitewood lies in strength class C24 while SS
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grade British Sitka spruce is in a lower class, C18. Correlation of the European
and North American visually graded species to a strength class is given in Tables
2, 3,4 and 5 of BS 5268-2. The correlation between various European national
grades and the BS EN 338 strength classes is given in BS EN 1912 ‘Structural
timber — Strength classes — Assignment of visual grades and species’. It should be
noted that certain timbers, e.g. Radiata pine from New Zealand, can only be graded
for use in the UK by machine strength grading.

1.2.2.3 Machine strength grading to European standards
Grading machines were introduced commercially in the 1960s so there is now some
30 years’ background experience in their operation.

Machine strength grading relies essentially on the relationship between the
modulus of elasticity, E, and the modulus of rupture of a particular species of
timber from a particular geographical location. The modulus of elasticity may be
determined in a number of ways such as: applying a known force and measuring
the corresponding deflection; applying a known displacement and measuring the
force to achieve this; and by establishing the modulus of elasticity from dynamic
measurement. A statistical population, i.e. many hundreds of pieces, has to be tested
in the laboratory to establish the relationship between E and the modulus of rupture.
From background research these initial findings can be interpolated and extra-
polated to different cross-sectional sizes of timber of the same species. Where the
relationship between these properties is determined by deflection measurement, it
is normal practice to bend the timber about its minor axis, i.e. as a plank rather
than as a joist.

For machines using flexure to determine E, each piece of timber is graded in
increments of, say, 150mm of its length as it passes through the grading machine
and the minimum value obtained is given to that piece. Knowing this grade value
allows automatic sorting to stock piles of similar grade. Alternatively, the piece
can be colour marked in accordance with the strength value measured at each incre-
ment which then allows exceptional defects to be cut out.

There are certain aspects of the machine-grading process that cannot at the
present time be measured by machine and reliance is then placed on visual inspec-
tion, viz. fissures, distortion (bow, spring and twist), resin and bark pockets, insect
damage and abnormal defects, e.g. undue grain distortion that could cause damage
on change of moisture content. In addition, where a machine process relies upon
the flexure of the timber to establish the modulus of elasticity there will be short
lengths at the beginning and end of each piece that cannot be tested so it is nec-
essary to visually assess knots and slope of grain in these regions.

The machines have to be designed to take into account any natural bow in the
timber that would distort deflection readings, and be capable of operating at
throughputs of 100 m per minute or so in a workshop environment. The control of
machines with regard to accuracy and reliability can be either machine controlled
or output controlled. The former concentrates on the continual assessment and
proof of the machine performance whereas, with the latter, the output from the
machine is tested on at least a daily basis and if necessary the machine settings are
altered. Output control requires long runs of similar-sized timber to be effective so
finds application in the North American mills. Machine control is more applicable
to short runs of varying sizes and is therefore the preferred European method.
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The requirements for marking the timber with the source, grading machine ref-
erence as well as whether graded dry or wet, the grade, species and the standard
to which the grading has been made (BS EN 519) are similar to those for visual
grading.

1.2.2.4 Strength classes

Strength classes were originally introduced in CP 112: 1967 as a means of sim-
plifying the specification of structural timber where species, appearance and similar
attributes would not be critical. A strength class is the grouping of timbers that
possess similar strength characteristics irrespective of species. By specifying a
strength class the designer knows that the timber selected will be a reasonably
economic solution. Left to his own devices there is the possibility that the designer
may specify an exotic species such as pitch pine where the more readily available
and cheaper redwood or whitewood would be acceptable.

For many years, until the introduction of BS EN 338 in 1996, grading machines
were set to produce the equivalent of a visual grade, e.g. GS visual grade and MGS
machine grade redwood/whitewood, as well as specific grades only achievable by
machine grading. As machine grading became more widespread the logical move
was towards strength classes rather than species/strength grade combinations.

The European standard BS EN 338 ‘Structural timber. Strength classes’ gives
nine softwood grades (C14 to C40) and six hardwood grades (D30 to D70). The
number after the initial letter is the characteristic bending strength of the timber.
This is a value intended for use with the limit state Eurocode 5 and has a duration
of load equivalent to the time of testing, i.e. a few minutes. It can, however, be
roughly translated to a long-term strength value for use in a permissible stress
code such as BS 5268 by dividing by 3.20. In practice the procedures for arriving
at the tabulated grade bending strength values in BS 5268-2 are rather more
sophisticated.

To meet the requirements for a particular strength class the bending strength, the
characteristic density and the measured mean modulus of elasticity of the timber
had to be equal or greater than the values given for the strength class in BS EN
338. This had a number of problems in that many of the strength and stiffness
values were set on the basis of visual grading. It is of relatively little consequence
if the modulus of elasticity in a visual grading system is optimistic, i.e. high in its
value, but in machine grading this is the essential parameter and too high a value
will reduce the yield of a particular strength class from a parcel of timber. This
occurred with timber used in trussed rafter manufacture where the industry looked
to the new strength class C27 to replace the former redwood/whitewood M75
grade. Both have the same bending strength of 10.0 N/mm? but the mean E values
are 12300 N/mm? and 11 000 N/mm’ respectively. A particular timber sample when
machine graded would have a lower yield of the stiffer C27 material than the M75
grade. BS 5268-2 therefore lists an additional strength class TR26 that has similar
properties to redwood/whitewood M75.

When strength classes were determined using the machine-grading procedures
set out in BS 4978, the former edition of BS 5268-2 allowed timber to be admit-
ted to a strength class if (a) the strength in compression parallel to the grain, (b)
the strength in shear parallel to the grain and (c) the mean modulus of elasticity
were not less than 95% of the values required for the strength class. No two species
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of timber are identical in the relationships between their various mechanical prop-
erties, so although two species may have identical modulii of rupture, one may
have a higher E value and the other a higher compression strength parallel to the
grain. The pragmatic UK approach smoothed out these minor anomalies. Unfor-
tunately the European standards do not at the present time contain this flexibility
but it is likely that some progress towards the former UK approach will be made.

Designers should note that in the UK it is still possible to design for a specific
species/grade combination using the associated strength values. Where a particu-
lar species/grade lies just above the boundary between strength classes, then there
will be benefits in using these strength values.

1.2.2.5 Strength graded North American timber
Timber graded to North American standards (National Lumber Grades Associa-
tion, NLGA, in Canada and National Grading Rules for Dimension Lumber,
NGRDL, in the USA) falls into three visual grading groups and five machine
grades. The three visual grading groups are

* Joist and plank (J&P) graded as Select Structural, No. 1, No. 2 and No. 3.

® Structural light framing (SLF) graded as Select Structural, No. 1, No. 2 and
No. 3.

* Light framing (LF) and stud grades graded as Construction, Standard, Utility
and Stud.

These grading groups relate to end usage and the visual grading rules reflect this.
In J&P, where bending of the extreme fibres at the top and bottom of the section
is critical, then limitations on knot sizes at these positions are defined, whereas
stud grade is used for compression members so the distribution of the critical size
of knot is uniform across the section. Within each group there are separate grades
(e.g. No. 1, No. 2) and the strength values are then related to the species group-
ings described in section 1.2.1 as well, for example the complete specification
could be ‘Hem-fir Structural Light Framing No. 2’. To further complicate matters,
before 1996 the groupings SLF, LF and Stud related tabulated strength values to
a single size, 38 x 89, and for other sizes, e.g. 89 x 89, reference had to be made
to an additional table for size modification factors. BS 5268-2: 1996 rationalized
the presentation of the strength values so they are now tabulated and used in the
same manner as the values for timber from the rest of the world, taking into account
the size modification factors K; and K,,. In the original North American strength
values for the various grades, tension was not allowed in SLF No. 3, all LF grades
and Stud grade. BS 5268-2 does now give tension values for these grades but their
use in tension members should be avoided where possible.

It is common practice to purchase mixed parcels of No. 1 and No. 2 of J&P or
SLF (the individual pieces are graded and marked accordingly so they may be
easily identified and used for specific situations if required). In design the strength
values used generally would be No. 2 but the higher grade pieces would be avail-
able if necessary and could also be sorted on site for members likely to be more
heavily loaded, e.g. trimmers.

The North American machine grading can be either Machine Stress Rated
(MSR) or Machine Evaluated Lumber (MEL). Only MSR lumber is listed in BS
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5268-2. The grades are given as a combination of bending strength and E value
for the various species groupings, e.g. Douglas fir—larch 1200f-1.2E has a flexural
strength of 12001bf/in* and E of 12000001bf/in* (converted to 7.9N/mm?* and
8000 N/mm? respectively in BS 5268). The North American grading machines are
output controlled.

Canadian timber is also available from the East coast visually graded to BS 4978
and sawn to European sizes.

1.2.3 Commercial grades

1.2.3.1 General

Commercial grades are of less importance for today’s structural work than in the
past when only commercial grades were available and the assessment of the value
of the timber as a structural material rested with the user. Commercial grades may
still need to be purchased in order to obtain the size of timber required or perhaps
the volume needed, particularly with species normally associated with appearance
rather than structural properties, e.g. western red cedar. Strength-grading rules
described in section 1.2.2 seldom go beyond a cross-sectional dimension of
250 mm, whereas 400 mm or so may be required for repair or renovation purposes.
Commercial timbers are available in large balks or flitches that can then be con-
verted to the appropriate dimension for structural use.

1.2.3.2 Swedish and Finnish commercial grades
For the whitewood and redwood from Sweden and Finland there are six grades
numbered I, II, III, IV, V and VI (known as ‘firsts’, ‘seconds’, etc.). There are
agreed descriptions for these grades, but these are only guiding principles and most
well-known mills will practise a stricter sorting regime.

The basic qualities I-IV are usually grouped together for export. Because they
are not sorted into separate grades, this grouping is sold with the title ‘unsorted’.
This is traditionally a joinery grade. The V quality is sold separately (or, if a mill
has little unsorted it may sell ‘fifths and better’) and is traditionally a grade for
building and construction. The VI quality is sold separately and is traditionally a
grade for lower quality uses in building and for packaging.

The mill grading for whitewood and redwood from Poland and Norway, and the
whitewood from the Czech Republic, may be considered to be based on similar
rules to those of Sweden and Finland.

1.2.3.3 Russian commercial grades
The Russian commercial grades are somewhat similar to those of Sweden and
Finland except that they are divided into five basic grades. The basic qualities I to
III form the unsorted, and IV and V are similar to the Swedish/Finnish V and VI
respectively.

1.2.3.4 Canadian commercial grades
Some of the timber end products imported from Canada of non-strength graded
timber are given below. These timbers are usually sold and shipped in the ‘green’
condition, i.e. at a moisture content of 30% or more.
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® Spruce—pine—fir and hem—fir in sawn sizes up to a maximum green Size
of 4”7 x 12”7 in a mix of ‘No. 1 Merchantable’ and ‘No. 2 Merchantable’ and
occasionally in ‘No. 3 Common’ grade to the ‘Export R List Grading and
Dressing Rules’.

* Douglas fir-larch, hemlock or western red cedar to the ‘Export R List” in ‘No.
2 Clear and Better’, ‘No. 3 Clear’ and ‘No. 4 Clear’, imported in sawn sizes
up to a maximum green size of 4” x 12”.

* Western red cedar ‘Shop Lumber’ in green sawn sizes up to a maximum green
size of 2”7 x 12”.

® ‘Beams and Stringers’ to the ‘Export R List” up to a maximum green size of
6” x 16” in hemlock, Douglas fir-larch and western red cedar.

* ‘Posts and Timbers’ to the ‘Export R List’ up to a maximum quoted size of
16” x 16” in hemlock, Douglas fir-larch, western red cedar and 8” x 8” in
spruce—pine—fir.

Canadian timber is often costed at a price per ‘Standard’. This refers to a
‘Petrograd Standard’ which is 165 ft* or 4.671 m’.

1.2.3.5 Joinery grades in the UK
There will be cases where a designer will be asked to design using a joinery grade
timber. The grading rules are given in BS EN 942: 1996 ‘Timber in joinery —
General classification of timber quality’. The rules are applicable to softwoods and
hardwoods and cover knots, shakes, resin and bark pockets, discoloured sapwood,
exposed pith and beetle damage.

The grading reference is based on the maximum dimension of a knot or knot
cluster on a particular surface. This size is expressed as a percentage of the face
width together with a maximum dimension. The highest grade is J2 which allows
knots not exceeding 2mm measured in accordance with BS EN 1310, then J10
maximum 30% of face or 10 mm maximum, J30 — 30% and 30 mm, J40 — 40%
and 40 mm and J50 — 50% and 50 mm.

Note that there is no restriction on the slope of grain for joinery grades. It is
therefore possible to get ‘clear’ or effectively knot-free timber. To achieve this it
is likely that the slope of grain will be as steep as 1 in 4 whereas for SS grade to
BS 4978 the limit is 1 in 10 and for GS 1 in 6. For this reason the designer must
not be tempted to use ‘clear’ timber in a structural application.

1.2.4 Sizes and processing of timber

1.2.4.1 General
This is probably the most confusing aspect of the timber trade for persons ranging
from the uninitiated through to the lawyers attempting to unravel the niceties of a
shipping contract. The alternative descriptions of the sizing of cross-sections as
‘sawn’, ‘regularized’ and ‘planed all round’ or ‘surfaced four sides’ may be hard
to grasp but when the complication is added of the actual size of a supposed 2” X

4” cross-section being 13 x 32 the novice is understandably confused.
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1.2.4.2 Processing of timber

When a log is delivered to a mill from the forest it is sawn to either large balks or
flitches for shipment and subsequent re-sawing by the purchaser or it may be
sawn to smaller, directly usable sections. Timber can be used in this sawn
condition where dimensional tolerances are of no significance, e.g. for rafters to
receive roofing tiles where out of line of the top edge of the rafter by 3mm or so
is no problem. Timber can be either rough or fine sawn. The former is the condi-
tion that is normally seen, for fine sawn timber can be difficult to tell from planed
timber.

Where there is a dimensional requirement with regard to the depth or width of
a member — say, for a floor joist that has to provide surfaces on both the top and
bottom edges to receive a boarded walking surface and a ceiling — then it is
obviously advantageous to have all the joists the same depth. Planing two parallel
edges to a specified dimension is termed ‘regularizing’ and may be coded S2S or
surfaced on two faces.

Where a member is exposed or there is a need for dimensional accuracy on all
four faces, or if it makes handling easier (as with CLS and ALS timber), all four
faces can be planed. This process is known as ‘planed all round’ or ‘surfaced four
sides’ and may be coded S4S.

1.2.4.3 The sizing and tolerances for European timber
The move to European standards has paradoxically simplified the problem of sizing
outlined in section 1.2.4.1. BS EN 336 ‘Structural timber — Coniferous timber —
Sizes — Permissible deviations’ together with its National Annexes gives straight-
forward rules for defining and arriving at the dimensions of timber. It is necessary
to first set out the relevant definitions:

* Work size: the size at 20% moisture content of the section before any machin-
ing that may be required to achieve the target size.

* Target size: the size at 20% moisture content the designer requires and it is
the size to be used in any calculations; the deviations or tolerances specified
below are not included in the value of the target size.

* Cross-sectional deviations (tolerances): the amounts by which the actual
dimensions may vary from the target size:

tolerance class 1 (T1): for dimensions up to 100mm (4+3/—1) mm
dimensions over 100 mm (+4/-2) mm

tolerance class 2 (T2): for dimensions up to 100mm (+1/—1) mm
dimensions over 100mm (+1.5/—1.5) mm.

Tolerance class 1 is applicable to sawn sections while tolerance class 2 would
be used with the surfaced, processed or planed dimensions. It is normal UK prac-
tice to assume that 3mm is removed when surfacing or processing timber up to
150 mm initial dimension and 5 mm for timber over 150 mm initial dimension. This
does not mean that greater amounts cannot be removed, but beware that the grading
of the piece is not compromised (see section 1.2.2.2).

Note that these tolerances are exactly what they say: they are folerances. It is
incorrect to take a piece with a work size of, say, 38 mm surfaced to 35 mm and
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say that all pieces are intended to be 35 — 1 = 34 mm; the average of all pieces is
intended to be 35 mm and some may be as low as 34 but some can also be as high
as 36 mm.

Taking as an example a timber section obtained as a sawn section (work size)
of 47 x 150 mm at 20% moisture content, then

* used without any further processing or machining, the target size would be
specified as 47 (T1) x 150 (T1) with the minimum size as 46 X 148, and the
maximum size 50 X 154; the designer would use the dimensions 47 X 150 in
calculations;

* used after machining on the width (commonly known as regularizing) the
target size would be specified as 47 (T1) x 145 (T2) with the minimum size
as 46 x 143.5, and the maximum size 50 X 146.5; the designer would use 47
X 145 in calculations;

¢ used after machining on all four faces (commonly known as planed all round
or surfaced four sides) the rarget size would be specified as 44 (T2) x 145
(T2) with the minimum size as 43 X 143.5, and the maximum size 45 X 146.5;
the designer would use 44 x 145 in calculations.

1.2.4.4 Sizes available from European mills
The dimensions of timber commonly available in the UK based on the National
Annex in BS EN 336 are given in Table 1.1.

Cross-sectional dimensions above 200mm are less readily available so could
attract a cost premium. Scandinavian mills also supply timber to North American
CLS or ALS sections (see section 1.2.4.5).

Smaller sizes can be obtained by re-sawing any of the tabulated sizes and in
these cases a reduction of at least 3mm should be allowed for the saw cut thick-
ness. A 100mm size, if sawn equally into two, would normally be considered to
yield two 48 mm pieces. Remember too that the re-sawn pieces will need to be re-
graded if they are to be used structurally.

The moisture content of the timber (see section 1.2.5) is assumed to be at 20%
for the cross-sectional dimensions and tolerances given above. For other moisture
contents the change in dimension from the base value at 20% can be taken as 0.25%
change in the face dimension for 1% change in moisture content. It can be assumed
that no increase in dimension will take place for moisture content changes above
30%. These movements in cross-sectional dimensions can be assumed applicable
to all softwoods. For more detailed information relating to moisture movements
radially and tangentially to the growth rings, see section 1.2.5.3.

Table 1.1 Customary target sizes of European timber available in the UK

Dimension (mm)

Sawn 22 25 38 47 63 75 100 125 150 175 200 225 250 275 300
dimension
Surfaced 19 22 35 44 60 72 97 122 147 170 195 220 245 270 295
dimension
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The lengths of timber are available in increments of 300 mm with 3.9 m being
the limit of commonly available timber. Greater lengths will likely attract a
premium cost. In practical terms there is no change in length with change in mois-
ture content.

1.2.4.5 Sizes available from North America
Many sections are marketed in the ‘green’ condition in imperial (inch) dimensions
so the designer has to be careful when assessing whether the timber should be dried
by kilning or open sticking before use, and what the final dimensions are likely to
be when actually used. Fortunately most of the timber in the J&P, SLF, LF and
Stud grades (see section 1.2.2.5) are available kiln dried to a moisture content of
19%.

North American timber in these particular grades is surfaced to Canadian
Lumber Standards, CLS, or American Lumber Standards, ALS. The thickness of
the timber is usually 38 mm but depending on the grade can also be 63 or 89 mm
and the widths are 63, 89, 114, 140, 184, 235 or 285 mm. The timber is planed on
four surfaces and the arrises are slightly rounded, which makes the handling of the
timber easier. These timber sizes are the target sizes and are assumed to be in tol-
erance class 2. The sizes are available in European redwood/whitewood from Scan-
dinavian mills. Likewise Canadian mills on the east coast do saw European sizes.

‘Occasional’ (i.e. 10%) pieces of consignments of sawn, green timber graded to
the NLGA rules are permitted to have the full sawing tolerances, which are given
in section 747 of the NLGA rules as:

” 17

under or {” over
” under or ;" over

37

” under or {” over

7 17

" under or5” over

under 2”

2” and larger not including 5”
5” and larger not including 8”
8” and larger

==

B|=Z|woo]

These tolerances are in addition to any reductions on drying.

1.2.5 Moisture content and movement of timber

1.2.5.1 Measurement of moisture content
The moisture content of timber for precise measurement or instrument calibration
purposes is obtained by weighing a sample of the timber, oven drying and then
re-weighing thus establishing the weight of water in the sample. From these
measurements

weight of water < 100%

moisture content = —
weight of oven dry sample

The method is destructive, therefore it is usually used only in the case of cali-

bration or dispute. The result is an average value for the particular sample, so

achieving a reasonable assessment for a large member can require a large number
of samples.

Alternatively, the moisture content can be determined by a moisture meter. These

meters measure the electrical resistance of the timber between two probes inserted
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into the timber. The wetter the timber the lower the electrical resistance. The per-
formance of this type of meter is therefore dependent upon a number of factors
that the user should be aware of:

* the various species of timber have different resistances; meter manufacturers
overcome this by having different scales on the meter or using different cali-
bration ‘keys’ for insertion into the meter;

* the depth of penetration of the probes will affect the readings, as the surface
layers of the timber may be at a different moisture content to those 20mm
below the surface depending upon the environment or the exposure of the
timber to the weather;

® organic solvent preservatives are said not to influence readings to any sig-
nificant extent, but readings are affected by water-borne preservatives and fire
retardants; the manufacturer of the meter may be able to give a correction
factor.

Provided that a moisture meter is calibrated correctly and used correctly, it is
usually accurate enough for most checking required in a factory or on site. If insu-
lated probes are used it is possible to plot the moisture gradient through a section.

Measurement of the moisture content of board materials with a moisture meter
designed for use on solid timber can at best be described as ‘indicative’ due to the
relatively small thickness of the boards and the effects of any adhesives that may
have been used.

1.2.5.2 Service classes
BS 5268-2 now follows Eurocode 5 in defining three service classes:

® service class 1 is characterized by a moisture content in the materials
corresponding to a temperature of 20°C and the relative humidity of the
surrounding air only exceeding 65% for a few weeks per year;

® service class 2 is characterized by a moisture content in the materials
corresponding to a temperature of 20°C and the relative humidity of the
surrounding air only exceeding 85% for a few weeks per year;

® service class 3 indicates climatic conditions leading to higher moisture
contents than in service class 2.

For most softwoods the conditions for service class 1 will result in an average
moisture content that does not exceed 12% and the corresponding moisture content
for service class 2 will not exceed 20%. Note that these values are for softwoods
such as redwood and whitewood. In the environmental conditions for the service
classes the moisture contents of hardwoods and board materials will differ from
those for softwoods, e.g. plywood at the top end of service class 2 would be around
16%.

At the present time all materials for design purposes are assumed to be either
‘dry’ (service classes 1 or 2) or ‘wet’ (service class 3). The standardization at 20%
moisture content for softwoods for sizing purposes as well as design is an improve-
ment over the previous UK practice whereby dimensions were measured at 20%
and designs to BS 5268-2 were assumed to be at 18%. The North American ‘dry’
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condition at 19% still applies but it is at least on the conservative side of 20%
rather than midway between the previous UK limits!

1.2.5.3 Moisture movement of timber
When a tree is felled the moisture content could be well over 100%. There is effec-
tively no dimensional movement of the timber as it dries until it reaches ‘fibre
saturation’. This is the point when further drying removes water from within the
cell walls of the timber fibres, all previous drying having been of ‘free’ water in
the cells themselves. The fibre saturation point for most softwoods is taken as 25
to 30% moisture content.

With change in moisture content below the fibre saturation point timber changes
in dimension. This movement may be assumed to be linearly related to the
change in moisture content for moisture contents between 8% and the fibre satu-
ration point. In timber-framed buildings due account has to be taken of such move-
ments, particularly in the vertical direction as timber installed at a moisture content
of 20% could dry down to an equilibrium moisture content of 12% in a heated
building.

The effects of timber shrinkage with such a change of moisture content can be
made more onerous in buildings where, for example, clay brickwork is used as an
external cladding which could expand between 0.25mm and 1.00mm per metre
height of masonry. BS 5268-6.1 recommends an allowance of 6 mm per storey
height (say 2.6m) for the differential movements at external door and window

longitudingl

Fig. 1.3
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openings, at lift installations, for vertical services and for the wall ties between
masonry cladding and the timber frame.

The magnitude of moisture movement depends upon the orientation of the
timber. In cross-section, i.e. across the grain, the movement in the tangential direc-
tion is about twice that in the radial direction for a given change in moisture
content.

For European redwood the tangential movement is 0.28% change in dimension
for 1% change in moisture content while in the radial direction it is 0.12%
in dimension for 1% moisture change. The corresponding change along the grain,
i.e. along the length of the timber, is much smaller being around 0.004% in dimen-
sion for 1% moisture content change, which is so small that it is usually neglected.

Today the conversion of timber from the log to structural size means that in any
cross-section the moisture movement parallel to a particular surface will be a com-
bination of tangential and radial effects. One method of assessing this condition is
to take the average of the two movements, e.g. for European redwood:

0.5(0.28% +0.12%) = 0.20% change in dimension for 1% moisture content

In a timber-framed platform construction (the most common form of timber-
framed house construction) the largest single contribution to cross grain movement
is the floor joist. The conversion of the timber means there will be a tendency for
more tangential movement than radial (see Fig. 1.3 above) so the combined cross-
grain shrinkage of the common softwoods is often quoted as 0.25% movement for
1% moisture content change. A 200mm floor joist installed at 20% moisture
content that dries down in a heated building to 12% equilibrium moisture content
could move

200 X 0.25% x (20% — 12%) = 4 mm.

By comparison a 2.4 m long timber stud supporting the floor joist would move only
0.8 mm in its length for a similar change in moisture content.

For more detailed information relating to different species and moisture move-
ments both radially and tangentially to the growth rings, see FPRL Technical Note
No. 38 ‘The movement of timbers’.

1.2.5.4 Distortion of timber
It follows from section 1.2.5.3 that moisture change in a piece of timber will cause
changes of dimension particularly due to the different characteristics tangentially
and radially to the growth rings. The greater magnitude of the tangential compo-
nent will cause a cross-section to ‘cup’ with reduction in moisture content (see Fig.
1.4(a)).

This type of distortion is of particular importance when gluing timber together,
for situations can arise where two pieces having a common glueline will tend to
move away from each other (see Fig. 1.4(b)). Adhesive joints are relatively weak
perpendicular to the glue face, so the conditions shown in Fig. 1.4(b) should be
avoided. One method is to select the orientation of the pieces so that, on cupping,
they ‘nest’ into each other (Fig. 1.4(c)). This may not be practicable in large-scale
manufacturing, particularly if the pieces have been end jointed for there is then
every likelihood of reversal of the orientation within the length of one piece. A
limitation is usually placed on the moisture content so that the maximum differ-
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Fig. 1.4

ence between any piece at the time of gluing and in its equilibrium moisture content
in service does not exceed 5% and that the maximum difference between adjacent
pieces at the time of gluing does not exceed 3%.

It can be seen that if the grain direction in a piece of timber does not coincide
exactly with the geometrical axes of the timber, then any moisture changes will be
accompanied by corresponding asymmetrical movements in cross-section and
along the length giving rise to bow, spring and twist of the piece. These move-
ments can also be made worse locally due to grain swirl around knots. The rules
for machine grading have visual overriding limits on bow, spring, twist and fis-
sures (splits and shakes) in the timber at the time of grading. These limits are
similar to those specified for visual grading. More often than not in machine
grading the timber is run through the machine in the wet condition and only the
timber passing this test is then dried. As the magnitudes of deformations and dis-
tortions depend on the moisture content of the timber it is essential that when
machine grading for the ‘dry’ requirement, i.e. 20% moisture content or less, that
the visual overrides are assessed with the timber at the required 20% moisture
content or less.

1.2.5.5 Thermal movement of timber
The coefficient of linear thermal expansion is approximately 4 x 107%/°C, which is
about 33% of the value for steel and concrete. Under normal climatic conditions
the movement of timber will be small enough to be neglected. It is likely that only
very long span beams will require special consideration.

The low thermal movement of timber is a significant asset when a timber member
is subject to fire. Much of the damage in a fire is due to the thermal expansion of
the construction materials causing disruption at junctions with other materials and
at the supports of members long before the effects of temperature rise initiates
failure of the members themselves. In a fire situation the ‘core’ of the timber section
remains effectively at ambient temperature due to the good thermal insulation of
the charred outer surfaces. This, coupled with the low coefficient of thermal expan-
sion, means that there is little if any disruption due to thermal movement.

1.2.5.6 Thermal conductivity of timber
Timber has low thermal conductivity, so it is not usually necessary to consider
‘thermal bridging’ through wall studs or roof joists where these components
form part of a thermally insulated wall or roof construction. Values are typically
0.14 W/mK for timber, plywood and tempered hardboard. Other fibreboards are of
lower thermal conductivity and can make a significant contribution to the thermal
insulation of a building element.
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1.2.6 Specifying timber

1.2.6.1 Specifying for structural uses

Examples

The following five aspects should be considered in the specification for structural
timber:

. Strength class, with a limit on the species permitted if this is relevant (section

1.2.2.4) or the strength grade and species (abbreviations for various species
and species groups are given in BS 4978 for softwoods and in BS 5756 for
hardwoods).

. Target sizes and tolerances (section 1.2.4.3). This defines the surface finishes,

e.g. if T1 then it is a sawn finish and, if T2, a fine sawn or planed surface
with the target size derived from commercially available work sizes (sections
1.2.4.4 and 1.2.4.5).

. Length in increments of 300 mm for loose timbers sent to site for cutting and

fitting or the actual lengths required where these are given on relevant
drawings or schedules.

. Whether the timber is to be graded for use in service class 2 or whether

it can remain unclassified, i.e. assumed to be ‘wet’ or whether a specific
moisture content is required, say 14% * 3% (for example, for avoiding undue
distortion when gluing, see section 1.2.5.4).

. Preservation — where necessary (see Chapter 24 for guidance).

Requirement: Regularized timber grade C24, work size 47 x 200, for floor joists

in a domestic property, cut on site to bear into masonry walls with
a nominal length of 3.140m:

C24 — 47 (T1) x 195 (T2) x 3300 long, DRY

Requirement: Exposed floor joists of European redwood SS grade for centrally

heated building, work size 47 x 200, cut to exact length 3.140m:

European redwood (ER), SS grade, 44 (T2) x 195 (T2) x
3140 mm, DRY

Requirement: Greenheart timber piles for use in sea water, work size 300 x 300,

grade D70 cut to length 5050 mm:
Greenheart D70, 300 (T1) x 300 (T1) x 5050 mm

Requirement: European whitewood, C24 timber for glued laminated timber con-

struction in a covered environment with an anticipated equilibrium
moisture content of 16%, work size 47 x 100, component length
4.145m trimmed to length on completion of the laminating:

European whitewood (EW) C24, 44 (T2) x 100 (T1) x 4200 mm,
moisture content 16% + 3%
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Note that the 100 mm breadth would be planed after laminating to
remove hardened adhesive, ‘squeeze out’ and misalignment of the
laminates to give a finished beam breadth of 90 mm.

Requirement: Canadian Douglas fir floor joists, J&P No. 2, CLS size 38 x 235 X
3.255m (exact length):

Douglas fir Canada (NA/DFL) J&P No. 2, 38 x 235 CLS X
3255mm, DRY

Note the CLS dimensions are assumed to have a tolerance of T2.

Requirement: TR26 timber, target size 35 x 120 for use in trussed rafter manufac-
ture, maximum length of piece 4.200 m:

TR26 — 35 (T2) x 120 (T2) x 4200 mm, DRY

1.2.6.2 Specifying for uses other than structural
Depending on circumstance it may be necessary to specify one or more of the
following:

* Species of timber, if this is important for appearance, surface finish, work-
ability, etc.

® Grade. If an appearance grade is important it may be relevant to refer to one
of the classes of BS EN 942 (see section 1.2.3.5). If grade is not particularly
important it may be adequate to refer to a commercial grade (see section
1.2.3), remembering that re-sawing invalidates the original grading, or indeed
simply to state what is important (e.g. straight, no wane, no decay).

* Moisture content, where important.

* Finished size, surface and tolerance. If no surface finish is specified a sawn
surface will normally be assumed by the supplier.

* Length, either as a nominal dimension for cutting to fit or a specific dimen-
sion as given on drawings or schedules.

* Preservation, where necessary. (See Chapter 24 for guidance.)

The specifications for non-structural timber will tend to be more descriptive than
those for structural timber given in section 1.2.6.1.

Examples
Preamble: Timber to be European whitewood of V quality, tolerances to BS EN
336, dried to 22% moisture content or less with the following
dimensions:

32 x 200 x 4.20m
32 x 195 regularized x 4.20m
43 x 191 planed all round x 1.80m

Preamble: Timber to be European redwood to class J30 of BS EN 942; exposed
and concealed surfaces as indicated on drawing nos. XYZ/1 and 2;
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preservation to be by organic-solvent double-vacuum process to Table
2 of BS 5589, desired service life 60 years.

1.3 PLYWOOD
1.3.1 General

Several countries produce plywood either from softwood or hardwood logs or a
mixture of both; however, very few plywoods are considered suitable for structural
use. As a general rule only plywood bonded with an exterior quality resin adhe-
sive should be specified for structural use. As far as the UK is concerned, the
principal structural plywoods are:

Canadian Douglas fir-faced plywood commonly referred to as Canadian Douglas
fir plywood.

Canadian softwood plywood

Finnish birch plywood (birch throughout)

Finnish birch-faced plywood

Finnish conifer plywood

American construction and industrial plywood

Swedish softwood plywood.

Sections 1.3.2-1.3.5 give outline details of the sizes and qualities of these ply-
woods and the name of the organizations from which further details can be
obtained. Before specifying a particular plywood it is as well to check on its avail-
ability. The strength values for various plywoods are tabulated in BS 5268-2. Those
values are at a moisture content of 15%.

When designing with plywood, it is necessary to distinguish between the
‘nominal’ thickness and the actual thickness. Designs to BS 5268-2 must use the
‘minimum’ thickness which is based on the assumption that all veneers have their
minus tolerance deducted. The designer should also check to see whether sanded
or unsanded sheets will be supplied as this can make a difference of several percent
to the thickness and strength values.

There are a number of ways of expressing plywood strength values. One is to
assume that the whole cross-sectional area of the plywood has equal strength
(i.e. the ‘full area’ method). Another is to assume that the veneers which run
perpendicular to the direction of stress have no strength at all (i.e. the ‘parallel
ply’ method). Yet another method is the ‘layered’ approach in which the per-
pendicular veneers are assumed to have some strength but much less than the par-
allel veneers. The designer must be careful to use the correct geometrical properties
(either full area or parallel ply) with the corresponding strength values. If used
correctly in calculations these three methods should give similar results. BS
5268-2 uses the full area method which is also the method used in this manual.
The strength values in the full area method differ with thickness and quality of the
plywood.

If appearance is important it is prudent to check whether the description of the
face veneer relates to both outer veneers or only to one. In the latter case the better
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veneer is described as the ‘front’ face with the other outer veneer being described
as the ‘back’ veneer.

When a plywood is described as an exterior grade of plywood, this reference is
to the durability of the adhesive and not to the durability of the species used in the
plywood construction.

It is common practice when giving the dimensions of a plywood sheet (length
and breadth) to state firstly the dimension of the side parallel to the grain of the
face veneer. Thus a sheet 2440 x 1220 will have the face grain of the outer veneer
parallel to the 2440 dimension. This is an important description to recognize as
structural plywoods are stronger in the direction of the face grain.

If plywood is to be glued and used as part of an engineered component (e.g. a
ply web beam or stress skin panel) the designer should satisfy himself as to the
suitability of the face quality and integrity of the chosen plywood for gluing. Some
plywoods are intended mainly for wall or floor sheathing rather than glued
components.

1.3.2 Available sizes and quality of Canadian plywood

The size of plywood sheets usually available is 2440 x 1220mm (8 ft x 4ft) but
metric size sheets 2400 X 1200 mm are available. The face veneer runs parallel to
the longer side (Fig. 1.5).

Two basic types of Canadian exterior grade plywood are available in the UK.
These are a plywood with one or both outer veneers of Douglas fir and inner
veneers of other species which is known commercially as Douglas fir plywood,
and an exterior Canadian softwood plywood which is made from much the same
species as Douglas fir plywood but without Douglas fir face veneers. Appendix D
of BS 5268-2 lists the species that are used.

The face quality grades available for both Douglas fir and softwood plywoods
are:

* ‘Sheathing Grade’ with grade C veneers throughout, unsanded.

* ‘Select Grade’ with grade B face veneer and grade C inner and back veneers,
unsanded.

* ‘Select Tight Face Grade’ with grade B ‘filled’ face veneer and grade C inner
and back veneers, unsanded.

® ‘Good One Side Grade’ (G1S) with grade A face veneer and grade C inner
and back veneers, sanded (strength values for this grade are not given in BS
5268-2).

2440 mm

face veneer
R 1220 mm

Fig. 1.5 Canadian fir-faced plywood.
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* ‘Good Two Sides Grade’ (G2S) with grade A face and back veneers and grade
C inner veneers, sanded (strength values for this grade are not given in BS
5268-2).

The Douglas fir grades G1S and G2S are required where a good appearance of the
plywood surface is necessary but because the minimum thickness requirements
for the face veneers could not be guaranteed, strength values are not given in BS
5268-2.

For further information refer to BS 5268-2.

1.3.3 Available sizes and quality of Finnish construction plywood

The most commonly available size is 1220 X 2440 mm. The face veneer runs par-
allel to the shorter side (Fig. 1.6). Other sizes which are quoted as being generally
available are:

1200 x 1200/2400/2500/3000/3600
1220 x 1220/2440/2500/3050/3660
1250 x 1250/2400/2500/3000/3600
1500 x 1500/2400/2500/3000/3600
1525 x 1525/2440/2500/3050/3660

The face veneer runs parallel to the first dimension.
Three basic types of Finnish exterior grade construction plywood are available
in the UK as well as a flooring plywood. The three construction plywoods are:

* Birch plywood made entirely of birch veneers (commonly described as birch
‘thro and thro’).

* Birch-faced plywood which has the outer veneers on both faces made from
birch and the inner veneers of conifer and birch. There are three variations of
this type:

— Combi, having two birch veneers on each face with the inner veneers alter-
nately conifer and birch;

— Combi Mirror with one birch veneer on each face and the inner veneers
alternately conifer and birch;

— Twin, with one birch veneer on each face and conifer veneers internally.

¢ Conifer plywood with outer veneers of spruce or pine and the inner veneers
from conifers.

2440 mm

VEIeer

I lace 1220 mm

Fig. 1.6 Finnish birch, birch-faced or conifer plywood.
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The thickness of birch veneers is usually 1.4mm and the conifer veneers range
from 1.4 to 2.8 mm.

The face qualities available for birch face veneers, based on practice nearly
a century old, are A (practically without defect), through B, S, BB to WG (sound
knots up to 65 mm diameter, open splits and checks up to 4 mm wide, etc.). Today
the grading follows ISO standards for the qualities of both birch and conifer face
veneers being E (practically without defect), through I, II, IIT to IV in a similar
manner to the older birch grading (WG equivalent to IV). The reader may well
find reference to either grading system for birch face veneers in technical litera-
ture and the market place. BS 5268-2 refers only to the number grading system.

It is normal practice to give the grades of the face veneer and then the back
veneer, e.g. I/Ill. Because the veneers are thin the quality of the face veneer
does not have any significant effect on the strength properties of the plywood.
For this reason Conifer plywoods I/I and IV/IV are given the same values in BS
5268-2.

For further information refer to BS 5268-2 or contact Finnish Plywood
International.

1.3.4 Available sizes and quality of American construction plywood

The volume of American Construction and Industrial plywood exported to the UK
has increased in recent years, mainly in the C—D grade for use as sheathing. The
most commonly available sheet size is 2440 x 1220 mm. The face veneer runs par-
allel to the longer side (as shown in Fig. 1.5).

The type of American exterior grade construction plywood covered in BS 5268-
2 is a plywood with both outer veneers of Group 1 species (usually Douglas fir for
export to the UK) and inner veneers of either Group 1 or Group 2 species. Annex
D of BS 5268-2 lists the species that are used in Groups 1 and 2. The acceptable
species listed in Annex D are more restrictive than those given in the American
standard PS 1-95.

The grading of the face veneers is similar to the Finnish approach with the best
quality A through to D. The quality of the plywood sheet is described by the grading
of the two outer veneers. The following are the grades listed in BS 5268-2:

® ‘C-D grade’ unsanded, with the face veneer grade C of species Group 1, back
veneer grade D of species Group 1 and the inner veneers grade D of species
Groups 1 or 2.

® ‘C—C grade’ unsanded, which has veneers throughout of grade C of species
Group 1.

* ‘B—C grade’ sanded, which has a face veneer of grade B and back and inner
veneers of grade C, all veneers being of species Group 1.

* ‘A-C grade’ sanded, which has a face veneer of grade A and back and inner
veneers of grade C, all veneers being of species Group 1.

® ‘Underlayment C-D plugged’, with the face veneer grade C or grade C
plugged of species Group 1, back veneer grade D of species Group 1 and the
inner veneers of grade D and species Group 1 or 2.
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* ‘Underlayment C—C plugged’, with the face veneer grade C or grade C
plugged of species Group 1, back veneer grade C or C plugged of species
Group 1 and the inner veneers of grade D and species Group 1 or 2.

BS 5268-2 requires that these plywoods must be marked to show compli-
ance not only with the American standard but with the specific restrictions of
the UK code, viz. the limitation on the timber species acceptable for Groups 1
and 2.

BS 5268 states that the C—D grade is not suitable for use either in service class
3 conditions or as gussets for trussed rafters. For all the plywood grades listed
above there is a reduction in bending, tension and compression strengths for panel
dimensions less than 600 mm varying linearly from zero reduction at 600 mm to
50% at 200mm and less.

For further information refer to BS 5268-2 or contact the American Plywood
Association.

1.3.5 Available sizes and quality of Swedish construction plywood

Sheet sizes of 2400 x 1200 mm and 2440 x 1220 mm are available. The face veneer
is parallel to the longer side (Fig. 1.7). Spruce (whitewood) is mainly used in
manufacture, but fir (redwood) is permitted.

There are several face qualities, the most common for structural uses being C/C.
However, the important reference for structural purposes in the UK is ‘P30 grade’.
The figure 30 is the bending strength in N/mm? at the lower 5% exclusion limit.
P30 can be obtained either unsanded or sanded but only unsanded values are given
in BS 5268-2.

For further information refer to BS 5268-2 or the Swedish Forest Products
Laboratory.

1.4 PARTICLEBOARD, ORIENTED STRAND BOARD, CEMENT-BONDED
PARTICLEBOARD AND WOOD FIBREBOARDS
1.4.1 General
All the familiar British standards relating to these materials have been replaced by
European standards. In each of the following material sections the closest pos-

sible BS EN material designation to the former BS material is given. This allows
future work to be specified with the correct material grade and allows an

2400 or 2440 mm

face veneer 1200 or
€ - 1220 mm

Fig. 1.7 Swedish softwood plywood.
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historical comparison between, say, the new materials and those that were
described some years previously.

These European standards give little if any advice on the use or application of
the new materials. As a consequence, the user friendly advice given previously in
BS 5669 ‘Particleboards’ and BS 1142 ‘Specification for fibre building boards’ has
been redrafted and published in BS 7916 ‘Code of practice for the selection and
application of particleboard, oriented strand board (OSB), cement-bonded parti-
cleboard and wood fibreboards for specific purposes’. Annex A of BS 7916 also
gives the ‘nearest fit’ between the former BS board designations and the European
standards designations. Further information on the effect of these changes is given
in Wood-Based Panels — Transition from British Standards to European Standards
published by the Wood Panels Industry Federation.

1.4.2 Environmental conditions

The environmental conditions in which the various types and grades of boards can
be used are similar to solid timber but with a different terminology, i.e.

timber service class 1 is equivalent to dry conditions
service class 2 is equivalent to humid conditions
service class 3 is equivalent to exterior conditions (Note that none
of the products covered in section 1.4 except cement-
bonded particleboard meet the requirements for this
condition.)

There are additionally ratings for biological hazard (risk of decay), viz.

class 1 undercover, fully protected and not exposed to wetting

class 2 undercover, fully protected where high environmental humidity can
lead to occasional but not persistent wetting

class 3 not covered and not in contact with the ground; either continuously
exposed to the weather or protected but subject to frequent wetting

class 4 in contact with the ground or fresh water and exposed to permanent
wetting.

Formaldehyde-based bonding agents are frequently employed in the manufac-
ture of these products. There are stringent rules in the European standards limit-
ing the rate and quantity of formaldehyde emission from the products.

1.4.3 Structural usage

BS 5268-2: 1996 refers to one particleboard grade, C5, and one tempered hard-
board grade, TE. The C5 grade particleboard has never been produced in com-
mercial quantities and the hardboard found only limited use as wall sheathing and
the webs of I beams.

Eurocode 5 admits certain particleboards, oriented strand boards, high-density
medium fibreboards, tempered hardboards and medium-density fibreboards.
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Reliable strength data values are not currently available for many of these prod-
ucts and likewise the present information on creep movements has to be treated
with caution.

As the use of many of these products in the UK is for floor or roof decking and
wall sheathing it is possible to use them quite satisfactorily with limited design
data based on experience in use and proof by testing. For example, for domestic
flooring a P5 or P7 grade particleboard should be 18/19 mm thickness where the
supporting joists are spaced at 450 mm centres.

1.4.4 Particleboard

Particleboard is defined as a panel material manufactured under pressure and heat
from particles of wood (wood flakes, chips, shavings, saw dust, wafers, strands and
similar) and/or other lignocellulosic material in particle form (flax shives, hemp
shives, bagasse fragments and similar) with the addition of an adhesive. Wood
chipboard is a particular derivative of this family, being made from small particles
and a binder.

The history of the use of particleboards in the UK for structural purposes and
floor/roof decking in particular has not been good. Unless a degree of inherent
moisture resistance is provided by the board there are potential problems in use
from water spillage or condensation. Boards without moisture resistance proper-
ties will suffer irrecoverable swelling and loss of strength when wetted — a situa-
tion that may be described as ‘the soggy Weetabix syndrome’. This condition is
unknown in Scandinavia where fully moisture-resistant grades are available
capable of total immersion for months without significant change of dimension or
strength. This problem was overcome to some extent with the introduction in BS
5669 of moisture-resistant boards such as C3(M) and C4(M). The C5 grade board
was intended to have moisture-resistant characteristics but in commercial terms the
closest a designer could get to the BS 5268-2 requirements was C4(M).

The correlation between BS grades and the European grades for structural
applications is given in Table 1.2.

Chipboard finds many applications as decking ranging from domestic applica-
tions to heavy duty decking in mezzanine floor construction in thicknesses from
18 mm to 38mm. In all cases it is advisable to use a board suitable for humid
conditions, i.e. the P5 or P7 type.

Table 1.2 Correlation of types of particleboard

British standards European standards
Use BS type BS EN type Use
Load bearing C4(M) P5 Load bearing
(moisture resistant) (humid conditions)
No equivalent - P6 Heavy duty load bearing
(dry conditions)
Heavy duty load bearing C5 pP7 Heavy duty load bearing

(moisture resistant) (humid conditions)
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1.4.5 Oriented strand board

Oriented strand board (OSB) is a multilayer board made from strands of wood of
a predetermined shape together with a binder. The strands in the external layers
are generally aligned with the long edge of the board although alignment with the
board width is also allowed. The strands in the centre layer or layers may be
randomly oriented, generally at right angles to the external layers. The layup has
a similarity to plywoods and the use for decking follows similar rules, i.e. the ‘face
grain’ should lie perpendicular to the deck supports.

The equivalent grades of OSB are given in Table 1.3. Very little, if any, dif-
ferentiation of the type of OSB was made in the application of BS 5669. The
European classifications require more care in the specification of the material
for a particular application.

OSB finds many applications as a substitute for plywood for decking or wall
sheathing. As the number of logs available for peeling veneers for plywood falls
with the passage of time, so OSB will become more widely used particularly as it
is possible to obtain it in very large sheets, e.g. 4.8 X 2.4m for wall sheathing.

Table 1.3 Correlation of types of oriented strand board

British standards European standards

Use BS type BS EN type Use

General purpose F1 OSB/2 Load bearing (dry
(unconditioned) conditions)

Load bearing (humid F2 OSB/3 Load bearing (humid
conditions) (conditioned) conditions)

No equivalent - OSB/4 Heavy duty load bearing

(humid conditions)

1.4.6 Cement-bonded particleboard

Cement-bonded particleboard is defined as a sheet material manufactured under
pressure, based on wood or other vegetable particles bound with hydraulic cement
and possibly containing additives.

Cement-bonded particleboard is specified in a single grade in the European stan-
dards. It is suitable as a decking and cladding in a humid environment and is finding
application in external situations where the board is not immersed in water but
subject to intermittent wetting. The drawback to the use of this type of board is its
self-weight: at 1000kg/m® it is much heavier than plywood, particleboard and OSB
(commonly 700 kg/m?).

The comparable grades are given in Table 1.4.
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Table 1.4 Correlation of types of cement-bonded particleboard

British standards European standards
Use BS type BS EN type Use
Internal use (dry T1 - No equivalent
conditions)
Internal and T2 OPC bonded Cement-bonded
external use particleboard (ordinary)

Portland cement (dry,
humid and exterior
conditions)

1.4.7 Wood fibreboards

Wood fibreboards are a generic family of products manufactured from lignocellu-
sosic fibres with the application of heat and/or pressure. Synthetic resin adhesives
and other additives may be included in the process. The classification of the fibre-
boards is into two groups:

® wet process fibreboards, which have a moisture content of at least 20% at the
time of manufacture;

® dry process fibreboards, where the moisture content is below 20% at manu-
facture and the density is greater than 450kg/m’.

Wet process fibreboards are further classified by density:

* hardboards, coded HB and having density greater than 900kg/m’, can be
given additional properties such as fire retardancy, moisture resistance, resist-
ance against biological attack, etc., by specific treatments such as ‘tempering’
or ‘oil tempering’ or the addition of adhesives or additives;

* high-density medium boards, coded MBH and density >560kg/m’® but
<900kg/m?;

e low-density medium boards, coded MBL and density >400kg/m® but
<560kg/m’.

The medium boards have found application as a breathable wall sheathing mater-
ial having a degree of structural strength that gives racking resistance and also
allows use as the web member of a composite beam. As with the hardboards their
properties can be improved during manufacture.

e softboards, coded SB and density >230kg/m® but <400kg/m’, find applica-
tion as thermal and sound insulation materials and, in addition to the improve-
ments previously described for wet process boards, impregnation with a
petrochemical yields the well-known bitumen impregnated fibreboard.

Dry process fibreboards, generally known as medium-density fibreboards (MDF),
are also classified by density:

e HDF, an MDF board with density >800kg/m*

* light MDF, with density <650kg/m’
* ultra-light MDF, with density <550kg/m’
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The properties of these boards can be modified during manufacture in a similar
manner to the other fibreboards.
There is further classification and marking:

* for conditions of use (see section 1.4.2): dry no symbol
humid H
exterior E
e for application: general no symbol
load bearing L

load bearing for all durations of load A
load bearing for instantaneous or
short-term durations of load S

The load-bearing capacity is further classified as 1 for normal loading and 2 for
heavy duty loading. The various symbols described are then combined to give a
particular specification as shown below:

Fibreboard type: condition of use + application purpose + load duration +
load-bearing category

(the last two are optional codes) so, for example, a heavy duty load-bearing hard-
board for use in humid conditions for all types of loading is HB.HLA?2.

1.4.7.1 Tempered hardboard
Sometimes known as ‘oil tempered hardboard’ the strength and durability charac-
teristics are excellent. There are three drawbacks to its use. The movement with
change in moisture content is very high so boards coming directly from manufac-
ture at a low moisture content will pick up atmospheric moisture until the equilib-
rium moisture content is reached with a consequent expansion. The magnitude of
this movement can cause buckling of the hardboard in wall panels of about 50 mm
when fastened to studs spaced at 600 mm. It is often a user recommendation that
boards should be conditioned by applying water and allowing the boards to reach
equilibrium. The boards then tend to shrink ‘drum tight’ onto the supporting frame.
The second problem is in hand nailing the boards. The board surfaces are so hard
that starting a nail is difficult. Tempered hardboard has a smooth surface on one face
and the other is ‘rough’ — technically described as the mesh face. It is somewhat
easier to nail into the mesh face but mesh surface appearance is usually unaccept-
able. The third limitation is in board thickness. The maximum thickness is around
8 mm, thus limiting its application to wall sheathing or the webs of built-up beams.
The BS 1142 grade THE has been replaced by the BS EN 316 grade HB.HLAZ2,
the code that was described in the previous paragraph. For further information refer
to the Wood Panel Industries Federation.

1.5 ENGINEERED WOOD PRODUCTS
1.5.1 General

The various panel products described in the previous section are all made by recon-
stituting wood fibre. It is not surprising therefore that thoughts have turned to the
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manufacture of larger sections that can themselves be used as compression, tension
and flexural members without any further manufacture or assembly such as required
by a plywood box beam. The first of these products, Laminated Veneer Lumber
(LVL), was simply the extension of plywood technology, whereas the two later prod-
ucts, Parallel Strand Lumber (PSL) and Laminated Strand Lumber (LSL), required
the development of new techniques and processes. The procedures of reconstituting
wood fibre in these different ways gives products that are so uniform and consistent
in their mechanical properties that the variations normally associated with sawn
timber can be ignored. For example, there is a single E value equivalent to E,,, for
the statistically derived E,;, is practically no different from the mean value.

1.5.2 Laminated Veneer Lumber

The simplest description of Laminated Veneer Lumber (LVL) is a unidirectional
plywood, i.e. the grain direction of all the veneers is the same. There are LVL
products for specific applications where a small proportion of the veneers are set
at right angles to the main body to give cross bonding for stability.

The standard dimensions available are widths up to 900 mm, thicknesses from
19 to 89 mm and lengths up to 20m, although transport and handling becomes a
problem over 12m. The boards can be used on edge as a beam (similar to a verti-
cally laminated beam with the laminates 3 to 4mm thick) or flat as a plank
particularly where concentrated wheel loads are applied. One of the problems with
the beam application is that the potential lateral buckling instability for many appli-
cations requires a section perhaps 75 mm wide X 600 mm deep, i.e. a depth/breadth
ratio of 8 to 1. The BS 5268-2 rule of thumb limit for this ratio is 7 to 1 so care
has to be exercised in detailing the lateral restraints. As a plank, deflection can be
a problem as the ratio of E/bending strength is typically 650 for LVL whereas
softwood is 1100, so LVL used as a plank is more likely to be controlled by
deflection than by bending strength.

The strength of LVL makes it particularly useful for I beams and built-up lattice
trusses and girders. There is a single modulus of elasticity value due to its consis-
tency (statistically the Sth percentile value is so close to the mean that differenti-
ation would be unreasonable) and likewise the load-sharing factor, K, has the value
1.04. The end connections can be a problem since, with split rings, nail plates and
such items that do not have full penetration through the section, there is a poten-
tial failure plane at each glueline. The cross-banded LVL finds particular applica-
tion in these circumstances. Joints should be designed assuming the C27 strength
class values of BS 5268-2 with restriction on the diameter of nail or screw when
driven parallel to the glue line.

EN standards are being drafted for the production and use of LVL. All the present
products in the market place, e.g. Kerto and Microllam, have Agrement certificates
describing the product and giving design information.

1.5.3 Parallel Strand Lumber

Parallel Strand Lumber (PSL) is made by a patented process and marketed by
Trus Joist MacMillan as Parallam. The process starts by peeling veneers in a
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similar way to plywood from Douglas fir, Southern pine or Western hemlock,
drying and then grading to remove excessive defects. The veneers are clipped
into strands 13mm or so in width X 3mm thickness up to 2.5m long. These
strands are then coated with a phenol formaldehyde adhesive, the strands are
aligned and pressed and the adhesive cured at high temperature to form a billet.
The resulting product is not solid as there are voids between the compressed,
bonded strands.

The standard size of billets are 68, 89, 133 and 178 mm in thickness and 241,
302, 356, 457 and 476 mm depth. The maximum size of billet that can be produced
is 285 x 488 mm x 20m length.

The moisture content on completion of the production of PSL is approximately
10% and as the dimensional changes arising from exposure to high atmospheric
relative humidity are small the material may be considered dimensionally stable
in most environments. On the other hand, prolonged exposure to liquid water — for
example, from rain or a leaking pipe — can cause dimensional changes of up to
12% perpendicular to the axis of the strands and 5% in the direction of the strands
due to water penetration into the voids in the material. Recovery on drying from
this wet condition will leave a residual, permanent swelling of 50% of the
maximum value. It follows that PSL used in an external environment must be
protected from the direct action of the weather.

In all other ways PSL can be considered as a stronger more consistent form of
the parent timber. Like LVL there is a single modulus of elasticity value and
because of its consistency the load-sharing factor, Kg, has the value 1.04. Other-
wise the design of PSL follows the procedures of BS 5268-2. Joints should be
designed assuming strength class C27.

Because PSL is the product of a single manufacturer located outside the
European Union, it is unlikely that EN standards will be drafted for the product.
Reliance currently has to be placed on an Agrement certificate for the properties
of the material.

1.5.4 Laminated Strand Lumber

Laminated Strand Lumber (LSL) is made by a patented process and marketed by
Trus Joist MacMillan as TimberStrand. Logs are soaked, debarked and flaked into
strands about 220 mm long and 1 mm thick. The strands are dried, coated with an
isocyanate (polyurethane) adhesive, aligned and deposited as a mat 2.5m wide X
10.7m long. This is heated under pressure to cure the adhesive and creates a billet
which is then sanded and trimmed to the required size.

The billet sizes created are 2.4m X 10.7m in thicknesses for structural use
ranging from 30 to 140mm. The timber species used is Aspen, which is a fast-
growing timber of relatively poor structural quality. As solid timber, LSL has more
consistent, higher properties than the parent material. Aspen is one of the least
durable timbers, so exposure to environments that could promote insect or fungal
attack should be avoided.

The material is more akin to OSB in that it does not have voids as in PSL. It is
dimensionally stable and starts life at approximately 8% moisture content. The
result of prolonged exposure in a high humidity environment is to take up mois-
ture through the edges rather than the top and bottom surfaces. As a consequence,
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dimensional change is more noticeable at the corners of a sheet where moisture
take up is through two edges.

LSL, like PSL, has a single modulus of elasticity value and the consistency is
reflected in a Ky value of 1.04. Joint design is somewhat more complicated than
with the other two engineered wood products as limitations are imposed by the
Agrement certificate on the fastener diameter, type and orientation to the top
and bottom surfaces of the board. For example, bolts and dowels up to 12mm
diameter should be used with C24 values but not into the edges of a board, and
for diameters greater than 12 mm C27 values should be used but not into the edges
of a board.

For the same reasons as PSL, the only source of technical information for
designs in the UK and Europe are an Agrement certificate.

1.6 MECHANICAL FASTENERS
1.6.1 General

There are several mechanical fasteners which can be used in timber constructions.
Some are multipurpose fasteners, and some are specially produced for timber engi-
neering. These are described briefly here and covered in more detail in Chapter 18.

1.6.2 Nails

Nails are satisfactory for lightly loaded connections where the nails are in shear.
Ordinary nails used structurally in the UK are usually circular as they are cut from
wire coil. Nails can be unprotected or treated against corrosion, and, increasingly,
use is being made of stainless steel for nail manufacture. Nails will slightly indent
the timber when loaded in shear. This is not usually serious but must be appreci-
ated because, for example, in a stress skin panel, a fully rigid joint cannot be
claimed between the plywood skin and the timber joists if the joint is made only
by nails. Nails can be used to give close contact during curing of a glued—nailed
joint. Withdrawal loads are allowed for nails driven at right angles to the side of
timber but no allowance can be made when driven into end grain. Nails can be
driven mechanically from ‘nailing guns’.

1.6.3 Improved nails

Improved nails are used to a limited extent. Square nails (twisted or untwisted) are
permitted to take higher lateral loads than round wire nails as the ‘working’ to form
the nail improves the strength of the steel. Annular-ringed shank or helical-threaded
shank nails are permitted to take higher withdrawal loads, and can be useful in sit-
uations where tension or vibration can occur during construction, such as will occur
during the construction of the membrane of a shell roof. Improved nails can be
unprotected or treated against corrosion and are available in stainless steel. Like
ordinary round wire nails they do not give a fully rigid joint.
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1.6.4 Staples

Staples can be used for lightly loaded connections between a sheet material and
solid timber, and to give close contact during curing of a glued joint. It is impor-
tant that they are not over-fired by a stapling gun. Their use in environments where
corrosion of the steel can occur is not recommended as there is a high stress con-
centration due to the forming of the staple at the shoulders. The combined effects
of stress corrosion can lead to fracture at the shoulder resulting in the fastening
becoming two slender pins.

1.6.5 Screws

Conventional wood screws manufactured to BS 1210 require preboring and are
therefore very much slower to insert than nails or improved nails. Newer types of
screw with a modified thread pattern may be described as ‘self-tapping” and do not
require preboring. The use of screws is therefore increasing in general applications
as well as special situations, for example, where security against vibration is
required or demountability is a feature. Screws are available in various finishes or
materials to cover different environmental conditions.

1.6.6 Bolts and dowels

The bolts and dowels usually used in timber engineering are of ordinary mild
steel, either ‘black’ or galvanized. Part of the strength of a bolted joint is achieved
by the bearing of the bolt shank onto the timber, therefore there is no advantage
in using friction-grip bolts except where a special joint can be designed as timber
shrinkage could negate the clamping force completely. The washers used within
bolted connections should have a diameter of three times the bolt and a thickness
of 0.25 x bolt diameter (Form G washers to BS 4320) under the head and nut. If
a bolt is galvanized the designer should ensure that the nut will still fit. It may be
necessary to ‘tap’ out the nut or ‘run down’ the thread before galvanizing. Stain-
less steel bolts may also be used in corrosive environments.

1.6.7 Toothed plate connector units

The relevant British standard is BS 1579. Toothed plate connectors (see Fig. 1.8)
can be either single or double sided, square or round, and can be placed on one or
both sides of the timber. This type of connector is always used in conjunction with
a bolt, complete with washers or steel plate under head and nut. The flat part of
the connector sits proud of the timber.

The hole in the connector is a tolerance hole, therefore with single-sided con-
nectors there is always bolt slip. Using double-sided connectors it may be possi-
ble with careful detailing to eliminate slip in the connection. The British standard



36 Timber Designers’ Manual

Single-sided round Single-sided square

Fig. 1.8 Toothed plate connectors.

calls for an anti-corrosion treatment, but does not specify which one. This is left
to the individual manufacturers.

BS 1579: 1960 lists connector reference numbers for each connector detailed in
the standard, but this classification system is not used widely enough to enable a
specifier to use it and rely on its being understood by all concerned. The standard
has not been metricated but BS 5268-2 uses metric equivalents in referring to
connectors.

1.6.8 Split ring connector units

The relevant British standard is BS 1579. A split ring may have bevelled sides (Fig.
1.9) or parallel sides. It takes shear and necessitates the timbers being held together
by another connector — usually a bolt (Fig. 1.10). A small amount of joint slip is
likely to take place. The British standard requires the connectors to have an anti-
corrosion treatment. A special tool is required to groove out the timber for the shape
of the split ring and a special ‘drawing’ tool is required to assemble the unit under
pressure. Units can carry a relatively high lateral load.

1.6.9 Shear plate connector units

The relevant British standard is BS 1579. Shear plate connectors are of pressed
steel (Fig. 1.11) or malleable cast iron (Fig. 1.12). A special cutter is required to
cut out the timber to take each connector but no tool is required to draw the timber
together. A connector surface is flush with the surface of the timber. The timbers
must be held together with a bolt. A small amount of joint slip is likely to take



The Materials Used in Timber Engineering 37

roungd malled
alges 7 i

dauble bevelled
sidis

Fig. 1.9 A split ring connector.

-

R

=

9]

'_

-

i
A

R

r‘lh
¢

Fig. 1.11 Pressed steel shear plate Fig. 1.12 Malleable cast iron shear plate
67 mm outside diameter. 102 mm outside diameter.

place. Shear plate connectors are located in place for transit with two locating nails.
The connectors must be given an anti-corrosion treatment.

1.6.10 Punched metal plate fasteners
Most applications of punched metal plate fasteners are for the manufacture of

trussed rafters. The requirements and specifications given in the following are
based on BS 5268-3 ‘Code of practice for trussed rafter roofs’. Punched metal plate
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fasteners are usually fabricated from hot-dip zinc-coated steel sheet or coil to BS
EN 10147 or austenitic stainless steel to a grade defined in BS EN 10088-2. The
thickness of the plate should be not less than 0.9 mm and not more than 2.5 mm.
A zinc coating should be equivalent to or better than Z275 of BS EN 10147.

The majority of plates produced have integral teeth pressed out at right angles
to the plate to give teeth at close centres which will subsequently be pressed into
the timber by specialist machinery. The strength capacities of the various nail
configurations are determined by test and published in the plate manufacturer’s
Agrement certificate. As an alternative, plates with pre-punched holes through
which treated nails are driven can be used. The principles of BS 5268-2 with regard
to nailed joints and steel plates may be used to determine the strength of a joint.
Joint slip will take place as with any nailed joint. For joint slip characteristics of
a particular plate the manufacturers of the plate should be consulted.

1.6.11 Other fasteners, gussets and hangers

Rag bolts, rawl bolts, ballistic nails, etc., all have their use with connections for
timber. Steel gussets or shoe plates, etc., can be used with timber in a similar way
to that in which they are used with structural steelwork, except that in this case
nails and screws can be used as well as bolts.

In recent years the use of proprietary I beams has brought an increased range of
joist hangers, eaves and ridge supports and hangers, indeed methods of jointing
timber members for almost any imaginable situation (for example, seismic condi-
tions). These products are the result of extensive testing, confirmed by use in
practice. Obviously the finish of any fastener, hanger, etc., must be suitable for the
service conditions.

1.7 ADHESIVES USED IN TIMBER ENGINEERING
1.7.1 General

The development of wood adhesives is towards specialist formulations that do not
necessarily comply with traditional descriptions. BS EN 301 ‘Adhesives, pheno-
lic and aminoplastic, for load-bearing timber structures; classification and per-
formance standards’, as its title suggests, is moving towards performance rather
than prescriptive specifications. Adhesive manufacturers produce products to their
own formulations but from the point of view of a structural designer these fall into
three main categories, as described in sections 1.7.2—1.7.4. See Chapter 19 for
detailed information on glue joints.

1.7.2 Weatherproof and boil proof glues
When a component or joint is likely to be directly exposed to weather, either

during its life or for lengthy periods during erection, it is necessary to use a BS
EN 301 type I adhesive which can match the ‘weatherproof and boil proof’ (WBP)
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requirements of BS EN 391. These glues are normally gap-filling thermosetting
resorcinol-formaldehyde (RF), phenol-formaldehyde (PF) or phenol/
resorcinol-formaldehyde (PF/RF) resin adhesives. They are required where there
is high hazard from weather, temperatures approaching 50°C or higher, high
humidity, or a chemically polluted atmosphere. They are often used (sometimes
with a filler) for structural finger jointing. These glue types require careful quality
control during storage, mixing, application and curing, and are therefore normally
intended for factory use.

1.7.3 Boil-resistant or moisture-resistant glues

When a component is unlikely to be subjected to any serious atmospheric condi-
tions once in place, and is only likely to receive slight wettings during transit and
erection, it may be possible to use an adhesive which matches the ‘boil resistant’
(BR) type formerly defined in BS 1204: Part 1: 1979. These are normally gap-
filling melamine/urea—formaldehyde (MF/UF) or certain other modified UF
adhesives which can match the BR or MR requirements. They are usually cheaper
than WBP adhesives. For certain low hazard situations it might be possible to
use an adhesive which matches only the ‘moisture-resistant and moderately
weather-resistant’ (MR) requirements of BS 1204: Part 1. These are normally
urea—formaldehyde (UF) adhesives, perhaps modified, to match the MR require-
ments. They require careful quality control during storage, mixing, application
and curing, and are therefore normally intended for factory use.

1.7.4 Interior glues

A structural component is not normally bonded with an adhesive which matches
only the ‘interior’ (INT) requirements of BS 1204: Part 1. There are exceptions,
perhaps where a site joint is required or where control of the gluing cannot be
guaranteed to a sufficient degree to enable a WBP, BR or MR glue to be used. An
‘interior’ glue should be used only when the designer can be certain that the glue
joint will not be subjected to moisture or high temperature in place.

A typical non-structural adhesive commonly available in the market place is
polyvinyl acetate (PVA). This adhesive is subject to high creep and deterioration
in a moist environment. Developments of the internal bonding characteristics of
PVA have led to the ‘cross-linked PVA’ that has good weathering characteristics
but is slightly more flexible (‘rubbery’) than the traditional wood adhesives. It
therefore has application for joinery rather than structural members but it is an
indication of future adhesive development and the reasons for moving towards
performance specifications.

1.7.5 Epoxy resins

Epoxy resins are finding increasing application in timber engineering, particularly
in the bonding of steel and timber. They can be extremely useful in localized
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situations such as ensuring true bearing in a compression joint between timber and
a steel bearing plate or, for example, in sealing the possible gaps between a timber
post and a steel shoe. To reduce the cost in such compression joints the resin can
be mixed with an inert filler such as sand.

1.7.6 Gluing

Gluing, including gluing of finger joints, is described in more detail in Chapter 19.
Basically the quality control requirements to obtain a sound glue joint are correct
storage, mixing and application of the adhesive, correct surface conditions, mois-
ture content and temperature of the timber, and correct temperature of the manu-
facturing environment during application of the adhesive and during curing. The
instructions of the adhesive manufacturer must be followed with regard to adhe-
sive mixing, pot life, open assembly time, closed assembly time, setting and curing
periods. The joints must be held together during gluing, either by externally applied
pressure (usually necessary where solid timber is being glued in order to achieve
close contact — the pressure for softwoods is usually quoted as 0.7 N/mm?) or by
nails or staples (glued—nailed construction for bonding sheet material to timber
with the fasteners left in, although their only duty is to hold the surfaces in close
contact during curing, the design shear force being taken only by the adhesive).

Adhesives and the use of adhesives must be compatible with any preservative
used. Water-borne preservative will increase the moisture content of the timber
quite considerably and may raise grain. If the timber is to be glued after treatment
(and re-drying) it is likely that the surfaces will have to be processed, even if
lightly, which will remove some of the preservation. If a fire retardant containing
ammonia or inorganic salts is to be used, then gluing by resorcinol types (and
perhaps others) should not take place after treatment, nor should treatment take
place until at least seven days after gluing. Certain organic solvent preservatives
contain water-repellant additives which may affect the bonding characteristics.

For certain components or joints, particularly in a mass production situation,
accelerated curing by radio frequency heating of the gluelines may be economical.
Alternatively, a heated environment perhaps at 60 °C can be created to reduce the
setting and curing times.



Chapter 2
Stress Levels for Solid Timber

2.1 INTRODUCTION

To achieve the most economical design of timber components it is necessary to
understand the way in which the strengths and E values for timber are derived.
This is explained in this chapter in relation to the grade stresses quoted in BS 5268-
2:2002. For further information the reader is referred to the publications of the
Building Research Establishment.

Comment is often made on the variable nature of timber, but it must be empha-
sized that the properties and characteristics of most commercial timbers have been
obtained from extensive testing, so the variability can be established by statistical
methods. The methods of arriving at strength values used in the design of struc-
tural components give much higher factors of safety than the factors normally
required for structures as a whole.

There is no comparable margin of safety in the modulus of elasticity or shear
modulus of timber and other wood-based products. When coupled with the pos-
sible variations in loading and time-dependent movements such as creep and
shrinkage, deformations and deflections calculated on this information are at best
an estimate or prediction of what may happen in reality. The various Building
Regulations in use in the UK are concerned with the safety of people, so adequate
margins of safety with regard to the strength of a component or construction
are essential, but the same criteria only rarely apply to deflection. The most likely
situation where deflection could affect the strength of a structure would be, say,
a statically indeterminate structure where undue deformation or deflection of
a timber member could affect a support condition. Calculations that give the
deflection of a timber member to perhaps 0.01 mm can at best be described as
‘optimistic’.

All materials are variable and an understanding of the method of deriving grade
stresses and E values for timber can often help in an appreciation of the perform-
ance in practice of other materials. A close statistical examination of the proper-
ties of other materials will often reveal them to be more variable than timber even
though the presumption is they have little if any variability!

The statistical analysis of the results from tests of commercial sizes of timber
with the corresponding measurements of actual defects has led to the setting of
strength grades which can be selected by practical visual methods. Such strength
grades are described in BS 4978 ‘Specification for visual strength grading of soft-
wood’ and are given the titles ‘General Structural’ (GS) and ‘Special Structural’
(SS). Strength grading by machine is carried out to the requirements of BS EN 519
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‘Structural timber — Grading — Requirements for machine strength graded timber
and grading machines’. Visual grading relates the sizes of defects in the timber
to limiting values for each grade. The grade, when associated with a particular
timber species, gives the grade stress values in BS 5268-2. For example, a par-
ticular knot size in Western red cedar will give the same visual grade as the same
sized knot in Douglas fir timber, but a lower grade stress because of the inherent
difference in the basic strengths of the two timbers. Machine grading on the other
hand effectively assigns strength values directly to the timber in the process of
grading.

2.2 DERIVATION OF BASIC STRESS AND CHARACTERISTIC
STRENGTH VALUES

2.2.1 Background

Originally the mean and basic stress values were obtained from the statistical analy-
sis of test results from small, clear, green (moisture content above the fibre satu-
ration point) specimens. This procedure was replaced with the testing of full-sized,
graded pieces of timber, a practice which is continued today. Since the introduc-
tion of full size ‘in grade’ testing the only changes have been to the statistical
methods of analysis employed.

2.2.2 The UK methods up to 1984

Values were based on the ‘basic stress’, i.e. ‘the stress which could safely be
permanently sustained by timber containing no strength-reducing characteristics’.
The basic stress was then modified to allow for the particular grade characteristics
and moisture content. The basic stresses were derived from small (20 mm X 20 mm
cross-section), clear (no strength-reducing defects), green (moisture content above
the fibre saturation point) specimens. Many hundreds of samples of a particular
species would be tested. Because of the ‘uniformity’ of the sample, statistical analy-
sis was possible assuming a normal, Gaussian distribution.

A well-quoted example of tests on small clear specimens which illustrates this
method for deriving basic stresses was carried out at the Forest Products Research
Laboratory, Princes Risborough (now incorporated in the Building Research
Establishment) to establish the modulus of rupture of ‘green’ Baltic redwood. Two
thousand, seven hundred and eight specimens, each 20 mm square X 300 mm long,
were tested in bending under a central point load. (BS 373 detailed the standard
test method.) The failure stresses for all specimens were plotted to form a his-
togram as shown in Fig. 2.1. This demonstrates the natural variation of the modulus
of rupture about the mean value for essentially similar pieces of timber. Superim-
posed upon the histogram is the normal (Gaussian) distribution curve and this is
seen to give a sufficiently accurate fit to the histogram to justify the use of statis-
tical methods related to this distribution to derive basic stresses. In the example
shown, the mean modulus of rupture for the green timber is 44.4 N/mm?” and the
standard deviation is 7.86 N/mm?®.
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Fig. 2.1 Variability of modulus of rupture of wet Baltic redwood.

In mathematical terms the standard deviation of a normal distribution is
given by

standard deviation

individual test value

= mean of the test values
N = number of tests.

The normal distribution curve extends to infinity in either direction but for
practical purposes it may be regarded as terminating at three times the standard
deviation on each side of the arithmetic mean. Likewise it is possible to set prob-
ability levels below which a certain proportion of the overall sample would be
expected to lie. For example, the exclusion value is given by

S
X
X

o=Xx-k,s
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Fig. 2.2 Areas of normal distribution curve for selected probability levels.

where k, is the number of standard deviations. The resulting value, o, is termed
the ‘exclusion value’. To determine the appropriate value for k, reference is made
to diagrams similar to Fig. 2.2 that give the area under the normal distribution curve
for the selected probability level. The area increases from 0.135% of the total area
to 50% as k, decreases from 3 to 0, representing a change in the probability level
from 1 in 740 to 1 in 2.

What is not as straightforward is the choice of probability level to take account
of the various stress conditions and the appropriate factors of safety to be assigned
to these exclusion levels. Where overstress can lead to failure, it was the practice
in the UK to take the 1 in 100 exclusion level. In the Codes of Practice before 1984
this applied to bending, tension, shear and compression parallel to the grain. Where
overstress would not lead to other than local failure (as with compression perpen-
dicular to the grain) the probability level was taken as 1 in 40. Probability levels
of 1 in 100 and 1 in 40 have k, values of 2.33 and 1.96 respectively.

These statistical basic stress values then had to be further modified to account
for the dry condition (at that time 18% moisture content), size (conversion of the
20mm size to 300 mm) and defects that set the particular grade. To this was added
a further ‘safety’ factor by simply rounding the other factors into a practical number.

2.2.3 The methods in BS 5268-2: 1984

The testing of structural size members during the 1970s had shown a more realis-
tic assessment of strength than small clear test pieces, therefore in BS 5268-2:1984
the strength values for visual grades were derived from full-sized tests, or, where
there was insufficient data, assessments of full size values were made from the data
for small clear specimens. Machine grades still relied on the relationship between
the modulus of rupture and the modulus of elasticity to arrive at settings for grading
machines. For the visual grades the exclusion level (as defined by the probability
level) was set at 1 in 20 or the 5th percentile value for all properties. This value
was, and still is, termed the characteristic value.

The characteristic bending strength and modulus of elasticity values were
derived by test on SS grade timber from various common species. Other charac-
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teristic strength properties and other grade values were derived by proportion from
these test values. Because the method of sampling produced statistically ‘skewed’
populations, the statistical analysis became complicated to the point where it ceased
to be comprehensible to the wider audience to whom the previous normal distri-
bution procedure had been fairly straightforward.

The characteristic grade strengths were then further modified for duration of load
(converting the relatively short-term test value to a long-term value), for size (con-
verting the full-size test value for, say, a 150 mm deep joist to the standard 300 mm
depth) and a safety factor that included an allowance for the change from the
1 in 100 exclusion level in the previous Code to 1 in 20 in 1984.

2.2.4 The methods in BS 5268-2: 1996

The 1996 revision of BS 5268-2 brought in the European standards for solid timber.
This included the statistical analytical methods given in BS EN 384. By compar-
ison with all previous methods, including the normal distribution, the ranking
method described in BS EN 384 for modulus of rupture and density, is simple:
place the results in ascending order with the 5th percentile being the value for
which 5% of the test values are lower. Adjustment is then made for size, moisture
content and duration of load in a manner similar to the previous editions of CP 112
and BS 5268. The mean value of modulus of elasticity is determined by test. From
these three test values the characteristic values for other properties are determined

as follows:

tensile strength parallel to grain frox  =0.6fnk

compressive strength parallel to grain foox  =5(fumi)?

shear strength fux =0.2(fn)"®

tension strength perpendicular to grain Jioox = 0.001py

compressive strength perpendicular to grain Jeoox  =0.015p,

modulus of elasticity parallel to grain for softwood Eoos = 0.67E) nemn
species

modulus of elasticity parallel to grain for hardwood Eoos = 0.84E) nemn
species

mean modulus of elasticity perpendicular to grain — Eoo.mean = Eo,mean/30
softwoods

mean modulus of elasticity perpendicular to grain — Eoo,mean = Eo,mean! 15
hardwoods

shear modulus Guean = Egmean/ 16

2.3 MODULUS OF ELASTICITY AND SHEAR MODULUS

There is no factor of safety on the modulus of elasticity. In BS 5268-2 two values
of E are tabulated for the strength grade of each species and for each strength class.
These are E.,, and the characteristic value E, i imum (Eo,05). They are ‘true’ values
of E (i.e. they do not contain an element of shear modulus) therefore deflection
calculations must include shear deflection as well as bending deflection.
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E can 18 the arithmetic mean from a number of test results, so BS 5268-2 permits
this value to be used in a load-sharing situation such as wall studs or floor joists
where four or more members act together to support a common load. By and large,
the use of E,.., in these circumstances leads to acceptable components. It can be
demonstrated statistically that a far greater number of pieces would have to act
together to justify the use of E,.,,. However, authoritative span tables for joists
and rafters have for many years been based on E,.,, without undue or adverse
effects.

E.;, 1s a statistical minimum value which, for the purposes of BS 5268, is set at
the lower Sth percentile level. BS 5268-2 requires E,;, to be used in designs where
a single piece of solid timber acts alone to support a load and in stability calcula-
tions, for example, the buckling of a column.

Where 2, 3 or 4 or more pieces are joined together to act as one, E,;, may be
increased by the factor K, for sawn softwood timber that is nailed, screwed or
bolted together and K,s for vertically laminated softwood timber which for 4 or
more pieces have a value of 1.24. It can be shown that

oo_p 1645
N — Lmean \/ﬁ

where s is the standard deviation and 1.645 is k, for the 5th percentile value.
Hence, knowing that E,;, = 0.67E ., i.6. when N = 1, then

— % =0.201E en
1.645
For N = 2, then
1.645 X 0.201 Eppean 0.766
EN - Emean - 6 - 0~766Emean or 0.67 Emin

Thus, Ky and K3 = 1.143 compared with the BS 5268-2 value of 1.14. Likewise
for N = 4 the calculated value of Ky and K, by this method is 1.243 and the
tabulated value 1.24. While K, has a maximum value for 4 pieces, Ky is tabulated
for up to 8 laminates. It can be shown by calculation that the K3 value is 1.32,
similar to the BS 5268-2 tabulated value.

2.4 GRADE STRESS
2.4.1 General

Grade stress is defined as ‘the stress which can safely be permanently sustained
by material of a specific section size and of a particular strength class, or species
and (strength) grade’. The reference to section size is necessary because BS 5268-
2 has a depth factor for solid timber in bending and a width factor for solid timber
in tension. The tabulated grade stresses for bending and tension are based on a
depth of 300mm for bending and the largest dimension of a tension member also
being 300mm. The strength values for other sizes are modified by K, and K, for
bending and tension. These factors apply to both solid timber and glulam.
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2.4.2 North American timbers

The depth and width factors described in section 2.4.1 also apply in BS 5268-2:
1996 to North American timbers where traditionally the strength values of framing
grades were based on an 89 mm dimension. Design using these timbers is now
similar in procedure to European timbers. One aspect of this standardization that
should be used with extreme caution is the grade stress values in tension for the
lower North American grades such as Structural Light Framing No. 3, Light
Framing Utility and Stud where previously no tension value was given. The North
American rules for these grades are related more to compression than to flexural
or tension members.

2.4.3 Grade stresses for compression perpendicular to the grain

Two values are given for compression perpendicular to the grain in the strength
class table (Table 7) of BS 5268-2. The first assumes no wane while the second
gives a reduced value allowing for the deduction in the bearing width approxi-
mately equal to the maximum wane allowed. All the other grade stress tables give
a bearing strength that includes the effects of wane and allows the designer to
increase the bearing strength value by 33% if it is known that wane will not be
present at the bearing. This makes bearing design simple in that the only decision
is whether wane will or will not be present. The bearing capacity is then calcu-
lated on the target size of the bearing surface with the appropriate compression
perpendicular to the grain grade stress.

2.4.4 Grade shear stress

The usual argument with regard to shear stress is the presence of splits and fissures
at the position of maximum shear. It is unlikely that a timber member will be loaded
in such a manner that failure in shear could occur. In simple terms, if a beam is
split horizontally in half by a fissure, then the shear stress in the full section would
be

shear force x 1.5/(b x h)
and in the two beams of depth 0.5/ would be
0.5 x shear force x 1.5/(b x 0.5h)

which gives identical shear stress values. Obviously the method of support has to
allow the load applied to the whole beam to reach the two smaller members, which
would occur with load applied to the top surface of the whole beam and bearing
on the underside. Taking a very pessimistic view that the shear force is carried on
a breadth equivalent to the beam breadth less the depth of fissure, it will rarely
exceed the allowable shear stress.
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2.5 LOAD SHARING
2.5.1 General

Load sharing comprises two distinctly separate processes. Firstly, the statistical
basis discussed in section 2.3 allows improvement in strength for a number of
pieces of timber acting together. Secondly, in such a group where there is means
of distributing load between individual members by, say, a head binder in a wall,
then the effects of distribution will be to transfer a higher proportion of load to the
stronger and presumed stiffer members.

It is recognized in loading codes that even though loadings are quoted as the
load per unit area, this uniformly distributed load is far from uniform in its distri-
bution. There are statistical analysis techniques that allow consideration of the
probability of loading occurring. Load sharing implies loads coming from a larger
area than that on a single element of the structure and hence the probability that
the average load per element will be lower.

Many sophisticated theories have been put forward in an attempt to quantify the
enhancement of performance under load. Some give values as low as 2 or 3%
increase and others as much as 40%. What none can assess are the secondary effects
in a loaded structure of continuities and fixities where simply supported spans and
pinned joints are assumed for calculation purposes.

Load sharing does occur and the simplest method for the designer is the 10%
increase provided by the Kj factor.

2.6 MOISTURE CONTENT

The European standards introduced in 1996 achieved a major breakthrough with
regard to the moisture content used as a basis for determining strength properties
and dimensions of solid timber. Before 1996 the dry strength values given in BS
5268-2 were at 18% moisture content, the North American dry values were at 19%
and the UK standards for measuring dimensions of timber were set at 20%. The
introduction of service classes has rationalized the most widely used service class
2 at 20%, the same as the measurement standard BS EN 336. The North
American dry condition thus remains at 19%, which is of little consequence. At
least consistency has been reached with European timber.

As described in section 1.2.5.2, there is a lower service class 1 where the
equilibrium moisture content is likely to be 12%. This is about equivalent to the
environment created in a well-heated and thermally insulated dwelling. With
the construction of four-, five- and six-storey timber-framed buildings attention
is being paid to limiting shrinkage movement of the timber by using super
dried timber for floor joists in particular at a moisture content of 12%. There is
some trade off against the extra cost for drying this timber by increased strength
values.

The relationship of strength values and E to moisture content (m.c.) is given by

log,0, =log,0,+C(M,—M,) and log,E, =log,E,+C(M,—M,)
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where o, and E, are the strength and E values at the required moisture content M,
o, and E; are the strength and moisture content at fibre saturation point M;
(say 27% m.c.)
C is a constant found by substituting known values of ¢ and E at, say,
20% m.c.

So, for C24 timber with 6,, at 20% (= 7.5N/mm?) and 6,, at 27% (= 7.5 x 0.8 (K>)

= 6.0N/mm?>):

_ log,, 7.5—10gn 6.0
- (27-20)

For M, = 12%
log,o, =1log,6.0+0.032 (27 -12) =2.272

=0.032

SO G,, at 12% = 9.70 N/mm?, which is an increase of 29%. This procedure is worth
pursuing where it is known that moisture contents will be equivalent to service
class 1.

Only dry stresses are dealt with in this manual, because the designer is invari-
ably concerned with design in conditions where the timber will be at less than 20%
equilibrium moisture content. The stresses and moduli for wet conditions derived
from BS 5268 by multiplying dry stresses and moduli by K, are those appropriate
for the fibre saturation point.



Chapter 3
Loading

3.1 TYPES OF LOADING

The types of loading normally taken by a timber component or structure are the
same as those taken by components or structures of other materials. These are:

* self-weight of the components

* other permanent loads such as finishes, walls, tanks and contents, partitions,
etc.

» imposed loading such as stored materials

* imposed loading caused by people either as part of an overall uniformly dis-
tributed loading or as an individual concentrated load representing one person

* imposed loading such as snow on roofs

* wind loading, either vertical, horizontal, inclined, external, internal pressure
or suction and drag.

In the UK, dead and imposed loads for various building usages including dynamic
effects, parapets, balustrades and barriers (including vehicle barriers) are given
in BS 6399: Part 1. Wind loadings are given in BS 6399: Part 2, while imposed
loadings on roofs, including snow loading, are given in BS 6399: Part 3.

For agricultural buildings the designer is referred to BS 5502 ‘Buildings and
structures for agriculture’ and in particular BS 5502: Part 22 ‘Code of practice for
design, construction and loading’.

It is beyond the scope of this book to consider seismic or explosive actions.

3.2 LOAD DURATION

50

Timber has the property of being able to withstand higher stresses for short periods
of time than those it can withstand for longer periods or permanently. It is there-
fore necessary to know whether a particular type of loading is ‘long term’, ‘medium
term’, ‘short term’ or ‘very short term’. BS 5268: Part 2 gives values for the
load—duration factor, K3, which varies from 1.00 to 1.75 for solid timber and glued
laminated timber. The corresponding load—duration factors for other materials and
fasteners are derived from the relevant Kj value.

Dead loading due to self-weight, finishes, partitions, etc., is obviously in place
all the time and is long-term loading with a K; value of 1.00.

Imposed uniformly distributed floor loading is taken in the UK as long term,
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even though observations and measurements of different environments and appli-
cations have shown that only part of this uniformly distributed load is permanently
in place. The reason that all this imposed load is considered to be permanent is
that the defined loading provides an input to the calculation procedures that will
generally result in a construction of adequate strength and stiffness. In other words,
it is a device that can often save the designer going into the detailed assessment
of creep deflection, the vibration characteristics of the construction, etc. There are
situations, however, where this simplistic approach is not entirely satisfactory (see
section 4.15.7 regarding the vibration and deflection limit of long span domestic
floor joists).

Snow occurs in the UK for periods of a few weeks each year or less frequently,
and falls into the category of medium-term loading having a K; value of 1.25. In
some countries snow may have to be treated as a long-term load.

The spatial compass (or dimension) of a wind gust gives an indication of the
duration of such a gust. Where the dimension of the wind gust exceeds 50 m, the
duration of load is assumed to be 15 seconds and is taken as short term with K; =
1.5. For dimensions smaller than 50m the duration of loading is taken as either 5
seconds or 3 seconds and both are described as very short term with K; = 1.75.

It is always worth while to compare the duration of load for the various Kj; values
with the time for the tests to establish the mechanical properties of the material.
Typically the test duration factor is equivalent to 1.78. The factor K; can only be
applied to strength calculations — it is not applicable to the modulus of elasticity
or shear modulus.

3.3 CONCENTRATED LOADINGS

In the original UK loading codes joists and beams less than 2.4 m in span had to
be capable of supporting a uniformly distributed load equivalent in magnitude to
24m of the specifed uniformly distributed loading. This procedure is often
described as the ‘equivalent slab loading’ and can still be a useful device in some
circumstances. The present-day loading codes require consideration of a concen-
trated load as an alternative to the uniformly distributed load. Not surprisingly
perhaps the magnitude of the concentrated load is often equivalent to the effect of
2.4m of uniformly distributed load. This concentrated load is intended to simulate
the loading from a person (particularly for roof structures) or the foot of a piece
of furniture or equipment or a trolley wheel.

Each application of the concentrated load can therefore have a different dura-
tion of load. For example, the 0.9kN load applied at either rafter or ceiling level
(but never both at the same time) represents a person on or in the roof for purposes
of construction, repair or access to store or retrieve goods. This loading is there-
fore taken as short-term duration. Concentrated floor loads on domestic floors are
medium-term duration while the loadings on other floors are of long-term duration
except where they occur in corridors or on stairs of residential and institutional
type buildings where they are of short-term duration as they represent transient
loading in areas predominantly occupied by people.

Concentrated loads are assumed to act over an area ‘appropriate to their cause’.
Typically this has been taken as a 125 mm square for footfall loads and 50 mm
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square for furniture and equipment. Concentrated loads can also be a rung load on
a ladder, a load at specified centres for catwalks or a load per metre for balconies.
When concentrated imposed loads were first introduced in place of the equiva-
lent slab loading, there were concerns that only constructions such as insitu con-
crete floor slabs would be able to distribute the load through the construction. A
number of tests were conducted at the Forest Products Research Laboratory,
Princes Risborough, on typical timber floors comprising joists and various floor
and roof deck sheathings, e.g. tongue and grooved boards and plywood. These tests
showed that the sheathings were capable of providing significant distribution
of the concentrated load from the point of application to the adjacent joists. Very
conservatively the joist immediately beneath the applied load takes no more than
50% of the total with the balance going equally (say 25%) to the adjacent joists.
Using this assumption for the distribution of concentrated load will usually give a
less onerous design condition than that for the corresponding uniformly distributed
load. Distribution of concentrated loads in this manner is not permitted for ceiling
constructions unless there is a decking similar to that applied to normal floors.

3.4 DEAD LOADING

The dead load of materials in a construction can be established with a fair degree
of accuracy. However, in some circumstances (e.g. investigating an unexplained
deflection on site) it is important to realize that quoted dead loadings have a
tolerance and the density of materials can vary. The anticipated thickness can vary,
thus affecting weight. Even changes in moisture content of a material can affect
weight. The designer has to base his design on the best information available at
the time of preparing the design. With regard to strength, the factor of safety used
in the derivation of the grade stress takes account of any normal variation or
tolerance in the weight of known materials, but with regard to deflection, any
increase or decrease in the weight of materials can produce a noticeable effect on
deflections. In one instance a bituminous felt and chippings roof covering was
replaced at a late stage in the design with a single plastic sheet covering — a change
in total dead load from 0.5 to 0.25kN/m? As a consequence the camber built into
the supporting glulam beams (usually taken as twice the dead load deflection) that
were already manufactured when the change was made, gave the unfortunate
impression of a vaulted rather than a flat ceiling.

Section 28.1 lists the generally accepted weight of the more common building
materials. When the manufacturer of an individual item is known, the manu-
facturer’s quoted weights should be used in preference to these guide weights.
Further reference can be made to BS 648:1964 ‘Schedule of weights of building
materials’ which is surprisingly comprehensive in its content despite its age.

3.5 IMPOSED LOADINGS FOR FLOORS

BS 6399: Part 1 ‘Code of practice for dead and imposed loads’, gives the imposed
loadings to be used on floors. For beams and joists, in addition to the dead load,
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one of two alternative imposed loads has to be considered to determine the
maximum stresses and deflections: a uniformly distributed load, or a concentrated
load.

Where there is an adequate means of load sharing, the mean modulus of elas-
ticity and shear modulus may be used in estimating deformations of floor and roof
joists. Where the imposed loading is mechanical plant or storage loads, the
minimum modulus of elasticity and shear modulus should be used as this assump-
tion will to some extent allow for creep deflection with the passage of time. Where
the imposed loading could cause vibration, e.g. gymnasia and dance floors, then
the minimum moduli should be used thus providing a ‘stiffer’ floor that will be
less affected by the dynamic actions.

3.6 IMPOSED LOADINGS FOR ROOFS

BS 6399: Part 3 ‘Code of practice for imposed roof loads’ gives the imposed
loadings to be used on flat, pitched or curved roofs.

On flat roofs and sloping roofs up to and including 30° for which no access is
provided to the roof (other than that necessary for cleaning and repair), the imposed
uniformly distributed loading excluding snow is 0.60 kN/m* measured on true plan
taken as medium-term duration. An alternative uniformly distributed load repre-
senting the effects of snow (also medium term) has to be considered or a separate
short-term concentrated load of 0.9kN on a 125 mm square. Where there is access
to the roof, the uniformly distributed load increases to 1.5kN/m?, and the concen-
trated load becomes 1.8 kN with no change in the snow loading.

For a roof slope, a°, between 30° and 60° the roof loading is given by
0.6[(60 — 01)/30] kN/m?. For roof pitches steeper than 60° the imposed loading is
zero. BS 5268-7 discounts the concentrated load where the roof slope exceeds 30°
but it is still necessary to consider the normal imposed uniformly distributed
loading or the alternative snow loading.

3.7 SNOW LOADING

Freshly fallen snow weighs approximately 0.8kN/m® but compacted snow can
weigh as much as 2.0kN/m®. The increasing thermal insulation requirements for
modern roof constructions means that heat from within a building may not clear
deposited snow so that accumulations behind, say, a high parapet can partially melt
without draining, freeze, receive more snow and continue the process until perhaps
0.5m depth of ice builds up, equivalent to about 5.0kN/m?* whereas the design
loading may have been taken as the minimum of 0.6 KN/m?.

Snow loading may be a uniform deposit over the entire flat, pitched or curved
roof surface but this symmetrical snow load can be redistributed by wind as an
asymmetrical loading on pitched and curved roofs. Both the uniform and asym-
metrical snow distributions are of medium-term duration.

Where snow can be wind driven to accumulate in valleys or against upstands
it is necessary to calculate the ‘drift’ load. The magnitude of the ‘drift’ load is
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Fig. 3.1 Build-up of snow behind deep fascia and in a valley.

calculated by bringing the volume of previously deposited uniformly distributed
snow into a valley or against an upstand. In the latter case there is a limiting slope
for the snow of about 12°. In certain circumstances the snow may never fill an
available space while in others any excess is considered to be blown away. The
probability of drifting to give the calculated maximum load is likely to be a rare
event so the loading condition is classed as an accidental loading. In this situation
the permissible long-term strength values given in BS 5268 can be doubled
(equivalent to a K; value of 2.00).

The basic snow loading is obtained from Figure 1 of BS 6399: Part 3. This
gives the likely distribution of fresh snow across the United Kingdom varying
from 1.0kN/m? in the Cairngorms to 0.3kN/m? on the south coast of England.
Allowance has to be made for the altitude of the site where this exceeds 100m.
Including this altitude allowance gives the site snow load. As a generality, the site
snow load will not exceed 0.6 kN/m?* south of a line drawn between Bristol and the
Wash.

The site snow load is then modified by the snow load shape coefficient, W,
to give the snow load on the roof s4. For example, a site in Aberdeen has a basic
snow load of 0.8kN/m” and, assuming the altitude of the site does not exceed
100m, the site snow load is also 0.8 kN/m?. With a symmetrical 30° duo pitch roof
the value of U, for uniform load is 0.8, giving the uniform snow load on the roof
as 0.8 x 0.8 = 0.64kN/m? and the value of W, for the asymmetric load is 1.2, giving
the snow load on the roof as 1.2 x 0.8 = 0.96 kN/m?. This latter load would be the
critical value for the imposed roof load on one half of the pitched roof and would
be used in the design of rafters and purlins in a traditional form of roof. For the
design of trusses spanning the full width of the roof the uniform load gives a higher
total load on the roof and is likely to control the design.

3.8 ROOF LOADINGS ON SMALL BUILDINGS

The time expended to make a comprehensive assessment of snow loading effects
can be as lengthy for a dwelling as for a large warehouse. BS 6399: Part 2 there-
fore offers the option of considering as a special case ‘small buildings’ where the
roof is pitched and is no more than 10 m wide, has no parapets and the total area
does not exceed 200 m?, of which not more than 35 m? can be at a lower level. This
latter condition limits the size of any drift accumulating on the lower roof. There
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can be no abrupt changes in height of more than 1 m and the areas of projections
such as chimney stacks and dormer windows are limited to 1 m?.

In these circumstances the imposed load, i.e. normal loading and snow loading,
is limited to the worst effect from either 0.75kN/m* or 1.25 times the site snow
load, sy, or a concentrated load of 0.9kN. The previously given rule for reducing
distributed loads for roof pitches steeper than 30° also applies. It is unlikely that
consideration of (1.25 X site snow load) would be necessary for sites located south
of a line from Bristol to the Wash.

Up to the publication of BS 6399-3 in 1988, 0.75kN/m? had been the required
uniformly distributed loading for roofs with access only for maintenace and repair
for 50 years or more. In checking roofs known to be built before 1988 this would
be the design value used. Many designers still use this value for all roofs, partic-
ularly where similar roofs have been shown to be satisfactory in the past.

3.9 WIND LOADING

Timber is frequently associated with buildings of lightweight construction, and the
general lack of mass usually requires attention to be paid to wind loading as it
affects not only the stresses in individual members and the overall stability but
connections and anchorages. The wind loading for which structures must be
designed in the UK is calculated from BS 6399-2.

BS 6399-2 and the previous wind code CP3: ChV: Part 2 both predict the
maximum gust load on a component or part of a building or the entire structure
that is then used in static design. Both codes require the derivation of a design or
effective wind speed that is converted to a dynamic wind pressure which with the
relevant pressure coefficients, gives the wind forces acting on the building, part or
component.

For the majority of sites in the UK the designer, when using CP3: ChV: Part 2,
had only to assess the site exposure (S,), as the other factors relating to topogra-
phy, statistical return period and wind direction (S,, S; and S;) were generally
assumed to be unity. The pressure coefficients for buildings were defined from the
geometry of simple rectangular plan shapes.

BS 6399: Part 2, on the other hand, provides alternative methods for deriving
both the effective wind speed and the pressure coefficients for a building part or
component. This leads to computational procedures that range from the simple
(hand calculator) to the complex (programmable calculator or computer based).

To arrive at the effective wind speed, BS 6399: Part 2 offers three basic methods:

* Method 1 The Standard method

e Method 2 The Directional method for effective wind speed, with Standard
method pressure coefficients (as described in clause 3.4.2 of the
code)

* Method 3 The Directional method for effective wind speed, with Directional
method pressure coefficients.

For hand calculations the designer will find Method 1 the simplest for buildings
located in country areas, while Method 2 will be more advantageous in towns.
Method 3 essentially requires a software driven solution.
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All three methods use the same procedure to determine the site wind speed (V)
which is derived from the basic wind speed (Figure 6 of the Code) and the effects
of wind direction, seasonal or duration effect and the probability of occurrence.
They all have an ‘altitude factor’ — Method 1 includes altitude with topography
whereas Methods 2 and 3 take into account only altitude (with the effects of
topography for Methods 2 and 3 being included in the factor S, — see below).

The site wind speed is then factored by S, to allow for terrain and building
effects. The value of S, is determined by the distance of the site from the sea,
whether the site is located in the country or in a town and the effective height of
the building.

The effective height of a building is derived from clause 1.7.3.3 and is related
to the upwind shielding effects of other buildings or permanent obstructions. In
country terrain there is usually little benefit available from upwind shielding but
in towns the effects are very significant. The Note to clause 1.7.3.3 gives guidance
on the height of surrounding buildings that may be assumed in the absence of
specific measurements. With this assumed height the dimension X may be taken
as 20m where no plan dimensions exist.

For Method 1 the factor S, is given in Table 4 of the Code. When using Methods
2 and 3, S, is calculated from the equations and tables in clause 3.2.3.2. With
Method 2, the gust factor (g, is taken as a fixed value of 3.44 for a diagonal
dimension a of 5m whereas in the more complex Method 3, g, is a variable factor
depending upon the effective height and the dimension a.

Methods 1 and 2 then return to clause 2.1.2 for the derivation of dynamic
pressure and wind forces using relatively simple external and internal pressure
coefficients. Method 3 proceeds to clause 3.1.2 using more comprehensive but
likewise more complicated pressure coefficients.

Division of the height of a building into parts, e.g. storey heights — a procedure
often followed in timber designs when using CP3: ChV: Part 2 — is not permitted
in BS 6399: Part 2 unless the building height exceeds the horizontal dimension of
the elevation facing the wind. This is a very unlikely geometrical proportion for a
timber building. It is therefore essential that the designer takes full account of
upwind shielding and uses Method 2 where possible. In these particular circum-
stances the resulting wind forces, particularly in a town, will in most cases be less
than those derived from CP3: ChV: Part 2.

Consider as an example a typical pair of semidetached two-storey flat-roofed
houses located in the city of Leeds at an altitude of 120m. The distance from the
site to the edge of the city to the north, south and west is 5km and the distance to
the east is 1.5km. It is assumed that there are no topographical features such as an
escarpment affecting the wind calculation. The eaves height is 6m (2 storeys
x 3m) with plan dimensions of the building 10m X 8 m. The houses are surrounded
by similar buildings. As the orientation of such a dwelling relative to the cardinal
points is not definable in a large development, the maximum likely site wind speed
is calculated and the wind forces calculated from the corresponding pressure. To
simplify the calculation only the wind forces acting on the long elevation will be
considered.
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Example

Using CP3: ChV: Part 2

Basic wind speed 45m/s S, (3B) = 0.60 (3m) and 0.67 (6m) S, = S;=S5,=1.00
for the top storey Vi=10.67 x 45 = 30.00m/s
for the bottom storey V= 0.60 x 45 = 27.00m/s
the dynamic pressure g = 0.613 x 30% = 552 N/m” for the top storey
q = 0.613 x 27% = 447 N/m* for the bottom storey
Combined ¢, on the windward and leeward elevations is [+0.7 — (=0.25)] = 0.95
Total wind force on long elevation is 3 X 10 X 0.95(552 + 447)/1000 = 28.47kN

Using BS 6399: Part 2, Method 1

Basic wind speed V, = 22.5m/s (note: the wind speed is for 1 hour’s duration
whereas the previous Code was on a 3 second basis)

The effective height is 6(H,) — 1.2 X 6(H,) + 0.2 X 20(X) = 2.8 m

Using the worst parameters with the altitude factor S, = 1.12 and S4= §,=S,=1.0
gives

W =1.12x22.5=25.20m/s

The minimum distance to the sea is 95km, and as the distance into the town is less
than 2km, country conditions have to be assumed; hence, from Table 4,

Sy=1.31 for H, = 2.8 m, in the country, 100km from the sea
V., =1.31%x25.20=33.0lm/s and q,=0.613x33.01>=668N/m?’

(Note: if the effects of upwind shielding are ignored, i.e. H. = 6.0m, then S, = 1.48,
V. =37.30m/s and g, = 853 N/m?)

The ¢, values for a ratio of (plan dimension parallel to wind/eaves height) = 1.33
are

0.778 —(-0.278) =1.056

and to arrive at the wind forces it is necessary to calculate the diagonal dimension
a of the elevation under consideration. This dimension a gives the factor ¢, which
is a size effect for the size of the wind gust (smaller dimension gusts have higher
pressures in simple terms):

a=~10*+8% =12.8m and hence from Figure 4, ¢, =0.93

For alternative B in this figure, the wind force on the elevation is then,

P=0.85x10x 6x0.93 x1.056 x 668(1+ C,)/1000

where C;, the dynamic augmentation factor, is 0.01 approximately and can be
ignored for timber structures. Hence

P =33.5kN, which is 17% higher than the CP3: ChV: Part 2 value.

Using BS 6399: Part 2, Method 2

Consider for this example only the cardinal points for the alternative wind
directions in Table 3.1. (In a full calculation the wind directions should be in 30°
increments, not 90°.)
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Table 3.1 Cardinal points vs. wind directions

North East South West
0° 90° 180° 240°%*
Altitude S, 1.12 1.12 1.12 1.12
Direction M 0.78 0.74 0.85 1.0
Seasonal S 1.0 1.0 1.0 1.0
Probability Sy 1.0 1.0 1.0 1.0
Vi=8,-84- S-S, 19.66 18.65 21.42 25.20
Distance, sea (km) 90 90 330 80
Distance, town (km) 5.0 1.5 5.0 5.0
S, 0.771 0.854 0.765 0.777
T. 0.624 0.649 0.624 0.624
g 3.44 3.44 3.44 344
S 0.209 0.209 0.209 0.209
T, 1.85 1.85 1.85 1.85
Sh 0 0 0 0
Sy = S.T.(1 + (gST) + Spn) 1.21 1.29 0.95 1.13
V.=8,V, 23.79 24.06 20.35 28.48
g,=0.613xV.? 347 N/m? 355N/m? 254 N/m? 497 N/m’

*The value of Sy is 1.0 at 240° and 0.99 at true west (270°), so the worst condition
has been taken.

The critical design pressure is 497 N/m”. It can be seen that the maximum value
of S, does not now give the maximum design wind pressure because this maximum
S, is used with a lower value of V due to the direction factor. By making these
refinements the value of g,is now 34% lower than with Method 1.

The wind force on the long elevation is calculated as for Method 1 but using the
lower value of g, i.e.

P=0.85x10x 6 x0.93 x1.056 x 497/1000 = 24.9kN

This is some 12.5% less than the CP3: ChV: Part 2 method but the effort required
is considerably greater. To obtain the most economical return from BS 6399: Part
2 tabulated data, ‘ready reckoners’ or a software solution are a necessity if only to
determine the dynamic wind pressure.

The above example demonstrates some of the intricacies of BS 6399-2 in relation
to the effects of wind on the walls of a building. The calculation for the effects of
wind on roof structures is more complex because the number of pressure zones on
a duopitch roof is at least 6 and with pitches in the range 15° to 45° there can be
alternative +ve and —ve pressure coefficients for a particular zone. This certainly
complicates stability calculations and makes the stress calculations for a roof truss
close to impossible without making overall simplifying assumptions such as taking
uniform pressures on the windward and leeward slopes equal to the maximum
values derived from BS 6399-2.

Where there is a net wind uplift or a net overturning moment due to wind
BS 5268-3 for trussed rafters calls for a factor of safety of 1.4, i.e. the wind
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action must be multiplied by 1.4 and the result must not be greater than the
dead load or permanent load value or restoring moment (including the contribu-
tion from holding down straps, etc.). This principle should be applied to all timber
structures.

3.10 UNBALANCED LOADING

The critical condition of loading in the overall design of a component is usually
with the total loading in position. However, particularly with lattice constructions,
the maximum loading in some of the internal members occurs with only part of
the imposed loading in position.

The vertical shear in diagonal X in Fig. 3.2 is zero with the balanced loading.
The maximum force in diagonal X occurs with the unbalanced loading shown
in Fig. 3.3. The vertical shear and hence the force in diagonal Y is less with the
balanced loading shown in Fig. 3.4 than with the unbalanced loading shown in
Fig. 3.5.

Obviously the positioning of the dead loading cannot vary, but the designer
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dia'gonal Y

Fig. 3.5

should be alert to the effect on certain members (particularly internal members in
frameworks) caused by unbalanced imposed loadings. It is most important to con-
sider this when the balanced loading leads to zero force in any particular member.
In particular care should be taken in adopting realistic forces in joints. The effects
of unbalanced loading can occur during erection.

3.11 COMBINATIONS OF LOADING

The designer must consider all combinations of the loadings of which he is made
aware. Common design cases are dead plus imposed, dead plus wind, dead plus
imposed plus wind. On normal roofs, for example, dead plus wind is usually a
more critical design case than dead plus imposed plus wind. An example of loading
combinations is detailed in BS 5268-3 ‘Code of practice for trussed rafter roofs’.
These combinations are dead loading (including water tanks) plus the following
imposed loading:

(1) dead UDL on rafter and ceiling tie plus water tanks (long term)

(2) as (1) with snow UDL (medium term)
(3) as (1) with man on ceiling tie (short term)

(4) as (1) with man on rafter (short term)

(5) as (1) with wind uplift (very short term)
(6) as (1) with horizontal wind effect plus 50% snow (very short term)

The concentrated load representing a man on the ceiling tie or the rafter
in a trussed rafter roof can be distributed such that 75% is taken by the member
loaded directly with the 25% balance taken equally by the members on either
side.

With experience of specific framework configurations the designer should be
able to identify the two or three critical load combinations and may not have to
work through all the possible combinations.

3.12 SPECIAL LOADINGS

The designer should be alert to the possible load and deflection implications in
buildings from various items not all of which are within his control. A few are
discussed below.
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3.12.1 Sliding doors

A sliding door can run on a bottom track, in which case the designer has to ensure
that the deflection of any component above the door will not prevent the door from
opening or closing. Often the extent of vertical adjustment or tolerance built into
door runners is unrealistically small.

A sliding door can be top hung, in which case one can either provide a separate
support beam or beams (Fig. 3.6) so that deflection of the main support beams
will not cause the door to jam, or provide short beams between the main beams
(Fig. 3.7), so that if it is found that too little adjustment has been provided in the
door mechanism, adjustment to the secondary beams can be carried out without
major structural alterations. It is not advisable to hang a door directly under a main
beam (also see section 12.6.5).

3.12.2 Water tanks

Tanks are usually quoted as having a nominal capacity together with an actual
dimensional size say 300 litres for a tank 0.60m X 0.45m x 0.50m deep. These
actual dimensions give the ‘overflowing’ capacity (in this example it is 450 litres).
By taking the weight in design calculations as the ‘overflowing’ capacity, an
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allowance is automatically allowed for the self-weight of the tank (a load rarely
provided to the designer). If the overflow from the tank fails and the tank fills to
its maximum then it is reasonable to assume that this ‘flood’ overloading is only
of temporary duration and that a medium duration of load factor is appropriate.
Normally the critical design condition for the supporting structure occurs with the
tank full (a long-term loading condition). If the tank is placed to give unbalanced
loading on a component (see section 3.10), the act of emptying it could lead to
reversal of stress.

3.12.3 Roofs under high towers or masts

Roofs under high towers or tall masts have been penetrated by icicles which form
then break off. This potential problem should be discussed in the design of such
roofs and possibly with regard to the location of the building itself.

3.12.4 Accidental loadings and disproportionate collapse

3.12.4.1 General

The various Building Regulations operating in the UK call for special procedures
to be employed to guard against building failures disproportionate to the cause of
the failure where buildings are more than four storeys in height. It would be un-
reasonable to expect a normal structure to survive an atomic blast but a localized
internal explosion or a vehicular impact would come within this consideration.
Until the early 1990s timber-framed buildings were limited to three storeys in
height by fire requirements. Changes in the UK Building Regulations now allow
timber constructions of five storeys in Scotland. In England, Wales and Northern
Ireland the practical limit is eight storeys. This topic is therefore an essential design
consideration for the taller buildings.

The designer’s tasks have also been made more onerous with the introduction
of The Construction (Design and Management) Regulations 1994 which requires
consideration of the safety of personnel not only during construction but while
routine maintenance is being carried out.

3.12.4.2 Disproportionate collapse
The Building Regulations for the UK offer three ways of satisfying this statutory
requirement:

(1) by providing adequate horizontal and vertical ties through the structure;
these forces are given in the relevant design code of practice;

(2) with horizontal ties being effective, but not vertical ties, to remove the ver-
tical supports one at a time to check by calculation that the remaining
structure can span over the removed member;

(3) where neither horizontal nor vertical tying can be achieved, each support
member should be removed one at a time and on its removal the area at risk
of collapse should not exceed 15% of the area of the storey or 70m?
whichever is the less.
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Options (1) and (2) are applicable to framed buildings, i.e. one relying on the
strength and stiffness of beams and columns. It is unlikely that a timber building
of five storeys or more will be a framed structure as the racking resistance required
for normal loading conditions will generate a panellized, platform frame type of
construction. Vertical, storey height diaphragm walls with continuous edge floor
members providing the flanges of a vertical beam have been shown to perform
exceptionally well in disproportionate collapse tests giving compliance with option

(3).

3.12.4.3 Safety during construction and maintenance

The kind of problem that has to be considered is best illustrated by an example
of a problem that occurred when CDM was not even a twinkle in the eye of
the Health and Safety Executive (indeed the HSE did not exist). A very large
(5000 m?) single-storey, open plan, flat-roofed building was queried by the Factory
Inspectorate with regard to stability if at any time during construction or subse-
quently one of the internal, free-standing columns was removed. The Inspectorate
had in mind, particularly, a dumper truck colliding with a column during the
construction stage.

A timber-framed building has little ‘intentional’ continuity. For example, there
are considerable continuity effects with insitu concrete that may be enhanced by
the introduction of reinforcing bars and the bolted joints in steel construction afford
horizontal and vertical ties. Precast concrete, on the other hand, can have the same
problems as timber and this was the probable reason why the Inspectorate took
such an interest in the timber building described above.

A timber-framed building, on the other hand, has considerable ‘coincidental’
continuity through overlapping timbers and sheet materials as well as the nailed,
screwed and bolted joints. These elements can be developed as often none will nor-
mally have been considered as contributing to the overall stability. The solution to
the particular problem described was to arrange for the sheet of plywood in the
roof construction immediately over a beam to ‘straddle’ the beam and for this sheet
to be site fixed. This meant that the ends of the roof joists bearing on the beam
were exposed and could be spliced by working from above. The plywood decking
was then completed which further added to the continuity of the roof construction.
If a column was removed it could be shown that the remaining roof would hang
as a catenary from the adjoining beams. The duration of load in this condition
would be short term and provided the dumper driver did not panic and remove
other columns then the building would survive this accidental loading.

By careful consideration of the layout of the component parts of a timber build-
ing it is possible to insert continuity ties between joists and beams and also to
make sure that sheathing can be arranged to bridge discontinuities in the support-
ing structure.



Chapter 4
The Design of Beams: General Notes

4.1 RELATED CHAPTERS

This chapter deals in detail with the considerations necessary for the design of
beams. As such it is a reference chapter. Several other chapters deal with the actual
design of beams, each one being devoted to one main type:

Chapter 5
Chapter 6

Chapter 7

Chapter 8
Chapter 9
Chapter 10
Chapter 11
Chapter 12

Beams of solid timber. Principal and load-sharing members.
Multiple section beams. Composites of two or three rectangular
sections.

Glulam beams. Vertical and horizontal glulam, parallel or tapered
beams.

Thin web beams.

Lateral stability of beams. Full or partial lateral restraint.

Stress skin panels. Single and double skin.

Solid timber decking.

Deflection. Practical and special considerations.

4.2 DESIGN CONSIDERATIONS

64

The principal considerations in the design of beams are:

* bending stress

¢ prevention of lateral buckling

* shear stress

¢ deflection: both bending deflection and shear deflection
® bearing at supports and under any point loads

¢ prevention of web buckling (with ply web beams).

The size of timber beams may be governed by the requirement of the section
modulus to limit the bending stress without lateral buckling of the compression
edge or fracture of the tension edge, or of the section inertia to limit deflection, or
the requirement to limit the shear stress.

Generally, bending is critical for medium-span beams, deflection for long-span
beams and shear only for heavily loaded short-span beams. In most cases it is advis-
able however to check for all three conditions. The relevant strengths (permissible
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stresses) are computed by modifying the grade stresses by the factors from BS
5268-2, which are discussed in this chapter.

4.3 EFFECTIVE DESIGN SPAN

In simple beam design it is normal to assume that the bearing pressure at the end
of a simply supported beam is uniformly distributed over the bearing area and no
account need be taken of the difference in intensity due to the rotation of the ends
of the beam (clause 2.10.2 of BS 5268-2). If, therefore, only sufficient bearing area
is provided to limit the actual bearing pressure to the permissible value, the effec-
tive design span should be taken as the distance between the centres of bearing. In
many cases, however, the bearing area provided is much larger than that required
to satisfy the bearing pressure requirement. In these circumstances the calculations
for the effective design span need be taken only as the distance between the bearing
areas which would be required by the limitation of maximum bearing stress, rather
than the centres of the bearing areas actually provided (Fig. 4.1).

In determining the effective design span from the clear span, it is usually accept-
able to assume an addition of around 0.05m for solid timber joists and 0.1 m for
built-up beams on spans up to 12 m, but more care is needed with beams of longer
span or with heavily loaded beams. The effective design span is given the symbol
L. in BS 5268-2. L is used in most of the design examples in this manual for con-
venience. Even if a beam is built-in at the ends so that the loading can occur only
over the clear span, it is usual to assume in designs that the loading occurs over
the effective design span.

44 LOAD-SHARING SYSTEMS
4.4.1 Lateral distribution of load

When a beam system has adequate provision for lateral distribution of loads, e.g.
by purlins, binders, boarding, battens, etc., it can be considered to be a load-sharing
system. In such a system a member less stiff than the rest will tend to deflect more
than the other members. As it does, the load on it will be transferred laterally to
the adjoining stiffer members. Rather than give load-relieving factors, this load
sharing is dealt with in BS 5268-2 by permitting higher values of E than E,;, and
increases in grade stresses in the design of certain components.

In the special case of four or more members occurring in a load-sharing system
and being spaced not further apart than 610mm (as with a domestic floor joist
system) the appropriate grade stresses may be increased by 10% (factor Kg of 1.1),
and E,., (and G,,.,,) may be used in calculations of deflection (although BS 5268-
2 calls for the use of E,;, if a flooring system is supporting an area intended for
mechanical plant and equipment, or for storage, or for floors subject to consider-
able vibration such as gymnasia and ballrooms).

Factor Ky applies to bearing stresses as well as bending, shear and, where appro-
priate, to compression or tension stresses parallel to the grain.

In the case of two or more members fastened together securely to form a trimmer
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joist or lintel, the grade stresses in bending and shear parallel to the grain and com-
pression perpendicular to the grain (i.e. bearing) may also be increased by 10%
(factor Ky). Also, E,;, may be increased by factor K,. See section 2.3.

Where members are glued together to form a vertically laminated member
having the strong axis of the pieces in the vertical plane of bending, the bending,
tension and shear parallel to grain stresses may be increased by factor K,; while
E..., and compression parallel to grain may be increased by factor K5 (see section
7.3.2). Compression perpendicular to grain stresses may be increased by Ky = 1.10.

There are some inconsistencies when comparing Kg with K,; and K,g (for com-
pression parallel to the grain). For example, if a trimmer consists of two softwood
members nailed together, the grade stresses for bending and shear parallel to the
grain may be increased by Kg = 1.10, whereas if the members were glued together
the relevant factor is K,; with a value of 1.11. If a compression member comprises
two pieces nailed together then no increase may be taken for grade stress for com-
pression parallel to the grain but if the pieces are glued together then a K,s value
of 1.14 may be incorporated. With compression perpendicular to the grain, at an
end bearing for example, factor K3 = 1.10 may be used for two or more members
acting together, i.e. they may be either constrained to act together by a strong trans-
verse bearer or nailed together or glued together.

This should not be a serious matter for a designer; although, if designing a two-
piece column which also takes a bending moment and is supported at one end on
an inclined bearing surface, it may seem odd to increase the bending strength
parallel to grain for load sharing but not the compression strength parallel to grain.
Also, when considering an end bearing, the bearing strength perpendicular to grain
component may be increased for load sharing, but not that for the bearing strength
parallel to grain, even though the bearing stresses being considered are at the same
position!

It is not normal to design glulam members (horizontally laminated) as part of a
load-sharing system. However BS 5268-2 recognizes the statistical effect within
each member of four or more laminates by giving various coefficients K;s to Ky,
(see Table 7.1).

In the case of a built-up beam such as a ply web beam, BS 5268-2 recognizes
the load-sharing effect by permitting the use in designs of factors K,;, K3 and Ky
as for vertically glued members. In applying K,; and Ky to the grade stresses it is
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accepted that the number of laminates, N, is appropriate to the number of members
in each flange. In applying Ky to E;, the value of N is appropriate to the total
number of solid timber members in the cross-section. Because K,y is the factor
which relates to bearing, the same comment given above for vertically laminated
members also applies to ply web beams.

Very often, ply web beams are placed at 1.200m centres with secondary nog-
gings fixed at regular intervals between them at the level of the top and bottom
flanges. As such, many practising engineers have considered this to be a load-
sharing system. Some engineers have used E.,, in calculating deflections while
some have used E derived from E,;, X K. The extent to which a ply web beam
system can be taken as a load-sharing system is discussed in Chapter 8 in relation
to E and G values and in section 19.7.3 in relation to finger jointing.

4.4.2 Concentrated load. Load-sharing system

When a concentrated load such as that specified in BS 6399-1:1996 acts on a floor
supported by a load-sharing system, clause 4.1 of BS 6399-1 permits the concen-
trated load to be disregarded in the design of the supporting members. When the
concentrated load acts on a flat roof or sloping roof (sections 3.6 and 3.8) it must
be considered, particularly for short-span beams.

In a load-sharing system lateral distribution of the load will reduce the effect on
any one member, particularly if the decking is quite thick and the effect can
‘spread’ (sideways and along the span) through the thickness of the decking. A
conservative assumption with a typical domestic or similar floor construction is
that 50% of the concentrated load will act on the member directly under the load
with the adjacent members taking 25% each.

For domestic floors BS 5268-2 states that the concentrated load defined in BS
6399-1 should be taken as medium term. BS 5268-3 allows the concentrated load
acting at ceiling or rafter level to be taken as short-term duration (K3 = 1.5) as this
is taken to be a person walking on or in the roof.

Other concentrated loads (as from partitions) must be given special considera-
tion. One case which is open to discussion is illustrated in Fig. 4.2. The usual ques-
tions are whether or not the joists B supporting the partition should be designed
using E,.., on the assumption that they are part of a load-sharing system and

load-bearing
partition
=
A B A

Fig. 4.2
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whether or not the two joists A will carry a share of the load from the partition.
Providing it will not lead to significant differential deflection between joists A and
B it is probably better to assume that joists B support the total weight of the par-
tition and a share of the floor loading, excluding any imposed loading under the
“footprint’ of the partition, with an E value of Ej. It is prudent to carry out an addi-
tional deflection check to ensure that under dead loading only the deflections of
joists A and B are similar and that any difference is unlikely to be noticeable.

4.5 LOAD-DURATION FACTOR

Timber, other wood-based board materials and fasteners can sustain a very much
greater load for a short period of time than they can for a longer period of time,
or permanently. BS 5268-2 takes account of this by quoting duration of loading
factors for long-term, medium-term, short-term and very short-term loadings.

The K; modification factors for solid timber and glulam given in Table 4.1 are
applicable to all strength properties including bearing, but may not be applied to
moduli of elasticity or shear moduli. Modulus of elasticity and shear modulus
values for solid timber and glulam are assumed to be constant irrespective of the
duration of the loading.

A timber beam does not deflect by the full calculated amount until several hours
after the application of a load. The testing clause of BS 5268-2 requires that only
80% of the calculated deflection should have taken place after 24 hours. There is
therefore a case for disregarding or modifying deflection calculations in some cases
when wind gust loading becomes the design criteria. It should be reasonable to

Table 4.1 Modification factors K; for duration of loading

Duration of loading Value of K;

Long term (e.g. dead + permanent imposed)
domestic uniformly distributed loads to be considered in
this category 1.00
Medium term (e.g. roof dead + imposed and dead + temporary
imposed load)
for domestic floors the concentrated load given in BS 6399-1
when considered is in this category 1.25
Short term (e.g. dead + concentrated load on or in a roof)
dead + imposed + concentrated on or in a roof
dead + wind*
dead + imposed + wind*

dead + imposed + snow + wind* 1.5
Very short term
any combination of loading that includes short duration wind" 1.75

*Where the largest diagonal dimension of the loaded area a as defined in BS 6399-2
exceeds 50m.

"Where the diagonal dimension of the loaded area a as defined in BS 6399-2 is less
than 50 m.
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assume that only 80% of the deflection calculated by assuming the full gust loading
will take place during the few seconds the load is assumed to act.

The design must be checked to ensure that the strength values are not exceeded
for any relevant condition of loading. Because of the duration of loading factors
it is possible, for example, for the design case of dead loading only to be more
critical than the case of dead plus imposed roof loading.

Other values for load—duration factors are given in BS 5268-2 with reference to

* plywood (including E and G) K6

¢ tempered hardboard (including £ and G) Kss, K9, Ky and Ky,

* wood particleboard (including E and G) Kq\, K, Kg; and Ky,

* fasteners Kus, Ks», Ksg, K¢, and Ky

4.6 LATERAL STABILITY

There are several methods of linking the degree of lateral stability of a timber beam
to the permissible stress in bending. Those from BS 5268-2 are described below
and special methods for designing for conditions of partial restraint are covered in
Chapter 9.

4.6.1 Maximum depth-to-breadth ratios (solid and laminated members)

BS 5268-2 gives limiting values of depth-to-breadth ratios which, if complied with
for solid or laminated members, justify use of the full grade bending stress
(increased by the load—duration or load-sharing factor if applicable) in calculations.
These ratios are given in Table 19 of BS 5268-2 and are presented here in Table
4.2. When the depth-to-breadth ratio exceeds the value corresponding to the appro-
priate degree of lateral support, BS 5268-2 permits the designer to check to ensure

Table 4.2
Maximum
depth-to-breadth
Degree of lateral support ratio

No lateral support 2
Ends held in position 3
Ends held in position and members hetd in line, as by purlins or

tie rods, maximum centres will be defined in an amendment

to BS 5268 4
I'nds held in position and compression edge held in line, as by

direct connection of sheathing, deck or joists 5

Ends held in position and compression edge held in line, as by

direct connection of sheathing, deck or joists, together with

adequate bridging or blocking spaced zt intervals not exceeding

six times the depth (]
Ends held in position and both edges firmly held in line 7
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that there is no risk of lateral buckling under the design loading. This usually
requires the use of an appropriately reduced bending stress. One method deter-
mined by the author is discussed in section 9.2.

4.6.2 Maximum second moment of area ratios (built-up beams)

BS 5268-2 requires built-up beams such as ply web beams to be checked to ensure
that there is no risk of buckling (of the compression flange) under design load. This
checking can be by special calculation, or by considering the compression flange
as a column, or by providing lateral and/or end restraint as detailed in clause
2.10.10 of BS 5268-2 which is summarized in Table 4.3 of this manual and is
related to the ratio of second moments of area.

Designers often find that it is easier and more acceptable to match a restraint
condition appropriate to a higher fixity ratio than the one actually occurring, and
it must be obvious that this should be acceptable to any approving authority. For
example, with beams having an I, / I, ratio between 31 and 40, it is more likely
that the designer will provide full restraint to the compression flanges rather than
a brace at 2.4 m centres, particularly if the beams are exposed. Although this does
not satisfy a pedantic interpretation of BS 5268-2, it provides more restraint and
more than satisfies the intention of the clause.

As stated above, BS 5268-2 permits the compression flange of a ply web beam
to be considered as a horizontal column which will tend to buckle laterally between
points of restraint. Such an approach is conservative, it makes no recognition of
the stabilizing influence of the web and tension flange or the location of the load
in relationship to the depth of the beam. (See section 9.4.)

4.7 MOISTURE CONTENT

It is considered that solid timber of a thickness of about 100 mm or less (and glulam
of any thickness) in a covered building in the UK will have an equilibrium mois-

Table 4.3 Maximum second moment of areas related to degree of restraint

,‘."

1 Degree of restraint
Upto 5 No lateral support required
5-10 The ends of beams should be held in position at the bottom flange at the

SUppoTls

10-20 Beams should be held in line at the ends

20-30 One edge should be held in line (N.B. not necessarily the compression
edge)

30-40 The beam should be restrained by bridging or bracing at intervals of not

more than 2.4 m

Maore than 40 Compression flange should be fully restrained
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ture content of approximately 20% or less. BS 5268-2 gives stresses and E values
for timber for two appropriate service conditions which are:

® Service class I: dry exposure conditions where the average moisture content
will not exceed 12% (internal use in continuously heated buildings).

® Service class 2: dry exposure conditions where the average moisture content
will not exceed 20% for any significant period of time. (Covered and gener-
ally unheated, giving an average moisture content of 18%, or covered and gen-
erally heated, giving an average moisture content of 15%.)

Timbers which are fully exposed to external use are defined as service class 3 char-
acterized as wet exposure conditions where the moisture content of solid timber
exceeds 20% for significant periods.

For solid sections (not glulam) exceeding 100mm in thickness, BS 5268-2
clause 2.6.1 recommends that service class 3 (wet exposure) stresses should be
used in structural design because it is considered that the natural drying of these
thick sections is a very slow process and load may be applied before the moisture
content reaches the ‘dry’ threshold. Obviously if the sections are properly dried
before installation this restriction does not apply. Also, it is as well to be aware
that sections of 100 mm or thicker are liable to contain fissures.

BS 5268-2 does not tabulate stresses for wet exposure conditions but gives
factors K, by which dry values should be multiplied. Note the former factor K, for
the increase in section properties due to increase in dimension on wetting has been
deleted from BS 5268-2.

Although it is preferable for timber to be dried before installation to a moisture
content within a few percent of the level it will attain in service, it is essential, if
dry stresses have been used in the design, for the timber to have dried to around
20% moisture content before a high percentage of the total design load is applied.
If it is found that beams are still well over 20% moisture content when the time
comes to apply, say, more than about one half of the total dead load, then the
loading should be delayed or the beams should be propped until the moisture
content is brought down to 20% or less, otherwise large creep deflections may take
place (see section 4.15). If beams are erected at a moisture content of 22% or less
in a situation where drying can continue freely, and only part of the dead load is
applied, there is very little likelihood of serious trouble from creep deflection.

4.8 BENDING STRESSES

At the stress levels permitted by BS 5268-2 it is acceptable to assume a straight-

line distribution of bending stress in solid beams between the maximum value in

the outer compression fibres and the outer tension fibres (Fig. 4.3). See Chapters

8 and 10 for the variations applicable with ply web beams and stress skin panels.
The symbols used for bending parallel to the grain in BS 5268 are:

Ol grade bending stress parallel to the grain
Om.aamy  permissible bending strength parallel to the grain
Cm.al applied or actual bending stress parallel to the grain
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Om,a,par %m, a, par

S

%m,a,par

%m, a, par

Fig. 4.3

BS 5268-2 permits some of the subscripts to be omitted if there is no chance of
misunderstanding.

Bending strengths are influenced by depth (see section 4.9). Load-sharing and
load—duration factors are applicable to bending stresses.

4.9 DEPTH AND FORM FACTORS
4.9.1 Depth factor for flexural members

All other things being equal, the greater the depth, 4, of a timber beam the less
strong is it. The depth factor, K-, is in two parts:

0.11
300
for depths between 72 and 300mm K, = (—j , giving a maximum value

at 72mm of 1.17

h* +92300

for depths over 300 mm K; =0. W+ 56800
This factor is now applicable to all timbers in BS 5268-2, including the North
American framing grades.

Although the intention of this chapter is to cover beams, it is convenient to
discuss the width factor for tension members while discussing the depth factor for
beams. ‘Width’ is the greater dimension of a rectangular section in tension and the
width modification factor is K. For widths, &, of solid timber and glulam tension
members over 72mm there is a single formula, K, = (300/h)*"". Ky, is applied to
the grade tension stresses tabulated in BS 5268-2 (note the reservation given in
section 2.4.2 for lower grades of North American timbers in tension.
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Ki=1.18 Ko= 141

Fig. 4.4

4.9.2 Form factor for flexural members

The grade stresses in BS 5268-2 for flexural members apply to solid and laminated
timber of a rectangular cross-section (including square sections with the load par-
allel to one of the principal axes).

For solid circular sections and solid square sections with the load in the
direction of a diagonal, the grade stresses should be multiplied by the factor K,
as indicated in Fig. 4.4.

4.10 BEARING
4.10.1 Bearing across and along the grain

The grade stress for bearing across the grain of timber is the grade stress for com-
pression perpendicular to the grain. The grade stress for bearing on end grain is
the grade stress for compression parallel to the grain (at a slenderness ratio of zero).
Load-sharing and load—duration factors apply (but see section 4.4.1). The symbols
used are:

e parallel to the grain

G ol grade bearing stress parallel to the grain
G..amy permissible bearing strength parallel to the grain
Ge.all applied or actual bearing stress parallel to the grain

* perpendicular to the grain
C..1  grade bearing stress perpendicular to the grain
G..am permissible bearing strength perpendicular to the grain
G...  applied or actual bearing stress perpendicular to the grain.

BS 5268-2 permits some of the subscripts to be omitted if there is no chance of
misunderstanding.

The grade stresses tabulated in BS 5268-2 for compression (or bearing) per-
pendicular to the grain have been reduced to take account of wane (see Fig. 4.5)
as described in section 2.4.3. Where the specification specifically excludes wane
at the bearing position the grade stress may be increased as follows:

* For strength class grade the higher of the two listed values for compression
perpendicular to grain is applicable.
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wane

Fig. 4.5
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F5mm_ less than )f 7‘7‘
or 150 mm

more

Length of bearing (mm) 10 15 25 40 50 75 100 150 or more

Value of K, 1.74 1.67 153 133 120 1.14 1.10 1.00

Fig. 4.6

* For SS and GS grades the SS grade compression perpendicular to grain stress
x 1.33 is applicable to both grades.

* For Canadian softwoods to NLGA rules, USA softwoods to NGRDL rules and
North American softwoods to North American MSR rules the SS grade com-
pression perpendicular to grain stress X 1.33 is applicable to all grades.

The grade stresses tabulated in BS 5268-2 for compression (or bearing) paral-
lel to the grain have not been reduced to take account of wane. If the end in ques-
tion is bearing on timber of the same species this need not be considered because
the critical bearing stress will be perpendicular to the grain of the other piece of
timber. If, however, the piece being considered is bearing directly onto steel, for
example, and wane is permitted, a reduction in the permissible stress (or the area
of bearing) should strictly speaking be taken. BS 5268-2 does not give guidance
on this point but it would make sense to calculate the reduced end grain area which
would remain if wane occurred up to the grade limit. By reference to BS 4978 it
can be calculated that the reduced areas for GS and SS rectangular sections are
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94% and 97% respectively. As can be seen, even with GS, the reduction in area is
not dramatic and can usually be disregarded.

When the bearing length is less than 150 mm and the bearing occurs 75 mm or
more from the end of a member (as shown in Fig. 4.6) the permissible bearing
stress may be increased by the factor K, tabulated in Fig. 4.6. Interpolation is
permitted.

4.10.2 Plywood. Bearing on the face

BS 5268-2 gives values in Tables 34 to 47 for bearing on the face. The load-
duration (K3) factor applies.

4.10.3 Plywood. Bearing on edge

BS 5268 does not give values for edge bearing of plywood. It is not usual to require
plywood to take edge bearing, and if such cases arise it will be necessary to test
the strength for the particular circumstances.

4.11 SHEAR
4.11.1 Solid sections

BS 5268-2 gives permissible shear parallel to grain stresses which relate to
maximum shear stresses taking into account the parabolic shear stress distribution
over the depth of the section and not the average value (as assumed in steelwork
design). Load—duration and load-sharing factors apply. The formula for calculat-
ing shear stress at any level of a built-up section is:

FAy

oL 4.1

where T = the shear parallel to grain stress at the level being considered

F, = the vertical external shear

A, = the area of the beam above the level at which T is being calculated

y = the distance from the neutral axis of the beam to the centre of the
area A,

I, =the complete second moment of area of the beam at the cross-section
being considered

b = the breadth of the beam at the level at which 7 is being calculated.

If FLA,y/1, is evaluated, this gives the total shear force parallel to grain above the
level being considered per unit length of beam.
In the special case of a rectangular beam (Fig. 4.7) the maximum shear stress
parallel to grain occurring at the neutral axis becomes
3F,

T= ﬂ (4.2)
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Fig. 4.7

where A is the total cross-sectional area of the beam. (For the derivation of this
simplified formula, see section 4.11.3.)

4.11.2 Ply web beams. Panel shear stress

Panel shear stress is the term used in timber engineering for the horizontal shear
stress in a plywood web. For a symmetrical ply web beam the maximum panel
shear stress occurs at the x—x axis. The general formula for horizontal shear stress
must be modified to allow for the effect of the material in the flanges and web
having differing E values, thus:

T = F,(ExnSxt + EySxw)
P tEI,

4.3)

where T, = the panel shear stress
F, = the vertical external shear
E;y = the E value of the flanges taking account of the number of pieces N
acting together in the whole beam, not just one flange
E,, = the E value of the web
Sxr = the first moment of area of the flange elements above (or below) the

X—X axis

Sxw= the first moment of area of the web above (or below) the x—x
axis

t = the sum of the thicknesses of the web

EI, = the sum of the EI values of the separate parts.
Panel shear stress is discussed further in Chapter 8 on ply web beams, as is
‘rolling shear stress’ on the glue lines between flanges and web.
4.11.3 Glulam
The horizontal shear stress is a maximum on the neutral axis and is also the

maximum stress on the glue line if a glue line occurs at the neutral axis.
The horizontal shear stress at the neutral axis (Fig. 4.8) is as for solid beams:



The Design of Beams: General Notes 77

—

S_h
Y=3
v _neutral |

[NSR

Fig. 4.8

LBy _ F(bh/2)0/4) 3R _3F
b, b(bW*/12)  2bh 24

where A is the total cross-sectional area of the beam.
Shear stress is not usually critical in solid or glulam rectangular section unless
the span is small and the loading is heavy.

4.12 THE EFFECT OF NOTCHES AND HOLES

BS 5268-2 requires that allowance should be made in calculations for the effects
of notches or holes.

Notwithstanding this, BS 5268-2 states that the effect of notches and holes need
not be calculated in simply supported floor or roof joists not more than 250 mm
deep where notches not exceeding 0.125 of the joist depth are located between 0.07
and 0.25 of the span from the support, and holes drilled at the neutral axis with a
diameter not exceeding 0.25 of the joist depth (and not less than 3 diameters apart
centre-to-centre) are located between 0.25 and 0.4 of the span from the support. In
other circumstances, where it is necessary to drill or notch a member, allowance
for the hole or notch should be made in the design. These are illustrated in Figs
4.9 and 4.10.

In considering the effect of round holes on the bending stress in solid joists it is
usually not necessary to consider any effects of stress concentrations. Deflection
will hardly be affected, as it is a function of EI over the full joist span. Holes in
ply web beams are discussed in Chapter 8.

Shear stress for an un-notched solid rectangular section shall be limited so that:

3F,

T="-2<1

S < Taam (modified as appropriate by K3, Kg or K,7, Ko and K,;)

where & = total depth of section.
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Shear stress for a notched solid rectangular section is:

3F, . .
T= ol <T.umXKs (modified as appropriate by K3, K or Ky, Kj9 and K57)

where /. = effective depth of section (see Fig. 4.11).
For a notch on the lower edge, see Fig. 4.11(a):

For a notch on the top edge, see Fig. 4.11(b):
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h(h, —a)+ah,
= T
and K5=1.0 for a > h,

K; for a <h,

4.12.1 Shear stress concentrations

[€1] () (5] (dy 1]

Fig. 4.12

Where beams or joists are notched at the end to suit the support conditions, there
is a stress concentration resulting from the rapid change of section.

Square cut notches should be avoided wherever possible. Poor workmanship can
lead to over-sawing the notch with a tendency to propagate an early shear failure
along the dotted line shown in Fig. 4.12(a). One method of avoiding this problem
is to specify all notches to be cut to a pre-drilled hole of, say, 8 mm diameter as
shown in Fig. 4.12(b), or to form a generous fillet or taper to the notch as shown
in Figs 4.12(c), (d) or (e).

4.12.2 Shear capacity of a notch in the bottom edge

The shear stresses (formula (4.2)) can be translated to shear capacities, e.g. for an
un-notched rectangular section
2AT

R =24
3

for a notch in the lower edge with &, = ok (see Fig. 4.11(a)),
_ 2 )
Tam =0T and F, =§0c AT

It can be seen from the above formula that the shear capacity of the notched section
is equal to the shear capacity of the un-notched section multiplied by o and there-
fore reduces rapidly with increased depth of notch (e.g. with half the full depth
remaining, the shear capacity is a quarter that of the full section). BS 5268-2 limits
such notches to 50% of the full beam depth.

4.12.3 Shear capacity of a notch in the top edge

Notches may be required in the top edge (Figs 4.13 to 4.15) to suit fixing details
for gutters, reduced fascias, etc. Such notches must not exceed 50% of the full
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Fig. 4.13

Fig. 4.16

beam depth. The projection of the notch, Bi, beyond the inside edge of the bearing
line influences the shear capacity of the reduced section.

Figure 4.15 is a special condition where B/ = 0 and the end of the notch coin-
cides with the inside edge of the bearing. Provided that o is at least 50% of the
full section the shear capacity of the full depth section is realized.

For a notch in the top edge, two conditions exist:

= 2
when B < o (see Fig. 4.14) F, :§(l+B—E)A‘c
o
when 3 > o the section is evaluated on _ 9
a depth of (oh) F, = EOLAT

When the top edge is bevelled (Fig. 4.15) the two formulae above apply with
oh measured at the inner face of the bearing and Bh measured horizontally from
the point of effective depth.

A summary of these formulae is presented in Table 4.4.

4.13 SHEAR IN BEAMS SUPPORTED BY FASTENINGS AND
IN ECCENTRIC JOINTS

When a beam is supported along its length, as indicated in Figs 4.17 and 4.18,
the force F being transmitted locally into the beam should be resisted by the net
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F,, is the full shear capacity for the un-notched section.

Although presented in a different way to the notes relating to Fig. 4.11,
the formulae in this table give the same results as the formulae in BS

5268.

*This formula applies only when B/ does not exceed k.
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effective area as indicated in the figures. In addition of course, the connectors and
supporting members must be able to resist the force F, and the beam must be
checked for overall shear.

In the case of the bolted joint shown in Fig. 4.19, the area to be considered as
locally resisting force F is the net area of section between the edge towards which
the load is acting and the bolt furthest from that edge.

In the case of a glued joint as shown in Fig. 4.20 the cross-sectional area of the
beam transmitting force F locally into the beam is the shaded area. However, in
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normal circumstances, the critical factor at this position would be the rolling shear
at the glue interface.

4.14 GLUE-LINE STRESSES

Providing that one of the recommended glue types is used correctly (see Chapter
19 on glue joints) the glue is always stronger than the surrounding timber. The
strength of glue lines is therefore calculated as the permissible shear on the face
of the timbers or plywood being glued. Load—duration and load-sharing factors
apply because the stresses are timber stresses.

Glue has little strength in tension, therefore connections should be designed to
prevent any tension effect on the glue line. The aim should be to achieve pure shear.
The type of overlap joint shown in Figs 4.21(a) and (b) should be symmetrical if
glued.

When the forces stress the glue along the grain of timber, Fig. 4.21(a), the per-
missible stress is the permissible stress for the timber grade for shear parallel to
the grain (reduced by a factor Ky, of 0.9 if the glue-line pressure during curing is
obtained by nails or staples rather than by positive pressure from clamps or similar
items (clause 6.10.1.4 of BS 5268-2).

When the forces are stressing the glue across the grain of timber, Fig. 4.21(b),
the permissible stress is one-third of the permissible stress for the timber grade for
shear parallel to the grain. This shear across the grain is referred to as ‘rolling
shear’ as the tendency is for the outer fibres to roll like a pile of logs being pushed
sideways. If there are likely to be frequent large changes in moisture content (say
5%, it is not good practice to glue pieces of solid timber together with the angle
between the grain directions of the pieces approaching 90°, due to the different
moisture movement characteristics in swelling and shrinking along and across the
grain.

For forces acting at angles other than 0° and 90° to the grain (e.g. area A in Fig.
4.22 but not area B) the permissible stress is given by

T = Taam (1 —0.678IN01) = Ty 1 K

where  t,, = the permissible shear parallel to the grain stress for the timber
o = the angle between the direction of the load and the longitudinal
axis of the piece of timber (see Fig. 4.22).

Note that when o = 90°, sino. = 1.0 and 71, is one-third of T,y , which is the
value for rolling shear. Values for 1 — 0.67 sino are tabulated and shown in graph
form in Fig. 4.22.
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Fig. 4.23

When the forces are stressing the face of plywood either across or along the face
veneer (Fig. 4.23) the permissible stress is the permissible ‘rolling shear’ stress for
the plywood grade. Even if the stress is parallel to the face grain it is considered
that the next veneer face is so close to the surface that ‘rolling’ of the fibres in this
veneer could occur before the full shear strength of the face veneer is generated.

In the special case of the flange-to-web connection of a ply web beam and the
connection of the plywood (or other board) to the outermost joist of a glued stress
skin panel (Fig. 4.24), Clause 4.7 of BS 5268-2 requires that the permissible shear
stress at the glue line be multiplied by 0.5(K3;). This is an arbitrary factor to take
account of likely stress distribution along the glue line. The maximum stress
depends on the geometry of the beam section, the combination of shear force and
moment and the loading on the beam. The range of possible K3, values is from just
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under 0.5 to just under 1.0. From a practical design viewpoint the derivation of K3,
for a particular situation would be unduly onerous unless some simplification for
a software solution could be found.

This may also explain why some tests on ply web beams have achieved factors
of safety above 10. Normally, however, a designer would be expected to work to
the lower rolling shear value to which must be added the effect of K7,(0.90) if the
bonding pressure is provided by nails or staples as required by clause 6.10.1.3 of
BS 5268-2.

BS 5268-2 (clause 6.10.1.1) puts a limit of 50mm on the individual pieces of
solid timber being glued together and also sets a limit of 29mm thickness for
plywood glued to timber of any thickness. The special case for plywood sand-
wiched between two timbers, as shown in the I beam in Fig. 4.24, is not specifi-
cally covered and a 50 mm limit for timber thickness is recommended by the author.
It is prudent to take note of this clause, because if thick pieces are distorted in any
way it is extremely difficult to hold them in line during assembly and, if they are
forced into place before gluing, subsequent release of the built-in fabrication
stresses could damage glue lines.

BS 6446 ‘Specification for the manufacture of glued structural components of
timber and wood based panel products’, as its title implies, covers in greater detail
the requirements for producing glued joints between timber and essentially
plywood. Table 4.5 shows the recommended sizes and maximum spacing of nails
to give an adequate glue line pressure between timber and plywood.

Table 4.5 Sizes and maximum spacing of nails for pressure on glue line

Minimum Average
Headside  Nail pointside Maximum  Maximum edge  glue line
thickness diameter  penetration  spacing*® distance area per nail
(mm) (mm) (mm) (mm) (mm) (mm?)
Under 10  2.65 30 75 30 7500
10to 20  2.65 40 100 30 7500
Over20  3.35 40 100 30 7500

*Where the headside thickness is 30 mm or over and the gluing surfaces are brought
into close contact by cramping only while nail pressure is applied, the maximum
spacing may be increased by 50%.
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4.15 DEFLECTION
4.15.1 Introduction

Unlike strength considerations it is very rare that deflection alone could lead to the
collapse of a component or structure (see section 2.1) but deflection limits are still
imposed in design for a number of reasons, e.g.

* to keep within acceptable limits the visual appearance and functional require-
ments of the component or structure

* to prevent damage to brittle finishes such as plaster

¢ to prevent undue deflection of roof structures so that rainwater ponds and
cannot reach outlets — in the worst situation the accumulation of water could
cause overloading of the structure and failure

* to limit the effects of creep

* to provide sufficient stiffness in the construction that vibrations and other
dynamic effects are not a problem.

4.15.2 Deflection limits and appropriate E values

Any limit which is placed on the magnitude of deflection is purely arbitrary, usual
practice or good practice and may be relaxed by the specifying authority in certain
cases if this will lead to acceptable economy; or tightened, perhaps for appearance
or if a particularly brittle component is being supported. For example, it used to
be common practice to limit deflection to span/500 when large cast-iron water tanks
were being supported, whereas on storage racks where men can walk, span/240 is
often used, or span/180 where there is storage with no access for personnel.

In normal building construction deflection of the timber elements will not
threaten the safety of the occupants and in these circumstances deflection and
deformation do not come within the scope of the Building Regulations. It may,
however, come within the scope of professional indemnity insurers.

“True’ E values are tabulated in BS 5268-2, therefore the designer should also
include a calculation of shear deflection in determining the stiffness of a beam,
even for simple floor joists.

All beams carry a dead loading which is in place throughout the life of the
member. Most beams also carry an imposed loading which, in the case of a roof
beam carrying snow, will only be in place for a small percentage of the life of the
beam and may never reach the amount specified in BS 6399-1. In the case of a
floor beam, part of the imposed loading will be in place for most of the time (e.g.
furniture) whereas the rest of the design-imposed load (e.g. people) will only be
in place for part of the time and may never reach the amount specified. In the case
of a ceiling joist in a roof, the imposed loading could be in place for years at a
time (e.g. suitcases and other storage items).

Although BS 5268-2 (as with similar documents for other materials) only puts
a limit on the deflection position below the horizontal with the total load in place,
this total load may never occur or may occur only for brief occasional periods and
often the more important consideration is the deflection under the permanent or
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dead loading. When a beam is built up from several pieces (e.g. a ply web beam
or glulam) it is possible to build in a camber (‘subject to consideration being given
to the effect of excessive deformation’) so that under the action of the dead loading
the beam settles approximately to a horizontal position. In these cases, the deflec-
tion limit of 0.003L applies to deflection under the imposed loading only. If a beam
is overcambered, the deflection limit of 0.003L still applies to the total imposed
loading, no reduction being allowed to this because of the overcambering.

In the case of beams of solid sawn timber, there is no opportunity to provide
camber, however, the span of such beams is limited to around 6 m, at which span
the usual deflection limit under total loading is 18 mm (or 14 mm if one is working
to the arbitrary limit in BS 5268 for domestic floor joists). Therefore, by propor-
tion, the deflection under permanent loading in most cases is unlikely to be more
than around 8—10mm, which is hardly likely to be noticed unless a beam lines up
with a horizontal feature, or the joists are supported by a trimmer which itself
deflects 8—10mm under permanent loading (see Fig. 12.12).

The decision of which E value (and G value) to use in calculating the deflection
of components in various situations has already been covered in sections 2.3, 3.4
and 4.4.1 and are summarized below. In addition, practical and special considera-
tions of deflection are discussed in Chapter 12. Where a value for E is stated below
(e.g. Eiy) it should be understood that the appropriate value of shear modulus (e.g.
Gyin) 1s also intended.

* Single member principal beam. A beam having one piece of timber in cross
section, acting in isolation, must be regarded as a principal member with
deflection calculated using E,;, (and G,;,).

* Trimmer joist or lintel. If a trimmer joist or lintel is constructed from two or
more pieces solidly fixed together by mechanical fasteners to be able to share
the loading, the E,;, and G, values may be increased by K, having a stop-
off point at four or more pieces.

® Vertically glued laminated beam. Where a vertically glued laminated beam is
constructed from two or more pieces the E,;, and G, values may be increased
by Ky having a stop-off point of eight or more pieces (unless used as part of
a load-sharing system with members at centres not exceeding 610mm, in
which case mean values may be used).

® Built-up beams (such as ply web beams). The E and G values to use in
calculating deflection are the minimum values modified by factor Ky
for the number of pieces of timber in the cross section. (Clause 2.10.10 of
BS 5268-2.)

* Load-sharing system at close centres. Where a load-sharing system of four or
more members (such as joists or studs) spaced at centres not in excess of
610mm has adequate provision for lateral distribution of loads, the mean
values of moduli may be used in calculations of deflection (unless the area is
to support mechanical plant and equipment, or is used for storage, or is subject
to vibrations as with a gymnasium or ballroom, in which case minimum values
of moduli are to be used).

® Horizontally laminated glulam beams. Deflection is calculated by multiply-
ing the mean value of the moduli for the highest strength class used in the
manufacture of the beam by factor K.
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4.15.3 Bending deflection and shear deflection

The deflection of any beam is a combination of bending deflection and shear deflec-
tion. In addition, if a beam is installed at a high moisture content and is permitted
to dry out with a high percentage of the load in place, ‘creep’ deflection will take
place during the drying-out process. This is one reason why it is important to install
beams at a moisture content reasonably close to the moisture content they will
attain in service. Shear deflection is usually a fairly small percentage of the total
deflection of solid sections, but BS 5268-2 requires it to be taken into account in
the design of solid timber joists and glulam (see sections 4.15.5 and 4.15.6). Shear
deflection is likely to be significant in the design of ply web beams (see section
8.6).

4.15.4 Bending deflection

The formulae for bending deflection of simply supported beams for various con-
ditions of loading are well established. Several are given in Chapter 27 of this
manual for central deflection, and for maximum deflection when this is different
to central deflection. It can be shown with a simply supported beam that no matter
what the loading system is, if the central bending deflection is calculated instead
of the maximum deflection, the error is never more than 2.57%. Also the maximum
bending deflection always occurs within 0.0774L of the centre of span. For com-
plicated loading conditions it can take a considerable time to calculate the position
of the maximum deflection even before calculating its magnitude. In this situation
it is invariably quite satisfactory to calculate the central deflection as the differ-
ence between this value and the true maximum is likely to be less than the vari-
ability of the E value of the timber.

In all the formulae below, L should strictly be taken as L. (see section 4.3).

With a complicated system of loading, one can calculate deflection for the exact
loading, but this can be time consuming and an easier way is to calculate the
deflection from the equivalent uniformly distributed loading which would give the
same deflection as the actual loading.

The deflection 9, at midspan is calculated as:

_5EL
" 384EI

m

The equivalent uniform load may be determined for most loading conditions as:
F.=FK,

where F = actual load
K., = a coefficient taken from Tables 4.10—4.17 according to the nature of
the actual load.

Where more than one type of load occurs on a span, F, is the summation of the
individual FK,, values. Tables 4.10—4.17 give values of K, for several loading con-
ditions, and the following example shows how the tables are used.
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Example

Fig. 4.25
Table 4.6
Load
(kN)
Load F Refer to n K, FK,,
F, 2.0 Table 4.11 1.0 1.00 2.00
F, 6.0 Table 4.17 0.4 1.51 9.06
F; 8.0 Table 4.12 0.5 1.28 10.24

F.=21.30

Coefficient n is a ratio of span (see Tables 4.10-4.17).

Calculate the bending deflection at midspan for the beam shown in Fig. 4.25.
Assume an EI capacity of 10 100kNm?,
Calculate F, in tabular form as shown in Table 4.6.
5FRLC  5x21.3x10°
384EI 38410000
=0.0275m = 27.5mm

Bending deflection at midspan =

4.15.5 Shear deflection

In addition to deflection caused by bending stresses, there is a further deflection
caused by shear stresses (except in the special case of a beam subject to pure
bending which is free from shear stresses). Shear deflection is disregarded in most
structural materials, although it should certainly be calculated, for example, in the
case of a deep heavily loaded steel plate girder.

Timber beams are frequently deep in relation to their span and have a low G/E
value (where G is the modulus of rigidity) taken in BS 5268-2 as s (0.0625) com-
pared to 0.4 for mild steel.

By the method of unit loads:

L F K
Shear deflection = Kformj dx

0 AG

where Kj,,, = a form factor dependent on the cross-sectional shape of the beam
(1.2 for a rectangle)
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Example

F, = the external shear due to the actual loading

F, = the shear due to a unit load at the point where the deflection is
being calculated

A = the area of the section

G = the modulus of rigidity (taken as E/16).

The shear deflection is normally added to the centre span bending deflection,
therefore it is the centre span shear deflection in which one is interested. With the
unit load placed at centre span, F; = 0.5, and it can be shown that:

Kiom X area of product of shear
force diagrams to midspan

AG

Shear deflection at midspan =

_ Kform X M()
- AG

where M, is the moment at midspan irrespective of the distribution of the applied
loading.

To reduce design work, M|, for a simple span may be calculated as F,, L/8, where
F, is the equivalent total uniform load to produce the moment M,

M, = FK,

where F = actual load
K, = a coefficient taken from Tables 4.10—4.17 according to the nature of
the actual load.

Where more than one type of load occurs on a span, Fj is the summation of the
individual FK, values.

Calculate the shear deflection at midspan for the beam shown in Fig. 4.25. Assume
the AG capacity to be 34660kN and Kg,.,, = 1.2 (for a solid rectangular beam).
Calculate F), in tabular form (Table 4.7).

_RL_2227x10

M, =27.8kNm
8 8
Table 4.7
Load
(kN)
Load F Refer to n K, FK.,
F, 2.0 Table 4.11 1.0 1.00 2.00
F, 6.0 Table 4.17 04 1.60 9.60
F; 8.0 Table 4.12 0.5 1.33 10.67

F.=22.27

Coefficient n is a ratio of span (see Tables 4.10-4.17).
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Kiom XMy 1.2X27.8
AG 34660
=0.00096 m = 0.96 mm

Shear deflection at midspan =

This represents not only a very small actual value but only 3.5% of the bending
deflection. It will be seen later in this handbook that in the design of ply web beams
shear deflection can be in excess of 15% of the bending deflection and is very sig-
nificant, but it is usually only a small deflection in real terms with beams of solid
timber in the span range where deflection is critical.

4.15.6 Magnitude of shear deflection of solid rectangular sections

To give an indication of the proportion of beams where shear deflection is impor-
tant, the effect of shear deflection on solid uniform rectangular sections subject to
uniformly distributed loading is illustrated in Fig. 4.26.

Total deflection = §, = §,, + O,

where §,, = bending deflection
0, = shear deflection.

Therefore (with p = load per unit length):

_ SpL’i + Kform X MO

' 384EI GA

L 5, L6
B Sin

1.5
12 1.106
13 1.091 TR
14 1.078 '
15 1.068 5,
16 1.060 5, 13 N
17 1.053
18 1.047 12 joisting range |
19 1.042 ‘
20 1.038 _ |
21 1.035 i1 .
22 1.032 | \T\\
23 1.029 0 :l mi2 15 20 25
24 1.027 N
25 1.025 5

Fig. 4.26
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but GA = Ebh/16 and EI = Ebh’/12, therefore

_3EI

GA=——+
4h*

so that, with K¢ = 1.2

_ 5pl’ +1.2pL2 Xﬁ
 384FE]I 8 3EI

t

The ratio §,/3,, indicates the relative importance of shear deflection:

él—=1+8V

h 2

5. 5. —1+15.36(L)
The ratio §,/9,, for values of L/h is plotted in Fig. 4.26

In the normal range of joisting, shear deflection can be expected to add between
2.5 and 10% to the value of bending deflection which, for spans where deflection
is critical, represents a small amount in real terms. The designer can judge quickly
from the graph in Fig. 4.26 whether or not shear deflection is likely to be signifi-
cant (but note that BS 5268-2 requires a calculation of shear deflection even for
floor or roof joists of solid timber).

Taking the case of a 250mm deep joist over a 4.6 m span with a total permissi-
ble deflection (0.003L) of 13.8mm for an uncambered beam, shear deflection
would be around 0.8 mm for L/h = 18.4.

4.15.7 Creep and dynamic effects

The deflection limits given in BS 5268-2 are often criticized for being too sim-
plistic but in reality they achieve the required purposes without being too obvious
in their execution. For example, the limit of 0.003 x span (1/333 of the span) is
calculated under full load whereas in structural steelwork the limit of 1/360 span
is under imposed load only. Taking the ratio of dead to imposed load for a domes-
tic timber floor as 1 to 3, the dead load deflection limit is then 1/1332 and the
imposed load 3/1332.

In simple terms, the deflection due to creep under a permanent load can cause
the calculated elastic deflection to increase by about 50%. It is also accepted that
the proportion of imposed load permanently on a domestic floor, e.g. due to fur-
niture and fittings, is a small proportion of the design-imposed load. Taking this
proportion as 33%, the total deflection (including creep) under full load becomes:

1.5x1 1.5x025x3 0.75x3  4.875 1

+ + = = —— span for a timber floor
1332 1332 1332 1332 273

Assuming, in a steelwork design, a similar ratio of 1 to 3 for dead and imposed
loads, the total deflection becomes

1+3 1 1
—— X —— = —— span for a steel (no creep) construction under full load.
3 360 270

This demonstrates that creep has not been entirely ignored in the BS 5268-2 limit.
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Creep is likely to be a major problem where a large part of the imposed load is
in place for long periods of time, e.g. floors used for storage. In these circumstances
BS 5268-2 recommends the use of E,;, even where the construction is load-sharing.
The ratio of Ecu/Emin = 1.5 (section 2.2.5) can be seen to provide some allowance
for creep in the deflection calculation.

Seviceability requires consideration of the ‘comfort’ of the user, and into this
comes dynamic effects such as vibration as a person walks across a floor. This is
not a simple topic to resolve for it relates to the mass of the floor construction and
the actual arrangement of structural members in the floor providing lateral distri-
bution of applied dynamic load and damping of the generated vibration. The
problem became manifest in the 1970s as domestic floor spans tended to extend
beyond the then typical 3.6 m. Analysis of the relationship between mass and stiff-
ness showed that a finite deflection limit would provide an adequate control of the
dynamic effects for domestic floors. Experience has shown that the threshold of
human tolerance requires the natural frequency of the floor to be greater than 8 Hz.
A simple analogy of floor vibration to that of a spring gives

_ L s
ST P
where n, = natural frequency (Hz)
g = acceleration due to gravity (9810 mm/s?)
Og = dynamic deflection of the floor under its own weight.

The dynamic deflection is calculated using the dynamic E value which, for sim-
plicity, can be taken as 1.33E,,..,, so taking 75% of the normal dead load deflec-
tion, calculation gives the dynamic dead load deflection and the above expression
becomes

I [ 9810 182 ' 18 . erms
ny=—— = N,
*72n V0758 Vdg da ’

After much discussion due to the range of possible values for mass, stiffness and
damping characteristics a limit of 14 mm was set in BS 5268-2. Taking the range
of typical dead loads for domestic floors as 0.25kN/m* (25% of the total) to
0.75kN/m? (33%) then with the 14 mm total deflection limit, the natural frequencies
are 9.6 and 8.4 Hz respectively. The success of this limit can also be judged by the
very few complaints that have been recorded since its introduction! BS 5268-2 also
requires the use of E,;, for floors subject to vibration such as gymnasia and dance
floors. This provides an increase in both dead load mass and stiffness.

A development of the 14 mm philosophy is to say that an adequately stiff floor
can usually be achieved where the dead load deflection does not exceed 3.5 mm
(the 25% example above) irrespective of the imposed load category. Care must be
exercised in using this approach where rythmic applications of load can occur, e.g.
a dance floor or marching soldiers on a bridge.

In present-day terminology these effects are grouped under the heading ‘Ser-
viceability’. The approach given in EN 1990 ‘Basis of design’ (otherwise known
as Eurocode 0) leads to a more transparent assessment of the serviceability crite-
ria. Verification of these criteria should consider the following:
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¢ deformations that affect the appearance, the comfort of users or the function-
ing of the structure (including the functioning of machines or services) or that
cause damage to finishes or non-structural elements

e vibrations that cause discomfort to people, or that limit the functional effec-
tiveness of the structure

¢ damage that is likely to adversely affect appearance, durability or the func-
tioning of the structure.

The applications of these serviceability principles are set out in Eurocode 5 DD
ENV1995-1: 1994. The modulus of elasticity to be used in all deflection calcula-
tions is the mean value. In particular the procedures give a more reasoned approach
where more than one type of imposed load is applied to a member, e.g. a beam
supporting both roof and floor loads.

For deflection there are three basic requirements:

. . . span
(1) instantaneous deflection under imposed Uinst 01 T Zum o,jVo, < 55—0
loads J>1
. . . span
(2) final deflection under total load, including  ugng +Usng —Ue < ———
200
creep
and for domestic floor joists
(3) total instantaneous deflection z Uins: G, i +Z Uing q.; < 14 mm

>0 j>0

where u;, ; = instantaneous deflection under dead load i
Uing @; = instantaneous deflection under imposed load j
U, = in-built camber

and Uing = z Uinst 6.6 (1 + kaer)

>0

Uin @ = Uingou+ Wy ikaer) + z Uinst Q, (\lfo,j + \Ifz,jkdef)

Jj>1

with  ,; =load combination factor (see Table 4.8)
,; = load combination factor (see Table 4.8)
ket = factor for creep deflection (see Table 4.9)

Where a timber member having a moisture content greater than 20% is
loaded and then dries out under load to a service class 2 condition, the k4 value
for service class 3 should be increased by 1.00, e.g. the long-term value becomes
2.00 + 1.00 = 3.00. This reflects the well-recognized phenomenon when timber
dries while under load and is a very good reason for ensuring that structural
timbers intended for use in service class 2 are at the correct moisture content when
installed.

Consider the domestic floor with dead load 25% of the total and the span less
than 4.666m. BS 5268-2 gives the deflection limit as span/333 using E,..,- This
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Table 4.8 Load combination factors

Imposed load category Yo (2
Residential, institutional, educational 0.7 0.3
Offices and banks 0.7 0.3
Public assembly 0.7 0.6
Retail 0.7 0.6
Storage 1.0 0.8
Snow loads 0.6 0

Wind loads 0.6 0

Table 4.9 Deflection factors for solid timber and glulam k¢

Service class

1 2 3
Long term 0.60 0.80 2.00
Medium term 0.25 0.25 0.75
Short and very short term 0 0 0

has been shown previously to give span/270 with creep. EC5 gives the long-term
deflection, including creep, in service class 2 as:

[0.25 x total load x (1 + 0.8)] +[0.75 x total load x (1 + 0.3 x 0.8)]

=1.38 x total load < w, which is equivalent under total load to Spat
200 276

There is therefore very little difference between the two methods for the simple
condition of a single imposed load.

4.16 BENDING AND SHEAR DEFLECTION COEFFICIENTS

Tables 4.10-4.17 give coefficients K, and Ky which can be used to expedite the
calculations of bending and shear deflections in the centre of simply supported
beams. The notes and examples in sections 4.15.4 and 4.15.5 explain how they
should be used. Coefficient n in these tables is a ratio of the span.
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Chapter 5
Beams of Solid Timber

5.1 INTRODUCTION

For many of the uses of solid timber, such as floor or roof joists, the designer can
refer to load/span tables in which the designs have already been carried out employ-
ing the principles set out in BS 5268-7. Such tables are given in Approved Docu-
ment A of The Building Regulations 1991 for England and Wales and in tables
issued by TRADA.

The design of a timber beam or joist was once relatively straightforward but the
introduction of a more comprehensive design approach, as introduced into clause
2.10.7 and Annex K of BS 5268-2, can extend the design work involved. It would
appear that this comprehensive approach may be regarded as optional and to be
considered generally when creep deflection is expected to be a problem. The
designer should note that when Annex K is used the E value for deflection calcu-
lations is the mean value even for a principal member.

5.2 GENERAL DESIGN

Chapter 4 details the various factors and aspects which must be taken into account
in the design of beams. They are not repeated at length in this chapter but when a
factor is used in the calculations and it is thought that the designer might wish to
check back, reference is made to the relevant paragraph of Chapter 4.

The designer is in one of two different situations in the design process. The first
alternative is assessing a section and grade of timber that has already been decided,
e.g. checking the design of a component or construction that has already been pre-
pared by another designer. This is a straightforward situation, in which the section
properties and the grade are known, so the designer can immediately calculate the
actual stresses and compare them with the strength values. In the second case,
the designer originates the design knowing only the span and load configuration.
The process of assuming cross-section dimensions and timber grade and then
checking for the various stresses and deflections can be time consuming, unless
the designer has enough experience or good fortune to choose the correct section
and grade at the first attempt.

Both situations are covered by typical examples in this chapter. To eliminate the
time-consuming guesswork of the second situation, tables of beam capacities are
introduced from which the required capacities for shear, moment and deflection
performance can be compared easily with the required values.

929
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5.3 PRINCIPAL BEAMS OF SOLID TIMBER

With principal members composed of one piece of timber there is obviously no
load sharing and the minimum value of E must be used. The load duration factor,
K;, applies to bending, shear and bearing strength values and the depth factor, K,
can be applied to bending values.

5.3.1 Example of checking a previously selected floor trimmer beam
(principal member)

Check the suitability of a 72 x 220 strength class C24 for use within a domestic
floor (i.e. service class 2).

The clear span is 2.80m and the trimmer supports incoming joists spaced at
0.60m centres.

Dead load = 0.35kN/m? inclusive of trimmer self-weight.

Imposed load = 1.50kN/m? or a concentrated load of 1.4kN located anywhere on
the span.

Incoming joists have a span of 4.20 m; they occur only on one side of the trimmer
and provide lateral restraint for the trimmer.

Note 2 to clause 2.8 of BS 5268-2 allows the concentrated imposed load on a
domestic floor to be taken as medium-term duration.

The incoming beams are at close enough centres to justify taking the load on the
trimmer as being uniformly distributed. A bearing length of 50mm has been pro-
vided at each end giving an effective design span of 2.85m.

Loading 420

Dead UDL =2.85x% T x 0.35 =2.09kN

4.20

Imposed UDL =285x% — x 1.50 = 8.98kN

Total UDL long term = 11.07kN

End reaction = maximum end shear = % =5.54kN
End bearing

Applied end bearing stress (long term with 50 mm bearing length)

5.54 x1000
= 2 | 54N/mm’
72 x50

Permissible bearing stress (wane permitted) = grade stress X K;
=19%x1.0=19N/mm*> O.K.
Permissible bearing stress (no wane permitted) = grade stress X K3 =2.4 x 1.0
=24N/mm*> O.K.

Notes: (1) Where the specification specifically excludes wane the higher value of
compression perpendicular to grain stress is applicable.
(2) Enhanced bearing factor K, does not apply.



Beams of Solid Timber 101

Shear
Shear force = F, = 5.54kN
3XF, 3% 5.54 x1000
Applied shear stress = = =0.52N/mm?’
2Xbxh 2 X 72 %220
Permissible shear stress (long term) = grade stress X K; = 0.71 x 1.0
=0.71N/mm*> O.K.
Bending
11. 2.
Maximum bending moment = M; = —07; 85 =3.95kNm
72 x 220
Section modulus = Z, = — - 0.581 x 10°mm?
A 1db d _%—M_68N/ 2
pplied bending stress = Z 0581x10° O mm
Permissible bending stress = grade stress X K3 X K; = 7.50 x 1.0 x 1.032
=7.74N/mm* O.K.
Note: See Table 5.3 for values of K.
Deflection

For a principal member E = E,;, = 7200N/mm’ and G = E,,;,/16 = 450 N/mm?.
I, =72x220%12 =63.9 x 10°mm
El, = Ei, X I, = 460kNm?
AG=A X G = (72 %x220) x 450/1000 = 7128 kKN
S5XFxL 5x11.07x2.85°

i ion = = =0.00725
Bending deflection 384 % EL. 384 % 460 m
K; M 12x3.
Shear deflection = ~tm XM _12X395 _ 4 66066m
AG 7128

Total deflection = 0.00791 m
Alternatively, total deflection may be calculated as:
Total deflection = bending deflection X Ky
where Ky = 1 + 15.36(h/L)* = 1 + 15.36(220/2850)* = 1.0915
Total deflection = 0.00725 x 1.0915 = 0.00791 m
Permissible deflection = 0.003 x 2.85 = 0.00855m O.K.
The second loading condition to be checked is a medium-term condition. By

inspection the 1.8kN concentrated imposed load can be seen to be less critical than
the uniformly imposed loading condition, i.e.

Moment = 2.09 : 2.85 + 14 22'85 =1.74kNm < 3.95kNm

and no further design check is needed.
Prior to the introduction of Annex K the deflection assessment would stop at this
point with the trimmer shown to be satisfactory.
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Clause 2.10.7 of BS 5268-2 is now amended to offer ‘more comprehensive
procedures covering various load types and durations . . . given in Annex K’. If the
designer considers that such a procedure is required the deflection assessments
would continue as follows:

From section 4.15.7 or Annex K for residential category,
Wo = 07, Wz = 03 and kdef = 08
By proportion of dead to imposed load,

Dead load instantaneous deflection = 8g = 0.0015m
Imposed load instantaneous deflection = &, = 0.0064 m

Case (a) Instantaneous deflection under imposed load
Deflection = 8y = 0.0064 m
Allowable deflection = span/350 = 2.85/350 = 0.008 m O.K.

Case (b) Final deflection under total load including creep
Deflection = (1 + kger) + Oo(1 + Wokyer)
=6(1 + 0.8) + do(1 + 0.3 x 0.8)
=1.88¢ + 1.240,

Therefore

Deflection = (1.8 x 0.0015) + (1.24 x 0.0064)
=0.0027 + 0.0079 = 0.0106 m

Allowable deflection = span/200 = 2.85/200 = 0.0142m O.K.

The deflections calculated for case (a) and case (b) are conservative having been
based on E,;, in lieu of the permitted E.,,.

5.3.2 Example where the section, species/grade are to be determined

Find a section, species/grade of timber to meet the span and loading conditions of
section 5.3.1.

From section 5.3.1 it can be seen that any section to meet the design requirements
must have the following capacities:

Long-term shear capacity = 5.54kN
Long-term moment capacity = 3.95kNm

Because shear deflection must be taken into account it is not possible to calculate
an accurate stiffness capacity but a useful method of estimating the required EI
capacity required to limit deflection to 0.003 of span involves a transposition of
the conventional formula for a uniformly distributed load.

With a total UDL of F on span L, at a maximum permissible deflection of 0.003L
and taking account of the ratio 8/9,, in Fig. 4.26:
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3
SFL % i =0.003L
384EI 5,

8tmal =
from which

)
EI =434 FI* x 8—‘

m

Without knowing the depth of the joist which will be used, the L/h ratio cannot
be calculated and hence the ratio of 8/9,, is not known. However, it can be antici-
pated that L/h is likely to be between 12 and 15. If a value of 12 is adopted, this
gives 0/0,, at 1.106 from Fig. 4.26.

Therefore an initial estimate for EI may be taken as EI = 4.8FL?

For the general case of any loading condition this formula becomes EI = 4.8F L*
where F, is the ‘equivalent UDL" which will give the same bending deflection at
midspan as the actual loading (see section 4.15.6).

For a total UDL of 11.1kN the estimated EI capacity required is
4.8 x 11.1 x 2.85* = 391 kNm’
For a dead UDL of 2.09kN plus a concentrated central load of 1.8 kN
F.=2.09 + (1.8 x 1.6) =4.97kN (1.6 is K,, from Table 4.17 with n = 0.5)
and the estimated EI capacity required is
4.8 x 2.85* X 4.97 = 194kNm’
The total UDL condition governs the EI requirement.

From Table 5.3 it can be seen that a 72 x 220 C24 section is satisfactory for
shear and bending. The EI capacity of 460kNm? indicates that the deflection is
satisfactory, subject perhaps to a final design check now that L/h is established.

5.4 LOAD-SHARING SYSTEMS OF SOLID TIMBER

With a load-sharing system of four or more beams of solid timber spaced at not
more than 610mm centres, the load-sharing factor (Kg = 1.1) discussed in section
4.4 applies to all stresses. E,.., is usually applicable subject to the limitation
explained in section 4.15.1.

5.4.1 Example of checking a previously selected load-sharing floor joist system

Check the suitability of 38 x 235 C16 joisting spaced at 0.6 m centres over a clear
span of 3.3m for use in a domestic floor (service class 2).

Dead loading (including the self-weight of joists) is 0.35kN/m?, the imposed
loading is 1.5kN/m? (all of which must be considered as being permanently in
place); the concentrated load may be neglected (see section 3.3). A bearing length
of 50mm has been provided at each end giving an effective design span of 3.35m.
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Loading
Dead UDL = 3.35 x 0.6 x 0.35 = 0.70kN
Imposed UDL = 3.35 x 0.6 x 1.5 =3.01kN
Total UDL long term = 0.70 + 3.01 = 3.71kN
End reaction = maximum end shear = 3.71/2 = 1.85kN

End bearing
Applied end bearing stress (long term with 50 mm bearing length)
= 1850/(38 x 50) = 0.97 N/mm?
Permissible bearing stresses:
(wane permitted) = grade stress X K3 x Kg=1.7x 1.0 x 1.1 =1.87 N/mm’
0.K.
(no wane permitted) = grade stress X K3 X Kg=2.2x 1.0 x 1.1 =2.42N/mm’
0.K.

Notes: (1) Where the specification specifically excludes wane the higher value of
compression perpendicular to grain stress is applicable.
(2) Enhanced bearing factor K, does not apply.

Shear
Shear force = F, = 1.85kN
End reaction = maximum end shear = 1.85kN

3 %1850
Applied shear stress = ————— = 0.31 N/mm’
2x38x235

Permissible shear stress (long term) = grade stress X K3 X Kg=0.67x1.0x 1.1
=0.74N/mm* O.K.

Bending
3.71x3.35
Long-term bending moment = M| = s = 1.55kNm
Z, =0.350 x 10°mm°
M, _ 155X 109
Z,  0.350x10°
Permissible bending stress = grade stress X K; X K; X Kg
=53x1.0x1.03x1.1
= 6.00N/mm’> O.K.

Applied bending moment = =4.43N/mm’

Note: See Table 5.2 for values of K;.

Deflection
For a load-sharing member E = 8800 N/mm? and G = E,;,/16 = 550 N/mm?.

I, =38x235/12=41.1 x 10°mm
El, = Epean X I, = 362kN m?
AG = A x G = (38 x 235) x 550/1000 = 4911 kN
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SxFxI} _5><3.71><3.353
384X EI, 384 %362
Kiom XM 1.2X1.55

AG 4911
Total deflection = 0.00501 + 0.00038 = 0.0054m

Bending deflection = =0.00501m

Shear deflection = =0.00038m

Alternatively, total deflection may be calculated as:

Total deflection = bending deflection X Ky

where Ky = 1 + 15.36(h/L)* = 1 + 15.36 (235/3350)* = 1.0756
Total deflection = 0.00501 x 1.0756 = 0.0054 m

Permissible deflection = 0.003 x 3.35 =0.010m O.K.

5.4.2 Example where the section, species/grade are to be determined

Find a range of sections/grades of timber to meet the span and loading conditions
of section 5.4.1.

From section 5.4.1 it can be seen that any section to meet the design requirements
must have the following capacities:

Long-term shear capacity = 1.85kN

Long-term moment capacity = 1.55kNm

Approximate EI, required = 4.80FL* = 4.80 x 3.71 x 3.35% = 200kN m?
Refer to section 5.5 for shear, moment and EI capacities for various species/
grades and choose from

38 x 235 C16 from Table 5.2
38 x 184 C24 from Table 5.4
35 x 195 TR26 from Table 5.6
44 x 170 TR26 from Table 5.6

Where the EI capacity is close to the required value a final deflection check should
be made, i.e. the 44 x 170 TR26 with an EI capacity of 198kNm? should be
checked as follows:

5xFxL, 5x3.71x3.35

384x EI,  384x198
Total deflection = bending deflection X Ky
where Ky = 1 + 15.36(h/L)* = 1 + 15.36(170/3350)* = 1.0025
Total deflection = 0.009 17 x 1.0025 = 0.0092 m

Permissible deflection = 0.003 x 3.35 =0.010m O.K.

Bending deflection = =0.00917m

Consideration of the list of possible sections illustrates that shear is seldom criti-
cal and the choice depends in most cases on bending and deflection considerations.
Deflection tends to be the limit in load-sharing systems and bending may be the
limit in principal members.
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5.5 GEOMETRICAL PROPERTIES OF SOLID TIMBER SECTIONS IN SERVICE
CLASSES 1 AND 2

Tables 5.1 to 5.6 offer section capacities for timber sizes/grades that are generally
commercially available. C16 is more available than C24 so that C16 may be prefer-
able for load-sharing systems requiring large quantities of a particular section,
whereas C24 may be prefered for principal members. The range of sections is
also available in TR26 material, which although initially produced for the trussed
rafter market, is becoming increasingly popular as an alternative to C16 and C24
material.

5.6 PRINCIPAL MEMBERS BENDING ABOUT BOTH THE x-x AND y—y AXES

When the direction of load does not coincide with one of the principal axes of a
section there is bending about both axes and the design procedure is usually one
of trial and error to find a section which will resist the combined bending and
deflection of the section.

If a load F acts at an angle 6 to the y—y axis (Fig. 5.1), then the components of
the load acting about the x—x and y—y axes are F'cos 0 and F'sin 0 respectively. The
axis v—v is at an inclination ¢ to the x—x axis, where:

2
I h
tan ¢ =—tan6=(—j tan 0
I, b

The critical points for bending stress are at A and B which are the fibres furthest
from the v—v axis and at these points the bending stress is:

M, M, , .
O m.apar = +— tension or compression
»a,p
zZ,  Z,

The direction of the deflection is normal to the v—v axis. The total deflection 9, is
the geometrical sum of the deflections ; and &,

g
e
‘_¢_* A X h
Fsin€] -7 T .
/3 \"
£
A
//,
| /
|2 Ay
K__ . W Fcosd
F

Fig. 5.1



107

Beams of Solid Timber

JUW/N008S = "

uondYa(q
00€ <y 10}
Ly X £y x ssoms opeId x 7 = Aoede) (00896 + /O0ET6 + ) 18°0 =N
JUW/N €°G = SSons 9peIn 00€ > ¥ > TL 108 (4/00€) = “¥
Juauo P (9°01°¢ osneyd) Lo1onf yidag
£y X ssams apeid X ¢/(yqy) = fAroede) ST1 =%y WLIO) WINTPIIN
JUW/N £9°() = SSOIS 9pRID) 01 =%y w1} Suo
ADoYS (2-89T6S S4 JO 1 2IqeL ‘§°C asne[d) proj Jo uouvin
sanneded Jo uoneALR( SJUIYJI0)
Y0Cl vE6 86°Cl Ly'L 8LCI §'LOC LOY'1 001 0¢ S6¢C L6
661 9¢’¢ 16°'TI 6CY €56 198 8L0 €01 € 0ce L6
8¢ LTY 9601 e Sv'8 665 S19°0 SO'T 07c g6l L6
6v1 0s¢C 96°L 00T LE9 L'S¢ 6v¢0 80°L S Lyl L6
1974 140! YA 160 0cy VL [4N0) er'l 01 L6 L6
ILE 86'¢ 788 61°¢ 80°L 6'¢9 18S°0 €0l I'e 0ce L
85T LT°E 8L 12X4 LT9 Sy 90 SOl L¢ gol L
ITI 98’1 16°¢ 67’1 Ly rel 65C0 80°1 0¢ Lyl L
€9 el 06'v SO'1 [ 2% 601 6L1°0 o011 L1 i L
[43 S8°0 06'¢ 89°0 cre Y €Iro el el L6 L
60¢ we LEL $9¢ 06°S ces 810 €01 L'e 0cc 09
SIc ¥9°C €59 I7e €S I'Le 08¢0 SO'1 €e So6l 09
[4%4 6v'¢C I3 66’1 [484 6'6¢ €9¢°0 €01 6V 0ce Sv
191 86'1 06'v 8S°1 't 8'LT ¢8C°0 SO'1 1% S6l Sv
LOT €Sl LTY <l e 81 LITO0 901 8¢ 0LT Sy
69 or'l 69°¢ €60 S6'C 611 10 80°1 3 Lyl Sv
6¢ 80 L0€ $9°0 Sv'e 89 CIro 01’1 L'e cl 9%
61 160 6¢°C 170 16’1 e 8900 el I'c S6 Sy
L 620 oLl €Cco vl €1 LEOO LT'T 91 0L Sv
8¢€C 8¢°C 667 061 66'¢ 'y 0S¢0 €01 79 34 8¢
0S 680 L6C L0 8¢C L8 1748V 60°1 Le ovl 8¢
el 8¢€°0 68’1 0c0 1¢1 [ 000 4! €T 68 8¢
S 0c0 el 910 LOT 80 §a00 61l L1 €9 8¢
9 €C0 vl 610 el 'l 0€00 LT'T I L 133
(WNY) (WNY) (N*D (WNY) (N*D (uu 1) (w0 1x) Y 9/ () ()
14 JUOWIOJA] Ieays JUSWOA] Ieoys I 7 10308 Yy q

ydoq -
L9} WNIPIJA ue) Suog sontadoid uonosg uonos




108 Timber Designers’ Manual

JUW/N 0088 = T =4
uondaYaq
8y X Ly X £y X ssoms opeid x 7 = Ajoede)

JUW/N €°G = $Sa1s dpeID
JusUON

€ <N UM $7'[
€ =N UM [T°]
C=N UM pT°] =
I =N Uuym 00’1

[<NUYM QI'] =
(I1T°01°C @snepd) s400nf Surivys-ppoy
00€ < Y 103 (0089S + ;)/(00€T6 + M) 18°0 =Y
00€ > Y > TL 10¥ ,.o(4/00¢) = -¥

(9°01°C asnep) Lo1onf yydaq

oy
oy
oy
oy
Sy

8y X £y X ssams opeId x ¢/(yqg) = Aioede) ST =%ty W) WINIPIIA

JUW/N £9°() = SSANS 3pRID 00T = &y wd) Suo

4DaYg (2-89TS S9 JO ¥ AIQEL ‘§'C oSNe[d) proj Jo uoun.in

sapeded Jo uoneALId( SJUAYJI0)

9281 LTO1 LS'LT 8 901 §'LOT LOv'T 00T  OI'T 001 I 0¢ S6¢ L6
LSL 06°¢ IT°el Ly 6v01 198 L0 00T OI'T €0'l I €7 0ce L6
LTS oLy 911 9L'¢ 6C'6 6'6S SI9°0 00T  OI'Il SO'1 I 07 So6l L6
9c¢ SLT 9L'8 0cc 10°L LSt 6v€0 00T  OI'Tl 80°L I <1 Lyl L6
<9 9’1 8L'S 001 (A% V'L ¢S1I'0 00T oI el I 0l L6 L6
96§ 8¢V €L'6 0S¢ 8L'L 6'¢9 1860 00T OI'l €0'l I e 0ce L
(433 6v'¢c 798 6LC 069 Sy 9¢v’'0 00T  OI'T SO'1 I LT g6l L
891 ¥0°C 0s9 79°1 0T's el 65C0 00T  OI'T 80°L I 0¢ Lyl L
96 ! 6¢'S ST'T wy 601 6L1°0 00T  OI'T 011 I L1 (44! L
8 €60 6CY SLO ev'e ¢¢ eIro 001 Or'T el I €1 L6 L
691 S9'¢ I8 6'C  6V9 ces y87°0 00T  OI'T €01 I L 0ce 09
9T¢ 16C 61°L (4N SL'S I'Le 08¢0 00T OI'T SOl I g€ So1 09
[6€ LT 809 61C 987V 6'6¢ €9¢0 00T  OI'IL €0'l [ 67 0cc 9%
SYe 81'C 6¢'S L1 ey 8'LT ¢8C0 00T  OI'I SO'1 I €y Sol Sv
91 89'1 oLy SE'l oL’¢ ¥'81 L1T0 00T  OI'T 901 I 8¢ 0LI 8%
So1 8Tl 90 01 gCe 611 2910 00T  OI'T 80T I ¢¢ Lyl 97
09 060 LEE L0 0LT 89 <Iro  oo0r o ort 011 I LT cl Sy
8¢C 9¢°0 £€9°C S¥0  0I'C (a3 8900 00T OI'T er'l I I'c g6 9%
I €0 €6'1 §T0 SS'T el LEO'0 00T  OI'T LT'T I 91 0oL Sv
9¢ 9T 8Y°S 60C 6tV 'ty 0s€0 00T OI'T €01 I 79 (394 8¢
9L 860 Lce 6L°0 19°C L8 yero 001 OI'T 601 I L¢ ovl 8¢
0c w0 80°C €eo 991 (¢ 0s0'0 00T OI'T 140! I €7 68 8¢
L o Lyl LT0 8T'1 80 gc0'0 00T  OI'l 611 I L1 €9 8¢
01 9C0 SS'T 170 ¥C1 I'T 0€00 00T OI'T LT'T I TI7 L ge
(WN) (WNY)  (NYD (WNY)  (ND uugopx) (W0 rx) N Y N Nooqy  (uw)  (ww)
el JUSWOJN  Iedys JUQWON  Teays I VA e 0w wo&.wm Y q
WLIQ) WNIPAJA wird) 3uo| sontodoid uonoag  Sumreys-peo]  ydo( uonddg



109

Beams of Solid Timber

JAUW/N00TL = "

uonIdYa2(q

Ly X £y X ssams opeI3 x 7 = Ajoede)
LJUW/N G/ = SSoms 9peID)

00€ < ¥ 10 (0089S + ;)/(00€£T6 + 180 =¥
00€ > Y > TL 10F :o(4/00€) = -Y

JUUIO (9°01°¢ osne[d) Lo1onf yidaq

£y X ssams opead x ¢/(yqg) = Aioede) STT =%y WLI9) WNIPIJN

JUWY/N [L°() = SSoIs 9peID) 01 =%y L) Suo

ADoYS (2-89TS S9 JO ¥ AIQEL ‘§°C oSne[d) proj Jo uoup.in

sanneded Jo uoneALId( SJUIYJI0))

14! ITel €691 LS 01 125! §L0C LOV'] 001 0¢ S6C L6
029 6S°L €9°CI L09 or°or1 198 8L0 €01 €T 0ce L6
(494 Y09 6111 €8y S6'8 665 S19°0 SO'1 07c S6l L6
G8I 12°%° '8 €8¢ SL9 L'ST 6¥¢0 801 Sl Lyl L6
€S 19°1 LSS 6C'1 Sv'y VL ¢TI0 el (N} L6 L6
091 €9°¢ LE6 ISy 0S'L 6'¢9 18670 €0l I'e 0ce L
0ce (4% 1e8 65°¢ €99 Sy 960 SO'T L'C So6l L
LET €9C 9C9 01'¢C 10°S ['el 65C0 80°L 07c Lyl L
8L C8'1 0TS 8¥'l 91'v 601 6L1°0 (! L1 cl L
6¢ 0C'1 'y 960 Iee Y €Iro el'l el L6 L
€8¢ 691 18°L 9L'€ §C9 ces 7870 €01 Le 0ce 09
L9T VL€ 69 66'C 1235 I'LE 08¢0 SOl €e sol 09
L8T e 98°¢ [4 ¢ 69'v 6'6¢ €9¢°0 €01 6V 0cc Sv
00¢ 08C 61°¢ vTe Sl'y 8'LC G8C0 SOl ey S6l Sy
el ¢ Sy €Ll 9t ¥'81 LTT0 901 8¢ OLT Sv
98 Y91 16°¢ 11 ere 611 291°0 80°1 e Lyl Sy
(14 911 e 260 09T 89 cIro (! Le i Sy
€C Lo €SC 860 0'C e 890°0 er'l Ic c6 Sv
6 010 981 0 67’1 el LEOO LT'T 91 0L 9%
96¢C LEE 8C°S 69°C ey 'y 0S¢0 €0l 9 344 8¢
€9 LT SI'e 10°T 44 L8 ¥Z1°0 60'1 Le ovl 8¢
91 S0 00T ev'o 091 [ 000 vl €7 68 8¢
9 8C°0 'l o el 80 §ac00 611 L1 €9 8¢
8 €e0 6Vl LTO0 61l 'l 0€00 LT'T I'c L ce
CWNY) (WNDY) (N (WNDY) (N (w0 1x) (W ,01x) N am (wu) (wur)
14 JUSWOJA] Ieays JUSWOA Jeays Ji A J10108) Yy q
pdaq - @

w9} WNIPAJA wo) Juog sonsadoid uonoag uonos



€ <N UM T ] =6y
€=NUYM [T =Y

110 Timber Designers’ Manual

T=N UM ][ =6y

[=NUaym 00’ =y

JAW/N 00801 = "7 =4 I <NUuym o' =%y

uonddYa(q (1T°01°C @snepd) s400nf Surivys-ppoy

Y X Ly X £y X ssoms opeid x 7 = Ayoede) 00€ < ¥ 103 (00895 + M)/(00ET6 + 180 = -¥

JUW/N 6L = SSaI)S IpelD 00€ > Y > TL 10¥ 1.o(4/00€) = “Y

JUIUO A (9°01°¢ @sne[d) Lo1onf yidacq

8y XEy X ssams opeid x ¢/(yqg) = KAioede) ST =%y W9} WNIPIJN

JUW/N L0 = SSoIs opeln) 00T =y wiIa) Suo|

AD2Yg (2-89TS S JO 1 S[QRL ‘' ISne[) proj fo uov.ing

sapeded Jo uoneALR SJUIYJI0D)

[CC 144! 2981 €911 0611 S'LOT LOV'1 001 or'1 001 I 0¢ S6¢C L6
0¢6 ce8 68°¢l 899 11T 198 Z8L0 00T o't €0'l I £C 0¢ce L6
LY9 S99 1€¢Cl 4% 86 6'6S S19°0 001 or'1 SOl I 0C Sol L6
LLT 06'¢ 8C'6 clre L L'ST 6vc’0  00°1 or'1 80°L I Sl L1 L6
08 SL'1 48 wl 06’ VL ¢SI'0o 001 oIt el I 01 L6 L6
069 09 1€°01 96’ cT'8 6'¢€9 1860 001 or't €0'1 I I'e 0¢ce <L
08% [N % 716 S6'¢ €L Sy 9¢¥'0  00°T oIt SOl I LT Sol L
90¢ 68°C 689 1€¢ 1¢°¢ el 6SC0 001 or'1 80°1L I 0C L1 L
SII €0'¢C LS €9'1 LSV 601 6L1'0 001 or't Or'1 I L1 el <L
6S [43! S % SOl 79°¢ Y ¢Iro 001 oIt el'l I el L6 L
SLS 9I'¢ 658 ey L89 es 870  00°1 o't €0'l I L'E 0¢ce 09
00% 11y 19°L 6T’¢ 609 I'Le 08¢0 001 or'1 SOl I £e S6l 09
1ey L8'E ¥¥'9 ore SIS 6'6¢ €9¢’ 0 00°1 oIt €0l I 6t 0cce Sy
00¢ 80°¢ [V LY'C LSy 8'LC ¢8C0 001 or'1 SOl I 194 S6l St
661 8¢'C 861 06°1L 86°¢ 7'81 LITO 001 oIt 90’1 I 8¢ OLT 8%
6Cl 181 1§ % Sl vre 6’11 910 001 oIt 80°1 I £e LY1 Sy
L LT LS'E 0’1 98°C 89 CIro 001 or'1 or't1 I LT ccl St
ce 6L°0 8L'C £9°0 €T a3 8900 001 oIt el I 1'c 6 8%
14! 10 S0'C 9¢0 791 [ LEO0O 001 oIt LT'1 I 9l 0L Sy
14474 ILe 18°¢ 96'C SOy 'ty 0Se0 001 o't o'l I 9 cee 8¢
6 6¢€°1 Ir'e IT°1 LL'T L'8 ¥CI'0 001 or'1 601 I L'e ovl 8¢
144 650 0C'¢c LY0 9L'1 (e 0s0'0 001 or'1 140! I € 68 8¢
(U NY) (w NPY) (NP (W NY) (ND  (uuorx)  (Wug0rx) oy 5 Ly N gy (wu)  (wu)
17 JUSWIOTA Ie9US JUSWOIN IeayS I 7z 10)08] sjun Yy q

1oe;  wpdog  Jo "oN -
WId) WNIPIN w1} Suog sonradoid uonoog  Suneys-peo| uor309s



111

Beams of Solid Timber

JAUW/NOOYL ="
uondaYaq

Ly x £y X ssams apets x 7 = Ayoede)
LUW/N O] = $S21S 9pRID

JUAUOI

8y X £y X ssams opeis X ¢/(yqg) = Koede)
JUW/N [T = SSa1s apeIn

00€ < Y 103 (0089 + ;)/(00£T6 + M)18'0 =Y

00€ > Y > TL 10} 11,(/00€) = ¥

(9°01°¢ osneyd) Lo1onf yidag

ey WLID) WINIPIJA

STl =
00T =

Pl

wiIa) Suo|

ADYS (2-89¢S S JO ¥1 IqQeL ‘§'C asnep) poj Jo uoyvinq
saneded Jo uoneALIdQ SIUAIYJI0))
68¢C 65V L88 L9¢ or. 06¢ 6ee0 €01 0°¢ 0ce 4%
10¢ S9'¢ L8'L 6'C 6C9 LT 6LC0 SO'1 1A% sol 4%
eel (44 989 9C'C 67'S 08T CIco 90T 6'¢ OLT 4%
98 144 £6'S ILT YLV 911 8S1°0 80°1 €e Lyl 4%
67 I6°1 W' 1T y6'¢ L9 601°0 or't 8'C ol 4%
94 860 l6'c 8L°0 ere €¢ 6900 er'l [ L6 4%
01 9¢°0 06C 1240 (44 V'l 8¢0°0 LT'T 91 L 4%
091 16C 99 €eT 10°¢ 9'1¢ o SO'1 9¢ Sol ce
901 vC'e Sv'S 6L°1 oY evl 691°0 90°1 6V OLT ce
69 0L'T Ly 9¢'l LLE €6 9210 80°1 (44 Lyl 133
6¢ 0Tl l6'¢ 96°0 ele (Y L80°0 (! ge ol ge
0C 8L°0 Ire 90 6v'C L'c 6s0°0 er'l 8'C L6 ge
el 650 0LC LY0 oI'c L1 10°0 ST'1 ¥ ¥8 ce
8 70 Iee Seo S8l 'l 0€0°0 LT'T I'c L ce
S €0 €6'1 S 122! 90 120°0 611 L1 09 133
(WNY) (WNY) (N (WNY) (N*D (a0 1x) (uur01x) Y 9/ () ()
7 JUSWIOTA] hili(N JUSWIOIA IeqysS I 7z 10308 Yy q
ndeq
ULIO) WINIPIA wid) 3uo sonradold uonoag uor309g

7 PUB [ SOSSB[O 90IAIOS ‘7L sSe[d ySuans ‘sroquow [edround :sontedoid [eornowoan §°S JqeL,



112 Timber Designers’ Manual

JUIW/NOOOTT = ""F =4
uonddYa(q

8y X Ly X £y x ssans opeid x 7 = Ayoede)

JAUW/N O] = SSoNs 9peID

011 =52y

(6'C 9snepd) s.401onf Surivys-ppoy

00€ < Y 103 (0089S + )/N(00£T6 + H)18°0 = “J
00€ > ¥ > TL 10F 1,,(4/00€) = N

JuaUOW (9°01 "¢ @snepd) Lo1onf yidag
8y X £y X ssams opeIl x ¢/(yqg) = Aioede) ST1 =%y WLIS) WINIPIIA
LJUWY/N [ = SSoms 9peID 00T =%y wiId) Suo
D2YS (2-89TS S4 Jo ¥ QIQRL, ‘§'C oSNed) proj fo uoyv.inq
sapeded Jo uoneALR SJUIYJI0D)
(144 S0 9L'6 Y0y 18°L 0'6¢ Gee0 001 (! €0l 1 0ce 144
66¢ [{0% S9'8 e 69 LT 6LC0 001 (! SO'T I sol 144
861 ore ¥S'L 8¥'C €09 081 cIco 001 (! 90°T I OLT 144
8CI 9¢'C 69 681 s 911l 8S1°0 001 011 80°L ! Lyl 144
€L 99°'1 IS el eey L9 601°0 001 01’1 (1! I (44! 144
LE LOT 0gy 980 e €e 690°0 001 (10! er'l 1 L6 144
Sl 19°0 6l'¢ 6v'0 9¢C 7'l 8¢0°0 001 (! LT'T ! L 144
8¢€C 0Te 889 9¢'C 16°¢ 9'1¢C o 001 (! SO'T I Sol ge
861 Ly'e 009 L6'1 081 eyl 691°0 00T (! 901 ! OLI G
01 L8'1 61°¢ 08’1 Sl'y €6 9210 001 (1! 80°L I Lyl G
86 4! ey SO'L e 1Y L80°0 001 011 011 1 cl S
6¢C ¢80 e 89°0 YL'T L'C Gs0'0 001 (! er'l 1 L6 ge
61 $9°0 96'C [ LET L'l 1700 001 (! ST'T ! 78 ge
4! 670 124 6¢0 €0C I'T 0€0°0 001 (! LT'T I L ge
L €0 (44 8C0 691 90 1200 00T (! 611 I 09 ce
(WND (WNY) (N (WNY) (ND - (uwg0rx)  (uuy0rx) Ny Y N N (ww) ()
14 JUQWON Ie9YS JUSWIOIA IeoUS 1 7 10)o8J sjun Y q
10308) ydoq Jo "'ON
WId) WNIPIN wiId) Suo| sontodoid uonoag Surreys-peo| uonddg

T PUB [ SISSB[O 90IAIdS Q7Y SSB[O yISuans ‘sroquiaw uLreys-peo :sontadoid [eonowodn 9-¢ dqe],



Beams of Solid Timber 113

8 =V(3,) +(6,)°

where 9, = deflection about x—x axis
d, = deflection about y—y axis.

Bending about both the x—x and y—y axes greatly increases the dimensions of the
required rectangular section, consequently the designer should endeavour where
possible to place the section so that the load acts directly in the plane of maximum
stiffness. For example, a purlin between trusses should preferably be placed in a
vertical plane either by employing tapered end blocking pieces or by being
supported vertically in metal hangers. Frequently, however, this is not possible. In
traditional house construction, a purlin is often placed normal to the roof slope to
simplify the fixing of secondary rafters, and the force parallel to the roof slope can
be resisted by the secondary system with its roof sarking, triangulation with ceiling
joists, etc. Where such advantageous assumptions are justified, the purlin need only
be designed for the force Fcos0 acting about the x—x axis, but attention must be
paid to the adequacy of end fixings, horizontal cross ties, etc. to ensure that the
force Fsin® is also adequately resisted or balanced.

Where the permissible bending stress about both axes is the same, the equation
for combining bending stresses can be conveniently modified as follows to avoid
the need to determine sectional properties about the y—y axis. (When the permis-
sible bending stresses differ, the method of combining stress ratios as shown in
section 7.3.3 for glulam beams must be adopted.)

M, . M, Fcosf L’ N Fsin® [*
zZ. 7,  8Z 8Z,

Gm,a,par =

FI? Z, .
= (c059+—sm9)
8Z, Z,

= ﬂ(cos9+ﬁ5in9)
Z, b
where M is the full bending moment applied to the section at 6 to the y-y
axis.

It can be seen that Gy, , . i @ function of 4/b and that slender sections with a
high A/b ratio have larger bending stresses, as would be expected.

If 1/b is known, one can calculate the value required for M, so that Opm,a, par dOES
not exceed the permissible stress:

— h .
required M, = M|:COSG+ZSIH 9}

Similarly the equation for total deflection can be simplified to avoid the need to
determine sectional properties about the y—y axis.

8, =6, +(8,)’

which, for a uniform load (disregarding shear deflection), is:
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5 — \/(SFCOSG I ]Jr(SFsine L3)
t 384EI, 384 E,

5FL ) ( I, sin®
= cos“ 0+
384EI, I,

)

3 4
Oy (ﬁ) —1|sin®
384EI, b

If h/b is known, one can calculate the value required for EI, to limit the deflec-
tion §, , to a given amount, e.g. for §, not to exceed 0.003 of span. By transposing
with &, = 0.003L the formula (disregarding shear deflection) becomes:

0

4
h
required EI, = 4.34FL2\/1 + {(;j — 1} sin’ 0

In considering shear deflection, rather than calculating about both axes, increase
the required EI, capacity given above by the ratio shown in Fig. 4.26.

The section with the smallest cross section for a given loading will be realized
if the deflection about both axes can be made the same.

To give equal deflection about the x—x and y—y axes, one can equate &, = §, and
show that 4/b must be equal to vcot®. Values of Vcot 6 for values of 0 from 2.5°
to 45° in 2.5° increments are given in Table 5.7.

With the resultant preferred value for Ah/b, the required value of EI,

becomes:

Table 5.7

]
{degrees)

v/ cotf

1
4%

4.79
3.38
276
238

)
&

i
1

— b bt e b b bt e et b

A2
93
78
65
55
46
38
32
25
19
14
09
.04
.00
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Fig. 5.2

required EI, = 4.34FL*[1+ (cos’6 —1)sin’6]
=4.34FI?~N2cos*0

with h/b <~Vcot 0, EI, = 6.14FL*cos 8, to which an allowance for shear deflection
should be made.

Example of design of beam bending about x—x and y-y axes
Determine an economic purlin size (Fig. 5.2) to suit a span of 2.4 m. The medium-
term vertical load is 3.8 kN/m run and the angle 0 = 10°.

Total vertical load F=09.12kN
9.12x2.4
Total vertical bending moment M = TX =2.74kNm

For bending deflection, the required EI, for economical section is
6.14 X 9.12 X 2.4* X cos 10° = 318 kN m*

to which an allowance for shear deflection must be added.

The required ET capacity should be produced by a section having 4/b <+/cot10°
(i.e. h/b < 2.38).

From Table 5.3 check the suitability of 97 x 195 C24.

EI, = 432kNm? with i/b = 2.0

L/h = 2400/195 = 12.3 which gives 8/5,, = 1.10 from Fig. 4.26
Required EI, = 318 x 1.10 = 350kN m?

Required M, = 2.74 (cos 10° + 2sin 10°) = 3.65kNm

From Table 5.3, medium-term moment capacity = 6.04kNm
The section meets the deflection and bending criteria. Check this simplified
method by the calculations below.
For 97 x 195 C24,
permissible medium-term bending stress = 7.5 x 1.25 x 1.05 = 9.84 N/mm’
and E,;, = 7200 N/mm?
Z.=0.615x10°mm?, I,=59.9x 10°mm* and EI, =432kNm’
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Z,=0.306 x 10°mm’, I, =14.8 x 10°mm* and EI, = 107kNm’
M, =McosO =2.74cos10° = 2.70kNm
M, = Msin0 = 2.74sin10° = 0.48 kN m

_270x10°  0.48x10°

= —+ — =439+ 1.57 =5.96N/mm* O.K.
0.615x10° "~ 0.306 x 10

Bending deflection (mm):

5 % 9.12 X cos10° x 2.4% x 103

0, =3.74mm
384 x 432

5. = 5%9.12 xsin10° x 2.43 x 10° —2.66mm
384 x107

8, =v3.74* +2.66> =4.57mm

Shear deflection (mm): G = 7200/16 = 450 N/mm?

_ KomM,  1.2x2.70x10°
T AG  97x195x450

_1.2x0.48x10°
Y97 %195 x 450

3, =v0.38% +0.068* =0.39mm

Total bending + shear deflection = 4.57 4+ 0.39 = 4.96 mm
Allowable deflection at 0.003 X span = 0.003 x 2400 = 7.2mm O.K.

o, =0.38mm

=0.068 mm

Alternatively:
M h 2.74 x 10°
Bending stress = —(cose +—sin 9) =—— [0.985 + (2.0 x 0.174)]
Z, b 0.615 x10°
=5.94N/mm?’

compared to 5.96 N/mm? calculated previously.

5FL ny'
Bending deflection = 8, = \/1 + {(—) - l} sin” 0

384EL b
3
_ X912 X245 50,0301
384 x 432
=0.00458m

which agrees with the value of 4.57 mm previously calculated and to which shear
deflection is to be added.



Chapter 6
Multiple Section Beams

6.1 INTRODUCTION

Timbers are frequently grouped together to form 2-member, 3-member or 4-
member sections (Fig. 6.1) to act as lintels or trimmers. The members are suitably
connected together in parallel to support a common load and should be regarded
as principal members with limited enhancement to allow for improved permissible
shear stress, bending stress and E value.

6.2 MODIFICATION FACTORS

The shear and bending stresses parallel to grain should be multiplied by the load-
sharing modification factor Kg = 1.1 and the minimum modulus of elasticity should
be modified by the factor K, for deflection calculations. For softwoods K, has the
value 1.14 for two members, 1.21 for three members and 1.24 for four or more
members. All other modification factors are as for principal members.

6.3 CONNECTION OF MEMBERS

Individual members should be suitably connected together, i.e. by nailing or

bolting. The type of connection will depend upon the manner in which the load is

applied to the beam, as illustrated in Fig. 6.2. Nailing is preferred to bolting.

Bolting of trimmers may result in bolt heads clashing with joist hangers and some

loss of section which may on occasions reduce the strength of the section.
Referring to Fig. 6.2, the loads are applied as follows:

® (a) Direct load. The load is applied through a spreader member so that each
element immediately takes its proportion of load. In this instance only nominal
nail fixings are required.

® (b) Load applied to one side of member. Sufficient fixings must be provided
to transfer the assumed load being taken by each component. For example, in
a 2-member section half the loading must be transferred between members.
For a 3-member section two-thirds of the loading on the loaded face is to be
transferred into the central member and one-third of the loading on the loaded
face is to be transferred to the member furthest from the loaded face. Four-
member sections are normally loaded on both sides.

117
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2-momber 3-member 4-mcmber
Fig. 6.1
W
f \
} \ /
}
(a) Direct load {b}(i) One-sided load
to 2-member scction to 2-member scction
! f\
L
L
!
Wl
{b) (i) One-sided load {c} Two-sided load
to 3-member section to 2-mentber section
Fig. 6.2

® (c) Load applied to both faces of member. The fixing arrangement between
members will depend on the relative loading on each side of the beam and
should be such as to transfer the appropriate variation in loadings into each
component of the member.
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6.4 STANDARD TABLES

Tables 6.1 to 6.3 provide section capacites for 2-member, 3-member and 4-member
sections of TR26 grade. These represent the most popular sections.

6.5 DESIGN EXAMPLE

Determine a suitable 2-member section to take a uniform dead load (including self-
weight) of 3.95kN/m over an effective span of 3.0m.

L=30m

w = 3.95kN/m

Total load = W=3.95 x3 =11.85kN

Maximum shear = 11.85/2 = 5.92kN

Maximum moment = WL/8 = 11.85 X 3.0/8 = 4.44kNm
Approximate EI required = 4.8WL? = 4.8 x 11.85 x 3> =511 kNm’

From Table 6.1 try 88/220 TR26

Long-term shear capacity = 15.62kN > 5.92kN, therefore O.K.
Long-term moment capacity = 8.08 kN m > 4.44kNm, therefore O.K.

SwLt
384 EI
_ 5x3.95x3*

384 x 659
Shear deflection factor = 1 + 15.36 (depth/span)*

Bending deflection at midspan =

=0.00632m

=1+ 15.36(£) = 1.0826
3000

Total deflection = 0.00632 x 1.0826 = 0.006 84 m
Allowable deflection at 0.003 of span = 0.009m O.K.

Section satisfactory.



Chapter 7
Glulam Beams

7.1 INTRODUCTION

A glulam section is one manufactured by gluing together laminations with their
grain essentially parallel. In the UK a horizontally glued laminated member is
defined as having the laminations parallel to the neutral plane while a vertically
laminated member has the laminates at right angles to the neutral plane. This leads
to different strength values for horizontally and vertically laminated members made
from the same species and grade of timber. Because Eurocode 5 does not differ-
entiate between the orientation of the laminates in ascribing strength values to
glulam, the European definitions are simpler — horizontal glulam is glued lami-
nated timber with the glue line plane perpendicular to the long side of the glulam
section while with vertical glulam the glue line plane is perpendicular to the short
side of the section.
There are four basic reasons for laminating timber:

® sections can be produced very much larger than can be obtained from a single
piece of timber

¢ large defects such as knots can be distributed throughout a glulam section
by converting the solid timber section into laminates and forming a glulam
section

e structural members of tapered and curved profiles can be produced easily (by
laminating a previously two-dimensional curved glulam a three-dimensional
portal or arch frame can be made, albeit at a cost!)

* members can be cambered to offset deflections due, say, to the self-weight of
the structure.

The production requirements for glulam are now given in BS EN 386 ‘Glued
laminated timber — Performance requirements and minimum production require-
ments’. It is necessary to have a further three standards, BS EN 390 ‘Glued lami-
nated timber — Sizes — Permissible deviations’, BS EN 391 ‘Glued laminated
timber — Delamination test of gluelines” and BS EN 392 ‘Glued laminated timber
— Shear test of gluelines’ in order to achieve comparability with the now withdrawn
BS 4169 ‘Glued laminated timber structures’.

In selecting the species of timber for laminating the two prime characteristics
are the ‘gluability’ and dimensional stability with changing atmospheric conditions.
Many tropical hardwoods are difficult to glue because of natural oils and resins
contaminating the gluing surface. Timber with large movement values such as Ekki
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have to be used with caution and special care taken in the orientation of laminates
to reduce the risk of glue line splitting. The most common species used in Europe
is whitewood.

It is essential to control the moisture content of the timber at the time of man-
ufacture. BS EN 386 specifies that the moisture content of the laminates should lie
in the range 8% to 15% with the range between the highest and lowest laminates
in the member being 4%. It is also prudent to have the moisture content at manu-
facture as close as possible to the likely equilibrium moisture in service, particu-
larly in heated environments, to avoid glue line splitting.

BS EN 386 gives the maximum finished thicknesses for laminates forming
members to be used in the three service class environments. For the conifer species,
in service class 1 the maximum thickness is 45mm and the cross-sectional area
10000mm? (say 45 x 220mm); in service class 2 the thickness is 45mm and
9000 mm?; while the limitations in service class 3 are 35 mm and 7000 mm?. Where
the cross-sectional area is greater than 7500 mm? it is recommended that a longi-
tudinal saw kerf is run down the centre of the laminate to reduce the risk of exces-
sive cupping. The requirements for the broadleaved species are more stringent.

The laminates have to be kiln dried to the required moisture content and it
follows that there must be adequate storage space available to store the timber at
all stages of the production cycle so that the costs of kilning are not thrown away.
The dried laminates will still be in the sawn condition so they are then planed on
the surfaces to be bonded. These planed surfaces must be flat and parallel. It is
normal practice to glue up the section within 24 hours of planing as there is a risk
of timber distortion (cupping) and, in even the most benign environments, chemi-
cal contamination of the surfaces.

The storage, mixing and application of the adhesive may appear to be straight-
forward. Far from it. Getting the adhesive on to the laminates and laying on the
next laminate (open assembly time), and then applying the clamping pressure
within a further time limit (closed assembly time) can be an interesting logistical
problem bearing in mind that there is also a finite time period from the time of
mixing the adhesive to it becoming unuseable (pot life). These various time periods
are influenced by the ambient conditions — for example, with a relative humidity
of 30% (60%+ is the norm) the open assembly time can be well under 10 minutes
due to the rapid evaporation of the volatile constituents of the adhesive whereas
the laminating team would be expecting at least 20 minutes in normal circum-
stances.

Pressure has to be applied to the glue lines while the adhesive is setting to obtain
a close contact between laminates (the thicker the glue line the lower the glue line
strength). There is also an element of flattening of the laminates required to remove
minor cupping distortion. For laminates of the maximum thickness this glue line
pressure is often taken as 0.7 N/mm* (1001bf/in?). Pressure can be applied in a
number of ways — the most usual being either clamps or air bags. The need to main-
tain the gluing surfaces in close contact during the setting of the adhesive rules out
simply nailing the laminates together. There will tend to be some movement of the
timber during the setting period and the withdrawal characteristics of even annular
ring shank nails will not contain this movement. As a consequence the glue line is
stressed perpendicular to the plane of adhesion, which is the worst possible direc-
tion for an adhesive whether partially set or fully set and cured.
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Fig. 7.1

The fabricated member has to remain under pressure for a period of time depend-
ing on the glue line temperature. Bearing in mind that the rate of setting of most
adhesives used for glulam production is very slow below 15°C and effectively
ceases at 10°C, it follows that the laminates themselves should be at least 15°C
at the time of gluing. There is no possibility of taking timber from an unheated
storage shed in winter with the temperature at —5°C and running it through the
laminating process in an hour or two.

All the foregoing problems of control of the gluing process apply equally to any
gluing on site which is why site gluing is rarely carried out. In one situation the
site heating to achieve the requisite temperature only managed to set fire to the
enclosing, protecting structure with dire consequences!

With temperatures raised to 30 °C it is possible to release the clamping pressure
after 4 hours or so and gently move the laminated member to a storage area for
the adhesive to cure and harden further. After perhaps 24 hours curing the section
can be machined to remove any deviations caused by the different widths and
straightness of the individual laminates and the relative slippage sideways during
laminating. In this machining process the squeeze out of adhesive at each glue line
is removed. A consistent squeeze out for each glue line along the length of the
member is a good indicator of uniform spread of adhesive and adequate glue line
pressure. By the time this machining process takes place this adhesive will be very
hard and will damage the cutters of the planer or thicknesser. For this reason these
cutters cannot be used to plane the laminates before gluing as any chips in the edge
of the blades will result in ‘tramlines’ up to 1.5mm high in the intended gluing
surface.

It is normal for the standard glulam sections which can be obtained from stock-
ists to be manufactured without a camber. Incorporating a camber into bespoke
glulam simply requires a former to gently bend the laminates. The art in this pro-
cedure comes in guessing the spring back on release of clamping pressure.

Glulam sections are built up from thin members, and it is therefore possible to
manufacture complicated shapes, curving laminates within limits. The designs in
this chapter (indeed in this manual) are limited to beams with parallel, mono-pitch
or duo-pitch profiles. The method of building up laminations for beams with
sloping tops is indicated in Fig. 7.2. Although the grain of the laminations which
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occur near the sloping surface is not parallel to this surface, it is permissible to
consider these laminations as full strength in the design.

When it is necessary, for appearance, to fit a lamination parallel to the sloping
surface or the end of the beam (Fig. 7.3), provided it is correctly glued into place,
it may be considered to add to the strength of the beam.

In no circumstances should two prefabricated part-sections which have been
manufactured separately be glued together as sketched in Fig. 7.4 and treated as a
fully composite beam. Each part is almost certain to have too much inertia to be
held by one glue line once the clamps are removed. It has been proved by experi-
ence, however, that a section which, for example, is too deep for the sanding
machine, may be manufactured initially with a ‘dry joint’, the two pieces being
separated after the glue has been cured; then each piece is sanded (not on the dry
joint), glued, re-assembled and clamped. Where feasible, the method of adding to
a glulam section should be by one laminate at a time, because great care and man-
ufacturing expertise are required to obtain a successful member by the method
explained above.

7.2 TIMBER STRESS GRADES FOR GLULAM

The concept of special laminating timber grades for glulam no longer exists.
Timber graded to BS EN 518, BS EN 519 or BS 5756 is used for both horizontal
and vertical glulam with the appropriate modification factors to the grade strength
values for orientation and number of laminates. This change in the grading rules
allows both visual and machine grading to be used for glulam. The modification
factors for horizontal glulam depend on the timber grade and number of laminates.
It is permissible to use either the species/strength grade or the corresponding
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strength class with the modification factors in both cases related to the strength
class. For example, consider a horizontal glulam member to be made from North
American Douglas fir-larch, J&P grade No. 1 so from Table 3 of BS 5268-2 this
species/grade lies in strength class C16. The bending strength for C16 is 5.3 N/mm?
whereas the species/grade value is 5.6 N/mm?’. Either of these strength values may
be used but the modification factors in both cases are based on the C16 grade given
in Table 21 of the standard. For vertically laminated members the modification
factors are related only to the number of laminations irrespective of the grade
strength.

Horizontal glulam may be made with a single grade of laminate throughout or
from two grades provided they are not more than three grades apart in strength
class terms, e.g. C24 and C16 may be used but not C24 with C14. The stronger
grade should occupy the two outer zones with each zone forming at least 25% of
the depth of the member, as shown in Fig. 7.5.

7.3 STRENGTH VALUES FOR HORIZONTALLY OR VERTICALLY
LAMINATED BEAMS

7.3.1 Horizontally laminated beams

With a horizontally laminated beam (see Fig. 7.6) the method of deriving the
grade strength is to multiply the relevant strength class or species/grade value for
bending, compression, etc., by the appropriate laminating factors given in Table
7.1 and by the modification factors K, to K, as for straight beams of solid timber
and Kj; to Kjs for curved profiles. Where the glulam section is made from two
grades, the modification factors K;s to K, are taken for the higher grade but the
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direction of joad

Fig. 7.6 Horizontally laminated beam.

resulting bending, tension and compression parallel to the grain values are multi-
plied by 0.95. This reduction does not apply to compression perpendicular to the
grain, shear or modulus of elasticity. For both principal and load-sharing members
the grade modulus of elasticity to be used is Ee X Ky It should be noted that
the grade modulus of elasticity value is constant irrespective of the number of lam-
inates. This is also the value to be used when calculating K, for the slenderness
reduction of compression members.

Wane is not permitted with glulam, therefore the grade strength value for com-
pression perpendicular to the grain is either the higher value given for the strength
class or the species/grade value multiplied by 1.33.

The laminating factors given in Table 7.1 for softwood laminations were origi-
nally derived in the early 1960s from a statistical analysis of hypothetical knot
distributions in laminates and then in the built-up member. This analysis was sup-
plemented by a number of tests on particular layouts for the knots. The UK con-
tinues to use this approach whereas Eurocode 5 considers laminated timber to be
a special product called ‘glulam’ and assigns strength values to the material
irrespective of the direction of the applied loading in relation to the plane of the
glue lines. There are rules in EN 386 relating to the production of horizontally and
vertically laminated timber but glulam is then designed in the same way as solid
timber but with strength values given in BS EN 1194.

7.3.2 Vertically laminated beams

The grade strength values for bending. compression, shear parallel to the grain and
modulus of elasticity are calculated by multiplying the relevant strength class or
species/grade value by the relevant factor, K,; to K,y, given in Table 7.2 for the
number of laminations in the member. The factor K, is applied to E,;, rather than
using E,.., as for horizontally laminated members. The value of Ky = 1.1 can only
be used with K,; and K,y where a load-sharing system of four or more vertically
laminated members exists.

Lateral restraint is unlikely to be a problem but should be checked, remem-
bering that any beam tends to buckle only at right angles to the direction of
bending.
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direction of load

Fig. 7.7 Vertically laminated beam.

Table 7.2 Modification factors Ky;to K for softwood vertically glued laminated members

Bending, tension and ~ Modulus of elasticity and Compression
Number of  shear parallel to grain ~ compression parallel to grain*  perpendicular to grain¥
laminations K5, Ko Ky
2 1.11 1.14 1.1
3 1.16 1.21
4 1.19 1.24
5 1.21 1.27
6 1.23 1.29
7 1.24 1.3
8 or more 1.25 1.32

*When applied to the modulus of elasticity, K, is applicable to the minimum value of E.
+1If no wane is present, K,y should have the value of 1.33 and, regardless of the grade of timber
used, should be applied to the SS grade stress for the species.

7.3.3 Glulam beams with bending about both axes

With bending about both axes the distribution of bending stresses is as shown in
Fig. 7.8. At point A the two compression bending stress ratios are additive. At point
C the two tensile bending stress ratios are additive and at points B and D the two
stress ratios are combined algebraically.

The permissible bending stress about X—x = Gy, aam, par
The permissible bending stress about y—y = Gyny, agm, par
At point A the bending stresses are combined thus:

O mx,a, par + O my.a, par

<1.0

Gmx,adm, par Gmy,adm, par

The deflection of the beam & = /87 +8; and will take place at an angle 0 to the
direction of loading on the x—x axis where tan® = 8,/9,.

7.4 APPEARANCE GRADES FOR GLULAM MEMBERS

BS 4169 had three appearance grades: regularized, planed and sanded. There is no
comparable grading in BS EN 386 so the specifier or purchaser has to provide in
detail his own requirements. The definitions given in BS 4169 are given below for
information. They have the advantage of being finishes which the glulam industry
can provide.
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The term ‘regularized’ has a different definition, although a similar intention, to
the same word used in relation to solid timber. The definitions of the three classi-
fications are:

Regularized. Not less than 50% of the surface sawn or planed to remove the pro-
truding laminations. Surface defects not made good or filled.

This classification is suitable for use in industrial buildings or in similar utilitarian
situations where appearance is not of prime importance. Finishing treatment, when
specified, would usually be of the opaque or pigmented type.

Planed. Fully planed surface free from glue stains. Significant knot holes,
fissures, skips in planing, voids and similar defects on exposed surfaces filled or
made good with glued inserts.

This classification is suitable for most applications other than where varnish or
similar non-reflective finish is specified.

Sanded. Exposed surfaces fully planed, with knot holes, fissures, voids and
similar defects filled or made good with glued inserts, and sanded. Normal sec-
ondary sanding marks are acceptable. Outside laminations selected with rea-
sonable care to match grain and colour at end joints where practicable, and
free from loose knots and open knot holes. Reasonable care to be exercised in
matching the direction of grain and colour of glued inserts.

This classification is recommended for use where appearance is a prime consider-
ation and where it is desired to apply a varnish or similar finish.

Although these classifications make reference to finishing, the manufacturer will
not varnish, etc., or provide protective covering unless such requirements are added
to the specification. Laminations will contain the natural characteristics of the
species within the grading limits for the individual laminations, including fissures
on the edges and faces of laminations. The corners of members may be ‘pencil
rounded’ (Fig. 7.9) to avoid chipped edges.

The limiting sizes of permitted characteristics and defects for individual lami-
nations are given in BS 4978 for visual graded timber. However, no limits are stated
for fissures which may appear on the sides of completed glulam members. From
an appearance point of view, this can be a matter for individual specification or
discussion. From a structural aspect, such fissures are unlikely to be a worry and
the effect on the shear parallel to grain stress can be calculated by normal formu-
lae, substituting b, for b in the formula
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The above principle can also be applied where there is a split in a glue line.
Shear stress is not normally the design criterion so there is usually a reasonable
margin between applied shear stress and the permissible shear stress as enhanced
by factor K.

7.5 JOINTS IN LAMINATIONS
7.5.1 Joints in horizontal laminations

With structural glulam the end jointing of individual laminations is carried out
almost certainly by finger jointing or scarf joints. If a butt joint is used, then the
laminate in which it occurs has to be disregarded in the stress calculations, and this
usually makes the member uneconomical. Finger joints and scarf joints may be
considered not to reduce the EI value of the member. Finger joints can be used on
either axis of laminates and have equal strength whichever way they are cut.

There are two ways of establishing if the strength of an end joint in a lamina-
tion is adequate for its function. The simple way is to provide a joint with an effi-
ciency in bending which compares with the efficiency in bending of the laminate.
The second way is to calculate the strength required of the joint in bending, tension
or compression (or combinations of bending and tension, or bending and com-
pression), and to provide a joint of adequate strength.

When a horizontally laminated member is made from C24 or C16 laminates,
providing the end joint has an efficiency in bending of at least:

70% for C24 laminates, or
55% for C16 laminates,
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Table 7.3 Finger joint profile efficiency ratings

Finger profile Efficiency ratings (%)
Length [ Pitch p Tip width ¢ Bending and tension Compression
(mm) (mm) (mm) parallel to grain parallel to grain
55 12.5 1.5 75 88
50 12 2 75 83
40 9 1 65 89
32 6.2 0.5 75 92
30 6.5 L5 55 77
30 11 2.7 50 75
20 6.2 1 65 84
15 3.8 0.5 75 87
12.5 4 0.7 65 82
12.5 3 0.5 65 83
10 3.7 0.6 65 84
10 3.8 0.6 65 84
7.5 2.5 0.2 65 92

lip
widih ¢
petch
r

g} 28 mm
or 0SS

map ¥

I

20 - 88 mm
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maimun i the 1K

10 - 15 mm

Fig. 7.11 Types of structural finger joint.

then BS 5268-2 (clause 3.4 and Table 96) permits the joint to be used without a
further design check.

Guidance on the efficiency in bending, tension and compression of various finger
joints is given in BS 5268-2 Annex C, reproduced here as Table 7.3 with length /,
pitch p and tip width ¢, as illustrated in Fig. 7.11.

Note that, although the efficiency in tension is the same as in bending, the effi-
ciency in compression is higher. The efficiencies in bending and tension have been
established by test. Tests in compression tend to indicate an efficiency of 100%
but, rather than quote 100%, the following formula is used:

Efficiency rating in compression = [(p — £)/p] X 100%

End joints should be staggered in adjacent laminations as illustrated in Fig. 7.12.
This will ensure that the actual joint efficiency is larger than the quoted value
because, even in the outer lamination, as well as the strength of the joint in isola-
tion, the adjacent lamination will act as a splice plate which will increase the
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strength of the joint. Finger joints are usually randomly spaced but BS 4169
requires that finger joints in adjacent laminations shall be offset by a distance not
less than the width of the lamination and calls for excessive grouping of finger
joints in critical areas (i.e. tension zones) to be avoided.

When designing with C24 or C16 grade laminates and unable to provide an end
joint efficiency rating of 70% or 55% respectively, the designer is required to check
the strength of the joint that is to be used against the actual strength required. To
assist with this, BS 5268-2 gives coefficients which, for softwood, are:

K;y= 1.63 for bending parallel to grain
K5, = 1.63 for tension parallel to grain
K3, = 1.43 for compression parallel to grain.

Consider a horizontally laminated beam 540 mm deep of 12 laminates and calcu-
late the permissible extreme fibre stress in bending for the outer lamination under
medium-term loading. The beam is C24 grade throughout and the finger jointing
to be used has an efficiency rating in bending of 55% (i.e. less than the 70%
required for ‘blanket approval’ with C24 grade).

The permissible bending stress in the lamination, as limited by the joint being used,
is calculated as:

The C24 grade stress for the species (7.50 N/mm?)
X the relevant moisture content factor K, (1.00 for dry exposure)
X the relevant load—duration factor K; (1.25)
X the modification factor for depth of member K; (0.893 for 540 mm)
X the ratio for efficiency in bending of the joint (0.55 in this case)
X factor K3, (1.63)
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Permissible bending stress in laminate = 7.50 x 1.00 X 1.25 x 0.893 x 0.55 x 1.63
= 7.50N/mm’*

If the laminates were free of end joints, the permissible bending stress for this
member would be:

The C24 grade stress for the species (7.50 N/mm?)
x the relevant moisture content factor K, (1.00 for dry exposure)
X the relevant load—duration factor K; (1.25)
x the modification factor for depth of member K; (0.893 for 540 mm)
x the laminating factor K5 (1.45 in this case)

Permissible bending stress = 7.50 x 1.00 X 1.25 x 0.893 x 1.45 = 12.1 N/mm?

The design check is extended in the case of finger joints in a member taking axial
tension as well as bending.

Example
Consider a horizontally laminated beam 540mm deep of 12 laminates and calcu-
late the permissible extreme fibre stress in bending for the outer lamination under
medium-term loading. The beam is C24 grade throughout and the finger jointing
to be used has an efficiency rating in bending of 55% (i.e. less than the 70%
required for ‘blanket approval’ with C24 grade). All as the previous example.

As before, the permissible bending stress is 7.5 N/mm?.

The permissible tension stress in the lamination, as limited by the joint being used,
is calculated as:

The C24 grade stress for the species (4.50 N/mm?)
X the relevant moisture content factor K, (1.00 for dry exposure)
X the relevant load—duration factor K; (1.25)
X the modification factor for width of member K,,, see section 4.9.1 (0.937
for 540 mm width)
x the ratio for efficiency in bending of the joint (0.55 in this case)
X factor K3, (1.63)

Permissible tension stress in laminate = 4.5 x 1.00 x 1.25 x 0.937 x 0.55 x 1.63
= 4.72N/mm’
For the purpose of this example assume applied bending stress is 4.0 N/mm? and

applied tension stress is 1.5 N/mm?.

Om.a Ota

+——<1.0
O 11,adm O adm
20,15 8510 OK.
7.5 4.72

Section is adequate despite the 55% efficiency rated finger joints. Combined
bending and compression would be assessed in a similar fashion.
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7.5.2 Joints in vertical laminations

With a member made up of vertical laminates the stress grades which apply are
those for solid timber (e.g. C24, C16, etc.). As with joints in horizontal laminates
the designer has the option of providing a joint of a certain efficiency for a par-
ticular stress grade or of comparing the strength of a joint of a certain efficiency
with the strength required for the actual stresses in the member.

When a horizontally laminated member is made from C24 or C16 laminates,
providing the end joint has an efficiency in bending of at least:

70% for C24 laminates, or
55% for C16 laminates,

then BS 5268-2 (clause 3.4 and Table 96) permits the joint to be used without a
further design check.

Efficiency ratings for a range of commercial finger joint profiles is given in
Annex C of BS 5268-2 and in Table 7.3.

When designing with C24 or C16 grade laminates and unable to provide an end
joint efficiency rating of 70% or 55% efficiency respectively, clause 3.4 of BS
5268-2 requires the permissible stresses to be reduced accordingly.

7.6 CHOICE OF GLUE FOR GLULAM

BS 5268-2 in clause 6.10.1.2 requires the adhesive to be appropriate to the envi-
ronment in which the member/joint will be used. Table 94 of BS 5268-2 gives
requirements for permissible adhesive types for high/low hazard exposure
catagories for internal/external intended use. If specifying MR (moisture resist-
ant) adhesive complying with BS 1204, the designer should ensure that the par-
ticular formulation is suitable for the service condition and intended life of the
component.
For further information refer to Chapter 19.

7.7 PRESERVATIVE TREATMENT

There are two stages at which preservation can be carried out. Either individual
laminations can be preserved before assembly or the member can be treated after
assembly and after all notching, etc., has been carried out. Usually a manufacturer
prefers to adopt the latter method and to treat with an organic-solvent process rather
than use a water-borne treatment. The specifier is encouraged to discuss each case
with the manufacturer because space and size of preservation plant available,
weight of components, etc., all have a bearing on the ability of a manufacturer to
preserve members.

If individual laminations are preserved by a water-borne method (either before
or after end jointing) the laminates will have to be kiln dried before being assem-
bled into a member. Even if machined before being treated they will probably have
to be re-machined to obtain a surface suitable for gluing and this will remove some
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of the preserved timber. The adhesive and the preservative must be compatible.
The manufacturer of each must be consulted.

If individual laminations are preserved by an organic-solvent process after being
machined this will have no effect on the moisture content, nor will it lead to dete-
rioration of the surface. There is some doubt as to whether or not a water repel-
lent or other additive can be included in the preservative. Certainly the preservative
and the adhesive must be compatible.

If completed members are to be preserved, the specifier must ensure that equip-
ment is available for the size and weight of members. If a water-borne process is
used it is likely that a certain amount of surface deterioration will occur and either
time must be allowed for air drying or cost must be included for kiln drying (which
could also lead to further surface deterioration (fissures)). An organic-solvent
process is usually preferable.

If there is a requirement to use certain fire-retardant treatments it may not
be possible to glue at all after treatment. If treatment is to be carried out on
completed members it will probably be necessary to delay treatment until the glue
is fully cured (which may be seven days or more) and compatibility must be
checked.

Whitewood is ‘resistant’ to water-borne preservatives whereas redwood is easy
to preserve. Both can be treated by organic-solvent processes.

7.8 STANDARD SIZES

Several attempts have been made at both national and international level to agree
a range of standard sizes. Some manufacturers prefer to use 45 mm finished lami-
nations machined from 50mm. Some prefer 33.3mm from 38 mm. The latter
allows 100mm increments of depth, but requires more glue lines and machining.
The tendency is for European (including Nordic) manufacturers to standardize on
45 mm increments of depth when manufacturing straight members.

Beams are usually supplied in widths of 90, 115, 135, 160 and 185 mm. Wider
sections are possible but this involves special layup of twin members in each lam-
ination with staggered vertical joints.

7.9 TABLES OF PROPERTIES AND CAPACITIES OF STANDARD
SIZES IN C24 GRADE

7.9.1 Introduction

The most popular grade used by fabricators is C24, as this grade is compatible with
the available economic commercial grades, and can be end jointed without loss of
strength efficiency.

C16 grade is less popular, perhaps due to its less attractive appearance in a com-
ponent which is often chosen for its appearance value, or perhaps because it
requires the same expenditure of labour and an equal degree of quality control in
manufacture as C24 grade, but has less strength capacity.

Beams are not normally precambered unless specifically requested.
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It is unusual to find a manufacturer offering grades higher than C24 or adopt-
ing combined grade laminations unless specially requested to do so. Consequently
the remainder of this discussion relates only to C24 single-grade sections.

A limited range of the smaller uncambered sections is frequently available from
stock. These are usually of C24 grade.

The net laminate thickness for other than curved work (such as portal frames)
is usually 45mm for maximum economy in manufacture. This thickness would
normally be used for straight members and those provided with a nominal camber
to off-set all or part of the anticipated dead load deflection.

As the depth / of the section increases, the depth factor K; reduces, whereas K,
the modification factor for number of laminations, increases. These two factors
tend to counteract each other. The product of K; and K5 varies between 1.33 and
1.28, giving a reasonably consistent value for the permissible bending stress at all
beam depths.

7.9.2 Horizontally laminated beams

Capacities of sections are given in Tables 7.4 to 7.8 for C24 horizontally laminated
single-grade beams determined from the following considerations.

Modification factors: duration of load: long term  K; = 1.0
medium term K; = 1.25

Depth factor: K5 = (300/h)*" for 72 < h < 300
K; = 0.81(h* + 92300)/(h* + 56800) for & > 300

where h = depth of section.

Lamination factors: K5 = as tabulated
Ky=2.34
K20 = 107
Shear capacity

Grade stress = 0.71 N/mm?
Shear capacity = (2bh/3) x grade stress X K3 X Kj9

where b = breadth of section and & = depth of section.

Moment capacity
Grade stress = 7.5 N/mm*
Moment capacity = Z X grade stress X K; X K7 X K5

where Z = section modulus = bh*/6.

EI capacity
E ean = 10800 N/mm?
E = Epean X K59 = 10800 x 1.07 = 11556 N/mm”
I = second moment of area = bh*/12
EI capacity = E x |
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7.9.3 Vertically laminated beams

Capacities of sections are given in Tables 7.9 to 7.13 for C24 vertically laminated
beams determined from the following considerations.

Modification factors: duration of load: long term K; = 1.0
medium term K;=1.25
Depth factor: K; = (300/b)*!" for 72 < b < 300
K, = 0.81(b* + 92300)/(b*> + 56 800) for b > 300

where b = depth of section.

Lamination factors:  K,; = as tabulated
K¢ = as tabulated

Shear capacity
Grade stress = 0.71 N/mm?
Shear capacity = (2bh) X grade stress X K3 X K,;

where b = depth of section and & = breadth of section.

Moment capacity
Grade stress = 7.5 N/mm?
Moment capacity = Z X grade stress X K; X K7 X K5

where Z = section modulus = hb*/6.

EI capacity
E.in = 7200 N/mm?
E = E, X Ky3N/mm?
I = second moment of area = hb*/12
EI capacity = E x |
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7.10 TYPICAL DESIGNS
7.10.1 Typical design of C24 grade laminated beam loaded about major axis

Determine a suitable section in C24 grade glulam to support a uniformly distributed
load of 4.0kN/m dead load (including self-weight) and 2.4 kN/m medium term im-
posed over an effective span of L. = 6.0 m. Assume full lateral restraint to the section.

Long-term load = 6.0 X 4.0 = 24kN
Medium-term load = F = 6.0 X (4.0 + 2.4) = 38 4kN

Shear

Long-term shear = 24/2 = 12kN

Medium-term shear = 38.4/2 = 19.2kN
Moment

Long-term moment = 24 X 6/8 = I8 kNm

Medium-term moment = 38.4 X 6/8 = 28.8 kN m
Deflection

For deflection under medium-term loading to be limited to 0.003 of span:
Estimated EI required = 4.8 WL = 4.8 x 38.4 X 6.0 = 6635 kN m’
From Table 7.4, try 90 x 450 C24 glulam:

Long-term shear capacity = 44.9kN > 12kN
Medium-term shear capacity = 56.1kN > 19.2kN

Long-term moment capacity = 30.0kNm > 18.0kNm
Medium-term moment capacity = 37.5kNm > 28.8 kN'm
EI, = 7898 kNm* > 6635 kN m’

The EI, provided is 19% higher than the estimated requirement and would nor-
mally be taken as adequate. If the EI, provided were to be only slightly less, or
slightly more, than the estimated value a final check on deflection should be under-
taken to confirm the influence of shear deflection.

5xFxL 5x384x6.0°x10°

= =0.0137m
384 x EI, 384 x 7898

Bending deflection =

Total deflection = bending deflection X K,
where K, = 1 + 15.36 (h/L)* = 1 + 15.63 (450/6000)* = 1.088
Total deflection = 0.0137 x 1.088 = 0.0149m
Allowable deflection = 0.003 x 6.0 = 0.018 m, which is satisfactory.

7.10.2 Typical design of C24 grade laminated beam loaded about both the major x—x
and minor y-y axes

Using the capacity tables, determine a suitable section in C24 grade glulam to suit
a span of L= 5.0m. The beam is to support a medium-term vertical load of
4.0kN/m (including self-weight) and the angle 6 = 15° (see Fig. 7.13).



Glulam Beams 151

Fig. 7.13

Total vertical load = F = 5.0 X 4.0 = 20kN
Load about x—x axis = Fy = Fcos0 = 19.3kN
Load about y—y axis = Fy = F'sin6 = 5.18kN

Maximum vertical shear = V = 20/2 = 10kN
Shear about x—x axis = Vcos0 = 9.66kN
Shear about y—y axis = Vsin0 = 2.59kN

Maximum vertical bending moment = M = FL./8 =20 x 5.0/8 = 12.5kNm
Moment about x—x axis = M cos® = 12.1 kN m
Moment about y—y axis = M'sin® = 3.23kNm

For deflection, referring to section 5.6,

Required EI, (for economic section) = 6.14 FL.*
=6.14 x 20 x 5.0 = 3070kN m?

This EI should be provided by a section having h/b < Jeot 15° = 1.93 (see Table
5.1 for values of vYcot®). The section should have EI, = 3070kNm? coinciding
with A/b = 1.93.

From Table 7.4, a 90 x 360 gives EI, = 4044kNm? but h/b =4 > 1.93
From Table 7.5, a 115 x 315 gives EI, = 3461kNm? but i/b =2.7 > 1.93
From Table 7.6, a 135 x 315 gives EI, = 4063kNm? but h/b = 2.3 > 1.93
From Table 7.7, a 160 x 270 gives EI, = 3033kNm?* with h/b = 1.7 < 1.93

From the above, check the suitability of 160 x 270 section.

Check shear
From Table 7.7, shear capacity about the x—x axis = 59.8kN > 9.66 kN
From Table 7.12, shear capacity about the y—y axis = 31.4kN > 2.59kN

BS 5268-2 does not give any recommendation for the assessment of combined
shear stress due to bi-axial loading. The shear stress in a rectangular section will
be at its maximum along the y—y axis for loading about the x—x axis and similarly
will be at a maximum along the x—x axis for loading about the y—y axis. Therefore
it is only at the intersect of the x—x axis and y—y axis that the combined shear stress
reaches its maximum value. It will be conservative to combine the applied shear
forces about the x—x and y—y axes and limit this total to the lower shear capacity
given for the y—y axis, i.e.
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9.66kN + 2.59kN = 12.25kN < 31.4kN

Check moment capacity
From Table 7.7, moment capacity about the x—x axis = 25.2kNm > 12.1kNm
From Table 7.12, moment capacity about the y—y axis = 14.2kNm > 3.23kNm

12.1  3.23
Combined bending = ——+——-=0.48+0.23=0.17<1.0 O.K.
252 142

Check bending deflection about each axis
Total deflection about the x—x axis = bending deflection X K,
where K, = 1 + 15.36(h/L)* = 1 + 15.63(270/5000)* = 1.046

_5x K, xF XL 5x1.046x19.3x5.0°

B
384 x EI, 384 x 3033

=0.0108m

Total deflection about y—y axis = bending deflection X K,, where
K, =1+ 15.36(b/L)2 =1+ 15.63(160/5000)2 =1.016

_5XK, XF,xL 5x1.016x5.18x5.0°
YU 384xEIL, 384 x 856

Total deflection = +/(3,)’ +(8y)2 =0.0147m

Allowable deflection = 0.003 x 5.0 = 0.018 m, which is satisfactory.

=0.010m

7.11 THE CALCULATION OF DEFLECTION AND BENDING STRESS OF
GLULAM BEAMS WITH TAPERED PROFILES

7.11.1 Introduction

The calculation of bending deflection and shear deflection for glulam beams with
tapering profiles by the normal stain energy method is extremely time-consuming,
as is the calculation of the position and value of the maximum bending stress.
In sections 7.11.2, 7.11.4 and 7.11.6, formulae and coefficients are given for
simply supported beams of symmetrical duo-pitch, mono-pitch and inverted duo-
pitch to cover most cases of normal loading. These coefficients facilitate the cal-
culation of bending deflection and shear deflection at midspan, and maximum
bending stress.

The formulae for bending deflection at midspan are established from the general
formula:

M. m dx
B = jOL—E”’;X

where M, = the moment at x due to the applied loading
m, = the moment at x due to unit load applied at midspan.

In addition, the varying nature of the second moment of area is taken into
account by introducing a ratio
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7.11.2

H
~-n
h
where H = the midspan depth

h = the minimum end depth.

The formulae for shear deflection at midspan are established from the general
formula:

L F, Fudx
d, = Kform_[) “(4G).

where  Ki,,, = a form factor equal to 1.2 for a solid rectangle
F,. = the vertical shear at x due to the applied loading
F,, = the vertical shear at x due to unit load applied at midspan.

In addition, the varying nature of the area is taken into account by introducing a
ratio H/h = n, where H = the midspan depth and / = the minimum end depth.

Formulae for calculating bending deflection of glulam beams with
tapered profiles

£ Values of Ay for values of 1 from

/L\‘ B 1.0 10 3.9
l n 1.0 2.0 3.0

& 0 1.6 0.327  0.126
| 0.05  1.433
L5, x LiL 0.10  1.291 0292  0.116
L 0.15  1.167
020 1.060 0.262  0.108
0.25 0966
0.30 0883 0.236  0.100
0.35 0810
. .. 040 0746 0213 0.0933
Central bending deflection is: 0.45 0.688
3 0.50 0.637 0.194  0.0870
By = M 0.55  0.590
384L1, 0.60  0.549 0.177  0.0813
BRE 0.65 0511
where Am1=4.8[——~] Eogcn 070 0477 0162  0.0762
n—1 075 0446
32 — 4n + 1 0.80 0418 0.149  0.0714
— —,)-2—*—] as tabulated 0.85 0.392
<H 090 0369 0137  0.0670
Iy = the second moment of area at 095 0347
depth & Example: for n = 1.90,
n = Hih A = 0369

Fig. 7.14
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UDL = p per unit of span

I3
P
& e
.
5L 1 055
T+
L

Central bending deflection is;

5 _ ipL‘lAmE
m2 384ET,

1 P20+ 1
where Ap g = 2.4’:n — 1] [n — logen

8n? — 3n +
— L.z.;!_:_l} as tabulated

I = the second moment of area at
depth A
n = Hih

Fig. 7.15

Values of A2for values of # from

1.010 3.9
R 1.0 20 3.0
0 1.000 0218 0.0869
.05 0.900
0.10 0.814 0.1935 0.0806
0.135 0.739
0.20 0673 0.176 0.0749
.25 0.616
0.30 0.565 0.159 0.069%
0.33 0.520
0.40 0481 0,144 0.0651
0.45 0.445
0.50 0.413 0.132 0.0609%
0.55 0.384
0.60 0.335% 0.120 0.0571
0.65 0.334
0.70 0.313 0.111 0.0535
0.75 0.293
0.80 0.276 0,102 0.0503
0.85 0.259
0.90 0.244 0.0939  0.0474

0.95 0.231
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05 F 0-5F ) F

h‘. A
L % + 4
54 . (32 05 L 054

1 T T

L L :
Central bending deflection is:

3
SFL A

Om3 = 384£1,

1 log. N @  a(Zn—1)
where  Apy = 4.8 —— === — = ——"——| a5 tabulate
m3 n—1|lxn—1 N n® d
I, = the second moment of area at depth &
no= H;’fh
N = 2a(n— 1)+ 1.
Values of a3 for values of » from 1.0 ta 3.9
a= 0.4 w=0.2 o =03 a=04
R 1.0 2.0 30 1.0 20 3.0 1.0 2.0 3.0 1.0 20 30
0 0.474 0.115 ©.0495 0.909 0,209 0.0860 1.27 0.276 0.109 1.51 0.315 0.122
0.10 0390 0.104 00462 0,745 0.188 00799 1.03 0.247 0.101  1.22 0.281 0.113
020 0.327 0.0946 0.0432 0.621 0.170 0.0745 0.854 (.223 0.0942 1.07 0.252 0.105
030 0.278 0.0862 0.0405 0.525 0,154 0.0695 0.717 0.201 0.0877 0.840 0.228 0.0973
0.40  0.239 0.0789 0.0380 0449 0.141 0.0650 0.610 0.183 0.0818 0.711 0.206 0.0907
0.50 0208 0.0725 0.0357 0.388 0.129 0.0609 0.524 0.166 0.0765 0.608 0.187 0.0846
0.60 0,182 00668 0.0337 0338 0.118 0.0571 0454 0.152 0.0716 0.525 0.171 0.0791
0.70 0161 00617 0.0318 0,297 0.109 0.0537 0.397 0.139 0.0671 0.457 0.156 0.0741
0.80  0.143 0.0570 0.0300  0.263 0100 0.0506 0349 0,128 0.0631 0.401 0.144 0.0695
0.90 0.128 0.0531 0.0284 0,234 0.0927 0.0477 0.310 0.118 0.0593 0.354 0.132 0.0653
N 0.2n ~ 0.8 0.4n - 0.6 0.6n + 0.4 0.8 + 0.2
Fig. 7.16

As this casc is not particularly
common values of # for values
of A4 are not tabulated. The

Fi3 [ 173 2n — 21
Central bending deflection is: 8,4 = [ ] [loge ?'In P_n 2:|

same applies to the ncxt case.
5L L (1574

—1 2n

16ET;

Fig. 7.17
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UDL = p per unit of span

0sL ' 051

Central bending deflection is:

5. - PLY [ 1 T bul—nt1_dn—1,  m—1
™S T 3EL in—1 2n? n—1 log, n

Fig. 7.18

Values of A for values of # from

1.0to 3.9
2H-h
" 1.0 2.0 3.0
0 1.60 0.237 0.0828
0.05 1.38
0.10 1.21 0.208 0.0761
0.15 1.06
0.20 0.942 0,184 0.0702
0.25 (.83G
. . . 0.30 0.752 0.164 0.0649
Central bending deflection is: 035 0.678
SFL3Am5 0.40 0613  0.147 0.0601
bme = S 0.45  0.557
384K,

0.50 0.508 0.132 0.0538

1T 0.55  0.465

where A= 2.4 [—m] ,iloge (2n—1) 060 0427 0,120 0.0519
n—1 0.65 0,393

20n—1) 0,70 0363 0.109 0.0484
— —-——] as tabulated 0.75 0.336

R 0.80 0312 0.0989 0.0452

Iy = the second moment of area at 0.85  0.290
0,90 0.271  0.0904  0.0423
depth 4 0.95  0.253
n = Hih

Fig. 7.19
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UDL = p per unit of span

% 2H-h

) ! .
051 jr, 5L ;
L —
Central bending deflection is:
& _ SPL'4An17
m7 384E],

4
where Anpr=1.2 |:;I-—_1—I:| [6n log. 1

—1 z
— (4n — 1) log, (2n — 1) — (—”—n—)J
iy = the second moment of area at
depth A
n = Hih.
Fig. 7.20

Values of A7 for values of # from

1.0to 3.9
n 1.0 2.0 3.0
0 1.000 D0.153 0.0553
0.03 0.865
0.10 0.756 0,135 0.0510
0.15 0.666
0.20 0.5%0 0.120 0.0472
0.25 0.527
0.30 0473  0.107 0.0437
0.35 0.427
0.40 0.387 0.0965  0.0406
0.45 0.353
0.50 0.322 0.0872 0.0378
0.55 0.296
0.60 0.272 0.0790  0.0352
0.65 0.251
0.70 0.232  0.071% 00329
0.75 0.215
0.80 0.200  0.0657 00308
0.85 0.187
0.90 0174  0.0602  0.0289
0.95 0.163

7.11.3 Example of calculating bending deflection of a tapered glulam beam

Consider a 135 mm wide C24 laminated beam tapered and loaded as in Fig. 7.21.
Calculate the midspan bending deflection (a) by considering elemental strips and
using the strain energy method, and (b) by using the coefficients from Fig. 7.14.

Method (a)

Divide the beam into a convenient number of elements, in this case 10 equal ele-

ments of 1m.
s M,m, 8,

Deflection =2 X 21 I

where M = the moment at midpoints of elements 1 to 5 due to the 20kN point load
m = the unit moment at midpoints of elements 1 to 5 due to unit load at

midspan

EI = EI at midpoints of elements 1 to 5

O, = increment of span (equal to 1 m in this particular example).

1I @ 3r @ ;
| | | |
|
|
] C

.&:24»SI

0 kN

H=472

10m
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Table 7.14
X Mx m, hx E‘IX Mxmx

Element (m) (kN'm) (m) (mm) (kNm?) EI,

1 0.5 5 0.25 270 2559 0.000488

2 1.5 15 0.75 315 4063 0.002769

3 2.5 25 1.25 360 6066 0.005152

4 3.5 35 1.75 405 8836 0.006932

5 4.5 45 2.25 450 11847 0.008 546
X =0.023887

At a distance x from the left-hand support up to midspan,
M,=10x, m,=0.5x and 6,=1.0m.

By tabulation, consider one half of the beam, taking the EI value of each element
from Fig. 7.21 appropriate to the mid-position depth of each element.
From Table 7.14 for full span:

Deflection = 2 x 0.0239 x 1.0 = 0.0478 m

Method (b)
Use coefficients from Fig. 7.14 and the EI value at the end support:

n = H/h = 472/248 = 1.903, and interpolating from Fig. 7.14, A,,; = 0.368
I, =135 x248%12 = 171.6 x 10°mm*

E = E oo X Ko = 10800 x 1.07 = 11556 N/mm?>
EI=11556 x 171.6 x 10%10° = 1983 kN m”

5%20x10° x 0.368
384 x 1983
=0.0483m

In method (a) the end and midspan depths were chosen to give hx, in Table 7.9,
equal to standard depths, and thereby simplify the tabular work.
In practice, method (b) is further simplified by choosing a standard depth at d.

Deflection (see Fig. 7.14) =

7.11.4 Formulae for calculating shear deflection of glulam beams with tapered profiles

The formulae for calculating the shear deflection of glulam beams with tapered
profiles are shown on the next three pages.
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Central shear deflection is:

= Keorm Mody

8y A,

where M, = FL/4
1
Ay = %i; as tabulated

Ay = the arca at depth &

Kiarm = the form factor (1.2 fora
rectangular section)
n = Hih,

per vnit of span

Central shear deflection is:

S,y = Kform My Ay
v GAy,

pl?/8

[ El] {(n = 1) logen *l]

Ay = the area at depth A

where M,

[
=)
il

Kroqm = the form factor (1.2 fora
rectangular section)
n = Ilh,

Values of 2y for values of » from

1.0tc 3.9

n 1.0 2.0 3.0
¢ 1.000 0693 0.549
0.05 0.976
6.10 0.953 0.674 0.539
0.15 0.932
0.20 0.912  0.657 0.529
0.25 (.893 '
0.30 0.874  0.641 0.519
0.35 0.857
0.40 0.841 0.625 0.510
0.45 0.826
0.50 0.811 0.611 0.501
0.55 0.797
0.60 0.783  0.597 0.493
0.65 0.770
0.70 0.758  0.584 0.485
0.75 0.746
0.80 0.735  0.572 0.477
0.85 0.724
0.90 0.713  0.560 0.469
0.95 0.703

Example: for n = 2,50,

Ay =0.611.

Values of Ay for values of n from

1.0to 3.9

7 1.0 2.0 3.0
0 1.coo 0.7973 0.648
0.05 0.984
.10 0.968  0.757 0.638
0.15 0.953
0.20 0.933 0.742 0.629
Q.25 0.926
0.30 0913 0.729 0.620
0.35 0.900
0.40 0.888  0.715 0.611
0.45 0.877
0.50 0.866  0.703 0.603
0.55 0.855
0.60 0.844  0.691 0.595
0.65 0.834
0.70 0.825 0.679 0.387
Q.75 0.815
0.80 0.806  0.668 0.580
0.85 0.797
0.90 0.789  0.658 0.573
0.95 G.781

Example: for n = 2.60,

Agp = 0.691.
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Central shear deflection is: §,3 = —om Be !
GA}I n—1

where N = 2a(n — 1) + 1
n=Hih
Ay = the arca at depth A
Kiorm = the form factor (1.2 for a rectangular section).

Fig. 7.24
F
1 I E‘Z.Hh
H i J‘ -
1o 1
e OSL | 0:5L

Central shear deflection is: 8y4 = Zaﬁ—fm%z—-F—L—l) |jlog,e (_2_?_"?__1_)]
W (1 —

where n = H/h
Ap = the area at depth A
Ktorm = the form factor (1.2 for a rectangular section).

UDL = p per unit of span

—— —q
i T 2H-h
hl
ke e
S | 574 * -5,
- I s
e e — KfcurmP"“‘—r'2 __n n — ]]
Central shear deflection is: &5 AGA, (1 =T [1 B log, n

where n = H/h
Ay = the area at depth A
Kiorm = the form factor (1.2 for a rectangular section).
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Central shear deflection is:
5 _ Kform MO Av()
\-’6 - GA
h
1
where Ay = ——— log.(2n — 1)

2n—1

as tabulated
M, = the moment at mid span
Ay = the area at depth &

Kiormn = the form factor (1.2 for a

rectangular section)
n = Hih.

Fig. 7.27

UDL = p per unit of span

i
H-h
il | .
de

0-5L

r— - —

Central shear deflection is:

5 = Kform M(] Av?
v T GAy
n n®
where Ay = =) log. —

as tabulated
M, = the moment at mid span
A = theareaat depth A
Krom = the form factor (1.2 fora
rectangular section)
n = Hih.

Fig. 7.28

Values of Ay for values of n from

1.0to 3.9

" 1.0 2.0 3.0
] 1.000  0.549 G.402
0.03 0.953
Q.10 0.912  0.529 0.392
0.15 0.874
0.20 0.841 0.510 0.383
0.25 0811
0.30 0.783  0.493 0.374
0.35 0.758
0.40 0,735 0.477 0.366
0.45 0.713
0.50 0.693 0.462 0.358
0.55 0.674
0.60 0.657 0,445 0.351
0.65 0.641
0.70 0.625 0.436 0.344
0.75 0611
0.80 0.597  0.424 0.337
0.85 0.584
0.90 0572 0413 0.330
0.95 0.560

Values of Ay, for values of n from

1.0to0 3.9
n 1.0 2.0 3.0
0 1,000 0.575 0.441
0.05 0.953
0.10 0913 0,557 0.432
0.15 0.877
0.20 0.845 0,539 0.423
0.25 0.816
0.30 0.790 0.524 .415
.35 0.767
» 0,40 0,745 0.509 0.407
0.45 0.725
0.50 Q.707 0.4596 0.400
0.55 0.689
0.60 0.673 0.483 0.393
0.65 0.638
Q.70 0.645 0472 0.386
0.75 0.631
0.80 0.619 0.461 0.379
0.85 0.607
0.90 0.596 0450 0.373
0.95 0.585
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7.11.5 Example of calculating shear deflection of a tapered glulam beam

Calculate the shear deflection at midspan for the beam profile and loading condi-
tion illustrated in Fig. 7.21, using the A,, coefficients in Fig. 7.22.
From Fig. 7.22, with n = 1.903, A,; = 0.712

E = Epean X Ky = 10800 x 1.07 = 11556 N/mm”*

The modulus of rigidity G is taken as

E 11556

16 16
At depth i = 248 mm, shear rigidity is

GA;, =722 x 135 x 248 =24172000N = 24 172kN

=722N/mm?

and the midspan moment M, = S0kN m.

Shear deflection is:

5. = Kiom X My XA, 1.2%x50%0.713
v GA, - 24172

=0.0017m =1.7mm

7.11.6 Formulae for calculating position and value of maximum bending stress of
glulam beams with tapered profiles

UDL = p per unit of span UDL = p per unit of span

T P s
h | | - H H —F ! | 2H-h
| ] . |
A I [ .
xm ' ! xm xm]
osL ) L Moz 0-5L 0-5L
L _ I
Fig. 7.29

Tapered beam with uniform loading

For a simply supported beam of the tapering profiles as shown in Fig. 7.29 with
uniform loading, it can be shown that the position of the maximum bending stress
occurs at:

_Lh
" 2H

where x,,, L, h and H are as shown in Fig. 7.29.
It can be shown that:

Xm

M,

where M, = the moment at midspan
Z = the section modulus at depth A

Maximum bending stress =
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By transposing, one arrives at an equation which will permit the designer to avoid
time-consuming trial and error in the design of taper beams:

1| M,
n=-— I:TO + 1:|
2 my,
where m,, is the moment of resistance at depth h.

Tapered beam with central point load
For a simply supported beam of the tapering profile shown in Fig. 7.30 with a
central point load, it can be shown that the position of the maximum bending stress
occurs at:
_ L
-

where x, L, h and H are as shown in Fig. 7.30 and n = H/h.

Fig. 7.30

The value of x,, is for values of n greater than 2. For cases with n less than 2
the maximum bending stress occurs at midspan. It can be shown that:

M,

Maximum bending stress = ————

where M, = the moment at midspan
7, = the section modulus at depth i
n = H/h.

By transposing one arrives at an equation which will permit the designer to avoid
time-consuming trial and error in the design of taper beams:
M,
n=

4,

+1

where m, is the moment of resistance at depth 5.



Chapter 8
Thin Web Beams

8.1 INTRODUCTION

The design of thin web built-up beams was dealt with at some length in the first
and second editions of this manual. At that time it was common practice for timber
engineering companies in the UK to fabricate ‘I’ and ‘box’ profiles either to their
own chosen standard sections or to special profiles designed by others.

The situation has changed radically in recent years with the introduction of a
comprehesive range of I beams fabricated on a large scale by manufacturers spe-
cializing in such products. The market choice of section profiles is considerable,
to such an extent that manufacturers’ technical literature will provide most of the
design information required for most everyday applications. There may be occa-
sions when special sections may be required and some of the design guidance given
in the earlier manuals is retained for such situations and also to provide background
design information for checking purposes.

At the time of releasing the first and second editions of this manual it was
common practice to use solid timbers for the flanges and plywood for the webs
and to use nail/gluing to give the required interface contact between flanges and
webs. Although there may still be a limited number of UK companies fabricating
I beams to such a specification, the market is now dominated by a limited number
of specialists who fabricate economically on a large scale and to a high quality.

For most applications of roof and floor joisting the reader is referred to techni-
cal information issued by manufacturers such as Trus Joist MacMillan, Boisse
Cascade, Jones Joists, etc.

Sections and properties for a range of proprietary I beams are given in section
8.7.

8.2 PRIMARY DESIGN CONSIDERATIONS
To illustrate the design concepts solid timber flanges and plywood webs will be
adopted.

8.2.1 Bending deflection

Thin web beams are a composite section with flanges and webs of different ma-
terials, and consequently, differing £ values. On a few occasions, the E values of

164
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the flange and web may be close enough to justify the designer taking the section
as monolithic and therefore calculating geometrical properties without any modi-
fication for differing E values. However, the more normal situation involves dif-
fering E values, and therefore the use of straightforward geometrical properties
may not lead to a correct or sufficiently accurate design.

It will be seen from clause 2.9 of BS 5268-2 that the load-sharing Ky factor of
1.1 together with the use of E,.., for deflection calculations do not apply to built-
up beams. Special provisions are given in clause 2.10.10 of BS 5268-2. For deflec-
tion the total number of pieces of solid timber in both flanges should be taken to
determine factor K3 to be applied to the minimum modulus of elasticity. These
factors are summarized in Table 8.1

The full cross section of the plywood should be adopted and as the bending of
the beam is about an axis perpendicular to the plane of the board (i.e. edge loaded)
the E value for plywood webs should be taken as the modulus of elasticity in
tension or compression. Stresses and moduli may be modified for duration of load
using the factor K¢ given in Table 39 of BS 5268-2 and summarized here in Table
8.2 for service classes | and 2.

The EI capacity is determined as follows:

Referring to Fig. 8.1(a) for a full depth web,

L
T2 8.1)
b =)

flange — 12 (82)
EIx = Eﬂangclﬂangc + Ewcwacb (83)

Table 8.1 Modification factor K,s for deflection

Number of pieces Value of Ky
2 1.14
4 1.24
6 1.29
8 or more 1.32

Table 8.2 Modification factor K;; by which the grade stresses
and moduli for long-term duration should be multiplied to obtain
values for other durations

Value of K36

Duration of loading Stress Modulus
Long term 1
Medium term 1.33 1.54

Short/very-short term 1.5
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Fig. 8.1

Referring to Fig. 8.1(b) for a rebated web,

L
web — 12 (84)
B(h® —h;,
Iﬂange = l:¥i| - Iweb
12 (8.5)
EIX = Eﬂangelﬂange + Eweblweb (86)

8.2.2 Shear deflection

The shear deflection will be a significant proportion of the total deflection (fre-
quently 20% or more), and must be taken into account in determining deflection
of thin web beams.

For simple spans the shear deflection at midspan for a section of constant EI,
is given in Section 4.15.5 as:

_ Kform X MO

S
v AG

where K, = a form factor
M, = the midspan bending moment
AG = the shear rigidity.

For an I or box section having flanges and webs of uniform thickness through-
out the span, Roark’s Formulas for Stress & Strain gives the formula for the section
constant K., (the form factor) as:

3(D; - DP)Dy ( n _lﬂ 4D3
2D; 4 10r?

Kform = |:1 +

where D, = distance from neutral axis to the nearest surface of the flange
D, = distance from neutral axis to extreme fibre
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t, = thickness of web (or webs, in box beams)
t, = width of flange (including web thickness)
r =radius of gyration of section with respect to neutral axis = VI/A.

When transposed into the terms of Fig. 8.1(a) this becomes:

AR? [1+ 3(h* = h2)h, (éﬂ

K =
om 101, 25 t

where A = the area of the full section
b = the total flange width (excluding thickness of web).

If o is made equal to A;/h so that hy = h(1 — 20) then:

A—hz[l+6a(l —a) —20()(?)}

form = IOIX
or
_AR’K,
form — IOIX

where K, = 1 + 601 — a0)(1 — 200)(b/1).

Hence shear deflection is:

5 = KomMo _ AR KM, _ *K,M,
‘" GA  10I,LGA  10GlI,

For a solid section o = 0.5, hence K, = 1.0 and

O PM, 12M,
T 10G(bh*/12)  GA

v

which agrees with the form factor Ky, = 1.2 given in section 4.15.5 for solid
sections.

There is little, if any, inaccuracy in adopting Roark’s recommended approxima-
tion that Kj,,, may be taken as unity if A is taken as the area of the web or webs

only.
The shear deflection may then be simplified to:
M,
o, = 8.7
AG. (8.7)

where M, = the bending moment at midspan
A,, = the area of the webs
Gy = the modulus of rigidity of the webs.

8.2.3 Bending

The method most usually adopted to determine the maximum bending stress at the
extreme fibre of a section assumes that the web makes no contribution to the bend-
ing strength. This method has much to commend it, although it will underestimate
the bending strength of the section.
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Table 8.3 Modification factor K,; for bending

Number of pieces in
one flange Value of K5,

1 1

2 1.11
3 1.16
4 1.19
5 1.21
6 1.23
7 1.24
8 or more 1.25

Apart from the simplicity of this method, disregarding the contribution made by
the web to bending strength reduces the design of web splices, if these should be
required, to a consideration of shear forces only.

The applied bending stress is calculated as:

M,

G, =—" (8.8)

Zﬂange

where M, = applied bending moment
Zange = section modulus of flange only.
The section modulus is
I ange

Zﬂange = Ta0g (89)

Yh

where Iy, = inertia of flange only
v, = the distance from the neutral axis to the extreme fibre being con-
sidered = h/2.

The permissible bending stress is:
Om,adm = Ggrade X K? X K27 (810)

where K; = factor for duration of load

K»; = factor for number of pieces of solid timber in one flange as shown
in Table 8.3.

8.2.4 Panel shear

Panel shear stress is the traditional term used for horizontal shear stress in a thin
web beam, not to be confused with ‘rolling shear stress’ as discussed in section
8.2.5.

The maximum panel shear stress (v,) occurs at the x—x axis and is determined
as:

_ve

= 8.11
Vp i, (8.11)
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where V = applied shear
Q = first moment of area of flanges and web or webs above the x—x axis
= Ohange + Qwed
t = web thickness
I, = second moment of area of the full section about the x—x axis.

Referring to Fig. 8.2(a) for a full depth web:

h—h;
Qﬂange = (bhf )(Tht) (8 12)
h2
&@=%; (8.13)

Referring to Fig. 8.2(b) for a rebated web:

Ohunge = O(flange each side of web) + Q(flange over web)
h—h h=h,\h (h—h
(e (S35 )]

{on(12 )

th?
8

Qweb = (815)

The applied panel shear stress should not exceed the value tabulated in Tables 40
to 56 of BS 5268-2 according to the type of plywood adopted. The listed grade
stresses apply to long-term loading. For other durations of loading the stresses
should be modified by K¢ given in Table 39 of BS 5268-2, and repeated in this
manual as Table 8.2.
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(a) Full depth web
Fig. 8.3

8.2.5 Web-flange interface shear

‘Rolling shear stress’ (as discussed in section 8.2.6) is the traditional term used for
the web—flange interface stress in a thin web beam and relates more specifically to
plywood webs although BS 5268-2 retains the rolling shear definition for other
web materials such as tempered hardboard and chipboard.

The applied rolling shear stress (v,) is determined as:

_vo
11

g

. (8.16)
where V = applied shear
¢ = first moment of area of flange only above the x—x axis
I, = second moment of area of the full section about the x—x axis
T = total contact depth between webs and flanges above the x—x axis.

Referring to Fig. 8.3(a) for a full depth web:

Qﬂange = Qﬂange as eq' (812)
T= 2 X hf

Referring to Fig. 8.3(b) for a rebated web:

Qﬂange = Qﬂange as eq' (814)
T=2x rq

The applied rolling shear stress should not exceed the value tabulated in Tables 40
to 56 of BS 5268-2 according to the type of plywood adopted. The listed grade
stresses apply to long-term loading. For other durations of loading the stresses
should be modified by Kj3¢ given in Table 39 of BS 5268-2, and repeated in this
manual as Table 8.2.

8.2.6 Rolling shear stress

The web—flange shear in a glued ply web beam is frequently referred to as ‘rolling
shear’. Figures 8.4 and 8.5 represent a plan on the top flange of an I and box
beam, and Fig. 8.6 is an idealized magnification of the junction between web and
flange.

The term ‘rolling shear’ is frequently used because it best describes the appear-
ance of the failure which can result if the ultimate stress at the junction between
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web and flange is exceeded. In transferring horizontal shear forces from web to
flange, a ‘rolling action’ takes place. If the face grain of the plywood runs per-
pendicular to the general grain direction of the timber in the flange, the rolling
takes place at this interface. If the face grain of the plywood runs parallel to the
general grain direction of the timber in the flange, the rolling will take place
between the face veneer of the plywood and the next veneer into the plywood. To
avoid this rolling action, the rolling shear must be limited by providing sufficient
glued contact depth between flange and web.

Rolling shear in ply web beams applies only to the plywood, not to the solid
timber. Any glue lines to the solid timber flanges in ply web beams are stressed
parallel to grain.

Clause 4.7 of BS 5268-2 requires the permissible rolling shear stress to be
multiplied by a stress concentration modification factor K;; which has a value of
0.5.

Clause 6.10.1.5 of BS 5268-2 requires the permissible rolling shear stress to be
multiplied by modification factor K7, = 0.9 if the bonding pressure is provided by
nails or staples.
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8.3 DESIGN EXAMPLES
8.3.1 Design of full depth web section

A beam having an effective span of 5.6m supports a long-term load of 1.8 kN/m?
when spaced at 600 mm centres as part of a floor system. Determine suitability of
the section shown in Fig. 8.7 fabricated from C24 timber and 12 mm nominal thick-
ness (11.5mm minimum thickness) Finnish conifer plywood using nails to devel-
ope the glue line pressure.

Span =L =5.6m

Total applied load = W =15.6 X 0.6 x 1.8 = 6.04kN
End shear = 6.04/2 = 3.02kN

Maximum moment = WL/8 = 6.04 x 5.6/8 = 4.23kNm

Permissible stresses
For flanges:
Ein = 7200 N/mm?
O m.grade = 7.5 N/mm?

For web:
E (for tension/compression) = 2950 N/mm?
G = shear modulus = 270 N/mm?
v, = panel shear = 3.74 N/mm’
v, = rolling shear = 0.79 N/mm?

Bending deflection
With nominal 30% allowance for shear deflection:

Anticipated EI required = 1.3 x 4.34 WL
Approximate EI required = 5.64 WL? = 5.64 X 6.04 x 5.6 = 1068 kN m?

From eq. (8.1),

Lo =11.5x300°/12 = 25.8 x10° mm*
From eq. (8.2),

Thange = 88(300° — 160%)/12 =168 x 10° mm*

From Table 8.1, with 4 flange elements contributing to E value, K3 = 1.24

44 44
£ 6

T

300

L T

Fig. 8.7
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Efange = 7200 x 1.24 = 8928 N/mm?
From eq. (8.3),
EI, = (8928 x 168 x10°) + (2950 x 25.8 x 10°) N mm?
= (1500 x10°)+(76.1x10°) N mm?
=1576 kN m?

S5WE 5x6.04x5.6°

= =0.0088m
384 x EI, 384 x 1576

Bending deflection =

Shear deflection

A, =11.5 %300 = 3450 mm?>
G, =270N/mm>
A, G, =3450 x 270 =931 500N = 931.5kN

From eq. (8.7),

Shear deflection = ﬁ =0.0045m
931.5

Total deflection

Bending

Total deflection = bending deflection + shear deflection, that is
0.0088 + 0.0045 = 0.0133m

Allowable deflection = 0.003 X span (= 0.0168 m) or 0.014m which ever is the
lesser. O.K.

From eq. (8.9),

168 x10°
Zhange = ————— =1.12x10° mm’
150
From eq. (8.8),
4.23x10?
Applied bending stress = ———— =3.78 N/ mm?
1.12x10

From eq. (8.10),

Allowable bending stress = O grge X K3 X Ky;
=75x1.0x1.11=8.25N/mm*> O.K.

Panel shear

From eq. (8.12),

Oange = (88 x 70)[(300 - 70)/2] = 0.708 x 10° mm?
From eq. (8.13),

Ouer = 11.5%300%/8 = 0.129 x 10° mm*
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Q = Qﬂange + Qweb =0.837 x 106 1’1’11’1’13
Ig = Iﬂange + Iweb = (168 X 106)"1'(258 X 106) =193.8 x 106mm4
From eq. (8.11),

3020 x 0.837 x 10°
Applied stress = v, = 0 SX 1938 XIOG = 1.13N/mm?
5% 193.8x

Allowable stress = 3.74 N/mm? O.K.

Web-flange interface shear
Total web—flange contact depth is

T=2xXh=2x70=140mm
From eq. (8.16),

3020 x0.708 x10°

Applied interface stress = v, = - =0.08N/ mm?*
140 x193.8x10

Allowing for duration of load, stress concentration factor and bonding pressure
provided by nailing:

Allowable interface stress = grade stress X K5 X K37 X K7
=0.79%1.0x0.5%0.9=036N/mm?> O.K.

8.3.2 Design of rebated web section

A beam having an effective span of 5.0m supports a long-term load of 1.8 kN/m”
when spaced at 400 mm centres as part of a floor system. Determine the suitability
of the section shown in Fig. 8.8 fabricated from C24 timber and 12 mm nominal
thickness (11.5mm minimum thickness) Finnish conifer plywood. Webs are
factory pressure bonded to flanges.

Span=L=5.0m

Total applied load = W=15.0 x 0.4 x 1.8 = 3.6kN
End shear = 3.6/2 = 1.8kN

Maximum moment = WL/8 = 3.6 x 5.0/8 = 2.25kNm.

97
>
20
ol %
7
300 | 210 115 250
e —
REK T
20

Fig. 8.8
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Permissible stresses
For flanges:

E.. = 7200 N/mm?
O mgrade = 7.5 N/mm?

For web:
E (for tension/compression) = 2950 N/mm?
G = shear modulus = 270 N/mm?
v, = panel shear = 3.74 N/mm’
v, = rolling shear = 0.79 N/mm?

Bending deflection
With nominal 30% allowance for shear deflection:

Anticipated EI required = 1.3 x 4.34 WL
Approximate EI required = 5.64 WL? = 5.64 X 3.6 X 5.0° = 508 kN m’

From eq. (8.4),
Ly, =11.5%250%/12 =15.0 x 10° mm*
From eq. (8.5),
Tnange =[97(300° = 200°)/12] = I
=146.3x10°-15.0x10° =131.3x10°* mm*
From Table 8.1, with two flange elements contributing to E value, K3 = 1.14
Efange = 7200 x 1.14 = 8208 N/mm”*
From eq. (8.3),

EI = (8208 x131.3x10°) + (2950 x 15.0 x 10°) N mm?
= (1078 X 10°) + (44 x 10°) N mm>
=1122kNm>

S5xWxL  5x3.6x5.0° x10°
384 EI,  384x1122

Bending deflection = =0.0052 m

Shear deflection
A, =11.5x250=2875mm>
G, =270N/mm’
A,G,, =2875x270=776250N = 776.2kN

From eq. (8.7),

2.2
Shear deflection = —5 =0.0029 m
776.2

Total deflection
Total deflection = bending deflection + shear deflection, that is,

0.0052 + 0.0029 = 0.0081 m
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Allowable deflection = 0.003 X span (= 0.015m) or 0.014m which ever is the

lesser. O.K.
Bending
From eq. (8.9),
132.1x10°
Znane = 2~ 0.881 % 106 mm”
° 150

From eq. (8.8),

2.25%x10°
Applied bending stress = LN 2.25N/mm?
0.881x10°

From eq. (8.10),

Allowable bending stress = G grpg. X K3 X K7
=7.5%1.0x1.0=7.50N/mm> O.K.

Panel shear
From eq. (8.12),

Orunge = 186 % 45[(300 — 45)/2]} +{10.9(300> —2502)/8}
=0.493 x 10° mm? +0.037 x 10® mm>

=0.53 x10° mm>
From eq. (8.13),
11.5 x 2507
Ouer = XT —0.090 x 10° mm’

Q = Qﬁange + Qweb = 062 X 106 l’IIIII3
I, = Innge + Lyer = (131.3 x10°) +(15.0 X 10°) = 146.3 x 10° mm*
From eq. (8.11),

1800 x 0.62 x 10°
Applied stress = v, = 115 %1463 % 10° = 0.66 N/mm?>
DX IO X

Allowable stress = 3.74N/mm*> O.K.

Web—flange interface shear
Total web—flange contact depth =7=2 X ry =2 X 20 = 40mm
From eq. (8.16),

1800 x 0.53 x 10°
Applied interface stress = v, = ————————— = 0.163 N/ mm’
40x146.3x10

Allowing for duration of load and stress concentration factor:

Allowable interface stress = grade stress X K5 X K37
=0.79x1.0x0.5=0.395N/mm* O.K.
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8.4 WEB SPLICES
8.4.1 Introduction

Plywood sheets usually have a longer side of 2.4 m and consequently web splices
may be required at intervals along the beam length. The web splice is usually of
the same specification as the web and for an I beam is placed on both sides of the
web.

Proprietary beams referred to in section 8.1 usually have webs continuously
bonded together so that splices are unnecessary.

8.4.2 Stresses in ply web splices

When a web splice is required only to transmit a pure shear F, on the assumption
that the web is not transmitting a proportion of the bending moment (see section
8.2.3), the splice plate should be designed to transmit a force F, applied at the cen-
troid of the area of the splice plate at each side of the joint. It is usual to resist the
resulting stresses with a glued connection as shown in Fig. 8.9.

Shear F, must be resisted at an eccentricity by/2 resulting in a combination of
shear and bending on the glue area.

The shear stress (T,) on the glue area due to vertical shear can be calculated on
the assumption of an average distribution without concentration of stress:

L __F
" nbh,

where n is the number of glue lines.

The permissible stress is the rolling shear stress of the plywood modified by the
load—duration factor K. If the bonding pressure is achieved by nails or staples, the
permissible stress should be multiplied by factor K7, = 0.9.

The moment due to the eccentricity of shear force = M, = 0.5 Fb,.

Referring to Fig. 8.10, the maximum stress due to the secondary moment on the
glue area is:

By

. bs
sf2
&

Fig. 8.9
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a.
7 m

where n = number of glue lines
a = distance from the centre of the glued area to the extreme corner fibre
=0.5Vb2 +h?

1, = polar second moment of area = I, + I, = (b1 /12)(b*+ ).

The maximum resulting stress Gy acting on the glue area of the splice plate is
the vector summation of T, and G,,. This can be determined by plotting T, and G,,
to scale or calculated as:

Or =02 +12 +2at, cosd

8.5 WEB STIFFENERS
8.5.1 Introduction

BS 5268-2 gives no guidance on the design of stiffeners for thin web beams. A
satisfactory design method is desirable because, for any given thickness and species
of plywood, there is a critical shear stress at which buckling of the web will occur.
The calculation of this critical stress and its confirmation by laboratory testing is
an aspect of timber design on which little information is available.

8.5.2 Canadian design method for Douglas fir ply webs

The spacing and design for Douglas fir plywood is treated empirically in the COFI
publication Fir Plywood Web Beam Design. The following notes are a summary
of the method, which gives a conservative spacing for stiffeners suitable for
plywood with the face grain running parallel to the span. Although produced for
Douglas fir plywood it may be used for Douglas fir-faced plywood.
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The recommended basic clear distance between vertical stiffeners s for combi-
nations of web thickness ¢ and the clear distance between flanges %, can be taken
from Fig. 8.11. The basic spacing may be increased if the actual panel shear stress
is less than the permissible according to eq. (8.17) except that the value of p must
never be taken as less than 50% and the actual allowable improved clear spacing
between stiffeners must not exceed 3s.

1 —
s'=s(1+ 00 ”j (8.17)
25

where 5" = the allowable improved clear stiffener spacing
p = percentage of allowable panel shear stress occurring in the panel.

p must not be taken as less than 50% and s” > 3s (s from Fig. 8.11).

8.5.3 A method for Finnish birch-faced plywood

At present there are no recommendations for the spacing of stiffeners in Finnish
birch-faced (or all-birch plywood) comparable to the method given in section 8.5.2
for Douglas fir, and the following proposals were given in earlier editions of this
manual upon the more general recommendations outlined by Hanson in his book
Timber Engineers’ Handbook (Wiley, New York, 1948).

The procedure assumes that the plywood has the face grain perpendicular to
span, in which circumstances experience shows that horizontal stiffeners are more
effective in limiting web buckling than are the more conventional vertical stiffen-
ers. This aspect is reflected in the method.

Hanson states that the critical panel shear stress for the commencement of web
buckling is given by the equation:
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320 Y(E Er)
12h2
where t = web thickness (mm)
h,, = depth between flanges or horizontal stiffeners (mm)
E,, = E (bending) perpendicular to grain
E,. = E (bending) parallel to grain.

Critical shear stress =

If a factor of safety of 2.25 is applied to the critical shear stress and a material
stress coefficient K, is introduced, then the permissible panel shear stress is
given as:

2
t
Tpaam = 118K, (h—) (8.18)

W

Where Km = 4\/ (ElraESar) N/mm2

Transposing eq. (8.18) provides an immediate guide to the maximum slender-
ness ratio h,/t acceptable to the full development of panel shear:

h,  [LI8K,
t - Tp,adm

Applying this formula to the range of Finnish plywoods listed in Tables 40—46
of BS 5268-2 gives a maximum slenderness ratio hy/t = 28 for all grades and
thicknesses.

8.6 HOLES OR SLOTS IN PLY WEB BEAMS

The passage of pipes, ducting or other services through the webs of beams requires

a consideration of the resulting stresses in the beam at the position of the hole.
Consider the rectangle slot in the web of a beam as shown in Fig. 8.12. The

bending stresses at the extreme fibres a and b at any section BB are given as:

My FaX(ED), Ma FAX(ED),
Cwa=— +*+————7—— and Owp=— t+— 77— ——
Zy  ZED,+(ED, ] Zy  ZU(ED, +(ED), ]
A
B
a |
] f ! ]
| |
oo |
1of slol
N

L]

Fig. 8.12
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where M, = the moment at AA (mid length of slot)
F,, = the shear at AA

X = the distance from section AA to BB

Z, = the section modulus of full section at AA

Z, = the section modulus of section at BB above slot
Z;, = the section modulus of section at BB below slot

(EI), = the sectional rigidity of section at BB above slot
(EI), = the sectional rigidity of section at BB below slot.

The formulae above are based on the assumption that the moment M, produces
a bending stress given by the first part of each formula, while the shear is divided
between the upper and the lower portions of the beam in proportion to the sec-
tional rigidity of the upper and lower portions of the beam.

For thin web beams it is usually convenient to form a slot symmetrical about
the mid-depth of section, and then to reinforce the perimeter of the slot. With sym-
metry the above equations simplify to:

M FaX
AL D

Oma =Omb =
Za 27,

In the case of simple span beams, a slot is frequently provided at midspan, where
there is no shear under a symmetrical uniformly loading condition, and the slot
may be of the clear depth A, between flanges providing that the remaining flange
section is adequate to resist the moment M,. It is necessary, however, to check the
slot for excessive stress due to unbalanced loadings.

8.7 PROPRIETARY SECTIONS
8.7.1 Range of sections and properties

There are a number of suppliers of timber I joists which the designer can specify
directly from the manufacturer’s literature or by involving the supplier’s technical
design adviser. Should the designer wish to make an assessment of a suitable
section for a given situation then the information given in the remainder of this
chapter may be of use.

Information is provided for the following manufacturers:

Manufacturers Available sections  Properties
Trus Joist Fig. 8.13 Table 8.4
Boise Cascade Fig. 8.14 Table 8.5
James Jones Figs 8.15 and 8.16 Table 8.6

Fillcrete Masonite Figs 8.17 and 8.18 Table 8.7

The chapter concludes with a typical worked example using Table 8.4.
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Fig. 8.13 Range of TJI® joists.
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Table 8.4 TJI® joists
Load sharing Non-load sharing
Long Medium Long Medium
El AG V M 1% M Vv M Vv M
Type (kNm?» (kN) (kN) (kNm) (kN) (kNm) (kN) (kNm) (kN) (kNm)
150/241 438 1348 450  3.79 563 474 450  3.68 563  4.60
150/302 759 1846 5.70  5.06 7.13  6.33 570 491 7.13  6.14
250/160 180 686 3.10 250 388 3.13 310 243 388 3.04
250/200 318 1013 4.00 3.45 5.00 431 4.00 335 500 4.19
250/241 507 1348 5.00 446 6.25 5.58 500 433 6.25 541
250/302 875 1846 6.00 5095 750 7.44 6.00 5.78 750  7.23
250/356 1303 2287 7.00  7.30 875 9.13 7.00  7.09 875 8.86
250/406 1796 2696 7.40  8.57 9.25 10.71 740 832 9.25 10.40
350/160 225 686 3.10 3.11 3.88  3.89 3.10  3.02 388 3.78
350/200 397 1013 4.00 431 5.00 5.39 4.00 4.18 500 523
350/241 631 1348 5.10 557 6.38 6.96 510 541 638 6.76
350/302 1083 1846 630 745 7.88 931 630  7.23 7.88  9.04
350/356 1603 2287 730  9.15 9.13 11.44 730  8.88 9.13 11.10
350/406 2199 2696 7.80 10.74 9.75 13.43 7.80 10.43 9.75 13.04
550/200 601 1184 520  6.60 6.50 8.25 520 641 6.50 8.01
5507241 952 1575 5.80  8.55 7.25 10.69 580 830 7.25 10.38
550/302 1624 2157 7.10 11.43 8.88 14.29 7.10 11.10 8.88 13.88
550/356 2393 2673 8.10 14.03 10.13  17.54 8.10 13.62 10.13  17.03
550/406 3269 3150 9.10 16.49 11.38 20.61 9.10 16.01 11.38  20.01
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Table 8.5 BCI® joists

Load sharing

Non-load sharing

Service class 1 Long Medium Long Medium
El AG V M 1% M Vv M Vv M
Type (kNm?» (kN) (kN) (kNm) (kN) (kNm) (kN) (kNm) (kN) (kNm)
407241 423 1670 539  3.66 6.74  4.58 539 351 6.74 439
40/302 726 2250 6.55 477 8.19 5.96 6.55 4.58 819 572
40/356 1069 2770 6.85 573 8.56 17.16 6.85 5.50 8.56  6.88
45/241 493 1670 5.39 431 6.74  5.39 539 4.14 6.74  5.17
45/302 843 2250 6.55  5.61 8.19 17.01 6.55 5.39 819 6.73
45/356 1240 2770 6.85 6.74 8.56 843 6.85 647 8.56  8.09
45/406 1681 3250 834  7.76 1043 9.70 834 745 1043 931
60/302 1099 2250 6.55 743 819 9.29 6.55 7.13 8.19  8.92
60/356 1610 2770 6.85 893 8.56 11.16 6.85 8.57 8.56 10.72
60/406 2177 3250 8.34 10.30 1043 12.88 834 9.89 1043 1236
Load sharing Non-load sharing
Service class 2 Long Medium Long Medium
El AG V M 1% M Vv M 14 M

Type (kNm* (kN) (kN) (kNm) (kN) (kNm) (kN) (kNm) (kN) (kNm)
40/241 388 1380 5.39  3.30 6.74  4.13 539 3.17 6.74  3.96
40/302 666 1870 6.55 429 8.19 5.36 6.55 4.12 819 5.15
40/356 981 2300 6.85 5.15 8.56 6.44 6.85 4.94 8.56  6.18
45/241 452 1380 5.39  3.88 6.74 485 539 3.72 6.74  4.66
45/302 773 1870 6.55  5.05 8.19 631 6.55 4.85 8.19  6.06
45/356 1137 2300 6.85  6.06 856  7.58 6.85 5.82 856  7.27
45/406 1543 2700 8.34  6.99 1043 8.74 834 6.71 1043 8.39
60/302 1007 1870 6.55  6.69 8.19 8.36 6.55 642 8.19 8.03
60/356 1476 2300 6.85  8.04 8.56 10.05 6.85 7.72 8.56  9.65
60/406 1997 2700 834  9.27 1043 11.59 834 890 1043 11.12
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Table 8.6 JJI joists

Load sharing

Non-load sharing

Long Medium Long Medium
EI AG V M Vv M % M 14 M
Type (kNm?» (kN) (kN) (kNm) (kN) (kNm) (kN) (kNm) (kN) (kNm)
145A 115 610 2.61 1.75 3.26 2.19 2.51 1.68 3.13 2.10
195A 250 980 3.29 256 4.11 3.20 3.16 246 3.95 3.07
195B 334 980 329  3.23 4.11 4.04 3.16  3.10 3.95 3.88
195BV 278 760 329  3.02 4.11 3.78 316  2.90 3.95 3.62
195C 402 980 329 3.73 4.11 4.66 3.16  3.58 3.95 4.48
195D 542 980 329 472 4.11 5.90 3.16 4.53 3.95 5.66
220A 338 1170 3.64 296 4.55 3.70 349 284 4.37 3.55
220B 452 1170 3.64 3.73 4.55 4.66 349 3.8 4.37 4.48
220C 543 1170 3.64 432 4.55 5.40 349 415 4.37 5.18
220D 733 1170 3.64 547 4.55 6.84 349 525 4.37 6.56
245A 440 1360 3.98  3.38 4.98 4.23 382 324 4.78 4.06
245B 588 1360 398  4.23 4.98 5.29 382 4.06 4.78 5.08
245C 707 1360 3.98  4.90 4.98 6.13 382 470 4.78 5.88
245D 954 1360 3.98  6.20 4.98 7.75 382 595 4.78 7.44
300A 716 1770 473  4.20 5.91 5.25 454 403 5.68 5.04
300B 956 1770 473  5.30 591 6.63 4.54  5.09 5.68 6.36
300C 1150 1770 473  6.14 591 7.68 4.54  5.89 5.68 7.37
300D 1550 1770 4.73  7.77 591 9.71 454 746 5.68 9.32
350C 1640 2150 542 723 6.78 9.04 520 694 6.50 8.68
350D 2210 2150 542  9.16 6.78 1145 520 879 6.50 10.99
400C 2240 2530 6.10  8.30 7.63 10.38 5.86 797 7.32 9.96
400D 3000 2530 6.10 10.52 7.63 13.15 5.86 10.10 732 12.62
450D 3920 2900 6.79 11.85 8.49 1481 6.52 11.38 815 14.22
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Table 8.7 Masonite joists (service class 2)

Load sharing

Non-load sharing

Long Medium Long Medium
EI AG V M Vv M % M 14 M
Type (kNm?» (kN) (kN) (kNm) (kN) (kNm) (kN) (kNm) (kN) (kNm)
150R 89 314 N/A 0.74 N/A 0.92 N/A  0.67 N/A 0.84
170R 125 408 N/A 091 N/A 1.14 N/A  0.83 N/A 1.04
200R 190 548 N/A 1.18 N/A 1.47 N/A  1.07 N/A 1.34
220R 242 642 N/A 136 N/A 1.71 N/A 124 N/A 1.55
240R 300 735 N/A 155 N/A 1.94 N/A 141 N/A 1.76
300R 513 1016 N/A 2.11 N/A 2.64 N/A 192 N/A 2.40
150H 127 442 293 201 3.66 2.51 2779 191 3.49 2.39
170H 177 567 3.05 239 3.81 2.99 290 2.28 3.63 2.85
200H 268 754 321 295 4.02 3.69 3.06 2.8l 3.83 3.51
220H 340 879 332 3.33 4.15 4.16 3.16 3.17 3.95 3.96
240H 422 1004 343 3.71 4.29 4.63 327 353 4.09 441
250H 465 1066 3.49 3.87 4.36 4.84 332 3.69 4.15 4.61
300H 608 1378 3.70 3.89 4.62 4.86 352 3.70 4.40 4.63
350H 870 1690 4.73 5.30 591 6.63 3.52 437 4.40 5.46
400H 1180 2002 473 6.14 591 7.68 3.52  5.01 4.40 6.26
150HI 191 442 293 3.01 3.66 3.77 2779 287 3.49 3.59
200HI 403 754 321 4.44 4.02 5.55 3.06 4.23 3.83 5.29
220HI 512 879 332 5.01 4.15 6.26 3.16 4.77 3.95 5.96
250HI 700 1066 349 5284 4.36 7.30 332 5.6 4.15 6.95
300HI 916 1378 3.70 5.85 4.62 7.31 3.52  5.57 4.40 6.96
350HI 1310 1690 3.70 6.91 4.62 8.64 3.52 6.8 4.40 8.23
400HI 1775 2002 3.70 7.92 4.62 9.90 352 7.54 4.40 9.43
450HI 2313 2314 3.70 8.90 462 11.13 352 848 440  10.60
500HI 2923 2626 3.70 9.87 462 1234 352 940 440 11.75

These properties should be read in conjunction with manufacturers’ technical literature.
See manufacturers’ literature for improved properties under service class 1.
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8.7.2 Worked example

A beam having an effective span of 5.0m supports a long-term load of 1.8 kN/m?
when spaced at 400mm centres as part of a load-sharing floor system. Choose a
suitable TJI section from Table 8.4 and verify the deflection.

Span=L=5.0m

Total applied load = W=5.0 x 04 x 1.8 =3.6kN
End shear = 3.6/2 = 1.8kN

Maximum moment = WL/8 = 3.6 X 5.0/8 =2.25kNm

With nominal 30% allowance for shear deflection
Anticipated EI required = 1.3 x 4.34WL?
EI required = 5.64WL* = 5.64 x 3.6 X 5.0 = 508 kN m*
From Table 8.4, select 150/302 TJI section

Long-term shear capacity = V = 5.70kN > 1.8 kN, therefore satisfactory
Long-term moment capacity = M = 5.06kNm > 2.25kNm, therefore satisfactory

EI = 759kNm* > 508 kN m?
AG = 1846 kN

5xWxL' 5x3.6x5.0°

Bending deflection = = =0.0077m
384 X EI 384 x 759
Shear deflection = M = 225 =0.0012m
AG 1846
Total deflection = bending deflection + shear deflection = 0.0077 + 0.0012 =

0.0089 m
Allowable deflection = 0.003 X span (= 0.015m) or 0.014m which ever is the
lesser. O.K.



Chapter 9
Lateral Stability of Beams

9.1 INTRODUCTION

Solid and built-up beam sections should be checked to ensure that they will not
buckle under design load. Stability may be verified by calculation or by adopting
deemed-to-satisfy limits as follows:

1. For rectangular solid or glulam sections limit the depth-to-breadth ratio (h/b)
as recommended in Table 19 of BS 5268-2 and as presented here as Table 9.1.

2. For built-up thin web beams limit the I,//, ratio as recommended in clause
2.10.10 of BS 5268-2 and as presented here as Table 9.2. It will be noted that
there is a similarity between the two tables, there being similar degrees of
restraint required for 1, /I, = (h/b)*.

The simple conservative limits tabulated in Tables 9.1 and 9.2 cover the major-
ity of cases a designer encounters, but there are cases where adequate restraint
cannot be provided or where the designer wishes to use a more slender section for
economical or architectural reasons. In any of these special cases it is necessary
for the designer to see whether the reduced lateral stability leads to a reduction in
bending strength capacity.

The lateral buckling of a beam depends not only on the depth-to-breadth ratio
(or 1,/I; ratio) but also on:

¢ the geometrical and physical properties of the beam section

¢ the nature of the applied loading

¢ the position of the applied loading with respect to the neutral axis of the
section, and

¢ the degree of restraint provided at the vertical supports and at points along the
span.

Section 9.2 gives a design method which permits a stability assessment for solid
or glulam rectangular sections and section 9.4 gives a design method which is
applicable to thin web I beams.

9.2 BUCKLING OF RECTANGULAR SOLID AND GLULAM SECTIONS

The anticipated shape of the lateral buckling of the compression flange of a beam
which is not fully restrained takes one of the forms sketched in plan in Fig. 9.1 or
some intermediate position.

190
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Table 9.1 Maximum depth-to-breadth ratios for solid and glulam beams

Degree of lateral support

Maximum
depth-to-breadth ratio
hib

No lateral support 2
Ends held in position 3
Ends held in position and members held in line, as by purlins or tie rods
at centres not more than 30 times the breadth of the member 4
Ends held in position and compression edge held in line, as by direct
connection of sheathing, deck or joists 5
Ends held in position and compression edge held in line, as by direct
connection of sheathing, deck or joists, together with adequate
bridging or blocking spaced at intervals not exceeding six times the
depth 6
Ends held in position and both edges firmly held in line 7
Table 9.2 Built-up thin web beams
L/, Degree of lateral support
Upto5 No lateral support is required
5-10 The ends of beams should be held in position at the bottom flange at
supports
10-20 Beams should be held in line at the ends
20-30 One edge should be held in line
3040 The beam should be restrained by bridging or other bracing at

intervals of not more than 2.4m

More than 40  The compression flange should be fully restrained

It is difficult to achieve full restraint in direction at the ends of beams as sketched
in Fig. 9.1(a) and therefore, in the following design method, the assumption is made
that all end joints have no directional restraint laterally, as shown in Figs 9.1(b)
and (c). The ends of beams and any point of lateral restraint along the beam are
assumed to be held in position laterally but not restrained in direction (i.e. not fixed

in direction on plan).

In the following design method L, is the lateral unrestrained length of beam

which is not necessarily the full span L.

For sections which are symmetrical about the x—x and y—y axes, buckling occurs

at a critical moment, expressed as:

1
- [ ELOIT G [EL
Lb o Lb GJ

9.1)
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Fig. 9.1 Forms of lateral buckling shown in plan.

where EI, = effective bending stiffness about the y—y axis

GJ = effective torsional resistance

h; = height from the x—x axis to the point of application of load, being
positive above the neutral axis and negative below the neutral axis
when the loading is in the direction shown in Fig. 9.2. If a load is
placed on the top flange of a beam, there is a tipping action which
increases the instability of the section (i.e. reduces the critical
moment), whereas if a load is applied to the bottom flange there is
a stabilizing effect

o =1-(EL/EI), a factor taking account of the additional stability which
occurs when a beam sags below the horizontal. For a rectangular
section this may be simplified to o = 1 — (b/h)*. The designer may
include o to obtain a slightly higher critical moment, but as most
sections requiring a stability check will have h/b > 3, for which o =
0.88, it will be conservative to adopt o = 1.0

L, = the laterally unrestrained length of beam which is not necessarily
the full span between vertical supports.

Ineq. (9.1) C, and C, are constants determined by the nature of the applied loading
and the conditions of effective restraint. There are a number of books and publi-
cations which derive the values of constants for many typical loading conditions.
The cases most likely to be encountered are summarized in Table 9.3. When no
external loading is carried between two points of lateral restraint (e.g. cases 6-9),
then:

C,=55-33B+094p and C,=0

except that C; is not to be taken as more than 7.22 (which occurs at f = —0.46),
where
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Fig. 9.2 Positive and negative location of the applied load.

smaller ‘end’” moment

larger ‘end” moment

The sign for B is positive if one moment is anticlockwise and the other clock-
wise; also if one moment is zero. If both moments are clockwise or anticlockwise,
the sign for P is negative.

The function:

1-Gh [2L]
takes account of the point of application of the load above or below the x—x
axis (Fig. 9.2). If the load is applied at the x—x axis, the whole function becomes
unity.
The critical moment M_; must be reduced by a suitable factor of safety. A factor

of 2.25 is assumed here, therefore the safe buckling moment M, is found by divi-
ding the critical moment by 2.25. Hence:

M, crit

Muc =
e T 005

For a beam not to buckle under the design loading, the buckling moment must
be equal to or greater than the maximum bending moment produced by the design
loading about the x—x axis.

To simplify design calculations, it is convenient to introduce coefficients N, and
N, and to further simplify with o = unity, then

N, =+EI, GJ 9.2)
Ny =4 —~ 9.3)

SO

C]N] (1 _ CzhLNz )

L (9.4)
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Table 9.3 Values of C; and C, for selected common loading conditions

External (or internal) loading arrangement
Case between points of lateral restraint c, (80}
1 +3.55 [ +1.41
2 +4.08 | +4.87
3 e ——a +4.24 | +1.73
- .
4 : -y - E +5.34 | +4.46
5 +3.27 | +2.64
4]
6 MG r\\M +3.14 | +0.0
- j . .
—u -
7 M (0 9\0'5-” +4.08 | +0.0
R \.__//
/’“‘1
8 M o +5.5 [+0.0
o T
9 M\ e M 702 | 400
(f=— 045}
i
10 +4.1 +1.0
1t +642 | +1.8

The buckling moment M,,. should not be increased to take account of any
load—duration factor. If the beam is liable to buckle, it will be an instantaneous
action dependent on the magnitude and not the duration of the loading.

For a rectangular solid section the torsional constant J may be taken as

%hb’g[l —(0.63b/h)]. If K5 =+1-(0.63b/h) and G = E/16 then:

1

v = EL Ky
2

9.5)
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N, == (9.6)

and

_ GELK, [1 _ 2th1 ©7)

T 451, K, L,

The value of K; approaches unity as the slenderness increases, particularly where
h/b is more than 4. The relationship between K, and h/b for rectangular sections
is shown in Fig. 9.3.

In practice the load is most frequently applied at the top edge of the section, and
it is unlikely that a stability check will be necessary for any section having a depth-
to-breadth ratio less than 3, where from Table 9.1 it can be seen that only the ends
would have to be held in position for the full moment capacity to be developed.
With these assumptions K, may be approximated to 0.9 and /; may be taken as
+h/2. This provides a conservative simplification of eq. (9.7) for solid and glulam
beams as:

_ G El [1 Czh} ©5)

T 5, L 09I

I
| .
| T \
/ assumed value of &)
00 I e / for eq. (%)
|
I b L
I I(;.\:[]—G-(:Z!?]2
Ky, 08 i
[
07 |
|
Do
. .|
e PR 3 8 10

Fig. 9.3 The relationship of K; to h/b for solid and glulam beams.

9.3 DESIGN EXAMPLES
9.3.1 Design of a glulam beam with no lateral restraint
A glulam beam spanning 9.0m supports a medium-term central point load of

10kN applied by a pin-ended post which gives no lateral restraint to the beam.
Design a suitable glulam beam of C24 grade and check lateral stability.
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Maximum shear = reaction = 5.0kN

_10.0x9.0

Maximum moment = M, = =22.5kN m

The central point load may be converted to an equivalent UDL to determine the
EI required.
From Table 4.17 at n =0.5, K, = 1.60 and W, =1.6 x 10 = 16kN:

EI required = 4.8W, L* = 4.8 x 16 X 9* = 6220kNm’
From Table 7.4 select 90 x 450 section.

Shear capacity = 56.1 kN > 5.0kN
Moment capacity = 37.5kNm > 22.5kNm
EI capacity = 7898 kN'm? > 6220 kN m?

Lateral stability check

Lateral buckling will take the form of plan (b) in Fig. 9.1; therefore L, = 9.0m.
The loading condition, when related to Table 9.3 is case 3, therefore C, = 4.24 and
C,=1.73.

From Table 7.9,

EI, = 260kNm’
From the simplified eq. (9.8)
C.EI, [1 _ Gh }
5L, 0.9 L,
_ 4.24%260 [ 1.73 % 0.45}
T 5%9.0 0.9%9.0
=22.1kNm< M, at 22.5kNm

Mbuc =

Re-assess the section using the more accurate eq. (9.7) with
K, =v1-(0.63 x 90/450) =0.935
then

_ CELK, [1 ~ 2hLC2}

buc —

451, K, L,
424260 x 0.935 [ 2%0.225 % 1.73}
- 4.5%9.0 0.935%9.0

=23.1kNm > M, at 22.5kNm

The section is now satisfactory but being close to the buckling limit it may be better
to specify a less slender section.
Try 115 x 405 section: Re-assess using the more accurate eq. (9.7) with

Ky, =~1-(0.63 x 115/405) = 0.906
From Table 7.10,
EI, = 488kNm’
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From eq. (9.7)

_ 4.24x 488 0.906 [ | 2x0202x173
bue = 45%9.0 0.906 % 9.0

}: 42.3kNm

which gives an 83% improvement in buckling moment.

9.3.2 Design of a glulam beam with central lateral restraint

A glulam beam spanning 14.0m supports a medium-term central point load of
20kN applied by a secondary beam which also gives lateral restraint to the beam.
Design a suitably slender glulam beam of C24 grade and check lateral stability.

Maximum shear = reaction = 10kN
Maximum moment = M, =20x14/4 =70kN m

The central point load may be converted to an equivalent UDL to determine the
EI required.
From Table 4.17 at n = 0.5, K,, = 1.60 and W, = 1.6 x 20 = 32kN

EI required = 4.8W, L* = 4.8 x 32 x 14> = 30 100kN m?
From Table 7.4, try 90 x 720 section.

Shear capacity = 89.7kN > 10kN
Moment capacity = 93.3kNm > 70kNm
EI capacity = 32349kNm?* > 30 100kN m*

Lateral stability check
Lateral buckling will take the form of plan (c) in Fig. 9.1; therefore

span

Lb = 70m

The loading condition, when related to Table 9.3, is case 8, giving C; = 5.5 and
C, = 0. From Table 7.9

El, = 416kN m>
From the simplified eq. (9.8), with C, =0,

CEI, 55x416
Mbuc = =
4.5 L, 5x7.0

=65.4kNm<70kNm

Re-assess the section using the more accurate eq. (9.7) with

Ky, =~1-(0.63 x90/720) = 0.96

then

_ GELK, 55x416x%0.96

bue = =69.7kNm < 70kNm
45L, 4.5%x7.0

The section is close to being ‘acceptable’ but it would be better to improve the
buckling moment by adopting a wider section, say 115 x 675. From Table 7.10,
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5% 81
EL =813KNm? and My = 003 _ 145 kNm
45%7.0

9.3.3 Comparison design of a glulam beam with restrained/unrestrained conditions

A glulam beam of 12m span is loaded on the top edge by medium-term concen-
trated loads of 6kN in Fig. 9.4. Design a suitable glulam beam of C24 grade for
the following options.

Case (1): If the method of applying the point loads restrains the beam.
Case (2): If the method of applying the point loads does not restrain the beam.

Maximum shear = reaction = 6kN
Maximum moment = M, = 6 X 3 = I8kNm

The point loads may be converted to an equivalent UDL to determine the EI
required. From Table 4.17 at n = 3/12 =0.25, K, = 1.10 and W, =2 x 6 X 1.1 =
13.2KkN:

EI required = 4.8W, L? = 4.8 x 13.2 X 127 = 9124kNm?
From Table 7.4 select 90 x 495 section.

Shear capacity = 61.7kN > 6kN
Moment capacity = 44.9kNm > 22.5kNm
EI capacity = 10512kNm? > 9124 kN m?

From Table 7.9,
EI, = 286kNm’

Case (1)

With restraint at each point load, lateral buckling takes the form of plan (c) in Fig.
9.1, and it is necessary to consider separately the parts of span between lateral
restraints.

Consider part AB (part DC being identical).

Load case 8 in Table 9.3 applies with C; = 5.5 and C, = 0:

Lb =3.0m

Maorment

diagram
18 kN.m

Fig. 9.4
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From eq. (9.8),
_GEI, 55x286

=105kN m > 18 kN m, therefore O.K.

buc —

5L, 5%x3.0
Consider part BC
Load case 6 in Table 9.3 applies with C; =3.14 and C, =0
Lb = 6.0m

From eq. (9.8),

_ GEL, 3.142x286
M7 S, 5%6.0

=30kN m > 18kNm, therefore O.K.

Case (2)

If the beam is not restrained at the positions of applied load buckling will be as
plan (b) in Fig. 9.1. Loading case 5 in Table 9.3 applies with C, =3.27 and C, =
2.64:

L,=12.0m
From eq. (9.8),

 3.27x286 [ 2,64 %0495
T 5% 12.0 0.9x12.0

:|=13.7kNm<18kNm

This condition would not be stable against lateral buckling and an alternative
section should be adopted.
From Table 7.5 try 115 x 450 section.

Shear capacity = 70.6kN > 6 kN
Moment capacity = 47.9kNm > 22.5kNm
EI capacity = 10092kNm?* > 9124 kN m?

From Table 7.10,
El, = 542kNm’
From eq. (9.8),
3.27x 542 [ 2.64 x0.45

Mbuc =

- } =26.3kN m > 18kN m, therefore O.K.
5x12.0 0.9x12.0

9.4 PARTIALLY RESTRAINED THIN WEB I BEAMS

With a built-up thin web I beam the full permissible bending stress can be used
providing the I,/I, ratio does not exceed the values given in Table 9.2 for the stated
conditions of lateral stability. When these I/, values are exceeded the simplest
design option, to avoid complex buckling calculations, is to consider the com-
pression flange acting as a column deflecting sideways between points of lateral
support (an option recommended in Clause 2.10.10 of BS 5268-2). The assumed
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Compression force
in top flange = F

Fig. 9.5

Fig. 9.6

axial load may be taken as the bending moment divided by the effective depth, #,,
as shown in Fig. 9.5.

The effective length of this horizontal compression member for sideways buck-
ling is a function of the distance L, between centres of lateral restraints. Usually
the effective length is taken as 1.0 X L, although, if the restraints are fixed to the
beam with a connection capable of giving some fixity on plan or sheet materials
are fixed to the restraints, the effective length may be reduced to 0.85L; or 0.70L,,.

The flange may be considered to be fully restrained in one direction by the web.
The radius of gyration about the other axis may be calculated as

ry = Vch/Ac

where /. is the inertia of the compression flange about the vertical axis and A, is
the area of the compression flange.

It is quite normal to include the area of the web bounded by the timber flanges
when determining /, and A, as shown in Fig. 9.6, assuming for simplicity that this
area is of the same material as the flanges.



Chapter 10
Structural Composite Lumber

10.1 INTRODUCTION

Solid timber is limited structurally by the presence of natural characteristics such
as knots, slope of grain and fissures which reduce the potential performance of the
timber. To improve this performance we have already seen that timber may be
peeled into veneers and bonded usually with cross-laminated veneers to form
plywood sheathing or small rectangular sections may be bonded together to form
laminated members.

An alternative method of improving the structural performance is to break the
timber down into much smaller veneers or strands and to rebond with generally all
grains parallel to make a structural component in which all the defects are either
eliminated or dispersed throughout the product. This is generally known as Struc-
tural Composite Lumber (SCL) and is produced in various forms.

In general, SCL is produced by converting logs into rectangular sections by
taking veneers either in whole or in strands and feeding them into a press and
gluing them together to form large and long billets which are then ripped down
into smaller commercial sections.

10.2 KERTO-LVL (LAMINATED VENEER LUMBER)
10.2.1 Description

Kerto-LVL is manufactured by Finnforest Corporation and is specified in two
qualities: Kerto-S and Kerto-Q.

Kerto-LVL consists of long layers of wood veneers typically 3.2 mm thick taken
from rotary-peeled logs. These veneers are generally end scarf jointed and fed into
a press with their end joints staggered by at least 100mm. In the press they are
glued under heat and pressure to produce large billets up to 90 mm wide, 1200 mm
deep and up to 26m long. The billet is then converted into a range of smaller
sections.

10.2.2 Structural performance

Design is carried out in accordance with BS 5268-2 using the grade stresses shown
in Table 10.1 as taken from Agrément certificate No. 00/3717.

201
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Table 10.1 Grade stresses and moduli for Kerto-LVL

Kerto-S Kerto-Q
Grade stresses and moduli (N/mm?) Service class 1 Service class 2 Service classes 1 and 2
Bending edgewise (as a joist) 19.5 17.5 13.2
flatwise (as a plank) 19.7 17.6 14.8
Tension parallel to grain 13.5 12.1 8.9
edgewise perpendicular 0.33 0.30 2.0
to grain
Compression parallel to grain 16.5 14.8 11.1
perpendicular to grain 3.2 2.9 5.2
(as a joist)
perpendicular to grain 1.6 1.4 14
(as a plank)
Shear edgewise (as a joist) 2.2 2.0 2.3
flatwise (as a plank) 1.6 1.5 0.6
Modulus Enin 12000 11500 8360
of elasticity  Eean 13500 12850 9500
Modulus Ghin 400 380 380
of rigidity Gnean 600 570 570

Modification factors K;, Ky, Ks, K7, Ki» and K3 may be applied to these stresses
but K should have a reduced value of 1.04 to account for the lower coefficient of
variation when compared with solid sawn timber.

Deflection is calculated using Ecq-

A length factor K; should be applied to tension members

K. =(2440/L)

0.125

where L = length (mm) with a minimum value of 2440.
For the purpose of joint design Kerto-LVL should be taken as C27 strength class.
Table 10.2 combines the relevant stresses in Table 10.1 with the properties for
a range of Kerto-S sections. The designer should check availability as stockists
carry a reduced range usually limited to the smaller sections.

10.3 VERSA-LAM SP LVL (LAMINATED VENEER LUMBER)

10.3.1 Description

Versa-Lam SP LVL is manufactured by Boise Cascade, Boise, Idaho, and marketed
in the UK by Boise Cascade Sales Ltd.

Versa-Lam SP LVL consistes of 2.5m long layers of wood veneers typically
3.2-4.2mm thick taken from rotary-peeled logs. These veneers are generally end
scarf jointed and fed into a press with their end joints staggered by at least
125 mm. In the press they are glued under heat and pressure to produce large billets
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Table 10.3 Grade stresses and moduli for Versa-Lam

Dry exposure

Grade stresses and moduli (N/mm?) condition
Bending edgewise (as a joist) 17.1
flatwise (as a plank) 17.1
Tension parallel to grain 13.5
Compression parallel to grain 17.5
perpendicular to grain (as a joist) 5.0
perpendicular to grain (as a plank) 2.8
Shear edgewise (as a joist) 1.8
flatwise (as a plank) 1.2
Modulus of elasticity E e 13000
Modulus of rigidity G nean 812

up to 1200mm wide, 1200mm deep and up to 20m long. The billet is then con-
verted into a range of smaller sections.

10.3.2 Structural performance

Design is carried out in accordance with BS 5268-2 using the grade stresses shown
in Table 10.3 as taken from Agrément certificate No. 99/3619.

Modification factors K;, Ky, Ks, K7, K}, and K3 may be applied to these stresses
but K should have a reduced value of 1.04 to account for the lower coefficient of
variation when compared with solid sawn timber.

Deflection is calculated using E ..

A length factor K should be applied to tension members

K. =(2440/L)

0.125

where L = length (mm) with a minimum value of 2440.

For the purpose of joint design Versa-Lam SP LVL should be taken as C27
strength class. The maximum diameter of nails inserted parallel to the glue line
should be 4 mm.

Table 10.4 combines the relevant stresses in Table 10.3 with the properties for
a range of Versa-Lam sections. The designer should check availabilty as stockists
carry a reduced range usually limited to the smaller sections.

104 PARALLAM PSL (PARALLEL STRAND LUMBER)
10.4.1 Description

Parallam is marketed in the UK by Trus Joist MacMillan Ltd.
Parallam PSL consists of strands of Douglas fir or Southern pine taken from
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Table 10.5 Grade stresses and moduli for Parallam

Dry exposure

Grade stresses and moduli (N/mm?) condition
Bending parallel to grain 16.8
Tension parallel to grain 14.8
Compression parallel to grain 15.1
perpendicular to grain (as a joist) 3.6
perpendicular to grain (as a plank) 2.8
Shear edgewise (as a joist) 2.2
flatwise (as a plank) 1.6
Modulus of elasticity E can 12750
Modulus of rigidity Gnean 637

wood veneers typically 3.2mm thick in turn taken from rotary-peeled logs. These
veneers are clipped into strands about 20mm long. The strands are glued and fed
into a press with the strands oriented to the length of the member. In the press they
are glued under heat and pressure to produce large section billets, typically
280mm by 480mm in lengths up to a maximum of 20m. The billet is then
converted into a range of smaller sections.

10.4.2 Structural performance

Design is carried out in accordance with BS 5268-2 using the grade stresses shown
in Table 10.5 as taken from Agrément certificate No. 92/2813.

Modification factors K;, Ky, Ks, K7, K}, and K;; may be applied to these stresses
but K should have a reduced value of 1.04 to account for the lower coefficient of
variation when compared with solid sawn timber.

Deflection is calculated using E,..,. No length factor K| is applicable to
Parallam. For the purpose of joint design, Parallam should be taken as C27
strength class.

Table 10.6 combines the relevant stresses in Table 10.5 with the properties for
a range of Parallam sections. The designer should check availabilty as stockists
carry a reduced range usually limited to the smaller sections.

10.5 TIMBERSTRAND (LAMINATED STRAND LUMBER)

10.5.1 Description
TimberStrand (LSL) is marketed in the UK by Trus Joist MacMillan Ltd and is
available in two grades: grade 1.3E and grade 1.5E.

TimberStrand (LSL) is manufactured by stranding all the timber, excluding
bark, from a log to create strands which are aproximately 300mm long and
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Table 10.7 Grade stresses and moduli for TimberStrand

Dry exposure condition

Grade stresses and moduli (N/mm?) Grade 1.3E Grade 1.5E
Bending parallel to grain (as a joist) 10.6 13.1
parallel to grain (as a plank) 11.2 15.1
Tension parallel to grain 8.0 11.3
Compression parallel to grain 8.5 11.7
perpendicular to grain (as a joist) 3.7 53
perpendicular to grain (as a plank) 2.1 2.7
Shear edgewise (as a joist) 2.8 2.8
flatwise (as a plank) 1.0 1.0
Modulus of elasticity E can 9000 10300
Modulus of rigidity Ginemn 450 515
Table 10.8 Special fastener requirements for TimberStrand
Fastener Diameter Strength
type (mm) Pre-drill  class Comment/restrictions
Bolt/dowel M8 to M12 Yes C24 Fastener parallel to wide face of strands
not permitted
MI12 to M24  Yes C27 Fastener parallel to wide face of strands
not permitted
Nail Up to 3.35 No Cl6 Nail and load parallel to wide face of
strands; penetration depth of nail not to
exceed half member depth
C27 All load and nail orientations other than
parallel to wide face of strands
335t05.0 Yes Cl6 Nail and load parallel to wide face of
strands; penetration depth of nail not to
exceed half member depth
No C27 All load and nail orientations other than

parallel to wide face of strands

0.8-1.3 mm thick. The strands are oriented so that the are essentially parallel to the
length of the section and are long layers of wood veneers typically 3.2mm thick
taken from rotary-peeled logs. These veneers are generally end scarf jointed and
fed into a press with their end joints staggered by at least 100mm. In the press
they are glued under heat and pressure to produce large billets up to 90 mm wide,
1200mm deep and up to 10.7m long. The billet is then converted into a range of

smaller sections.
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10.5.2 Structural performance

Design is carried out in accordance with BS 5268-2 using the grade stresses shown
in Table 10.7 as taken from Agrément certificate No. 97/3369.

Modification factors K, K, Ks, K7, Ki» and K3 may be applied to these stresses
but K should have a reduced value of 1.03 to account for the lower coefficient of
variation when compared with solid sawn timber.

Deflection is calculated using Ecq-

A length factor K; should be applied to tension members

K. = (1200/L)

0.083

where L = length (mm) with a minimum value of 1200.

Joints using bolts/dowels and nails should be designed in accordance with BS
5268-2 incorporating the special requirements of Table 10.8.

Table 10.9 combines the relevant stresses from Table 10.7 with the properties
for a range of TimberStrand sections. The designer should check availabilty as
stockists carry a reduced range usually limited to the smaller sections.



Chapter 11
Solid Timber Decking

11.1 INTRODUCTION

Solid timber decking is mainly used in roof constructions where the soffit of the
decking is exposed to view and the decking spans between glulam beams to
give a solid, permanent roof deck which also serves as a ceiling with excellent
appearance. Decking is frequently used in swimming pools where the general
moisture conditions are a disadvantage for the use of many other structural ma-
terials and where ceiling cavities are considered by many to present condensation
problems.

Traditionally decking in the UK was undertaken in Western red cedar, usually
in what is known as a ‘random layup’, in which end joints of individual
boards can occur in the span rather than only at points of support. With random
layups a high degree of site attention is required to ensure that boards are laid
less randomly than the term suggests. With the introduction of finger jointing
machinery some simplification of layup has been made possible without
high length wastage. This, together with the economic trend towards European
timbers, has led most companies to finger joint and profile boards in lengths
equal to one, two or three bay modules instead of purchasing random-length boards
of Canadian origin already profiled at source, and to use European whitewood or
redwood.

Basic thicknesses of 38, 50, 63 and 75 mm are used by the larger producers. All
decking is tongued and grooved, the thinner boards being tongued only once and
the thicker boards being double-tongued. Typical profiles are shown in Fig. 11.1.
Decking is usually machined from 150mm wide sections, although sections less
than 150 mm wide can be used at a higher cost (both for machining and laying to
a given area).

As there is little possibility of damaging ceiling finishes, the deflection of solid
decking is usually relaxed to span/240 under total load.

11.2  SPAN AND END JOINT ARRANGEMENTS

11.2.1 Layup 1. Single span
All boards bear on and are discontinuous at each support. The planks in this
arrangement will deflect more than with any other possible arrangement. Depend-

ing upon the deck thickness this arrangement may require large widths for the
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supporting beams to accommodate nail fixings. End fixing is particularly difficult
to resolve when the thicker decks are specified, because the longer nails, available
only in the larger gauges, require large end distances and spacings. (The require-
ments for nail fixings are discussed fully in Chapter 18 and particular fixing details
for decking are illustrated in section 11.3.)

11.2.2 Layup 2. Double span

All boards bear on each support and are continuous over two bays. This arrange-
ment has the least deflection of any arrangement, but the loading is not transferred
uniformly to supports and beams supporting the decking at mid-length carry more
load. For architectural reasons it is usual to require all support beams to be of the
same section which, with this particular arrangement, leads to alternate beam sec-
tions being over-designed. Similar problems for end fixing as encountered in Layup
1 also apply with this arrangement.
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11.2.3 Layup 3. Treble span

All boards bear on supports and are continuous over three spans, breaking re-
gularly at every third beam. This arrangement is usually applied with caution,
since there are practical difficulties in manufacturing long straight lengths of
boarding and in handling individual boards. It is recommended from practical
experience that the length of individual boards should not exceed 9m wherever
possible.

11.2.4 Layup 4. Single and double span

All boards bear on supports. Alternate boards in end bays are single span with the
adjacent board being two-span continuous. End joints occur over beam supports,
being staggered in adjacent courses (Fig. 11.5). Deflections in the end bay are
intermediate between those of Layups 1 and 2, while internal bays deflect approx-
imately the same as for a two-span continuous arrangement. This arrangement is
probably the one most usually adopted because it avoids the high deflection
characteristic of Layup 1 without overloading alternate supporting beams, and the
staggering of end joints permits easier end nailing of boards (Fig. 11.12).

11.2.5 Layup 5. Double and treble span

All boards bear on supports (Fig. 11.6). Alternate boards commence at one end and
span three bays continuously with adjacent boards spanning two bays continuously.
Internal spans revert to the two-span arrangement of Layup 4. This layup is used
only rarely to minimize deflection in the end bays if Layup 4 is not suitable. Care
should be taken to avoid board lengths exceeding 9 m, or great care should be taken
in selecting the longer boards.
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11.2.6 Layup 6. Cantilevered pieces intermixed

With this arrangement every third course of boarding is simple span (as Layup 1)
and intermixed between these courses, is a series of cantilever pieces with butt end
joints at between 1/3 and 1/4 points of span. Each piece of the cantilever system
rests on at least one support. This arrangement has some advantageous features.
For example, glued end jointing is avoided (although end joints will be visible on
the soffit) and short convenient lengths of boards can be used, there being no board
length of more than 1.75 times the bay span, and the lengths are predominantly of
single bay length. There must be at least three bays for this arrangement and great
care is required in the laying of the decking to ensure that the end joints are
correctly positioned.

11.3 NAILING OF DECKING

Decking is laid with the wide face (usually about 135 mm cover width) bearing on
supports. Wherever possible each piece of decking should be nailed down to the
support beams, which is relatively easy to do where a board is continuous over a
support, but requires attention where two boards butt joint over a support beam.

In Layups 1, 2 and 3 end joints occur as shown in Fig. 11.8, from which it can
be seen that without pre-drilling the decking (and it is preferable to avoid site
drilling) the minimum width of solid timber support beams is 42d where d is the
nail diameter. This width may be reduced to 264 if the decking is pre-drilled.

It is recommended that two nails per end are used for a width of 135 mm.
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Fig. 11.8 Nail fixing for 135 mm wide decking.

Table 11.1 Nails for fixing 135 mm face width softwood decking (excluding Douglas fir) to
timber beams

Maximum nail sizes to be used for typical support beam widths (mm)

Decking .
d =
thickness diameter {mm})
{mm} 90 115 135 160 185
34 Pre-drill
3,35d X 75 2.65d X 65 3d X 65 375d X 75 44 X 100
45 Pre-drill
3354 X 75 2.65d X 65 3d X 65 3.75d X 75 4d X 100
58 Not Pre-drill Pre-drill Pre-drill
recommended 4d X 100 4d X 100 4d X 100 44 X 100
with
70 standard Pre-drill Pre-drill Pre-drill
nails 4d X 100 4d X 100 4d X 100 4d X 100

The centres of nails is obtained from Table 60 of BS 5268-2 multiplied by
0.8 which is a factor that can be applied to all softwoods except Douglas fir. If
the support beam is glulam the spacings can be multiplied by a further factor of 0.9.

Table 11.1 indicates the maximum nail sizes which can be taken from normal
standard lists to achieve the end distances and spacings shown in Fig. 11.8 to suit
135 mm face width decking of typical thicknesses and support beam widths. Those
conditions which require the holes to be pre-drilled are noted. In establishing this
table the priorities were:

® to try to avoid pre-drilling
* to use the largest diameter nail in the longest length commercially available.

Where decking is continuous over a support there is no criterion for end distance
spacing in the board. In practice the fixing in these cases would be as shown in
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Fig. 11.9, using the same nail sizes as the cases with end joints, there being no pre-
drilling requirement. Although 5d is the minimum recommended edge distance,
this should be increased wherever possible to avoid possible breaking through
of the nail point on the vertical face of the support beam due to possible site
inaccuracies.

In addition to nailing through the wide face, it is usual to nail horizontally when
thicker boards (e.g. 58 and 70mm) are used. The purpose of this lateral nailing is
to draw the boards tightly together during installation. For ease of driving the
lateral nails, holes are pre-drilled in pairs at approximately 750 mm centres as
shown in Fig. 11.10. Only one nail is driven per pair of holes.

Pairing of holes for the application of a single nail is usually necessary to avoid
nail holes coinciding on site, because holes are usually factory drilled on a jig
system. If holes are made on site, only a single hole need be drilled to avoid the
known positions of existing nails. These lateral nails have to be specially ordered,
being of non-standard sizes (i.e. for 70mm decking use 6.7 X 200mm and for
58 mm decking use 5.6 X 200 mm).

It is not practical to nail laterally through 34mm and 45mm thick decking.
Instead, it is necessary to slant nails at 0.75m centres as illustrated in Fig. 11.11.
Nails should be driven at an angle of 30° to the horizontal, with an initial edge
distance of half the nail length. To meet this recommendation, 2.65 X 50 and
3.35 x 75 mm nails can be used for 34 and 45 mm decking respectively.
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If the preceding guidelines for lateral nailing are implemented, it can usually be
assumed that sufficient lateral shear transfer will occur between boards to give full
lateral restraint to any supporting beam. In the particular cases of Layups 4, 5 and
6 the end nailing schedule of Table 11.1 can be relaxed and reliance placed upon
the fixings in adjacent boards (Fig. 11.12).

11.4 DESIGN PROCEDURE

All boards are tongued and grooved and act together as a unit to resist vertical
shears, moments and deflections. However, an exception for which the designer
must make allowance is where moments are not always resisted by the full width
of the decking system because butt end joints occur over supports. The effect of
concentrated loadings may be ignored because of the lateral distribution achieved
by the tongues and the fixing of lateral or slant nails.

Shear stresses need not be considered in the design of decking as they can be
shown to be of a very low magnitude. It is therefore necessary to check only deflec-
tion and bending stresses. With Layup 4 deflection will be a maximum in the end
bay (where continuity is a minimum) and bending stresses will be greatest at the
first beam support from the end where the net resisting section of deck is least due
to end joints. For Layups 2 and 3 the full section resists bending stresses over the
first support.

Table 11.2 summarizes the formulae for end bay deflection, maximum moment
under balanced loading and the effective width of decking which resists
this moment. It is usual to disregard shear deflection which can be shown to be
negligible.
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Table 11.2
Ratio of
effective
Formulae for Maximum design width  Required £f
bending moment as laid at  (kN.m?) with
deflection under position of deflection
Layup Description in end bay balanced load M nax =L;240
, spL? pi? 3
1 Single span 1. 3.12pL
glesp 384 &7 g 0 é
pL® L* 3
2 Double span ——— 1.0 1.30p4
P 185 £1 8 v
14 pL>
3 Treble span 4 — 0 1.66p13
b 145 BI 10 ! é
Single and pL? pL? - 3
4 double span ?(?)I‘} g 0.5 2.20pL
Double and pL? pL? 3
3 treble span 162 E1 g 0.5 1.48pL
Cantilever 4 2
el pL . 3
6 i P — e 7 2.29nf.
pieces 105 5T 10 0.65 b

intermixed

where p = the load per metre run of 1 metre width of decking as laid

11.5 SPECIES OF DECKING, GRADES AND CAPACITIES

Currently the species most frequently used for decking are whitewood and
redwood. The choice is usually primarily one of cost, balanced by acceptable archi-
tectural appearance. With whitewood and redwood, the grading required for
appearance usually means that the decking can be considered to match the visual
SS grade. The decking system as a whole may be considered as a load-sharing
system permitting the use of ., at 10500 N/mm? for deflection calculations. The
grade bending stress of 7.5 N/mm? is modified by the depth factor K, taken at 1.17
for all thickness less than 72 mm and is further modified by a consideration of load
sharing at the locations of high bending moment. For Layups 1, 2 and 3 all boards
are available to resist the applied bending moment and the load-sharing factor Ky
= 1.1 is applicable. For Layups 4, 5 and 6 end joints in individual boards frequently
occur at locations of maximum bending moment. This is accounted for by reduc-
ing the section modulus accordingly and by conservatively assuming no load
sharing with respect to bending.

11.6 EXAMPLE OF DESIGN OF DECKING

Calculate the thickness of roof decking of Layup 4, single and double span (Fig.
11.5) required on a span of 3.4m using redwood of SS grade and permitting a
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deflection of L/240. The dead loading including self-weight is 0.40kN/m? and the
roof imposed load is 0.75kN/m?.
Consider 1.0m width of decking.

Long-term loading = 0.40kN/m’
Medium-term loading = 1.15kN/m?

From Table 11.2,

2
Mmax = &
8
Maximum long-term moment = 0.4 X 3.4%/8 = 0.58kNm

Maximum medium-term moment = (0.4 + 0.75) x 3.4%/8 = 1.66kNm
From Table 11.2,

EI required = 2.20pL* = 2.20 X 1.15 X 3.4* = 99.4kNm’
From Table 11.3, select 58 mm decking for which

AZL =2.45kNm > 0.58kNm
My, =3.07kNm > 1.66kNm
EI = 171kNm? > 99.4kNm>

Check deflection under total load:

Deflection = pL*/(109 EI)
= 1.15 x 3.4* /(109 x 171)
=0.0082m

Allowable deflection at L/240 = 3400/240 = 0.014 m, therefore O.K.



Chapter 12
Deflection. Practical and Special Considerations

12.1 DEFLECTION LIMITS

Any deflection limit which is set can be for functional reasons or purely for visual
reasons. For example, it has been found by experience that deflections below the
horizontal not exceeding 0.003L are usually visually acceptable to anyone in a
room below, unless there is a horizontal feature which makes the deflection much
more obvious than it otherwise would be. With beams cambered to off-set dead
load deflection, the deflection limit therefore applies to movement under imposed
loading only. BS 5268-2 sets a limit ‘for most general purposes’ of 0.003 of the
span. In addition, ‘to avoid undue vibration’ a further overall limit of 14 mm is set
for domestic floor joists.

For beams or decking spanning a short distance (say less than 2m) it
seems rather unnecessary to be too pedantic about observing a deflection limit of
0.003L. At a span of 1.2m this would give a limit of 3.6 mm. If the design per-
mitted a deflection of 4.5 mm, this would be quite a large increase in percentage
terms but hardly significant in real terms. It is important to realize that an over-
deflection can take place without the beam necessarily approaching anywhere
near to a stress-failure situation. This is a point often missed by architects, build-
ing inspectors, etc. With short spans it is probably more important that the ‘feel’
of the beam is acceptable to any personnel who walk on it, and a simple test is
often more satisfactory to determine suitability on short spans rather than deflec-
tion calculations.

In the design of beams for storage racking, it is usually acceptable to permit
deflections in the order of 1/180 of the span if there is no access or only occasional
access for personnel, and 1/240 of the span if there is general access for staff (not
the general public).

If the designer is in the position of having to decide a special deflection limit
the following points should be considered:

¢ the span

¢ the type of structure and the usage

¢ the possibility of damage to the ceiling or covering material

e aesthetic requirements, particularly linked to any horizontal feature

¢ the number of times and length of time when maximum deflection is likely to
occur and whether there will be a camber

¢ roof drainage

¢ the effect on such items as partitions over or under the position of deflection

221
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* special items (see section 12.6)
* avoidance of secondary stresses at joints due to excessive rotation or
distortion.

Only in exceptional circumstances is it normally necessary to tighten the deflec-
tion limit of 0.003 X span.

12.2 CAMBER

When a beam is prefabricated from several parts, as with glulam or ply web
beams, it may be possible to introduce a camber into simply supported beams
(although the more usual practice for proprietary glulam beams and I beams is
to manufacture without camber). The usual object of providing a camber is to aim
to have the beam deflect to a horizontal position under the action of the dead or
permanent loading. In this way the beam has a horizontal soffit for the majority
of the time, and deflects below the horizontal only when imposed load is added,
and deflects to the maximum permitted position only in the possible extreme
cases when the total imposed loading occurs, and then only for short periods of
time.

With the variation in the weight of building materials and the E value of timber
it is impossible for a designer to guarantee that a cambered beam will deflect
exactly to the horizontal when the dead loading is in place. It should be possible,
however, to design the beam to deflect to this position within the usual degree of
building tolerance unless the builder departs from the design loadings to a large
extent. It is well established that with a beam which is perfectly horizontal, there
is an optical illusion that the beam is deflecting. (This is particularly so with a
lattice beam.) Also, it is usually easier for a builder to pack down to obtain a level
soffit from the centre of a beam which has a small residual camber, than to pack
down from the ends of an under-cambered beam as this may interfere with an edge
detail. The designer should usually therefore consider providing a camber slightly
larger than the camber theoretically required.

It should be remembered that there is no such thing as a factor of safety on
deflection. Double the load and the deflection doubles. If the agreed design loading
is changed the beam deflection will be different from the calculated deflection.
There is no way in which a beam can be designed to deflect to a required level,
then deflect no more if further load is applied. If the designer is informed of an
over-deflection having taken place on site and is satisfied that his calculations are
correct, experience has shown that the first aspect to check on site is the weight of
the applied loading. It may well be that this is excessive.

When a camber has been built-in with the object of bringing the beam to a
horizontal position under the action of the permanent loading, the deflection limit
(0.003 x span or other agreed limit) applies to deflection under the imposed loading
only. If the designer has called for a camber slightly larger than the theoretical
movement under permanent loading, it is not permissible to add the over-camber
to the permitted deflection under imposed loading in checking the stiffness of the
beam. However, if a designer opts for an ‘under-camber’ there is a case for check-
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ing the stiffness of the beam for the total loading minus the loading which would
cause the beam to settle to the horizontal.

It is usual for a manufacturer to build in a circular camber even though the beam
may deflect in a parabolic manner. This is usually satisfactory for normal spans,
but on spans of around 15m or more, the designer would be wise to calculate
several points on the ideal camber curve and instruct the manufacturer accordingly.

12.3 DEFLECTION DUE TO DEAD LOAD ONLY ON UNCAMBERED BEAMS

BS 5268-2 does not lay down any criteria for limiting the deflection under dead
loading only on uncambered beams (unless of course there is no imposed loading
at all, in which case the limit automatically becomes 0.003 X span). With normal
floor or roof beams, the dead loading is rarely more than 60% of the total loading,
and therefore the deflected form under dead loading only, which is the position the
beam will take up for the majority of its life, is approximately 0.002 X span or less.
This is usually perfectly acceptable for the spans encountered with uncambered
beams. If, however, for some reason it is impossible to camber a long-span beam,
and the percentage of permanent loading to total loading is particularly high, the
designer would be wise to discuss the possibility of tightening the deflection limit
with the architect and/or the building user.

12.4 DEFLECTION DUE TO WIND UPLIFT ON ROOFS OR WIND ON WALLS

With the large wind uplifts on flat roofs, it is quite possible to find that the resid-
ual uplift from the loading condition ‘dead load + wind’ exceeds the loading from
‘dead + snow’. Because there is no load—duration factor for E values, it is possi-
ble that the loading case of dead + wind uplift could be critical in setting the size
of the beam from the point of view of upward deflection. When one considers that
wind loading on beams is based on a five-second gust which occurs very occa-
sionally, if ever, and remembers that any deflection limit is purely an arbitrary limit,
it seems rather unnecessary to apply the limit of 0.003 X span to this case, particu-
larly bearing in mind that timber would not deflect to its full calculated amount in
five seconds. The purpose of this manual is certainly not to instruct a designer to
disregard any part of any code of practice, but this is certainly a case where the
designer could exercise some engineering discretion and discuss his opinions with
the approving authority before the design is finalized.

Likewise it seems unnecessarily conservative to consider the full calculated
deflection as occurring on a column in an external wall, particularly if a stud in a
timber-framed house. At the very least it seems fair to claim that, if a beam is sup-
posed to deflect no more than 80% of the calculated amount (see BS 5268-2 on
testing) in the first 24 hours, a factor of 0.8 may be applied to the calculated deflec-
tion. By using this factor and a small amount of end restraint in the calculation of
deflection of a stud, the calculated deflection is about one half of the ‘full” simply
supported calculated deflection.
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12.5 DEFLECTION STAGES DUE TO SEQUENCE OF ERECTION

When an architect or building draughtsman draws a cross-section through a build-
ing with a flat roof and/or floor it will show beam soffits and the ceiling as straight
horizontal lines, and will not usually consider the stage at which the lines are
horizontal. At the time of drawing the cross-section it may not even be known if
the beams are to be cambered or not. On certain points, however, it is essential that
someone coordinates the sequence of erection of items, either below or above the
beams, bearing in mind that initial loading and further imposed loading will be
applied to the beams in varying degrees throughout the lifetime of the structure.
Some of these points are discussed here in general terms, and in slightly more detail
in section 12.6, but the main object here is to make the designer aware of the type
of situation that can occur, for which the designer, the architect or the builder must
have a solution.

If a non-load-bearing partition is placed under a beam before the total loading
(including imposed) is applied to the beam, an adequate gap and vertical sliding
connection must be provided at the top of the partition otherwise load will be trans-
mitted to it.

If a builder adjusts the soffit of beams with packings etc. before all the dead
loading is applied, the soffit will not be horizontal when the total dead loading has
been applied.

If the gap between the top of a bottom run door and the underside of a roof beam
is virtually nil once the dead loading is in place on the beam, the door will
probably jam when snow falls on the roof. The designer must be alive to such
potential troubles, some of which are discussed in section 12.6.

12.6 EXAMPLES OF CASES WHICH REQUIRE SPECIAL CONSIDERATION IN
DEFLECTION/CAMBER CALCULATIONS

12.6.1 Beams over room with a change in width

Before the loading is applied to the beams, the undeflected form of cambered
beams A and B is as indicated in Fig. 12.1, section XX. The erectors will have
difficulty in fitting the secondary members between the beams, particularly if the
secondary members are continuous and particularly on the line of wall C. One
method of easing the situation is to complete the roof to the left of beam A and to
the right of beam B as far as is convenient, then infill between A and B. By the
time the ceiling boards are to be fixed the beams will have deflected nearer to the
horizontal.

12.6.2 Beams over room with tapered walls

The beams shown in plan in Fig. 12.2 would probably have the same cross section,
or at least the same depth, but, if cambered, each beam should be individually cam-
bered to give a uniform soffit under permanent loading.
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12.6.3 Edge condition with cambered beams

If beams B1, B2, etc., in the plan in Fig. 12.3 are built up, they should preferably
be cambered. Beam A would be uncambered or could be a frame just sitting on
the wall, rather than a beam. At the time of erecting the decking or secondary

members between A and B1, the erectors would have to accept the difference in
profile.
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12.6.4 Beams at clerestory glazing

If the members shown at B and C (Fig. 12.4) are designed in isolation for the roof
loading which can occur on each, either the clerestory glazing can be subject to
compression (which it may or may not be able to carry) or gap may be induced at
the top or bottom due to C deflecting more than B. Even accepting the many ways
in which snow could lie on the roof it may be possible to design B and C as beams
and link them to ensure equal deflection. However, another way is to manufacture
B as a frame rather than a beam, and design beam C to be strong enough to take
part of the upper roof through props at intervals to suit the glazing. Care must
be taken with the flashing and the designer would have to give guidance on the
sequence of erection.

12.6.5 Sliding doors

Comment regarding sliding doors has already been made in section 3.12.1. It is
wise for the designer to ask for a copy of the manufacturing drawing of the doors
to see whether sufficient tolerance is built into the top or bottom runners to ensure
that the door will not jam under any condition of loading, whether the door is open
or shut. Loading from doors should be considered as long term.

If the door is bottom run and occurs under a floor or roof which will deflect to
different positions as the loading on it varies, it is usually wise to provide a beam
or beams separate from the supporting structure, or secondary beams between the
main beams to support the top door guide. If the door is top hung, then it is wise
to hang it from one or two beams separate from the main support beams, so that
deflection of the main beams will not cause the door to jam (Fig. 3.6), or from a
secondary beam (Fig. 3.7).

In considering the clearance required in the runners for a top-hung folding door,
the designer should realize that the difference in deflection in the support beam or
beams between the cases with the door fully shut and partly open is not as great
as one might imagine, due to the way the door folds. Compare the deflection
calculations in Fig. 12.5.

12.6.6 Water or storage tanks or hoppers

The normal operation of a water-storage system is that replacement water is fed
into the tank as water is drawn off, therefore the load to be taken by any support-

Fig. 12.4
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ing structure is usually constant. However, at the beginning and at stages in the
life of the building, the tank will be empty. With small tanks this may have little
effect on the structure, but with large tanks the designer should consider the effects
of the load reduction. Although there is usually an overflow tube, it is advisable to
assume that the tank can be filled to capacity. (Also see section 3.12.2.)

With storage tanks (say for oil) or hoppers (say for grain) the loading is not
constant as the container regularly varies between being empty and being full. This
variation must be considered in the design of the supporting structure. The designer
must also take account of possible changes of moisture content on the weight of
stored materials.

12.6.7 Cases in which beams should not normally be cambered

When a beam is continuous over two or more spans or rests on a more or less con-
tinuous support, it is normally either better or essential not to camber it. A few
cases of non-cambered beams are sketched in Figs 12.6-12.10.

In Fig. 12.6, providing a is less than 0.7L, it is probably better not to camber
the beam. If, however, a increases as a percentage of L it may be better to provide
a beam cambered on span L with no bearing taken initially on the internal wall. If
an uncambered beam is provided when b is a small percentage of the span, the ten-
dency is for the upward reaction at X to lift the wall plate, with consequent crack-
ing of plaster, etc. The alternative arrangements shown in Fig. 12.7, in which the
beams can be cambered, should be considered.

Special care is necessary in the design of purlins in cross-wall house construc-
tion (Fig. 12.11). With increase in roof pitch between 30° and 70°, the imposed
loading reduces as a percentage of total loading, and under normal design condi-

X
/
: a Lop |
| ——
Fig. 12.6
[ i |
% a : b iﬁ
\ ‘ i

Fig. 12.7
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Fig. 12.8
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[ |

=
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Fig. 12.9

gap and vertical shiding connection
- - hidden by flashing

uncambrred
beam

non-load bearing
curtain walling

Fig. 12.10

tions, with a beam cambered to off-set dead load deflection, the theoretical EI
capacity required at 70 ° roof slope to off-set live load deflection is nil. The effect
of this approach may be to introduce excessive camber, because the EI capacity
obtained with a purlin designed to satisfy only bending and shear is probably
exceptionally low. The effect of excessive camber is to change significantly the
triangulation of the roof section at midspan of the purlin compared to the gable
triangulation. The secondary continuous rafters have to be arched and sprung
into place, which presents an unreasonable problem to the builder. This can be
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obviated by cambering the purlin only to a reasonable amount bearing erection in
mind, and providing a section having an EI capacity appropriate to the total
loading, or reduced only in proportion to the under-camber.

12.6.8 Combined deflection of trimmer and trimmed beam

As can be seen from Fig. 12.12 the deflection of a trimmer beam can have the
visual effect of increasing the deflection of a trimmed beam. In certain cases, par-
ticularly if the trimmer is long span, it may be necessary to reduce the deflection
of one or both to less than 0.003 times their span.

12.6.9 Deflection of large overhangs

If a beam has a large overhang at one or both ends, it tends to deflect under uniform
loading, as sketched in Fig. 12.13.

The designer has two choices for the successful design of a beam with a
cantilever:
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¢ to decide against camber and limit the deflection all along the length to an
acceptable amount

* to camber for economy or functional reasons. In this case, by doing so, care
must be taken not to cause an unacceptable situation at the end of the can-
tilever either before or after loading.

The method of choosing the best camber is to calculate and plot the deflected
form under dead loading of an uncambered beam and then provide a camber shape
as a ‘mirror image’ of this (Fig. 12.14). To suit manufacture, a modified camber
curve may have to be accepted by the designer.

Figure 12.15 shows typical deflected forms of cambered beams with cantilever,
before, during and after loading, which should assist the designer in visualizing
the conditions which can be encountered.

When the cantilever is more than about 2m long it may not be advantageous to
use a cambered beam.



232 Timber Designers’ Manual

BS 5268-2 does not cover the case of deflection limits at the end of a cantilever.
In many cases the designer will find that the only criterion is that the fascia at the
end of the cantilever should be straight and the actual deflection is not important.
In other cases a deflection of around 1/180 of the cantilever is found to be rea-
sonable.

Figures 12.16-12.20 give formulae and graphical representations for calculat-
ing deflections at the end of the cantilever and in the main span. In Fig. 12.16, x
is any distance between the supporters. (Also see Fig. 27.6.)

Fig. 12.16

[1T5:1 S

Ky U6

-4

01 07 03 04,05 06 07

[ A 0067
0086 4 ___ L1171 |
3

Ratio (.lff.

Fig. 12.17

Fig. 12.18
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Bending deflection at X = PY (L' —20°x* + Lx* —2a*I? +2a*x?)

24EIL
L4
Bending deflection at Y = ﬂ(4azL— ’+3a%) = P (K1)
24EI 24EI

In evaluation of either of these formulae, a positive result indicates downward
deflection and a negative value indicates upward deflection. See Fig. 12.17 for

values of Ky, for ratios of a / L.

To find the maximum deflection between the reactions, one way is to calculate
deflection at two or three positions of x, calculate deflection at Y and plot the

deflected form of the beam.

In Fig. 12.18, the distance, x, to the point of maximum bending deflection

between the supports is:
X = L/ V3

0.0642 Fal’
EIl

2 3

FL
35l (L + a) (downwards) = T (Ky»)

FL’
Bending deflection at X = (upwards) = E (Kx1)

Bending deflection at ¥ =
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See Fig. 12.19 for values of K, for ratios of a / L.
See Fig. 12.20 for values of Ky, for ratios of a / L.

12.7 EFFECT OF DEFLECTION ON END ROTATION OF BEAMS

In addition to vertical deflection, beams may displace horizontally as a result of
bending stresses. The fibres in the compression zone shorten while the fibres in the
tension zone lengthen. The resulting horizontal displacement, Ay, at each end of a
simple span beam can be calculated as:

Ah = hfe

where

h;y = height from the x—x axis to the point under consideration, being positive
above and negative below the neutral axis

0 = end slope in radians; values of 6 are given in most standard textbooks on
theory of structures.

For a uniform load F,

B FxI?
T 24X EI

For a central point load F,

_FxI
16X El

It may he assumed that end rotation is unaffected by shear deflection.

A positive value for A, indicates a shortening of the beam and, conversely, a
negative value indicates a lengthening of the beam.

To illustrate the method, calculate the horizontal end displacement of the upper
and lower extremes of the 90 x 450 glulam beam in section 7.10.1.

Span = 6.0m, total uniform load = 38.4kN and EI = 7898 kNm?

For a 450 mm deep section
he =% 0.225 mm
For a uniform load:

he X Fx I? 22 4%6.0%
A, =X EXE | 0225X384X60° _ ) h0164m
24 % EI 24 % 7898

i.e. 1.64mm movement horizontally to the left and right of the neutral axis or 3.28
mm total horizontal displacement between top and bottom corners of the section.
The displacement at points between the neutral axis and the extreme fibres may
be calculated proportionally.
The detailing of ‘pin’ joints, particularly between beam and post connections,
must allow for this horizontal displacement. For beams of shallow depth the dis-
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placement may be sufficiently small to be accommodated within normal manu-
facturing tolerances and bolt-hole clearances. For deep sections the joint should be
designed specifically to permit end rotation without developing secondary stresses.
This is achieved by introducing positive clearances between faces of beam and
column and by providing slotted holes for bolts, etc.



Chapter 14
General Design of Compression Members

14.1 RELATED CHAPTERS

This chapter deals with the general design of compression members and is fol-
lowed by design considerations applicable to differing forms of construction, viz.

Chapter 15: Columns of solid timber
Chapter 16: Multi-member columns
Chapter 17: Glulam columns

Compression members in triangulated frameworks are dealt with in Chapter 21.

14.2 DESIGN CONSIDERATIONS

The principal considerations in the design of compression members are:

e axial stress

* positional restraint at ends

e directional restraint at ends (i.e. fixity)
¢ lateral restraint along length

e cffective length and slenderness ratio
¢ deflected form

* bearing at each end.

The relevant permissible stresses are computed by modifying the grade stresses by
the appropriate modification factors from BS 5268-2.

BS 5268-2 gives grade stresses for services classes 1 and 2 in Tables 8—15 with
modification factor K, to adjust these stresses for strength class 3.

14.3 EFFECTIVE LENGTH
14.3.1 Introduction

The effective length is determined by:

*® positional restraint at each end of the column (i.e. whether or not there is
relative sway between the two ends)

242
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Fig. 14.1 Effective lengths x—x axis. No sway.

e directional restraint at ends (i.e. whether or not there is fixity at one or both
ends)
¢ lateral restraint along the length.

Examples of effective lengths are sketched in Figs 14.1-14.3. It is emphasized,
however, that there can be slight differences of opinion between engineers on
deciding the effective length for actual cases.

14.3.2 Effective lengths. No sway

Examples of effective lengths about the x—x axis are sketched in Fig. 14.1 for cases
in which there is no relative sway between the two ends of the column. Examples
about the y—y axis are sketched in Fig. 14.2.

14.3.3 Effective lengths. Sway possible

Examples of effective lengths about the x—x axis are sketched in Fig. 14.3 for cases
in which sway is possible.

14.3.4 Effective lengths. Points of contraflexure

In certain cases (e.g. in the frame sketched in Fig. 14.4), two points of contraflex-
ure can occur in one member caused by bending about the x—x axis. The effective
length, L.,, of the member about the x—x axis can be taken as the distance between
the points of contraflexure (BS 5286-2, clause 2.11.3). When considering buckling
about the y—y axis due to bending about the x—x axis and axial loading the effec-
tive length L., is determined by the degree of lateral restraint.

In the case of the propped cantilever with sway sketched in Fig. 14.5, L,, can
be taken as 2h, when considering part AC of the column and 2(h — h,), for part CB.
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The value of L,, for axial loading and bending about the x—x axis is determined from
the degree of lateral restraint.

PERMISSIBLE COMPRESSIVE STRESS

For any axis through the centre of gravity of a cross section, the radius of gyra-
tion may be regarded as a measure of the dispersal of the area about that axis. The
radius of gyration, i, is defined as i = «/1/7 , where [ is the second moment of area
and A is the area.

For a member having the same effective length about both principal axes, buck-
ling under axial compression occurs about the axis with the smaller radius of gyra-
tion, i.e. in the direction of the maximum slenderness ratio, where slenderness ratio
= effective length/radius of gyration = LJ/i = A.

In many practical cases members have differing L. and i values about each prin-
cipal axis and hence differing slenderness ratios. If one denotes the principal direc-
tions of buckling by the suffixes x and y, then the larger value of (L./i), and (L./7),
will determine the permissible compression stress.

Timber is used mainly in the form of rectangular sections and as the relation-
ship of radius of gyration (i) to breadth (b) is constant [i = b/\@] the slenderness
ratio can also be expressed as A = (LN12)/b.

For a compression member with A < 5 the permissible stress is taken as the grade
stress modified as appropriate for moisture content (K,), duration of loading (K3)
and load sharing (Kjy).
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For the more usual case of a compression member with A > 5 the grade stress
is further modified for slenderness (K,).
The formula for K, is given in Annex B of BS 5268-2 as:

1
w1 1+ n)an} 1 1+ n)an}2 n’E |
o {2 " anve, {2 "N, NXo.
where ©.=compression parallel to the grain grade stress modified only for mois-
ture content (K5) and duration of loading (K3)
E =(1) Solid timber members acting alone or as part of a load-sharing
system E = E;,
(2) Members of two or more solid timber components connected
together in parallel and acting togther to support a common load
E= Emin X K9
(3) Vertically laminated member E = E;, X Ky
(4) Horizontally laminated member E = E ., X K}
A = slenderness ratio (L./i)
eccentricity factor (taken as 0.0051)
= 1.5 and takes account of the reduction factors used to derive grade
compression stresses and moduli of elasticity.

>3
[

Table 22 of BS 5268-2 gives values of K;, determined from the above formula.

14.5 MAXIMUM SLENDERNESS RATIO

BS 5268-2 limits slenderness ratio A for a compression member to 180 unless it is
a member normally subject to tension, or combined tension and bending arising
from dead and imposed loads, but subject to a reversal of stress solely from the
effects of wind, or a compression member such as wind bracing carrying self-
weight and wind loads only, in which cases the slenderness ratio A should not
exceed 250.

14.6 COMBINED BENDING AND AXIAL LOADING
14.6.1 Introduction

A column is often subject to bending either about one or about both axes and the
combined effect of the bending and axial loading must be considered.

It should be appreciated that, in considering two or more maximum stresses,
they coincide at only one plane or one point in the section and the combined
stresses do not therefore occur to the same extent over the whole section. This is
an important consideration as the plane or point being considered may have
different permissible stresses to other parts of the section.

Figure 14.6 illustrates how actual stresses may combine.
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14.6.2 Interaction formula

A compression member subjected also to bending about one axis should be so pro-
portioned that the interaction quantity (for parallel to grain stresses):

Oma Oca

15 + <1
D0 (&)
Gm,adm |:1 - — KIZ] Gadm
€
where ©,,, = applied flexural stress parallel to the grain
Om.aam = permissible flexural stress parallel to the grain
G.. = applied compressive stress
Cc..am = permissible compressive stress
0. =REuler critical stress = TE/(LJi)* (utilizing the appropriate

minimum or modified minimum value of E).

Both fractions are influenced by slenderness, the compression part by buckling
under axial loading and the bending part by lateral buckling due to flexure. As a
column begins to buckle under axial loading a bending moment occurs related to
the axial loading and the eccentricity of buckling. This is considered in determin-
ing the eccentricity factor 1 (see formulae in section 14.4). To take account of this,
clause 2.11.1 of BS 5268-2 requires a compression member to be straight as erected
(e.g. not more than 1/300 of the length out of line).

The permissible bending stress is determined from a consideration of the degree
of lateral restraint to the compression edge of the member acting as a beam. If the
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depth-to-breadth ratio of the member and the degree of restraint are within the
limits of Table 16 of BS 5268-2, the full grade bending stress may be used. If,
however, the degree of restraint is less than that required by Table 19 it is neces-
sary for the designer to see whether the reduced restraint will lead to a lower per-
missible stress of My,/Z, where My, is determined in accordance with a method
outlined in Chapter 9 and Z is the section modulus.

The designer may find it advantageous to express the interaction formula in
terms of applied load and moment and sectional capacities. The interaction formula
then takes the form:

M
MK,,
where M = applied moment
M = moment capacity
F = applied compressive load
F = compressive capacity for the slenderness ratio
1.56..K,

Ge

F
F

+

K., = Euler coefficient = 1—

If a compression member has bending about both the x—x and y-y axes, the
section should be so proportioned that (for parallel to grain stresses):

Omx.a csmy,a Oca

+ +
1.56., X K}, 1.56., X Kj» Oc adm
Gmx,adm 1- 07 my,adm 1- (57

=<1.0

where 6, = > E/A%

The assumption in writing the formula above with plus signs is that there is a point
in the section where all three compressive stresses can occur simulaneously. If
not, algebraic addition of compression and bending stress ratios applies and the
designer is advised to check that the chosen point is where the combination of
stress ratios is maximum. This need not necessarily be where the value of one of
the applied stresses appears to dominate the case. In the majority of cases with
columns of solid timber, the values of Gy yim and Oy am Will be the same but, in
the case of glulam, they are likely to differ (see Chapter 7).

14.7 EFFECTIVE AREA FOR COMPRESSION

For the purpose of calculating the actual compressive stress, open holes and
notches must be deducted from the area.

Clause 2.11.7 of BS 5268-2 notes that the effect of circular holes with a diam-
eter not exceeding 25% of the section width need not be calculated providing the
hole is positioned on the neutral axis within a distance of 0.25 and 0.4 of the actual
length from the end or from a support.
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14.8 DEFLECTION AND SWAY OF COLUMNS

Where a column is subject to lateral loading over the whole or part of its height
the column deflects laterally. No limit for this deflection is given in BS 5368-2
but it seems logical to adopt a value similar to that for flexural members of
0.003 x height.

Where the lateral deflection is caused by wind forces it should be appreciated
that this is a gust force with a probability of occurring only one in say 50 years.
Composite action with cladding and partial end fixity will probably reduce the
deflection so that a column will not deflect to its full calculated amount during a
short gust period. Deflection criteria should be regarded as a guide rather than an
absolute limit.

When a building or frame can sway laterally a limit should be set on the sway.
No limit for this deflection is given in BS 5368-2 but it seems logical to adopt a
value of, say, 0.003 of height (Fig. 14.7). When designing wind girders to restrain
the head of a column or stud wall system a reduced deflection must be set for the
wind girder deflection compatible with the allowable head delection rather than
0.003 of the wind girder span.

14.9 BEARING AT BASES

The permissible grade bearing stress at the base and top of columns is the value
of O for A = 0. However, if the column bears on a cross piece of timber
(Fig. 14.8) the permissible grade bearing stress on the bearing area is limited to
the permissible grade bearing stress perperpendicular to grain. If wane is excluded,
the stress relevant to the full area can be taken (section 4.10.1) modified by bear-
ing factor K, when appropriate.

The detail at a column base often takes the form of a steel shoe bearing on con-
crete (Fig. 14.9). This type of base plate can be designed as a hinge or to give
fixity.

If, for any reason (e.g. tolerance of manufacture), it is felt that the fit of the
timber to the steel plate or shoe will not be sufficiently accurate, then an epoxy
resin—sand mix can be used to obtain a tight fit or bearing.
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If, for example in a humid service condition, it is felt that a means should be
provided to prevent moisture being trapped between the timber and the steel shoe,
consider making the inside of the steel shoe slightly oversize and introduce an
epoxy resin—sand mix as shown in Fig. 14.10.

Alternatively one can assume that moisture will intrude and allow it to drain or
be ventilated away as shown in Fig. 14.11. In doing so the bearing area of timber
to steel is considerably reduced but sufficient area can usually be provided.
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14.10 BEARING AT AN ANGLE TO GRAIN
With the bearing surface inclined to the grain, the permissible compressive stress
for the inclined surface is given by:
Gc,adm,u = Gc,adm,() - (Gc,adm,() - Gc,adm,‘)O) SiIl (04

where o = the angle between the load and the direction of grain
G..aam,0 = permissible compression stress parallel to grain
Ge.adm,90 = permissible compressive stress perpendicular to grain.

Load duration factors apply.

For bearing at 90° to grain, load-sharing factor K, is permitted when applicable.
For bearing at 0° to grain, no load sharing is permitted (see section 4.4.1)



Chapter 13
Tension Members

13.1 AXIAL TENSILE LOADING

The permissible tensile load in a member carrying only axial loading is the product
of the permissible tensile stress and the effective cross-sectional area of the member
after deducting the area of any bolt holes, connector dappings or any other notches
or cuts. In calculating the net area, it is not necessary to make a reduction for
the wane permitted for the grade because wane is taken into account in setting the
grade stress. Nor is it usual to consider stress concentrations as occurring at the
net area, the adoption of the recommended permissible stresses and net area being
considered to make provision for this aspect of design.

When assessing the effective cross section of a member at a multiple joint, all
fixings within a given length measured parallel to grain should be considered as
occuring at that cross section.

With a member in tension there is no tendency to buckle, therefore the ratio of
length to thickness is not critical, although some tension members, particularly in
truss frameworks, may be subject to short term or very short term compression due
to wind loading, and then the slenderness ratio A must be limited to 250.

The capacity of a member taking axial tension only may be determined by the
strength at end connections or that of any joint along its length.

13.2 WIDTH FACTOR

In general the grade tension stresses tabulated in BS 5268-2 apply to timbers having

a width (i.e. the greater transverse dimension), /2, of 300 mm to which a width factor

K, is applied to other widths. The exception to this requirement is solid timbers

graded to North American MSR rules for which no adjustment for width is required.
At a width of 72mm, K4 = 1.17 and for greater widths K, = (300/)""".

13.3 EFFECTIVE CROSS SECTION

236

All holes for fixings at a joint will reduce the available area to resist tension in the
member so the projected area of connections should be deducted from the gross
area to give the effective area. Generally the most unfavourable section is the
normal section but it may be neccesary to consider fixings on an oblique section
according to the type of fastener.
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For a given cross section the projected area of all fasteners that lie within a given
distance of the section shall be considered as occurring at that cross section. The
specified distances are:

Nails/Screws: 5 diameters for all nails and screws 5 mm diameter or
more; no reduction in section area for nails/screws less
than 5mm diameter

Bolts and dowels: 2 bolt diameters

Toothed plate connectors: 0.75 times the nominal connector size
Split ring connectors: 0.75 times the nominal connector size
Shear plate connectors: 0.75 times the nominal connector size.

13.4 COMBINED BENDING AND TENSILE LOADING

With a tension member of uniform cross section also taking lateral loading
(Fig. 13.1), the position of maximum stress occurs at the position of maximum
bending moment. The sum of the tension and bending stress ratios must not exceed
unity.

For bending about one axis:

Oa (¢
,a, par m,a, par
+

<1.0

Gt,adm, par o m,adm, par

For bending about two axes:

Oa o (o)
,a,par mX,a, par my,a, par
+ +

<1.0

Gl,adm, par Gmx,adm, par Gmy,adm, par

These formulae can similarly be expressed in terms of the moment and tensile

capacities:
M F M, M, F
=+==<10 or =+=+==<1.0
M T M, M, T
where = applied moment

= moment capacity
T = tension capacity.
Tension capacities for several solid sections of C16 grade are given in Table

M
T = applied tension
M

13.1.
F]T]
Fo— g - b,
Fm fm
2 2

Fig. 13.1
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Fig. 13.3 Dimensions of grooves.

The eccentricity of an applied load at an end connection or the provision of a
notch along the tie length will create a moment M = F.e which may be additive
to the external moment at that point (see Fig. 13.2).

13.4 TENSION CAPACITIES OF SOLID TIMBER SECTIONS CONTAINING
SPLIT RING OR SHEAR PLATE CONNECTORS

To simplify the design of tension members, particularly in trusses, tensile capaci-
ties for solid timbers with gross and net (or effective) areas are given in Table 13.1.
The effective area is calculated as the gross area less the projected area of the con-
nector grooves (as required by clauses 6.8.2 and 6.9.2 of BS 5268-2) and the pro-
jected area of the bolt hole not contained within the projected area of the connector
grooves. Bolt holes are taken as bolt diameter plus 2mm.

Table 13.1 is prepared for C16 timber with a long-term grade stress of
3.2N/mm?. Capacities for the same sections in other grades or species can be cal-
culated pro rata to the permissible grade tension stress. (The capacities cannot be
pro-rated for timbers graded to North American MSR rules (see section 13.2).) Pro
rata modifications for other strengh classes are:
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Table 13.2
Bolt
C ot
onnector hole
Nominal Overal] Depth of groove Projected Bolt dia.
dia. dia. Iy area A, dia. d
Type {mm) (mm) {mm) (mm?) (mm}  (mm)
Split-ring 64 74,2 9.5 705 12 14
102 114.6 12.7 1455 20 22
Shear-plate 67 67 11.5 770 20 22
102 102.5 16.5 1690 20 22
Np=1 Np=1 h =2
No.=1 Ne =1 Ne =2

Fig. 13.4

Cl4 Cl6 Ci18 c22  C24 TR26 C27 C30
078 1.00 1.09 128 141 1.87 1.87 2.06

The dimensions of grooves which must be cut for split ring and shear plate con-
nectors are shown in Fig. 13.3, and critical dimensions and areas are given in Table
13.2. From the values of A, 7, and 4 in this table, together with the values of N,
and N, (Fig. 13.4), a general formula is presented for the effective area of the more
commonly occurring connector arrangements on which Table 13.1 is based.

The possible connector arrangements for solid timber of up to 219 mm depth are
shown in Fig. 13.4. N, is the number of bolts and N, is the number of connectors
on each bolt.

For these arrangements the effective area is:

A, = bh—NyNA, - Nyd(b— N.1,)

Tensile capacity = O um X K3 X K4 X Ay,



Chapter 15
Columns of Solid Timber

15.1 INTRODUCTION

Chapter 14 details the various general factors which must be taken into
account and considers the factors involved in determining the slenderness factor
K.

Values of the grade compressive parallel to grain stress for strength classes are
given in BS 5268-2 Tables 8 and 9 and for species/grades in Tables 10-15.

BS 5268-2 Tables 2-5 list the grades/species that satisfy the requirements of
each of the strength classes with over 80% of all grades/species being allocated to
strength classes C14, C16 or C24.

Calculating K, values from Appendix B of BS 5268-2 or selecting a K,
value from Table 19, which requires interpolation in two directions, can be
time consuming. Tables 15.1 to 15.4 are therefore provided to simplify the
design process for strength classes C14, C16 and C24 for service classes 1, 2
and 3.

15.2 DESIGN EXAMPLE

The column shown in Fig. 15.1 is supporting a medium-term axial compression
of 6kN and a very short duration bending moment of 2.05kNm caused by a
wind load of 4.00kN on the x—x axis. The wind can either cause pressure or
suction on the wall. Check that the chosen section is adequate. The top and
bottom of the column are restrained in position but not fixed in direction.
The column is restrained on its weak axis by rails at 1.4m centres. Assume
service class 1 and no load sharing. Check suitability of a 60 x 194mm C16
section.

Medium term loading (no wind)

252

For axial loading:

4200v12
doy == =75
194
1400v12
hy = =81
60

From Table 15.3 (with A = 81), K, = 0.454, so that
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Table 15.1 Determination of E/c, for service classes 1 and 2 and 3

Service classes 1 and 2

Long Medium Short Very short
E o, E/o, o, Elo, G, E/o, o, Elo,
Cl4 4600 5.2 885 6.50 708 7.80 590 9.10 505
Cl16 5800 6.8 853 8.50 682 10.20 569 11.90 487
C18 6000 7.1 845 8.88 676 10.65 563 12.43 483
C22 6500 7.5 867 9.38 693 11.25 578 13.13 495
C24 7200 79 911 9.88 729 11.85 608 13.83 521
TR26 7400 8.2 902 10.25 722 12.30 602 14.35 516
C27 8200 8.2 1000 10.25 800 12.30 667 14.35 571
Service class 3
Long Medium Short Very short
E o, E/o, o, Elo, G, E/o, o, Elo,
Cl4 3680 3.12 1179 3.90 944 4.68 786 5.46 674
Cl16 4640 4.08 1137 5.10 910 6.12 758 7.14 650
C18 4800 4.26 1127 5.33 901 6.39 751 7.46 644
C22 5200 4.5 1156 5.63 924 6.75 770 7.88 660
C24 5760 4.74 1215 5.93 972 7.11 810 8.30 694
TR26 5920 4.92 1203 6.15 963 7.38 802 8.61 688
C27 6560 4.92 1333 6.15 1067 7.38 889 8.61 762

Ccaam =0 X K3 X Kjy =6.8X1.25x0.454 =3.86 N/mm”
6000

=————=0.52 N/mm?
60 x 194

Oca

Section satisfactory for medium-term condition.

Very short term loading
(1) Axial loading: From Table 15.3 (with A = 81), K, = 0.372, so that

Geadm =O0cg X K3 X K1 =6.8 x1.75%x0.372=4.43 N/mm?
6000

60 x 194

(2) Bending: Depth-to-breadth ratio = 4/b = 194/60 = 3.2. From Table 19 of BS
5268-2 minimum degree of lateral support is ‘Ends held in position and

member held in line as by purlins or tie rods at centres not more than 30
times breadth of member’.

=0.52 N/mm?

c,a

With the member held in line by rails at 1.4m centres (30 X b = 1800mm) the
full grade bending stress is permitted.
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Table 15.2 K, values for C14 timber

Service classes 1 and 2 (E/G; p)

Service class 3 (E/G )

Long Medium Short V. short Long Medium Short V. short

A 885 708 590 505 1179 944 786 674
5 0.976 0.975 0.975 0.975 0.976 0.976 0.975 0.975
10 0.952 0.951 0.951 0.951 0.952 0.952 0.952 0.951
15 0.928 0.927 0.927 0.926 0.928 0.928 0.928 0.927
20 0.904 0.902 0.901 0.899 0.905 0.904 0.903 0.902
25 0.879 0.876 0.873 0.870 0.881 0.879 0.877 0.875
30 0.853 0.848 0.843 0.838 0.857 0.854 0.850 0.847
35 0.825 0.818 0.810 0.801 0.832 0.827 0.822 0.816
40 0.796 0.785 0.773 0.760 0.807 0.799 0.791 0.782
45 0.765 0.750 0.733 0.715 0.780 0.769 0.758 0.746
50 0.733 0.712 0.690 0.666 0.752 0.738 0.722 0.706
55 0.699 0.672 0.644 0.615 0.723 0.705 0.685 0.665
60 0.663 0.631 0.598 0.564 0.693 0.671 0.647 0.622
65 0.627 0.589 0.552 0.515 0.663 0.636 0.608 0.580
70 0.590 0.548 0.507 0.469 0.632 0.601 0.569 0.537
75 0.554 0.508 0.465 0.426 0.601 0.565 0.530 0.497
80 0.518 0.470 0.426 0.388 0.570 0.531 0.493 0.458
85 0.484 0.434 0.391 0.353 0.539 0.498 0.458 0.423
90 0.452 0.402 0.359 0.322 0.510 0.466 0.426 0.390
95 0.422 0.371 0.330 0.295 0.481 0.436 0.395 0.360
100 0.393 0.344 0.304 0.271 0.454 0.408 0.367 0.333
105 0.367 0.319 0.280 0.249 0.428 0.381 0.341 0.308
110 0.343 0.296 0.259 0.230 0.403 0.357 0.318 0.286
115 0.321 0.275 0.240 0.212 0.380 0.334 0.296 0.266
120 0.300 0.257 0.223 0.197 0.358 0.313 0.277 0.247
125 0.281 0.239 0.208 0.183 0.338 0.294 0.259 0.231
130 0.264 0.224 0.194 0.170 0.319 0.276 0.242 0.216
135 0.248 0.210 0.181 0.159 0.302 0.260 0.227 0.202
140 0.234 0.197 0.170 0.149 0.285 0.245 0.214 0.189
145 0.220 0.185 0.159 0.139 0.270 0.231 0.201 0.178
150 0.208 0.174 0.150 0.131 0.256 0.218 0.190 0.167
155 0.196 0.164 0.141 0.123 0.243 0.206 0.179 0.158
160 0.186 0.155 0.133 0.116 0.230 0.195 0.169 0.149
165 0.176 0.147 0.126 0.110 0.219 0.185 0.160 0.141
170 0.167 0.139 0.119 0.104 0.208 0.176 0.152 0.133
175 0.159 0.132 0.113 0.098 0.198 0.167 0.144 0.126
180 0.151 0.125 0.107 0.093 0.189 0.159 0.137 0.120
185 0.102 0.088 0.130 0.114
190 0.097 0.084 0.124 0.109
195 0.092 0.080 0.118 0.104
200 0.088 0.076 0.113 0.099
205 0.084 0.073 0.108 0.094
210 0.080 0.069 0.103 0.090
215 0.077 0.066 0.099 0.086
220 0.073 0.064 0.095 0.083
225 0.070 0.061 0.091 0.079
230 0.067 0.058 0.087 0.076
235 0.065 0.056 0.084 0.073
240 0.062 0.054 0.080 0.070
245 0.060 0.052 0.077 0.067
250 0.057 0.050 0.074 0.065
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Table 15.3 K, values for C16 timber

Service classes 1 and 2 (E/G.) Service class 3 (E/G.)

Long Medium Short V. short Long Medium Short V. short

A 853 682 569 487 1137 910 758 650
5 0.976 0.975 0.975 0.975 0.976 0.976 0.975 0.975
10 0.952 0.951 0.951 0.951 0.952 0.952 0.951 0.951
15 0.928 0.927 0.926 0.926 0.928 0.928 0.927 0.927
20 0.903 0.902 0.900 0.899 0.905 0.904 0.903 0.902
25 0.878 0.875 0.872 0.869 0.881 0.879 0.877 0.875
30 0.852 0.847 0.842 0.836 0.857 0.853 0.850 0.846
35 0.824 0.816 0.808 0.799 0.832 0.826 0.820 0.814
40 0.795 0.783 0.770 0.757 0.805 0.797 0.789 0.780
45 0.763 0.747 0.729 0.710 0.778 0.767 0.755 0.742
50 0.730 0.708 0.685 0.660 0.750 0.735 0.719 0.702
55 0.695 0.667 0.638 0.608 0.720 0.701 0.681 0.660
60 0.658 0.625 0.590 0.556 0.690 0.666 0.642 0.616
65 0.621 0.582 0.543 0.506 0.659 0.631 0.601 0.572
70 0.584 0.540 0.498 0.459 0.627 0.595 0.562 0.529
75 0.547 0.499 0.456 0.417 0.596 0.559 0.523 0.488
80 0.511 0.461 0.417 0.379 0.564 0.524 0.485 0.450
85 0.476 0.426 0.382 0.344 0.533 0.490 0.450 0414
90 0.444 0.393 0.350 0.314 0.503 0.458 0.417 0.381
95 0414 0.363 0.321 0.287 0.474 0.428 0.387 0.352
100 0.385 0.335 0.296 0.263 0.446 0.400 0.359 0.325
105 0.359 0.311 0.273 0.242 0.420 0.373 0.334 0.300
110 0.335 0.288 0.252 0.223 0.396 0.349 0.310 0.278
115 0.313 0.268 0.234 0.206 0.373 0.327 0.289 0.259
120 0.293 0.249 0.217 0.191 0.351 0.306 0.270 0.241
125 0.274 0.233 0.202 0.177 0.331 0.287 0.252 0.224
130 0.257 0.218 0.188 0.165 0.312 0.269 0.236 0.209
135 0.242 0.204 0.176 0.154 0.295 0.253 0.221 0.196
140 0.227 0.191 0.165 0.144 0.279 0.239 0.208 0.184
145 0.214 0.180 0.154 0.135 0.264 0.225 0.195 0.173
150 0.202 0.169 0.145 0.127 0.250 0.212 0.184 0.162
155 0.191 0.159 0.137 0.119 0.237 0.201 0.174 0.153
160 0.181 0.150 0.129 0.112 0.225 0.190 0.164 0.144
165 0.171 0.142 0.122 0.106 0.213 0.180 0.155 0.137
170 0.162 0.135 0.115 0.100 0.203 0.171 0.147 0.129
175 0.154 0.128 0.109 0.095 0.193 0.162 0.140 0.123
180 0.146 0.121 0.104 0.090 0.184 0.154 0.133 0.116
185 0.098 0.086 0.126 0.111
190 0.094 0.081 0.120 0.105
195 0.089 0.077 0.115 0.100
200 0.085 0.074 0.109 0.096
205 0.081 0.070 0.104 0.091
210 0.077 0.067 0.100 0.087
215 0.074 0.064 0.096 0.083
220 0.071 0.061 0.092 0.080
225 0.068 0.059 0.088 0.077
230 0.065 0.056 0.084 0.073
235 0.062 0.054 0.081 0.071
240 0.060 0.052 0.078 0.068
245 0.058 0.050 0.075 0.065

250 0.056 0.048 0.072 0.063
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Table 15.4 K, values for C24 timber

Service classes 1 and 2 (E/G,)

Service class 3 (E/G,)

Long Medium Short V. short Long Medium Short V. short

A 911 729 608 521 1215 972 810 694
5 0.976 0.975 0.975 0.975 0.976 0.976 0.976 0.975
10 0.952 0.951 0.951 0.951 0.952 0.952 0.952 0.951
15 0.928 0.927 0.927 0.926 0.928 0.928 0.928 0.927
20 0.904 0.902 0.901 0.900 0.905 0.904 0.903 0.902
25 0.879 0.876 0.874 0.871 0.882 0.880 0.878 0.876
30 0.853 0.849 0.844 0.839 0.858 0.854 0.851 0.847
35 0.826 0.819 0.811 0.803 0.833 0.828 0.823 0.817
40 0.797 0.787 0.775 0.763 0.807 0.800 0.792 0.784
45 0.767 0.752 0.736 0.719 0.781 0.771 0.760 0.748
50 0.735 0.715 0.694 0.671 0.754 0.740 0.725 0.710
55 0.701 0.676 0.649 0.622 0.725 0.708 0.689 0.669
60 0.667 0.636 0.604 0.571 0.696 0.674 0.651 0.627
65 0.631 0.594 0.558 0.523 0.666 0.640 0.613 0.585
70 0.595 0.554 0.514 0.477 0.636 0.605 0.574 0.544
75 0.559 0.514 0.472 0.434 0.605 0.571 0.536 0.503
80 0.524 0.477 0.434 0.395 0.575 0.537 0.500 0.465
85 0.490 0.441 0.398 0.361 0.544 0.504 0.465 0.430
90 0.458 0.408 0.366 0.330 0.515 0.472 0.432 0.397
95 0.428 0.378 0.336 0.302 0.487 0.442 0.402 0.367
100 0.400 0.350 0.310 0.277 0.460 0.414 0.374 0.339
105 0.374 0.325 0.286 0.255 0.434 0.387 0.348 0.314
110 0.349 0.302 0.265 0.235 0.409 0.363 0.324 0.292
115 0.327 0.281 0.246 0.218 0.386 0.340 0.303 0.271
120 0.306 0.262 0.228 0.202 0.364 0.319 0.283 0.253
125 0.287 0.245 0.213 0.188 0.344 0.300 0.264 0.236
130 0.270 0.229 0.199 0.175 0.325 0.282 0.248 0.221
135 0.254 0.215 0.186 0.163 0.307 0.265 0.233 0.207
140 0.239 0.202 0.174 0.153 0.291 0.250 0.219 0.194
145 0.225 0.189 0.163 0.143 0.275 0.236 0.206 0.182
150 0.212 0.178 0.154 0.135 0.261 0.223 0.194 0.171
155 0.201 0.168 0.145 0.127 0.248 0.211 0.183 0.162
160 0.190 0.159 0.137 0.119 0.235 0.200 0.173 0.153
165 0.180 0.150 0.129 0.113 0.224 0.190 0.164 0.144
170 0.171 0.143 0.122 0.107 0.213 0.180 0.156 0.137
175 0.163 0.135 0.116 0.101 0.203 0.171 0.148 0.130
180 0.155 0.128 0.110 0.096 0.193 0.163 0.140 0.123
185 0.104 0.091 0.134 0.117
190 0.099 0.086 0.127 0.111
195 0.095 0.082 0.121 0.106
200 0.090 0.078 0.116 0.101
205 0.086 0.075 0.111 0.097
210 0.082 0.071 0.106 0.092
215 0.079 0.068 0.101 0.088
220 0.075 0.065 0.097 0.085
225 0.072 0.063 0.093 0.081
230 0.069 0.060 0.089 0.078
235 0.066 0.058 0.086 0.075
240 0.064 0.055 0.083 0.072
245 0.061 0.053 0.079 0.069
250 0.059 0.051 0.076 0.067
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1L

1l
SCTEWS O i .
drive screws + i h(!ldll.r:f."down
in pre-drilled 5
holes . lﬁ|

f

B

Fig. 15.2

O maim = Omg X K3 X K; =53 x1.75%1.05 = 9.74 N/mm*
M 2.05x10°

Z " 0376107 43 N/mm?

Gm,a =

n’E _ m’ x5800

Euler critical stress = 6, = — —— =8.73 N/mm’
A 81

1. K 1. 52 372

Euler coefficient = K, = 1 — 42X %ea X Ki) ) (1.5x0.52x0.372)
C. 8.73
=1-0.033=0.967
Gm a,par GC a,par
Interaction formula = AP AP
Gm,adm,par X Keu Gc,adm,par

B 5.45 N 0.52
©9.74%0.967  3.86
=0.579+0.135 = 0.714 < 1.0, satisfactory.

Deflection on the x—x axis
Consider the column as pin-ended and calculate the deflection as for a beam.
Enin = 5800 N/mm?, [=36.5x10°mm*, EI=212kNm?*

SWE  5x4x42°

384 EI  384x212

With L/h = 4200/194 = 21.6, from Fig. 4.26,

Bending deflection =

=0.0182m

Total deflection (including shear deflection) = 1.033 x 0.0182 = 0.0188 m

If the designer considers the 80% assumption referred to section 4.5 to be justifi-
able then the calculated deflection reduces to 0.8 x 0.0188 = 0.015m.
A degree of end fixity may reduce the deflection as discussed in section 15.3.

End bearing

Actual bearing stress at the base (Fig. 15.2) = 6000/(60 x 194) = 0.515N/mm”.
Permissible medium-term bearing stress (parallel to grain) = 6.8 x 1.25 =
8.5 N/mm’ from which it can be seen that bearing with this type of detail is not
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00751 sL ; . O85L > —0-075L
L |
— L |

Fig. 153

likely to be critical on any column, particularly as the slenderness ratio increases,
unless the end is severely reduced to suit a fixing detail.

DEFLECTION OF COMPRESSION MEMBERS

Although in calculating A, the effective length was taken as 1.0 X actual length,
partial end fixing of connections can usually justify the effective length to be taken
as 0.85 x actual length. BS 5268-6.1 recommends an effective length of 0.85L for
wall studs restrained by sheathing and plasterboard.

This partial fixity has an effect on the deflection of the column. By setting the
distance between points of contraflexure as 0.85L the effect on bending deflection
can be calculated (see Fig. 15.3) by working back from the BM diagram.

From the properties of a parabola, the fixing moment is

0.075L x0.925L
M, =(FL/8) x 2OPLXOIBL sy
0.5Lx0.5L
where F = total UDL and L = length.
S5FL ML’
Deflection at mid-length = -—
384E1  8EI
~ (0.01302-0.00434)FL
- El
_ 0.00868FL
- E

which is two-thirds of the deflection for the simply supported case.

Therefore, if one takes account of this small amount of partial directional
restraint and the 0.8 times factor, the actual bending deflection can be shown to be
0.8 X 66.6% = 53% of the ‘full’ calculated value. In the worked example the deflec-
tion would then be 0.0188 x 0.53 = 0.010m.

As a comparison, TRADA Publication TBL52 gives the following formula for
the approximate deflection of studs when subject to both compression and bending
forces:

0.005A(C., + G ma) N z
Ge - Gc,a

Deflection =
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where Z = section modulus (mm?)
A = area (mm?).

For the worked example,
(0.005 x 81) (0.52 +5.45) (0.376 x 10°)
(8.73—-0.52) (60 x 194)

0405 5.97%0.376 x 10°
B 8.21x 11640

Deflection =

=9.5 mm




Chapter 16
Multi-member Columns

16.1 INTRODUCTION

Multi-member columns are defined as columns consisting of more than one
member which do not classify as glulam. The examples in this chapter are limited
to components of two or three members.

Obviously it is possible to nail, screw or bolt two or more pieces of timber
together to form a column and such a column will have considerably more strength
than the sum of the strength of the two or more pieces acting alone. However, there
is some doubt as to whether or not such mechanically jointed columns provide full
composite action. This depends on the strength, spacing and characteristics of the
fastenings and the method of applying the loading; therefore this chapter deals only
with glued composites other than those covered in the section on spaced columns.
If a designer wishes to use a mechanically jointed member (other than a spaced
column for which design rules are detailed in BS 5268-2 and section 16.4) it is
suggested that testing is undertaken or the design errs on the side of safety in cal-
culating the permissible axial stresses. (See notes on composite action in section
6.1.) Typical glued columns of two or three members are sketched in Fig. 16.1.

When designing the columns shown in Fig. 16.1 see the notes in section 14.4
for guidance on the E value to use in calculations.

16.2 COMBINED BENDING AND AXIAL LOADING FOR TEE SECTIONS

The method of combining bending and axial compression stresses is described in
section 14.6 but there is one additional point to note with tee sections. The section
is not symmetrical about the x—x axis, and therefore bending about the x—x axis
leads to a different stress in each of the extreme fibres, the maxinium stress being
at the end of the stalk. This maximum may be a tensile bending stress, in which
case the critical compression in the section will be the combination of axial com-
pressive stress plus the bending compressive stress on the extreme fibre of the table.
The axial compressive stress is uniform throughout the section.

The shape of a tee section is such that with compressive bending stress on the
table, the full permissible bending stress will be realized before any lateral insta-
bility takes place. For cases with the stalk of the tee in compressive bending, a
conservative estimate for lateral stability is to ensure that the proportion of the stalk
member on its own complies with the requirements of section 4.6.1. Properties of
a range of tee sections are given in Table 16.1.
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table

e
k
=
}q

Fig. 16.1

16.3 TEE SECTION: DESIGN EXAMPLE

A composite 47T97 section (see Table 16.1) supports a long-term axial compres-
sion of 12kN and a long-term bending moment of 0.90kN m caused by a uniform
load of 2.4kN over a span of 3m, as shown in Fig. 16.2.

Assume the effective length about the x—x axis is 1.0L and that there is a degree
of end fixity about the y—y axis from end connections such that the effective length
about the y—y axis is 0.85L. Check the suitability of the section with C24 timber.

Data for the section from Table 16.1 is as follows:

A =9.12 x 10°mm?
I =16.2 x 10°mm*
Z, (stalk) = 0.192 x 10°mm?
Z, (table) = 0.273 x 10°mm’®
Iy =42.2mm

iy =22.0mm

For axial loading

A = 3000 _7
422
) :3000><0.85 ~116
22.0

For E/c, adopt

E = E,;, X K,(for 2 pieces) = 7200 x 1.14 = 8208 N/mm?
0. =0., X K;=79%1.0=7.9 N/mm*

then

E 8208
—=—--=1039
G, 7.9
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Fig. 16.2

From Table 19 of BS 5268-2, at A, = 136, K, = 0.351. (A conservative value of
K, could be taken as 0.323 from Table 15.4.) Then

Cecaam = Oy X K3 X K, =7.9%x1.0%0.351 =2.77 N/mm?

12000

=—— =1.32 N/mm?
9120

Oca

For bending
The shape of the section permits it to be considered as fully laterally restrained
against bending on the x—x axis.

There is no specific guidance in BS 5268-2 for the depth factor K; for
multi-member sections but as the K; factor is applicable to the full depth of
glued laminated beams (BS clause 3.2) it appears appropriate to apply the
factor to the full section depth of 144mm. Therefore, adopt K; = (300/144)""
= 1.084.

Long-term permissible bending stress = Gy, yam = O, X K3 X K
=7.5x 1.0 x 1.084 = 8.13N/mm’
M 0.9x10°

G m.a(compression in table) = — = —————=3.30 N/mm?
Z 0.273x10
For combined axial and compression
E 8208
Euler critical stress = 6, = 1> el w? e = 6.02 N/mm?

(1.5x06., XK}2)
O.
(1.5x1.32x0.351)
- 6.02
Interaction formula = ( Omapa j +( Ocapr )
O m,adm, par X Keu

_ 3.30 + 1.32
8.13x0.885 2.77
=0.458+0.476 =0.93< 1.0 Satisfactory

Euler coefficient = K., = 1—

=1 =1-0.115=0.885

Gc,adm, par
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Check deflection about the x—x axis neglecting shear deflection.
EI, =8208x16.2x10° =133x10? =133k Nm*

SWE 5x2.4x3
384EI 384 %129

Permissible deflection at 0.003L = 0.009m  Satisfactory

Deflection = =0.0065m

164 SPACED COLUMNS

Spaced columns are defined as two or more equal rectangular shafts spaced apart
by end and intermediate blocking pieces suitably glued, bolted, screwed or other-
wise adequately connected together. Figure 16.3 shows a typical assembly of a
spaced column. In the figure

L = overall length of the composite unit
L, = distance between the centroids of end and closest intermediate spacer
L, = distance between the centroids of intermediate spacers.

Under an axial compressive load it is possible for the unit to buckle about three
axes, these being the w—w, x—x and y—y axes shown in Fig. 16.3. The x—x axis and

Y.
Loy
%_V' W
suitable X1 ¥
comnection -L ;
Wy 20 kN long-term
3 //_,..-end blocking ioad
t1 e ¥ —pa0
L il
L, 500
: —
o — 1 [ LH
b —— e : —
. e 3 ’ 600
intermediate m I i
blocking 400
_— — L,
N —_
M - 600
I : ——
‘1
] 600
|- Bl
:_.t I ' - 200
. 10 kN long-term
g,* F‘" P load
- Fig. 16.4
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Table 16.2 Modification factor K3

Ratio ¢/b
Method of connection 0 1 2 3
Nailed 1.8 2.6 31 3.5
Screwed or bolted 1.7 2.4 2.8 3.1
Attached by connector 1.4 2.2 2.4
Glued 1.1 1.3 1.4

the y—y axis relate to the composite section and the w—w axis relates to the indi-
vidual sections. The lowest axial capacity of the section determined by consider-
ation of these three axes will govern the design.

The effective length about the x—x axis is assessed in accordance with Chapter
15. The radius of gyration, i, being the same as that for the individual members.
The axial capacity is that for a solid column with an area equal to the total area of
the shaft.

The effective length about the y—y axis is first assessed in accordance with
Chapter 15, but is then multiplied by a modification factor K3 which provides for
the method of connecting the blocking pieces to the shafts (see Table 16.2) and the
ratio ¢/b, i.e. the ratio of space between shafts to the shaft thickness (see Fig. 16.3).
The radius of gyration, iy, is that for the cross section of the built-up column. In
the general case of two shafts it can be shown that

. 2b+(5¢/3)
T

The effective length about the w—w axis is equal to the average centre-to-centre
spacing of the blocking pieces and the axial capacity (of the total composite) is
calculated as for a rectangular column (Chapter 15) whose section is that of one
shaft multiplied by the number of shafts.

In addition to these design requirements, BS 5268-2 sets further limitations on
the geometry of the composite unit and on the method of fixing the spacer blocks
to the shafts.

End blocks must be not less than 6/ in length and suitably connected or glued
to the shaft to transfer a shear force between the abutting faces of the packing and
each adjacent shaft and the clear spacing between shafts should be not greater than
3b.

The shear force acting at the abutting face of the blocking and one adjacent shaft
is to be taken as:

1.3AbG 4 pur
na

Shear force =

where A = total cross-sectional area of the column
b = thickness of each shaft (see Fig. 16.3)
n = number of shafts
a = distance between centres of adjacent shafts (= ¢ + b in Fig. 16.3)
O apar = applied compression stress.
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But, as AG. , ;. is the total applied axial load on the column, the required shear force
to be developed between the abutting face and one shaft may be expressed as

1.3Pb
na

shear force =

where P = total applied axial load on column.

Intermediate blocking pieces should be at least 230mm long and should be
designed to transmit, between the abutting face of the blocking and one adjacent
shaft, a shear force of half the corresponding shear force for the end packing, i.e.
a shear force of 0.65Pb/na.

If using glued packings, screws or bolts may be relied on to give adequate glue
line pressure. In this case there should be at least four screws or bolts per packing,
spaced to provide uniform pressure over the area of the packing.

BS 5268-2 sets slenderness limitations on the individual shaft members. Where
the length of the column does not exceed 30 times the thickness of the shaft, only
one intermediate blocking needs be provided. Sufficient blockings should be pro-
vided to ensure that the greater slenderness ratio of the local portion of an indi-
vidual shaft between packings is limited to 70, or 0.7 times the slenderness ratio
of the whole column, whichever is the lesser.

For the purpose of calculating the slenderness ratio of the local portion of an
individual shaft, the effective length should be taken as the length between cen-
troids of the groups of mechanical connectors or glue areas in adjacent packings.

With so many conditions to fulfil simultaneously, spaced column design is one
of trial and error.

16.5 EXAMPLE OF SPACED COLUMN DESIGN

Check that the long-term load of 20kN applied to the spaced column shown in Fig.
16.4 complies with the design requirements of BS 5268-2. The column consists of
two 35 x 120 C24 timbers 70 mm apart. All joints are glued and intermediate packs
are 250 mm long.

Establish capacity about x—x axis

_4000V12

A
120

=115
Although the two members are connected together to support the applied load,
an unmodified value of E,;, will be adopted for the determination of E/G.:

E =7200 N/mm”*
6.=0.,XK;=79%1.0=7.9 N/mm*

then

E 7200
o. 179

=911



268 Timber Designers’ Manual

From Table 15.4, K, = 0.327
Ocadmpnr = 19X K3 X Kjy =7.9%1.0x0.327 = 2.58 N/mm”*

2%x35%120x2.58
Axial capacity (x—x) = X >1<OOOX =21.7kN

Establish capacity about y-y axis
Radius of gyration about y—y axis is

- 2b+(5¢/3)  186.7
ToV12 3464

=53.9 mm
¢ 70 =2<3 staisfactory
b 35

For ¢/b =2, K5 = 1.3 (Table 16.2)

L. 4000
R XK13 - 9 X13:965

Iy .

From Table 15.4, K, = 0.42

Ay =

Ocadmpar = 19X K3 X Kj3 =7.9%1.0 x 0.42 = 3.32 N/mm’

2%35%120 x3.32
Axial capacity (y—y) = — Xlooox =27.9kN

Establish capacity about w—w axis

12
A, =300VI2 ooy
35
E _7200 o
G, 7.9

From Table 15.4, K, = 0.67
O cadmpar = 19X K3 X Kjp =7.9x1.0x0.67 =5.29 N/mm?

2x35%x120x%5.29
Axial capacity (w-w) = 1000 =444 kN

Check end blocks for compliance with geometrical limits and spacer requirements.

Minimum length required for end pack = 6b = 6 X 35 = 210mm < 400 mm
satisfactory

Shear force between end blocking and one shaft is

1.3Pb _ 1.3%20000 x 35
na 2 %105
=4333N
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With 400 mm long end packing,

4333
400 x 120
=0.09 N/mm?

glue line stress on end pack parallel to grain =

permissible long-term glue line stress = permissible long-term shear stress
parallel to grain

=0.70 N/'mm® which is acceptable

Check intermediate blocks for compliance with geometrical limits and spacer
requirements.

Minimum length required for intermediate pack = 230mm < 250mm  Satisfactory
Shear force between intermediate blocking and one shaft is

0.65Pb _ 0.65x 20000 x 35
na 2 %105
=2166 N

With 250 mm long end packing,

glue line stress on end pack parallel to grain
2166

=————=0.072 N/mm® which is acceptable
250 x 120

16.6 COMPRESSION MEMBERS IN TRIANGULATED FRAMEWORKS
16.6.1 Single compression members

Single compression members in triangulated frameworks should be designed using
the same principles outlined in Chapter 15 for columns of solid timber.

For a continuous compression member the effective length may be taken as
between 0.85 and 1.0 (according to the degree of end fixity) times the distance
between node points for buckling in the plane of the framework, and times the
actual distance between effective restraints for buckling perpendicular to the plane
of the framework. Clause 15.10 of BS 5268: Part 2 defines some of the more usual
types of restraint which may be considered as effective.

For a non-continuous compression member such as the internal web mem-
bers of a truss, the effective length will depend upon the degree of end fixity.
Most commonly the web members are assumed to be pin jointed at each end as
they are frequently jointed at each end by a single connector unit. The effective
length in this case is taken as the actual distance between the connector units at
each end of the member. In the special case of web members held at each end by
glued gusset plates (usually plywood) it may be assumed that a degree of fixity is
developed and the effective length both in and out of the plane of the truss
may be taken as 0.9 times the distance between the centre lines of the members
connected.
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16.6.2 Spaced compression members

Compression members in trusses frequently take the form of a twin member and
the question arises as to when such an arrangement should be designed as a spaced
column.

Consider a twin compression member which is restrained at the node points only.
This would be designed as a spaced column adopting the principles given in section
16.4 except that the recommendations regarding the design of end packs will not
apply (BS 5268-2, clause 2.11.11). Here it is assumed that the node point connec-
tions to transfer web/chord forces achieves the interface shear force.

The effective length for the calculation of A, may be taken between 0.85 and
1.0 (according to the degree of end fixity) times the distance between node
points.

The effective length for the calculation of A, should be taken as the actual length
between node points times K3 (see Table 16.2) depending on the method of con-
nection of intermediate packs. At least one intermediate pack must be provided if
advantage is to be taken of the improved strength offered by spaced column action,
otherwise the twin compression member should be designed as two individual
components.

The effective length for the calculation of A,, is the distance between centres of
packs or between centres of packs and node points. A,, should not exceed 70, or
0.7A, or 0.7A,, whichever is the lesser.

Although BS 5268 clearly indicates that end packings and adjacent shafts need
not be designed for a transfer of shear force it appears that intermediate packs must
be designed to transmit not less than half of the shear force calculated for the end
packings. From section 16.4 the shear force would be

0.65Pb
na

shear force =

where P = total axial compression load in shafts
b = width of shaft
n = number of shafts
a = distance between centres of adjacent shafts (= b + ¢ in Fig. 16.3).

This will frequently be found to be a large force not easily developed by nails
or screws, so that packings will usually require to be bolted, connected or glued.
If, instead of being restrained only at node points, there are further lateral
restraints to the y—y and w—w axes from joisting, etc., at intermediate points, then

1. The effective length for A, is calculated as above.

2. The effective length for A,, is taken as the lesser of (a) the distance between
effective lateral restraints, (b) the centres of intermediate packings, or (c) the
centres between a packing and node point.

3. The effective length for A, is taken as the distance between effective restraints
modified by K;. Consequently, with close spacings of lateral restraints
(for example, such as joisting at 600 mm centres) A, will be less than A,, and
intermediate packings are unnecessary. In such a situation it would not be
necessary to design the member as a spaced column.



Chapter 17
Glulam Columns

17.1 INTRODUCTION

A glulam section is one manufactured by gluing together at least four laminations
with their grain essentially parallel. The notes in the sections listed in Chapter 7,
‘Glulam beams’, apply equally to columns.

17.2 TIMBER STRESS GRADES FOR GLULAM COLUMNS

Chapter 14 details the various general factors which must be taken into account
and considers factors involved in determining the slenderness factor Kj,. Values of
the grade compressive parallel to grain stresses for strength classes are given in
BS 5268-2, Table 8, and for species/grades in Tables 9-15. BS 5268-2, Tables 2-7,
list the grades/species that satisfy the requirements of each strength class with over
80% of all species/grades being allocated to strength classes C14, C16 or C24.

As mentioned in section 7.9.1, the most popular grade used by fabricators is
C24, which will be adopted in this chapter.

Calculating K, values from Appendix B of BS 5268-2 or selecting K;, values
from Table 19, which requires interpolation in two directions, can be time con-
suming. Tables 17.1 and 17.2 are provided to simplify the design precedure for
C24 strength glulam.

The following stress values have been used in preparing the K, values given in
Table 17.1.

For service classes 1 and 2:

E = Eoun X K5 (number of laminations) = 10800 x 1.07 =11 556 N/mm?

G par = Ogrude X K; (duration of load) x K,; (number of laminations)
=7.9%1.0x1.04 =821 N/mm? (long term)
=7.9%1.25%1.04 =10.27 N/mm? (medium term)
=7.9%1.50x1.04 =12.32 N/mm? (short term)
=7.9%1.75%1.04 =14.37 N/mm? (very short term)

E/Gc,par =11556/8.21 =1407 (long term)

=11556/10.27 =1125 (medium term)
=11556/12.32 = 938 (short term)
=11556/14.37 =804 (very short term)

271



Table 17.1 K, and Euler stress values for C24 glulam

Service classes 1 and 2

Service class 3

Euler Euler
Long Medium Short Very short stress Long Medium Short Very short stress
GE 1407 1125 938 804 (N/mm?) 1875 1500 1251 1071 (N/mm?)
c,par
A

5 0.976 0.976 0.976 0.975 4563 0.976 0.976 0.976 0.976 3651
10 0.952 0.952 0.952 0.952 1141 0.952 0.952 0.952  0.952 913
15 0.929 0.928 0.928 0.928 507 0.929 0.929 0.929 0.928 406
20 0.906 0.905 0.904 0.903 285 0.907 0.906 0.905 0.905 228
25 0.883 0.881 0.879 0.878 183 0.884 0.883 0.882 0.881 146
30 0.859 0.857 0.854 0.851 127 0.862  0.860 0.858 0.856 101
35 0.836 0.831 0.827 0.822 93 0.840 0.837 0.833 0.830 75
40 0.811 0.805 0.799 0.792 71 0.817 0.813 0.808 0.803 57
45 0.786 0.778 0.769 0.759 56 0.794 0.788 0.782  0.775 45
50 0.761 0.749 0.737 0.725 46 0.771 0.763 0.755 0.746 37
55 0.734 0.720 0.704 0.688 38 0.748 0.738 0.727 0.716 30
60 0.707 0.689 0.670 0.650 32 0.724 0.712 0.698 0.684 25
65 0.680 0.658 0.635 0.612 27 0.700 0.685 0.669 0.652 22
70 0.652 0.626 0.600 0.573 23 0.676 0.658 0.639 0.619 19
75 0.624 0.594 0.564 0.535 20 0.652 0.631 0.609 0.586 16
80 0.595 0.562 0.530 0.498 18 0.628 0.603 0.579 0.554 14
85 0.567 0.531 0.496 0.463 16 0.603 0.576 0.549 0.522 13
90 0.540 0.501 0.465 0.431 14 0.579 0.550 0.520 0.492 11
95 0.513 0.472 0.434 0.400 13 0.556 0.523 0.492  0.462 10
100 0.487 0.444 0.406 0.372 11 0.532 0.498 0.465 0.434 9
105 0.462 0418 0.380 0.346 10 0.509 0473 0.439 0.408 8
110 0.438 0.393 0.355 0.323 9 0.487 0.449 0.415 0.383 8
115 0.415 0.370 0.333 0.301 9 0.466 0.427 0.392  0.360 7
120 0.393 0.349 0.312 0.281 8 0.445 0.405 0.370  0.339 6
125 0.373 0.329 0.293 0.263 7 0.425 0.385 0.350 0.319 6
130 0.353 0.310 0.275 0.246 7 0.406 0.365 0.331 0.301 5
135 0.335 0.293 0.259 0.231 6 0.388 0.347 0.313 0.283 5
140 0.318 0.277 0.244 0.217 6 0.370 0.330 0.296 0.268 5
145 0.302 0.262 0.230 0.205 5 0.354 0314 0.281 0.253 4
150 0.287 0.248 0.217 0.193 5 0.338 0.299 0.266 0.239 4
155 0.273 0.235 0.205 0.182 5 0.323 0.284 0.253 0.227 4
160 0.260 0.223 0.195 0.172 4 0.309 0.271 0.240 0.215 4
165 0.248 0.212 0.184 0.163 4 0.296 0.258 0.228 0.204 3
170 0.236 0.201 0.175 0.155 4 0.283 0.247 0.218 0.194 3
175 0.225 0.192 0.166 0.147 4 0.271 0.235 0.207 0.185 3
180 0.215 0.183 0.158 0.139 4 0.260 0.225 0.198 0.176 3
185 0.151 0.133 3 0.189 0.168 3
190 0.144 0.126 3 0.180 0.160 3
195 0.137 0.121 3 0.172  0.153 2
200 0.131 0.115 3 0.165 0.146 2
205 0.125 0.110 3 0.158 0.140 2
210 0.120 0.105 3 0.152 0.134 2
215 0.115 0.101 2 0.145 0.128 2
220 0.110  0.096 2 0.140 0.123 2
225 0.106  0.093 2 0.134 0.118 2
230 0.102  0.089 2 0.129 0.114 2
235 0.098 0.085 2 0.124  0.109 2
240 0.094 0.082 2 0.120  0.105 2
245 0.090 0.079 2 0.115 0.101 2
250 0.087 0.076 2 0.111  0.098 1
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For service class 3:

E=E,... XK, (service class) X K,, (number of laminations)
=10800 % 0.8 x 1.07 = 9245 N/mm?

Gepwr = Ognae X K; (service class) x K; (duration of load)

X Ky; (number of laminations)
=7.9x0.6x1.0x1.04=4.93 N/mm? (long term)
=7.9%0.6%x1.25%1.04 =6.16 N/mm? (medium term)
=7.9x%0.6%x1.50x1.04 = 7.39 N/mm? (short term)
=7.9x0.6x1.75%1.04 = 8.63 N/mm? (very short term)

E/G pur =9245/4.93 = 1875 (long term)
=9245/6.16 = 1500 (medium term)
=9245/7.39 = 1251 (short term)
=9245/8.63 =1071 (very short term)

17.3 JOINTS IN LAMINATIONS

With structural glulam the end jointing of individual laminates is carried out almost
certainly by finger jointing or scarf joints. If a butt joint is used, then the laminate
in which it occurs has to be disregarded in the stress calculations, and this will
usually make the member uneconomical.

In a column taking pure compression or a combination of compression and
bending, either the joint must be strong enough to develop the full design strength
of the laminations or the permissible strength must be reduced accordingly. Joint
efficiencies and design are covered in sections 19.7 and 7.5. Rather than repeat the
notes here, the designer is referred to these sections. Also, the worked example in
section 17.5 includes a check on a finger joint in a member taking combined com-
pression and bending.

174 EXAMPLE OF COMBINED BENDING AND COMPRESSION IN
A GLULAM SECTION

Determine a suitable rafter section for the three-pin frame illustrated in Fig. 17.1,
using C24 glulam. The frames are at 4m centres, supporting purlins, which may
be assumed to restrain the frames laterally at 1.5m centres on true plan. Location
is service class 2.
F_ (long-term point load) = 8 kN (each)
Fy (medium-term point load) =12.5 kN total (each)
0=21.8°

Purlin spacing up the slope = 1.62m
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Table 17.2 Axial capacity (kN) C24 glulam at zero slenderness ratio

Service classes 1 and 2

Long Medium
b
(mm) 90 115 135 160 185 90 115 135 160 185
h (mm)
180 133 170 200 236 273 166 212 249 296 342
225 166 212 249 296 342 208 266 312 369 427
270 200 255 299 355 410 249 319 374 443 513
315 233 297 349 414 478 291 372 436 517 598
360 266 340 399 473 547 333 425 499 591 683
405 299 382 449 532 615 374 478 561 665 769
450 333 425 499 591 683 416 531 623 739 854
495 366 467 549 650 752 457 584 686 813 940
540 399 510 599 709 820 499 637 748 887 1025
585 432 552 648 768 889 540 690 810 961 1111
630 466 595 698 828 957 582 744 873 1034 1196
Service class 3
Long Medium
b
(mm) 90 115 135 160 185 90 115 135 160 185

h (mm)
180 80 102 120 142 164 100 128 150 177 205
225 100 128 150 177 205 125 159 187 222 257
270 120 153 180 213 246 150 191 225 266 308
315 140 179 210 248 287 175 223 262 311 359
360 160 204 240 284 328 200 255 299 355 410
405 180 230 270 319 369 225 287 337 399 462
450 200 255 299 355 410 250 319 374 444 513
495 220 281 329 390 451 275 351 412 488 564
540 240 306 359 426 493 299 383 449 532 616
585 260 332 389 461 534 324 415 487 577 667
630 280 357 419 497 575 349 446 524 621 718

To determine the moments and forces, analyse the loaded frame in two parts, firstly
the local bending on the rafter, and secondly the axial loading in the rafter (Fig.

17.2). Consider the medium-term loading condition:
The maximum rafter moment is

My =(2Fy x3)—(Fy x1.5)=56.25kNm
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10 equal divisions of 1-53 m
F \ ; ; .
- S A .

15 m

Fig. 17.1
FF shear
F Ty fc diagram
SF S i
5 S—J,E moment diagram SF
< 2
e Local system
£ — u
e 5F
"'/B-- J

Force diagram to bar system

i
Sip thrust diagram 5|[~‘
Bar system
Fig. 17.2
The axial force in the rafter is
pe 2.5.>< Fy _ 2.5x%x12.5 — 841 KN
sin© 0.3714
The horizontal force is
2.5%x K 2.5x12.5
_ X 29 XTAD g kN

tan®@ 04

Effective lengths for the rafter members are 8.1 m about the x—x axis and 1.62m
about the y—y axis. A trial section must be assumed. Experience shows that a fair
first trial section is one having a moment capacity about 1.4 times the actual
bending moment. Try a 135 X 540 mm C24 with 12 laminations at 45 mm:
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84100

s = ————=115N/mm?
©135%x540

6
ma :56.25—><10:8'57 N/mm
' 6.56 x 10°

Refer to section 7.9.2 for depth factor K;

G madm = Om grade X K5 (duration of load) x K (depth)
X K5 (number of laminations)
=7.5%1.25%0.89x1.45=12.1 N/mm? > 8.57 N/mm?

o
L B0z
540
1620712
Ay =—— =42
135

From Table 17.1 at A« = 52, K, = 0.726
G aim = O grade X K5 (duration of load) x Kj, x K;; (number of laminations)
=7.5%1.25%0.726 x1.04 = 7.07 N/mm? >1.15 N/mm?

Check combined bending and compression

n’E _ 9.87x11556

- =y =42.2 N/mm?

Euler stress =0, =

1.5%x0., XK,
Euler coefficient = K, =1— (15X 04 X Kin)

G.
=1_(1.5><1.15><0.726j= 1= 0.03=0.97
422
Combined ratio = —— = 4 Dea
Gm,adm X Keu Gc,adm
8.57 1.15

= +
12.1x0.97 7.07
=0.73+0.16 =0.89< 1.0 which is satisfactory

The combined ratio value of 0.89 is based on the assumption that the axial com-
pression occurs at the neutral axis of the section. If the joints are carefully detailed
so as to provide an off-centre application of the compressive force (i.e. below the
neutral axis as in Fig. 17.3), then a moment equal to P, is artificially introduced

into the system to relieve the moment due to lateral forces on the member.

A calculation for the required bearing area both vertically and horizontally and
the consequent inclusion of adequate bearing plates determines the location of the
intersection of the horizontal and vertical forces at the point of support. This leads
to the determination of the eccentricity e of the thrust P. The apex joint must then
be accurately notched at the upper edge to ensure that the same relieving moment

is introduced into the member.
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veltical notch

al apex

Fig. 17.3

In the example quoted, an eccentricity of approximately 135mm could be
accommodated, giving a relieving moment of 84.1 x 0.135 = 11.3kNm. The
applied moment would reduce to 56.25 — 11.3 = 44.95kN m. This will reduce the
sum of the bending and compression ratios to 0.67 and in turn may justify check-
ing whether a smaller section could be used.

In the design so far only medium-term loading has been considered. A consid-
eration of long-term loading is also necessary. This will be undertaken taking
advantage of the available capacity tables.

K 8

Lo~ _oe4
Fy 125

Referring to section 14.6.2, the interaction formula takes the form

M F
—+=<1.0
MK.,

The long-term applied moment is
M =0.64 X 56.25 = 36kNm
The long-term applied axial load is
F=0.64 x84.1 =53.9kNm
From Table 7.6,
M, = 63.7kNm
From Table 17.1, at A, = 52,
K, =0.75 and Euler stress = 6., = 42.2 N/mm?
From Table 17.2,
F. =599kN
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ca — 53900 = 0739 N/IIIII]2
o 135% 540
Ko=1- 1.5X06., XK, 1o 1.5%0.739 % 0.75 ~0.98
C. 42.2
36 53.9

Interaction formula = +
63.7x0.98 599

=0.58+0.09=0.67<1.0 which is satisfactory

17.5 CHECK ON STRENGTH OF A FINGER JOINT IN COMBINED BENDING
AND COMPRESSION

BS 5268-2 gives two ways of checking if a finger joint is acceptable to end joint
individual laminates. One is to provide a joint of a stated efficiency in bending, no
matter how under-stressed the laminate may be and even if it is stressed largely in
compression, while the other is to design for the actual strength required for the
actual loading.

Assuming C24 laminates are used in the member being checked, reference to
BS 5268-2 and section 7.5.1 shows that a joint having 70% efficiency in bending
may be used without any further design check. If, however, only the 12.5/3.0/0.5
joint (see Table 7.3) is available, which has an efficiency in bending of 65% and
an efficiency in compression of 83%, it will be necessary to carry out a design
check. One method is detailed below.

Check for the medium-term loading.
The permissible bending stress in the member as limited by the joint being used
is calculated as:

C24 grade stress for the species (7.5 N/mm?)

X relevant load—duration factor K3 (1.25 for medium term)

X relevant moisture content factor K, (1.0 for service classes 1 and 2)
x modification factor for depth of member, K, (0.893 for 540 mm)

X ratio for efficiency of the joint in bending (0.65 in this case)

X factor K3, (1.85)

Permissible bending stress = 7.5 x 1.25 x 1.0 X 0.893 x 0.65 x 1.85
= 10.0N/mm?

The permissible compression stress in the member as limited by the joint being
used is calculated as:

C24 grade stress for the species (7.9 N/mm?)

X relevant load—duration factor K3 (1.25 for medium term)

X relevant moisture content factor K, (1.0 for service classes 1 and 2)
x ratio for efficiency of the joint in compression (0.83 in this case)

X factor Kz, (1.15)

Permissible bending stress = 7.9 x 1.25 x 1.0 x 0.83 x 1.15 = 9.43N/mm?
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With medium-term loading in the member being jointed:
6., =1.15N/mm*> and o,,,= 8.58 N/mm?
Checking the combined effect of compression and bending on the joint:

L15 @:0.122+0.858 =0.98<1.0

Combined ratio=——+
9.43 10.0

Therefore the 12.5/3.0/0.5 finger-jointed laminations with 65% efficiency in
bending and 83% efficiency in compression are acceptable in this case.



Chapter 18
Mechanical Joints

18.1 GENERAL

BS 5268-2 recommends basic loading for fasteners which fall into four categories
related to the strength classes into which the species and stress grade combinations
of the timber being used can be allocated. The level of these categories is indicated
in Table 18.1.

The reader is referred to Table 2—15 of BS 5268-2 for the complete schedule of
species/stress grade combinations and the strength classes they satisfy. The species
most frequently used in timber engineering are softwoods of grades C16 and C24.

BS 5268-2 gives recommended loadings for nails, screws, steel bolts, steel
dowels, toothed plate connectors, split ring connectors and shear plate connectors.

For nails, screws, bolts and dowels the basic loading is related to a standard
minimum spacings, edge distances and end distances with no increase in load
allowed for spacings, etc., greater than the minimum specified. The permissible
loading is then modified for duration of loading, moisture content and number of
fixing in line in order to establish the permissible load.

For toothed plate, split ring and shear plate connectors the basic loading is given
for a standard spacing, edge distance and end distance with no increase in load
allowed for spacings, etc., greater than the standard specified but requiring a
reduction in loading for sub-standard spacing, etc. The permissible loading is then
modified for duration of loading, moisture content, the number of fixing in line
in order and any sub-standard spacing, edge distance or end distance in order to
establish the permissible load.

18.1.1 Duration of loading factor

280

The modification factors for duration of load are:

K, for nails

K, for screws

Ksg for toothed plates
K, for split rings

Ky for shear plates.

Table 18.2 summarizes all these modification factors, and a value of 1.0 applies to
all conditions other than those listed. The duration of load factors for bolts and
dowels is allowed for in the basic loading values.
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Table 18.1

Strength class General description

Cl4 Low stress grade softwoods
C16/18/22/24 The majority of softwoods
C27/30 High stress grade softwoods
D30/40 Low stress grade hardwoods
D60/70 High stress grade hardwoods

Table 18.2 Modification factors for duration of load

Duration of load

Modification Short/
Fastener factor Long Medium Very short
Nails (partical board to timber) Kig 1.00 1.40 2.10
Nails (tempered hardboard to timber) Ky 1.00 1.25 1.62
Nails (other than above) Kig 1.00 1.12 1.25
Screws Ks, 1.00 1.12 1.25
Toothed plate connectors Ksg 1.00 1.12 1.25
Split ring connectors Ke 1.00 1.25 1.50
Shear plate connectors Ko 1.00 1.25 1.50

18.1.2 Modification factors for moisture content

The permissible load on a fastener is further influenced by moisture content. The
tabulated basic values are service classes 1 and 2, for other cases, the basic load
is multiplied by the ‘moisture content” modification factor.

The modifications for moisture content are

K, for nails

Ks; for screws

K for bolts

K, for toothed plates
K, for split rings

Ky, for shear plates.

Table 18.3 summarizes all these modification factors and a value of 1.0 applies to
all conditions other than those listed.
18.1.3 Modification factors for number of fixings in line

Potter, reporting on work on nailed joints undertaken at Imperial College in 1969,
showed that there is a distinct regression of apparent load per nail as the number
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Table 18.3 Modification factors

for moisture content

Service  Nails*  Screws Bolts Toothed plates  Split rings  Shear plates
class Kyo Ks; Kse Kso K Ke
Lateral land2 1.00 1.00 1.00 1.00 1.00 1.00
3 0.70 0.70 0.70  0.70 0.70 0.70
3to2f
or 0.40
3to1f
Withdrawal 1and2 1.00 1.00
3 1.00 0.70
cyclict  0.25

* K49 = 1.0 for lateral loads using annular ringed shank nails and helical threaded shank nails in all

service class conditions.

"Bolted joint made in timber of service class 3 and used in service classes 1 and 2.

*Cyclic changes in moisture content after nailing.

of nails increases in line with the load. Similarly, from other sources there is evi-
dence of a reduction in the apparent permissible load per bolt with an increasing
number of bolts in line with the load.

The modification factors for the number of fixings in line are:

K, for nails
K, for screws
K5, for bolts

Ky, for toothed plate connectors

K5 for split ring

connectors

Ko for shear plate connectors.

The ‘in-line” modification factor applies where a number of fasteners of the same
size are arranged symmetrically in one or more lines parallel to the line of action
of the load in an axially loaded member.

Nails

Screws

Bolts

Toothed plates
Split rings

Shear plates

Kso=1.0 forn < 10
Kso =0.9 forn > 10
Ks, =1.0 forn < 10
Ks; =0.9 forn > 10
Ks;=1-0.003(n— 1) for n < 10
Ks; = 0.7 for n > 10
K¢ =1-0.003(n—1) forn < 10
K¢ = 0.7 for n > 10
K¢s=1-0.003(n— 1) for n < 10
K¢ = 0.7 for n > 10
K¢ =1-0.003(n—1) for n < 10
K¢ = 0.7 for n > 10

where n = the number of fasteners in each line.
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For all other cases where more than one fastener is used the factors above should
be taken as 1.0.

As far as practicable, fasteners should be arranged so that the line of force in a
member passes through the centroid of the group. When this is not practicable,
account should be taken of the secondary stresses induced through the full or partial
rigidity of the joint and of the effect of rotation imposing higher loads on the
fasteners furthest from the centroid of the group.

The loads specified for nails, screws and bolts apply to those which are not
treated against corrosion. The loads specified for toothed plate, split ring and shear
plate connectors apply to those which are treated against corrosion. Some forms
of anti-corrosion treatment may affect fastener performance particularly when pre-
servative or fire-retardant timber impregnation treatments are specified. When the
designer is in doubt the manufacturer of the fastener should be consulted.

Because of the anisotropic nature of timber, the bearing stresses permitted in a
direction parallel to the grain are higher than those permitted in a direction per-
pendicular to the grain. Similarly, with the exception of lateral loads on nails and
screws, connector units carry maximum loading when loaded parallel to the grain.

Permissible loads for intermediate angles of load to the grain from 0° (parallel)
to 90° (perpendicular) are calculated using the Hankinson formula

_ FyFy
o e 2 2
Fy sin” o0+ Fyy cOos™ o

where F, = value of the load at angle o to grain
F, = value of the load parallel to the grain
Fyy = value of the load perpendicular to the grain.

Using the function cos*a + sinol = 1 simplifies the Hankinson formula to

B F
1+[(Fy/ Fo)—1]sin o

o

Several connector units remove part of the cross-sectional area of the timber and
the designer must consider the effect of loading on the net section. The net area at
a section is the full cross-sectional area of the timber less the total projected area
of that portion of the connector within the member at the cross section (e.g. the
projected area of a split ring and the projected area of the associated bolt not within
the projected area of the split ring). It is not usual to deduct the projected area of
nails/screws (<5 mm diameter), or the teeth of toothed plate connectors in calcu-
lating the strength of a joint.

The correct location of a mechanical fastener with respect to the boundaries of
a timber component is of utmost importance to the satisfactory performance of a
joint and to the development of the design load. It cannot be emphasized too
strongly that care in detailing, particularly of tension end distances, is all impor-
tant to the performance of a joint.
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Table 18.4 Stock sizes for ordinary round wire nails

Diameter (mm)

Length
(mm) 6.0 5.6 5.0 4.5 4.0 3.75 3.35 3.0 2.65
150 OX
125 OX O
100 ] X OX
90 X X X
75 OX OX OX O
65 OX OX
50 X OX OX
[ = ordinary X = galvanized
headside
timber
‘ - i lateral
t i load {tension or
]:ne‘rjal ! _.,.} compression}
0d
L
pointside

timher

Fig. 18.1

18.2 NAILED JOINTS

18.2.1 Stock sizes for ordinary round wire nails

A typical range of stock sizes for ordinary round wire nails is given in Table 18.4.

Special nails are subject to a cost premium and longer delivery period.
Manufacturers will generally make nails of almost any diameter and length provid-
ing that the quantities ordered will present a commercial proposition. To ensure
that nails will be readily available only stock sizes should generally be specified.

18.2.2 Lateral loads in single shear timber-to-timber joints

The basic lateral load for a nail in single shear (Fig. 18.1) when inserted at right
angles to the side grain of timber is given in Table 61 of BS 5268-2 for the full
range of softwood and hardwood strength classes.

Nails in hardwoods should always be pre-drilled as should nails of 6 mm
diameter or more in softwoods of strength classes C27—40. Although pre-drilling is not
required for the other softwoods it should be noted that the lateral load on all nails
into pre-drilled softwood may be multiplied by 1.15 (clause 6.4.4.1 of BS 5268-2).

Values are extracted for C16 and C24 strength classes as shown in Table 18.5.
The tabulated values are applicable to loads at any angle to the side grain. Nailed
joints should normally contain at least two nails and the lateral load on a nail driven
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Example

Table 18.5 Basic single shear lateral loads for round wire nails in
timber—timber joints

Basic single shear lateral

load (N)

Nail Standard Strength class

diameter penetration™®

(mm) (mm) Cl16 C24
2.65 32 258 274
3.00 36 306 326
3.35 41 377 400
3.75 46 453 481
4.20 50 534 567
4.50 55 620 659
5.00 60 712 756
5.60 66 833 885
6.00 72 962 1022
7.00 84 1240 1318
8.00 96 1546 1643

*These values apply to headside thickness and pointside penetration.

into end grain should not exceed the recommended load for a similar nail driven
into the side grain multiplied by the end grain modification factor K,;, which has
a value of 0.7.

For the basic load to apply the standard headside thickness and the standard
pointside penetration, which are equal in value, must be provided. It can be seen
that the standard penetration is equal to 12 nail diameters. Greater thicknesses of
timber and larger pointside penetration do not permit loadings higher than the basic.

When the headside thickness or pointside penetration is less than the standard
value the basic load should be multiplied by the smaller of the two ratios K,
(defined for later reference).

actual headside penetration actual pointside penetration

™" standard headside penetration standard pointside penetration

For softwoods K, must not be less than 0.66 (and for hardwoods not less than
1.0). It follows from this limit for K., that as the minimum standard penetration
give in Table 54, BS 5268-2, is 32mm no load-bearing capacity can be assumed
for nails driven into timber less than 21 mm thick.

The basic single shear lateral loads are determined from Annex G.2 of BS
5268-2 calculated from equations given in Eurocode 5 which considers six
possible modes of failure from which the lowest value is tabulated.

Calculate the permissible medium-term lateral load for two nails in single shear in
C16 timber as shown in Fig. 18.2 using 3.35 mm diameter X 75 mm ordinary round
nails, service class 1.
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Example

Load + j’ ’
4
¢ dSmm L e
| 30mm | 4£5mm —>
I T
Fig. 18.2
38 mm 52 mm
)
i
Load &
Fig. 18.3

Basic single shear capacity (from Table 18.5) = 377N
Basic load for two nails = 2 X 377 = 754N

For duration of load, K,s = 1.12

For service class, Ky= 1.0

For ‘in-line fixing’, K5, = 1.0

The actual headside thickness is 45mm and the standard headside thickness
required is 41 mm, therefore the headside thickness permits the full basic load of
377N.

The pointside penetration is 30 mm whereas the standard pointside penetration
required is also 41 mm, therefore the basic load must be reduced by K., = 30/41
=0.73.

Note that K., must not be less than 0.66 (clause 6.4.4.1, BS 5268-2).

Permissible load = basic load X K., X Ksg X Kq9 X K5y
=754 x0.73x1.12x 1.0x 1.0 =616N

Calculate the permissible medium-term lateral load for two nails in single shear in
C16 timber as shown in Fig. 18.3 using 3.75 mmdiameter. X 90 mm ordinary round
nails, service class 1.

Basic single shear capacity (from Table 18.5) = 453N
Basic load for two nails = 2 X 453 = 906 N
For K3, K4 and Ks see sections 18.1.1, 18.1.2 and 18.1.3 respectively
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For duration of load, K5 = 1.12
For service class, Ky= 1.0
For ‘in-line fixing’, K50 = 1.0

The actual headside thickness is 38 mm and the standard headside thickness
required is 46 mm, therefore the basic load must be reduced by K., = 38/46 =
0.826.

Note that K., must not be less than 0.66 (clause 4.4.1, BS 5268-2).

Permissible load for headside = basic load X K¢, X Kug X K49 X Ks
=906 % 0.826 x 1.12 x 1.0 x 1.0 = 838N

The actual pointside penetration is 52mm and the standard pointside penetration
required is 46 mm, therefore K, = 1.0.
As nail is into end grain, the load capacity must be modified by K,; = 0.7.

Permissible load for pointside = basic load X K, X Ky3 X Kyg X K49 X Ks
=906 x 1.0x0.7x1.12x 1.0 x 1.0 = 710N

The joint capacity is limited by pointside penetration to 710N.

18.2.3 Lateral loads in double shear timber-to-timber joints

Example

The basic multiple shear lateral load for a nail is determined by multiplying the
basic single lateral load by the number of shear planes, provided that the thickness
of the inner member is not less than 0.85 times the standard tabulated thickness.
Where the headside thickness and/or pointside penetration are less than the
standard penetration or where the thickness of the inner member is less than 0.85
of the standard thickness the nail value shall be reduced pro rata.

Calculate the permissible medium-term lateral load for three nails in double shear
in C24 timber as shown in Fig. 18.4 using 3.35 mmdiameter X 90 mm ordinary
round nails, service class 1.

Basic single shear capacity (from Table 18.5) = 400N

Number of shear planes = 2

Basic load for three nails = 3 x 400 x 2 = 2400N

For Ky, K, and K5, see sections 18.1.1, 18.1.2 and 18.1.3 respectively
For duration of load, K5 = 1.12

Load T,
——  T¥nim | Load ¥
T30mm —

+—  [30mm
Load T

Fig. 18.4
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For service class, K;o= 1.0
For ‘in-line fixing’, K5, = 1.0

The headside penetration is 30 mm and the standard headside penetration required
is 41 mm, therefore the basic load must be reduced by

Kpen = 30/41 = 0.73 (>0.66)

The inner member is 30mm thick whereas the minimum thickness required to
adopt the tabulated basic nail value is 0.85 X 41 mm = 35 mm. Therefore the basic
load must be reduced by

Kpen = 30/35 = 0.86 (>0.66)

The pointside penetration is 30mm whereas the standard pointside penetration
required is 41 mm, therefore the basic load must be reduced by

Kpen = 30/41 = 0.73 (>0.66)

Note that K., must not be less than 0.66 (clause 6.4.4.1, BS 5268-2).
Adopt lowest value of K, = 0.73.

Permissible load = basic load X K., X Ky3 X K49 X K5
=2400x0.73 x 1.12 x 1.0 x 1.0 = 1962N

The designer may experience some difficulties in designing a multiple shear joint
owing to the incompatibility of available nail diameter/lengths, required timber
thicknesses and the limitations set by K, not having to exceed 0.66. The pointside
penetration into the outer member may be improved by adopting longer nails
penetrating the full assembly and clenched on the outside face.

18.2.4 Lateral loads for improved nails

The basic lateral load may be multiplied by modification factor K4, which has a
value of 1.20, if square grooved or square twisted shank nails of steel with a yield
stress of not less than 375 N/mm? are used. The side width of the nail should be
adopted as the nominal diameter. These nails have a limited stock range and avail-
ability should be checked before specifying.

18.2.5 Lateral loads for steel plate-to-timber joints

If the headside timber is replaced by a metal plate the basic lateral load may be
increased by the modification factor Ky which has the value of 1.25. For this modifi-
cation factor to apply the steel must be at least 1.2mm or 0.3 X nail diameter thick and
the diameter of holes in the steel should not be greater than the diameter of the nail.

18.2.6 Lateral loads in plywood-to-timber joints

Clause 6.4.6.2 of BS 5268-2 introduces basic single shear lateral loads for nails in
plywood-to-timber joints. The basic loads are given in Table 63 of BS 5268-2
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according to timber strength class, nail diameter, plywood species and thickness,
together with minimum lengths of nails.

Nails shall be fully embedded and have a length not less than that given in Table
63 of BS 5268-2.

For Ky, K, and K5, see sections 18.1.1, 18.1.2 and 18.1.3 respectively
Permissible load per nail = tabulated basic load X Ky X Ky X K5

18.2.7 Withdrawal loads

Ordinary round wire nails are relatively weak when loaded in withdrawal and
should be used only for relatively light loadings. Basic withdrawal loads per mm
of pointside penetration are given in Table 62 of BS 5268-2 according to strength
class and nail diameter.

The basic values in withdrawal apply to all service classes. When cyclic condi-
tions of moisture content can occur after nailing the basic values should be
modified by the moisture content factor K,y = 0.25, unless annular-ringed shank or
helical-threaded shank nails are used in which case K, = 1.0. No load in with-
drawal should be carried by a nail driven into the end grain of timber.

Annular-ringed shank and helical-threaded shank nails have a greater resistance
to withdrawal than ordinary round nails due to the effective surface roughening
of the nail profile. Their resistance to withdrawal is not affected by changes in
moisture content. BS 5268 consequently permits the basic withdrawal load for
the ‘threaded’ part to be multiplied by factor K5 = 1.5 (clause 6.4.4.4) for these
particular forms of improved nail and does not require a reduction in the basic
withdrawal resistance even if there are likely to be subsequent changes in
moisture content.

The range of available sizes for annular-ringed shank nails is given in Table 18.6
and the basic withdrawal values for both ordinary round, annular-ringed and
helical-threaded shank nails are given in Table 18.7 for timber in strength classes
C16 and C24.

18.2.8 Spacing of nails

To avoid splitting of timber, nails should be positioned to give spacings, end dis-
tances and edge distances not less than those recommended in Table 53 of BS 5268-
2. All softwoods, except Douglas fir, may have values of spacing (but not edge
distance) multiplied by 0.8. If a nail is driven into a glue-laminated section at right
angles to the glue surface, then spacings (but not edge distances) may be multi-
plied by a further factor of 0.9 because the glued surface provides a restraining
action against cleavage of the face lamination. Although glue-laminated compo-
nents by definition have four or more laminations, there appears to be no reason
why the reduced spacing should not also apply to composites of two or three lam-
inations suitably glued. The spacing, end distance and edge distance are functions
of the diameter of the nail and are related to the direction of grain (but not to the
direction of load) and are summarized in Fig. 18.5.
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Table 18.7 Basic resistance to withdrawal of ordinary round wire nails and
annular-ringed shank and helical-threaded shank nails at right angles to grain

Table 18.6 Stock sizes for annular-ringed shank nails

Length
{mm)

Diameter (mm)

3.75

3.35 3 2.65

100
75
63
60
50
45
40

B5 1202 :Part 1 gives sizes up to 200 X 8 mm.

Ordinary round nails

Improved nails (N/mm

(N/mm) of threaded length)
Nail
diameter Strength class Strength class
(mm) Cl6 C24 Cl16 Cc24
2.7 1.53 2.08 2.29 3.12
3 1.71 231 2.56 3.46
34 1.93 2.62 2.89 3.93
3.8 2.16 293 3.45 4.39
4.2 2.39 3.23
4.6 2.62 3.54
5 2.84 3.85 4.26 5.77
5.5 3.13 4.24
6 3.41 4.62
7 3.98 5.39
8 4.55 6.16

18.3 SCREW JOINTS

18.3.1 Stock and special sizes

Screws are used principally for fixings which require a resistance to withdrawal
greater than that provided by either ordinary or improved nails. Although BS
5268-2 gives permissible lateral loadings for screws it should be recognized that
nails of a similar diameter offer better lateral capacities and can be driven more
economically. If, however, the depth of penetration is limited, some advantage may
be gained by using screws.
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Fig. 18.5

Tables 66 and 67 of BS 5268-2 give lateral and withdrawal values respectively
for screws made from steel complying with BS 1210 with a minimum tensile
strength of 550 N/mm?. Screws are referred to by their shank diameter and length.

The most common form of wood screw is the slotted countersunk head wood
screw available in the preferred sizes given in Table 18.8 which is threaded for
approximately 67% of the length under the head.

Round-headed screws may be used to advantage with metalwork as counter-
sinking holes for the screw head is avoided. The range of round-headed wood
screws is, however, less comprehensive than that for countersunk wood screws.
Preferred sizes are given in Table 18.9.

Steel Twinfast® Pozidriv® woodscrews have twin threads and a plain shank
diameter less than the diameter of the thread. This eliminates the wedge action
of the ordinary screw and reduces the danger of splitting. Pre-drilling can also be
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Table 18.8 Preferred sizes for slotted countersunk head wood screws

Shank diameter (mm)

Length
(mm) 3.5 4.0 5.0 55 6.0 7.0
25 OX OX OX OX
30 OX OX OX OX O
40 OX OX OX OX O
45 ] OX OX [l l
50 OX OX OX OX OX
60 OX OX ]
65 O OX OX OX O OJ
70 O O O
75 O OX OX OX OX O
90 OX OX OX
100 OX OX OX OX OJ
115 OX
130 OX OX O OJ
150 OX O O
[ = self-colour X = bright zinc
Table 18.9 Preferred sizes for round-headed wood screws
Screw Screw number or gauge
length
{mm) 6 g 10 12 14
i3 o o
16 o o 0
19 [ )
25 ] ® o)
32 . ™
28 aQ . O o
45 o) o
30 o o o] o]
63 o
Diameter {mm) 34 4.2 4.9 5.6 6.3

® = Also available Sherardised.

simplified to the drilling of a single hole. (See Fig. 18.7 for pre-drilling for
ordinary screws.) Twinfast screws are threaded for their full length which may give
additional depth of penetration than normal screws. Preferred sizes are given in
Table 18.10 from which it can be noted that the maximum length is less than that
available with ordinary countersunk head wood screws.
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Table 18.10 Preferred sizes for Twinfast® Pozidriv® screws

Screw
length
{mm)

Screw number or gauge

8 10 12

13
16
i9
25
32
38
45
50
57
63

LR BE BN BN BN NN -

L BE IR BN BN

.

B Apt
" '\':\. "'-:-". e
i

3

L BN BN B BN B N e
o000 0

]

o 0
j/—b—‘}—ﬁ)
8]

]

Diamete

t (mm) 3.4 4.2 4.9 3.6

< = Also

Table 18.11

available bright zinc plated.

Basic lateral loads for wood screws inserted at right angles to the grain for timber

of strength classes C16 and C24

Basic single shear

Screw shank Standard penetration lateral load (N)

diameter

(mm) Headside (mm) Pointside (mm) Cl6 C24
3 11 21 205 205
3.5 12 25 278 310
4 14 28 361 395
4.5 16 32 454 490
5 18 35 550 593
5.5 19 39 654 705
6 21 42 765 826
7 25 49 1011 1093
8 28 56 1286 1391

10 35 70 1608 1741

18.3.2 Lateral loads

Basic lateral loads for screws are given in Table 66 of BS 5268-2. Values for
strength classes C16 and C24 are extracted and given in Table 18.11.

The basic single shear values given in Table 18.11 are applicable to service
classes 1 and 2. For screws in service class 3 these values must be modified by the
moisture content factor Ks; = 0.7.

If the actual headside penetration is less than the standard headside penetration
the basic load should be multiplied by the ratio of actual to standard headside
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penetration and the pointside screw penetration should then be at least equal to
twice the actual (reduced) headside thickness (as distinct from the standard
pointside penetration).

The lateral load on a screw driven into end grain should be reduced by the end
grain modification factor K43 = 0.7.

When a steel plate is screwed to a timber member, lateral loading values may
be multiplied by the steel-to-timber modification factor K, = 1.25. For this factor
to apply, the steel must be at least 1.2mm thick or 0.3 times screw shank dia-
meter and the holes pre-drilled in the steel plate should be no greater than the screw
shank diameter.

Table 68 of BS 5268-2 provides basic single shear lateral loads for screws in
plywood-to-timber joints which depend upon screw diameter, plywood species and
thickness, together with recommended minimum lengths of screws.

Permissible lateral load = basic load X K5, X Ks3 X Ksy4

where Ks,, Ks; and Ks, are given in sections 18.1.1, 18.1.2 and 18.1.3 respectively.

18.3.3 Withdrawal loads

Basic withdrawal loads for screws are given in Table 67 of BS 5268-2. Values for
strength classes C16 and C24 are extracted and given in Table 18.12.

These tabulated values apply to the actual pointside penetration of the threaded
portion of the screw. The threaded portion of a screw may be taken as 67% of the
actual screw length. The penetration of the screw point should not be less than
15 mm.

No withdrawal load should be carried by a screw driven into end grain of timber.

Table 18.12 Basic withdrawal loads for wood screws inserted
at right angles to the grain in timber of strength classes C16

and C24
Basic withdrawal load per mm

Screw shank of pointside penetration (N)

diameter

(mm) Cl6 C24
3 8.65 11.02
35 10.09 12.86
4 11.53 14.70
4.5 12.97 16.54
5 14.41 18.37
5.5 15.86 20.21
6 17.30 22.05
7 20.18 25.72
8 23.06 29.40

10 28.83 36.75
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Permissible withdrawal = basic load X K5, X Ks3 X K5,

where Ks,, Ks; and Ks, are given in sections 18.1.1, 18.1.2 and 18.1.3 respectively.

18.3.4 Spacing of screws

Clause 6.5.1 of BS 5268-2 requires that screws should be turned, not hammered,
into pre-drilled holes. The required spacing and pilot hole dimensions for
countersunk wood screws in pre-drilled holes are shown in Figs 18.6 and 18.7
respectively.

1 10d

[
|
b Ay T 5d
& - 3d
5d

- » indicates direction of face grain
d = shank diameter of screw

Fig. 18.6

—

Dxill for shank depth
al shank diameter

Drill for threaded tength
at half shank diameter

Fig. 18.7

18.4 BOLTED JOINTS
18.4.1 Stock and standard non-stock sizes

Bolts for timber engineering tend to have large L/d ratios (where L is the bolt length
and d the bolt diameter) compared to those used for structural steelwork con-
nections, resulting from the need to join thick sections of timber. Table 18.13
tabulates stock and standard non-stock sizes.

For joints which will be permanently exposed to the weather or sited in a con-
dition of high corrosion risk, the use of rust-proofing is essential. Also, when joints
are in a non-hazard service condition but are to be of architectural merit (i.e.
exposed to view) rust-proofing should be specified in order to avoid rust stains
appearing on the timber surfaces.
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Table 18.13 Stock and standard non-stock ISO metric bolts

ISO metric hex bolts grade 4.6 BS 4190 metric coarse thread

Bolt Bolt size
length
{mm) M8 M10 M12 Ml6 M20 M24 M30 M36
35 v v v
40 v v J
45 X v J
50 v N v v vy
55 X X X v Y
60 v v v Vv v
65 X N} Vv v v
70 v v Vv v v v
75 X N v v N v
80 v v v v v v
90 v N4 v Y v v
100 v J v N} N v X
110 X X v v N N X X
120 v J v v v v X X
130 X X J J v X X X
140 X v v J v v X X
150 X X J J v X X X
160 v Vv v v X X
170 X X X X X X
180 N N J v X X
190 X X X X X X
200 v J v v X X
220 v N X X X X
240 X X X X X X
260 Vv v J X X X
280 X X X X X X
300 v v v X X X
J = preferred X = non-preferred

If bolts are Sherardized or hot-dip galvanized, either the bolt threads must be
run down or the nut tapped out before being treated, or the nut will not fit the
thread. These disadvantages in the use of Sherardizing and hot-dip galvanizing
favour the use of electro-galvanizing, which is readily undertaken on the bolt sizes
specified in Table 18.13, although the thickness of the coating is not as much as
obtained by the two other methods.

Bolts are probably the most frequently used fixing for medium/heavy timber
engineering components. They are readily available and provide a medium/high
loading capacity especially in typical diameters of 12 mm to 20 mm and for timber
45mm thick or more. They are easier to align with open holes and to insert insitu
and any nominal misalignment of holes can usually be easily correct by com-
parison to shear plates and split rings.
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18.4.2

Loading capacities

Unlike nails and screws, bolts have loading capacities which vary according to the
direction of the applied load with respect to the direction of grain, as shown in
Fig. 18.8.

If a force F acts at an angle 6 to the axis of the bolt (Fig. 18.9) the component
of load perpendicular to the load, Fsin6, must not be greater than the allowable
lateral load. The component F'cos 6 acting axially on the bolt creates either tension
or compression in the bolt and must be suitably resisted.

Annex G of BS 5268-2 sets out six equations (G,—Gg) representing the six pos-
sible failure modes of timber or bolts in a two-member joint and four equations
(G—G,p) representing the four possible failure modes of timber or bolts in a three-
member joint. These equations come from the ENV version of EC5 and are based
on the theory first developed by Johansen. The allowable lateral load is taken as

Perpendicular
to grain loading
in cross

Parallel to grain loading memiber

Fig. 18.8

Feos d

‘_ — ==

Fig. 18.9
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the minimum calculated from the ‘six/four failure mode equations’ and permits the
derivation of loading for all softwoods/hardwood scheduled in BS 5268-2 for any
timber thicknesses and for any bolt diameters.

The formulae are somewhat complex and, at first glance, would appear to require
the designer to go through the daunting task of calculating six/four possible
loadings so as to select the lowest value as the allowable lateral load for any one
angle of load to grain.

To assist the designer BS 5268-2 provides a series of basic load tables, (a) Tables
69-74 for basic single shear loads bolts in a two-member joint with members of
equal thickness and density, and (b) Tables 75—-80 for basic single shear loads bolts
in a three-member joint where the central member is twice the thickness of the
outer members and members are of equal density.

Only parallel-to-grain and perpendicular-to-grain loads are listed from which
intermediate angles of load to grain may be calculated from Hankinson’s formula
(see BS 5268-2, clause 6.6.4.1 and section 18.4.3 below). Alternatively the designer
may calculate the bolt capacity directly from Annex G. For any other timber
thickness and density combinations the designer must revert to the equations in
Annex G.

18.4.3 Two-member timber-to-timber joints

Annex G of BS 5268-2 gives six equations (G,—Gg) representing the six possible
failure modes of timber or bolts in a two-member timber-to-timber joint (Fig.
18.10). In the equations to Annex G3:

Fy4=1350 for long-term loading
= 1400 for medium- and short/very-short-term loading

Ju1.a = embedding strength in #,
Jha.a = embedding strength in 7,

where t, and ¢, = member thicknesses (mm).

_ Jhoa

fh,l,d

Jnoa =0.038(1 —0.01d)pK, for long-term loading
= 0.050(1 — 0.01d)pK, for medium-term loading
=0.057(1 — 0.01d)piK, for short/very-short term loading

Fig. 18.10
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where d = bolt diameter (mm)
pi = characteristic density of timber (kg/m?)
= 290 for strength class C14
= 310 for strength classes C16/18/22
= 350 for strength class C24
= 370 for strength classes TR26/C27/30/35/40.

K = Apar
“ "V (4+3coso)d

where  a,, = spacing of bolts parallel to grain (mm)
o = angle of load to grain
K, = the ‘bolt spacing effect’.

Bolt capacity is optimized when the bolt spacing parallel to grain is at least 7 X
bolt diameter. The spacing parallel to grain may be reduced to a minimum of
4 X bolt diameter and in this case the load capacity is reduced due to the danger
of possible splitting of grain. European practice is to determine bolt capacity at
7 x diameter spacing and apply a reduction factor to account for the spacing reduc-
ing to 4 X diameter. BS 5268 has its origins in American/Canadian practice where
is was normal to require 4 X diameter parallel to grain spacing with no permitted
increase for spacings in excess of 4 x diameter. Table 18.14 shows values for K,
according to angle of load to grain and bolt spacing.
For bolts at any angle of load to grain the embedding strength is

Jhod

Koo sin’ o+ cos” o

fh,a,d =

where Ky = 1.35 + 0.015d for softwoods
=0.90 + 0.015d for hardwoods.

Table 18.14 Values of K, for bolt spacing between 4d and 7d parallel to grain

Angle of Bolt spacing a,, parallel to grain Bolt
load to spacing
grain 4d 4.5d 5d 5.5d 6d 6.5d 7d limit
0 0.756 0.802 0.845 0.886 0.926 0.964 1.00 7.00d
10 0.758 0.804 0.848 0.889 0.929 0.967 6.95d
20 0.766 0.812 0.856 0.898 0.938 0.976 6.82d
30 0.779 0.826 0.871 0.913 0.954 0.993 6.60d
40 0.797 0.845 0.891 0.935 0.976 6.30d
50 0.821 0.871 0.918 0.963 5.93d
60 0.853 0.905 0.953 1.00 5.50d
70 0.892 0.946 0.997 5.00d
80 0.941 0.998 4.52d
90 1.0 4.00d
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18.4.4 Derivation of bolt capacities in BS5268-2 for two-member
timber-to-timber joints

Tables 69-74 of BS 5268-2 are given for members of equal thickness (¢, = t,),
equal density and a bolt spacing of 4 X bolt diameter. Therefore

B_10 and p=Li2e i

[5) h.l.d

Equations G, to G4 of Annex G3 then simplify to:

Glz.ﬁLa,dtld
Fy
aabad
G2=fh,,d2 =G1
Fi
1.33 fo.atid 05 1.33G,{0.828}
Gy =———=—{(1+2[1+1+1*]+1?) " - (1+1){=——7F
s= {2l ) - () :
=0.55G,
1.1f;.atid 42+DM, 4\
G4:—f“~dl (2[1+1]+—( )zy"‘) -1
F(2+1) Shaadti

0.5
. 12M.
_L1G: (4+ y’dj -1
3 fraadti

A faaatod [(( 40+2)Mya )"
O = TR(+2) {(2[1 T = ) 1}

0.5
1.1 12M, , \"
_L1Gi (4+ “‘) -1:=G,
3 Fraadts

1.1 [2x1 1.1
Go =\ o V2 M i fras d =~ 2My i frua d
1 d

where M, 4 = 0.12 f, d° (f, = 400 N/mm” for grade 4.6 steel).

Tables 69-74 of BS 5268-2 are determined as the minimum value calculated
from the above simplified equations for G;, G4 and G4 and adopting K, according
to direction of load to grain with bolt spacing of 4 X bolt diameter.

For bolt values parallel to grain

fraa=froa Wwith K, =0.756 (Table 18.14)

For bolt values perpendicular to grain

with K, = 1.0 (Table 18.14)

Equations G, and G include the term M, 4 which depends upon the bolt material.
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Clause 6.6.1 of BS 5268-2 states that bolts made of higher strength steel
may give higher load-carrying capacities than those given in Tables 69-80. For
grade 4.6 bolts Annex G3 gives f, = 400N/mm’ based on a minimum ultimate
stress of 40kgf/mm?. As the ratio of timber thickness to bolt diameter (#/d)
increases the critical equation progresses from equation G; to G, to G4 with
equation G; being generally critical for #/d < 5.0 (approximately). The bolt
capacities tabulated in BS 5268-2 can therefore be improved upon by using
grade 8.8 bolts for higher values of #/d adopting a value of f, = 800 N/mm’ based
on a minimum ultimate stress of 80kgf/mm?. Figure 18.11 compares the capacity
of M12 grade 4.6 and 8.8 bolts loaded parallel to grain in strength class C24
timber.

The bolt capacities as determined from Annex G allow for duration
of load. The capacities must be modified by Kss for moisture content (see section
18.1.2) and Ks; (see section 18.1.3) if appropriate. For service class 3 use
Kss = 0.7 and take Ks; from Table 18.15 according to number of bolts () in a
line parallel to the line of action of the bolt in a primary axially loaded
member.

Bolted members in trusses and laminated construction generally adopt C24
grade timber. Values for grade 4.6 bolts for a two-member timber-to-timber
joint in this situation are listed in Table 18.16 and Table 18.17 for loads
parallel and perpendicular to load respectively. Member thicknesses are
given in 20mm increments to assist interpolation. Where two load capacities
are indicated, the higher capacity may be adopted if grade 8.8 bolts are
specified.

6 .
. i I_T_l i grade \8\8 bol _
§4_ ) oL
£ .-
:j 2. grade 4.6 bolt
fr]
wal 1]

0

3 | | 1 1 I 1 H F | I 1

H 1
0O 10 20 30 40 30 60 70 80 90 100 11O 120 130 140
Timber thickness t (mumn}

Fig. 18.11 Single shear load for M12 bolt in two-member joint parallel to grain
long-term C24 timber.

Table 18.15 K, values

n

KS?

1 2 3 4 5 6 7 8 9 10 11 or moare
1.06 057 094 091 088 0.85 082 0799 076 0.73 0.7
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Table 18.16 Single shear bolt capacity (kN): two-member joint: C24 timber: load parallel to

grain
Member  Bolt diameter (mm)
Load thickness
duration  (mm) M8 M10 Mi12 Ml6 M20 M24
Long 20 0.60 0.74 0.87 1.10 1.31 1.50
term 40 1.21 1.48 1.73 2.11 2.63 2.99
60 1.52/1.80  2.07/2.22  2.60 3.31 3.94 4.49
80 1.55/2.07 2.40/2.85 3.09/3.47 441 5.25 5.99
100 1.55/2.20  2.40/3.19 3.42/4.11 5.13/5.51 6.56 7.48
120 1.55/2.20 2.40/3.40 3.42/4.51 5.65/6.62 7.59/7.88 8.98
140 1.55/2.20 2.40/3.40 3.42/4.84 5.94/7.22 8.18/9.19  10.4/10.5
Medium 20 0.77 0.98 1.10 1.40 1.67 1.90
term 40 1.46/1.53 1.87 2.20 2.80 3.33 3.80
60 1.72/2.12  2.45/2.81 3.17/3.30 4.20 5.00 5.70
80 1.72/2.43  2.66/3.36  3.69/4.38  5.46/5.60 6.66 7.60
100 1.72/2.43  2.66/3.76  3.78/4.86  6.09/7.00 8.23/8.33 9.49
120 1.72/2.43  2.66/3.76  3.78/5.35  6.57/7.92 8.97/9.99 114
140 1.72/243  2.66/3.76  3.78/5.35  6.57/8.57 9.78/11.6  12.2/13.3
Short 20 0.87 1.07 1.25 1.60 1.90 2.16
term 40 1.60/1.75 2.14 2.51 3.19 3.80 4.33
and 60 1.84/2.34  2.72/3.20 3.49/3.76  4.79 5.70 6.49
very short 80 1.84/2.60 2.84/3.72  4.04/4.80  6.00/7.49 7.60 8.66
term 100 1.84/2.60 2.84/4.01 4.04/5.39  6.75/7.98 9.04/9.49  10.80
120 1.84/2.60 2.84/4.01 4.04/5.71  7.02/8.73 9.92/11.4  12.5/13.0
140 1.84/2.60 2.84/4.01 4.04/5.71  7.02/9.50 10.7/12.7 13.5/15.1

Lower listed capacity applies to grade 4.6 bolts; higher listed capacity applies to grade 8.8 bolts.

18.4.5 Three-member timber-to-timber joints

Annex G of BS 5268-2 gives four equations (G;—G,,) representing the four possi-
ble failure modes of timber or bolts. It will be observed that G,, Gy and G, are the
same as G, G, and Gg respectively.

18.4.6 Derivation of bolt capacities in BS 5268-2 for three-member

timber-to-timber joints

Tables 75-80 of BS 5268-2 assume that

¢ the inner member is at least twice the thickness of the outer member (¢, = 21,)

* members are of equal density

* bolt spacing = 4 X bolt diameter.

Equations G;—G, of Annex G3 then simplify to:
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Table 18.17 Single shear bolt capacity (kN): two-member joint: C24 timber: load perpendicular

to grain
Member Bolt diameter (mm)
Load thickness
duration  (mm) M8 M10 Mi12 Mil6 M20 M24
Long 20 0.54 0.65 0.75 0.92 1.05 1.16
term 40 1.09 1.30 1.50 1.84 2.11 2.32
60 1.40/1.63 1.89/1.95 2.25 2.75 3.16 3.47
80 1.47/191  2.19/2.60 2.77/3.00 3.67 4.21 4.63
100 1.47/2.09 2.26/2.89 3.13/3.70 4.49/4.59 5.26 5.79
120 1.47/2.09 2.26/3.19 3.18/4.03 4.90/5.51 6.32 6.95
140 1.47/2.09 2.26/3.19 3.18/4.40 5.35/6.32  6.93/7.37 8.11
Medium 20 0.69 0.83 0.95 1.16 1.34 1.47
term 40 1.35/1.38  1.65 1.90 2.33 2.67 2.94
60 1.63/1.96  2.23/2.48 2.85 3.49 4.01 4.41
80 1.63/2.29  2.50/3.06 3.29/3.80 4.66 5.34 5.88
100 1.63/2.31  2.50/3.46  3.52/4.35 5.29/5.82  6.68 7.35
120 1.63/2.31  2.50/3.53 3.52/4.81 5.86/6.94 7.61/8.01 8.81
140 1.63/2.31  2.50/3.53 3.52/498 5.99/7.44  8.22/9.35 10.2/10.3
Short 20 0.79 0.94 1.08 1.33 1.52 1.67
term 40 1.48/1.57 1.88 2.17 2.65 3.05 3.35
and 60 1.74/2.16  2.46/2.83  3.14/3.25 3.98 4.57 5.02
very short 80 1.74/2.46  2.66/3.38  3.65/4.33  5.25/531 6.09 6.70
term 100 1.74/2.46  2.66/3.77 3.76/4.81 5.85/6.64 17.61 8.37
120 1.74/2.46  2.66/3.77 3.76/531  6.40/7.62 8.38/9.14 10.0
140 1.74/2.46  2.66/3.77 3.76/5.31 6.40/8.22 9.11/10.7  11.2/11.7

Lower listed capacity applies to grade 4.6 bolts; higher listed capacity applies to grade 8.8 bolts.

Fig. 18.12
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Table 18.18 Single shear bolt capacity: three-member joint: C24 timber: load parallel to grain

Member  Bolt diameter (mm)
Load thickness
duration (mm) MS8 M10 M12 M16 M20 M24
Long 20 1.10 1.34 1.57 2.00 2.38 2.72
term 40 1.24/1.61 1.79/2.42 2.47/3.15 4.00 4.77 543
60 1.52/1.80  2.07/2.57 2.72/3.52 4.35/5.95 6.44/7.15 8.15
80 1.55/2.07 2.40/2.85 3.09/3.77 4.68/6.09 6.68/9.08 9.10/10.9
100 1.55/2.20 2.40/3.19 3.42/4.11 5.13/6.38 7.08/9.26  9.40/12.8
120 1.55/2.20 2.40/3.40 3.42/451 5.65/6.76 7.59/9.57 9.85/12.9
140 1.55/2.20 2.40/3.40 3.42/4.84 594/7.22 8.18/9.98 10.4/13.3
Medium 20 1.22/1.39 1.70 2.00 2.54 3.02 345
term 40 1.46/2.12  2.06/2.71  2.79/3.79 4.67/5.08 6.05 6.89
60 1.72/2.12 2.45/297 3.17/4.00 4.95/6.63 7.22/9.07 9.97/10.3
80 1.72/2.43  2.66/3.36  3.69/4.38 5.46/6.91 7.63/10.1 10.2/13.8
100 1.72/2.43 2.66/3.76  3.78/4.86 6.09/7.36 8.23/10.5 10.7/14.2
120 1.72/2.43 2.66/3.76  3.78/5.35 6.57/7.92 8.97/11.0 11.4/14.6
140 1.72/2.43  2.66/3.76  3.78/5.35 6.57/8.57 9.78/11.6  12.2/15.2
Short 20 1.32/1.59 1.94 2.28 2.90 345 3.93
term 40 1.60/1.98 2.25/2.92 3.02/4.07 5.01/5.79 6.89 7.86
and 60 1.84/2.34  2.72/3.25 3.49/4.34 5.38/7.12 7.77/10.3 10.7/11.8
very short 80 1.84/2.60 2.84/3.72 4.04/4.80 6.00/7.49 8.30/109 11.1/15.0
term 100 1.84/2.60 2.84/4.01 4.04/539 6.75/8.05 9.04/11.3 11.7/15.3
120 1.84/2.60 2.84/4.01 4.04/5.71 7.02/8.73 9.92/12.0 12.5/15.8
140 1.84/2.60 2.84/4.01 4.04/5.71 7.02/9.50 10.7/12.7 13.5/16.5

Lower listed capacity applies to grade 4.6 bolts; higher listed capacity applies to grade 8.8 bolts.

Bolted members in trusses and laminated construction generally adopt C24 grade
timber. Values for grade 4.6 bolts for a three-member timber-to-timber joint in this
situation are listed in Table 18.18 and Table 18.19 for loading parallel and per-
pendicular to grain. Member thicknesses are given in 20 mm increments to assist
interpolation. Where two load capacities are indicated, the higher capacity may be
adopted if grade 8.8 bolts are specified.

Figure 18.13 compares the capacity of M12 grade 4.6 and 8.8 bolts loaded par-
allel to grain in strength class C24 timber.

18.4.7 Loads between parallel and perpendicular to grain

The basic load F|, acting at an angle o degrees to grain should be determined by

the Hankinson formula:

FyFy

F

o = A
F,sin? o+ Fy, cos? o

which can be simplified using the function cos’o. + sinot = 1 to:
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Table 18.19 Single shear bolt capacity: three-member joint: C24 timber: load perpendicular to

grain
Member  Bolt diameter (mm)
Load thickness
duration (mm) M8 M10 M12 Ml6 M20 M24
Long 20 0.99 1.18 1.36 1.67 1.91 2.10
term 40 1.16/1.51 1.66/2.26 2.28/2.72 3.33 3.82 4.20
60 1.40/1.67 1.89/2.38 2.47/3.24 3.91/5.00 5.73 6.31
80 1.47/1.91  2.19/2.60 2.77/3.43 4.15/549 5.87/7.64 7.93/8.41
100 1.47/2.09 2.26/2.89 3.13/3.70 4.49/5.69 6.14/8.19 8.09/10.5
120 1.47/2.09 2.26/3.19 3.18/4.03 4.90/597 6.50/8.38 8.37/11.3
140 1.47/2.09 2.26/3.19 3.18/4.40 5.35/6.32 6.93/8.66 8.74/11.4
Medium 20 1.16/1.25 1.50 1.73 2.11 2.42 2.67
term 40 1.35/1.71  1.90/2.52 2.56/3.45 4.23 4.85 5.33
60 1.63/1.96 2.23/2.73 2.86/3.66 4.42/6.01 6.39/7.27 8.00
80 1.63/2.29 2.50/3.06 3.29/3.96 4.80/6.19 6.65/9.01 8.86/10.7
100 1.63/2.31 2.50/3.46 3.52/4.35 5.29/6.51 7.07/9.20 9.17/12.4
120 1.63/2.31 2.50/3.53 3.52/4.81 5.86/6.94 7.61/9.54 9.61/12.6
140 1.63/2.31 2.50/3.53 3.52/498 5.99/7.44 8.22/9.97 10.2/12.9
Short 20 1.24/1.43 1.71 1.97 2.41 2.76 3.04
term 40 1.48/1.86  2.07/2.71 2.77/3.77 4.54/4.82 5.53 6.08
and 60 1.74/2.16  2.46/2.98 3.14/3.96 4.79/6.44 6.87/8.29 9.12
very short 80 1.74/2.46  2.66/3.38 3.65/4.33 5.25/6.69 7.21/9.66 9.53/12.2
term 100 1.74/2.46  2.66/3.77 3.76/4.81 5.85/7.10 7.73/9.93 9.93/13.3
120 1.74/2.46  2.66/3.77 3.76/5.31 6.40/7.62 8.38/10.4 10.5/13.6
140 1.74/2.46  2.66/3.77 3.76/5.31 6.40/822 9.11/10.9 11.2/14.0

Lower listed capacity applies to grade 4.6 bolts; higher listed capacity applies to grade 8.8 bolts.

t = ]

6 | 2
- 5 [N grade 8.8 bolt
Z o ’
S
§ 24 grade 4.6 bolt
=l
faa] 14

0

O 10 20 30 40 30 o0 70 80 90
Timber thickness t {(mm)

T T

T
100 110 120 130 140

Fig. 18.13 Single shear load for M12 bolt in three-member joint parallel to grain
long-term C24 timber.
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Example

Table 18.20 Values of sin’o.

o

o 0 2.5 3 1.5
0 ¢ 0.001 30 0.00760 0.0170
10 0.0302 00468 0.0670 0.0904
20 0.117 0.146 0.17% 0.213
30 0.250 0.289 0.32% 0.371
40 0413 0.456 0.300 0.544
50 0.587 0.629 0.671 0.711
60 0.750 0.787 0.821 0.854
70 0.883 0.910 0.933 0.953
80 0.970 0.983 0.992 0.998
90 1.0

one 100 mm thick member

one M29
bolt P 3 100 50 mm
’//k’./'iiozo/ i_’ .
- load %
LD
i Section
two 50 mm thick
members
Fig. 18.14
F

F, = .
1+[(Fy/ Fyy) - 1]sin® o

As the ratio Fy/Fo, varies, no further simplification is possible. Values of sin® o are
listed in Table 18.20 for angles from 0° to 90° in 2.5° intervals. In practice the joint
capacity is estimated with sufficient accuracy if o is taken to the nearest 5° value.

Determine the medium-term bolt capacity of the joint shown in Fig 18.14 adopt-
ing an M20 grade 8.8 bolt in C24 timbers.

With ¢, = 50mm:
Single shear capacity parallel to grain, interpolating from Table 18.18,

_ 6.05+9.07
B 2

=7.56 kN

0

Single shear capacity perpendicular to grain, interpolating from Table 18.19,

485472
Ry = 2834727 06 kN
2



Mechanical Joints 307

F
F—° —1=(7.56/6.06)—1=0.248

90
At o = 30°, sin®o = 0.25.

7.56 7.56

Single shear capacity at 30° to grain = =
1+(0.248x0.25) 1.062

=7.12 kN

Bolt is in double shear, therefore

total joint bolt capacity = 2 X 7.12 = 14.24kN

18.4.8 Spacing of bolts

In general, bolt holes should be drilled as closely as possible to the diameter of the
specified bolt. Too great a hole tolerance will produce excessive joint slip under
load which in turn will lead to additional deflections of a complete assembly, i.e.
a truss or similar framed structure. In practice, holes are usually drilled no more
than 2mm larger in diameter than the bolt.

A mild steel washer should be fitted under any head or nut which would other-
wise be in direct contact with a timber surface. Minimum washer sizes (larger than
those associated with structural steelwork) are required having a diameter at least
3 times the bolt diameter and a thickness at least 0.25 times the bolt diameter. When
appearance is important, round washers are preferred. They are easier to install
than square washers, the latter requiring care in alignment if they are not to appear
unsightly. The required washer diameters are large to avoid crushing of the fibres
of the timber, and are consequently relatively thick in order to avoid cupping as
the bolted joint is tightened. To avoid fibre crushing, care should be taken not to
overtighten. If square washers are used then the side length and thickness must be
not less than the diameter and thickness of the equivalent round washer.

Spacing of bolts should be in accordance with Table 18.21, having due regard
to the direction of load to grain. When a load is applied at an angle to the grain,
the recommended spacings, both parallel and perpendicular, whichever are the
larger, are applicable. No reductions in spacings are permitted even when the
applied load is less than the bolt capacity for the joint.

18.5 TOOTHED PLATE CONNECTOR UNITS
18.5.1 General

Toothed plate connectors (section 1.6.7) are frequently used for small to medium
span domestic trusses and for other assemblies, when loadings at joints are too
high for simple bolts but too low to require the use of split ring or shear plate con-
nectors. Special equipment is needed to form a toothed plate joint as described in
6.7.4.1 of BS 5268-2. Toothed plates may be used in all softwood species and low
strength hardwoods of strength classes D30 to D40. Toothed plates are not suit-
able for denser hardwood. Basic loads in Table 86 of BS 5268-2 are limited to soft-
woods.
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Table 18.21 Minimum spacing, edge and end distances for bolts

Load parallel to grain Load perpendicular to grain
7d _4d
I
i
- ?{:T# - — ﬁlIde
—O0=<=0--—41 54 4d 4d.
Loaded End & o -4 1.5d
o b e— |44
4d _4d o -6 - —3
! 4 4 4d
PN S I.5d
00—+ 1 5d
Unloaded End

d = bolt diameter
+ » indicates direction of face grain

> indicates direction of load on holt

(u} (bl (c)

Fig. 18.15

A toothed plate connector unit consists of one or other of the following:

* one double-sided connector with bolt in single shear (Fig. 18.15(a)).

* one single-sided connector with bolt in single shear, used with a steel plate in
a timber-to-metal joint (Fig. 18.15(b)).

¢ two single-sided connectors used back-to-back in the contact faces of a timber-
to-timber joint with bolt in single shear (Fig. 18.15(c)).
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BS 5268-2 limits designers to single- and double-sided, round and square
toothed plates of 38, 51, 64 and 76 mm diameter (or nominal side of square).

Where the nut or head of the bolt occurs on a timber surface a washer must be
provided. These washers are larger in diameter than those recommended for bolted
joints.

18.5.2 Permissible loadings

Table 86 of BS 5268-2 gives the basic loads permitted for one toothed plate
connector unit for loads parallel to grain and perpendicular to grain. Note that
hardwoods are not tabulated because the timbers are too dense for the connectors
to be successfully embedded, there being a risk that the teeth will deform.

A connector on both sides of a member and on the same bolt requires twice the
thickness of timber required for a connector on one side only, if required to carry
the same load.

The improved loading capacity over that for bolts is achieved by a reduction in
stress concentrations and an enlargement of the timber area made available to resist
shear, without simultaneously removing too much timber from the joint. Load is
transferred between members by bearing stresses developed between the teeth of
the connector and the timber, and by bearing stresses developed between the bolt
and the timber. Some 40% of the ultimate load is carried by the bolt, consequently
it is important always to include a bolt, and to use the correct bolt diameter asso-
ciated with the toothed plate. The triangular teeth of the plates are shaped in such
a way that they tend to lock into the timber as the joint is formed and therefore
tend to give a relatively stiff joint.

The basic load at an angle to the grain is calculated using the Hankinson formula
as described for bolts in section 18.4.3.

The permissible load for a toothed plate connector is given by the formula:

Pel‘mlSSIb]e load = bale load X ng X K59 X KGO X KGI
where Ksg is the modification factor for duration of loading:

Ks¢ = 1.0 for long-term loading
= 1.12 for medium-term loading
= 1.25 for short-term and very short-term loading

Ko is the modification factor for moisture content:

Kso = 1.0 for a joint in service classes 1 or 2
= (.7 for a joint in service class 3

Ky is the modification factor for connector spacing:

Ky = 1.0 for a joint with standard end distance, edge distance and spacing
= the lesser value of K., K, or Ky which are the modification factors for
sub-standard end distance, edge distance and spacing respectively

Ky, is the modification factor for ‘in-line’ fixings (see section 18.1.3)

Ksi=1-0.003(n—1) forn <10
= 0.7 for n > 10, where n = number of connectors in line parallel to load.
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18.5.3 Standard and sub-standard placement of connectors

To develop the full basic load (i.e. for Ks = 1.0) toothed plate connectors must
have the required standard end distance Cy, edge distance Dy and spacing Sy, which
can be expressed in terms of the toothed plate diameter d. (In the case of a square
connector d is taken as the nominal side dimension plus 6 mm.)

End distance

Referring to Fig. 18.16, end distance C is the distance measured parallel to the
grain from the centre of a connector to the square-cut end of the member. If the
end is splay cut, the end distance should be taken as the distance measured par-
allel to the grain taken from a point 0.25d from the centreline of the connector.

The end distance is said to be loaded when the force on the connector has a com-
ponent acting towards the end of the member, and is applicable to forces acting
from o = 0° to 90° (Fig. 18.17).

For a loaded end, K. = 1.0 at Cy = 0.5d + 64mm and K. reduces for sub-
standard end distances to a variable degree, depending on the type and size of con-
nector. The minimum value of K. for sub-standard end distances varies between
0.85 and 0.5 and always occurs at Cy;, = 0.5d + 13 mm for any given case.

There is no change in the values of C, and C,;, as the angle o varies from 0°
to 90° and for intermediate values of loaded end distance linear interpolation is
permitted.

The end distance is said to be unloaded when the force on the connector has no
component acting towards the end, and applies to forces acting from o = 90° to
0°, as shown in Fig. 18.17.

For an unloaded end, if the load is at oo = 90° to grain
Cy=05d+64mm and C,, =0.5d + 13mm

R N
.- ST k-

; 1 ! .
7 - \Cl) _J:i @© I."f d P\ Qj—T

i . ! i
Squarc-cut end Splav-cut end
Fig. 18.16
LS |
|  louded end R
3 ATRE e 3 X ?

unlmyded el

Fig. 18.17
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For an unloaded end, if the load is at oo = 0° to grain
Cqy=Cpin=05d+ 13mm and K-.=1.0

For values between oo = 0° and 90° the value of Cy is determined by linear
interpolation.

Edge distance

Spacing

Referring to Fig. 18.18, edge distance D is the distance from the edge of the
member to the centre of the connector measured perpendicular to the edge. If the
edge is splay cut, the perpendicular distance from the centre of the connector to
the splay edge should not be less than the edge distance D.

The edge distance is said to be loaded or unloaded respectively according to
whether or not the force on the connector has a component acting towards the edge
of the member (Fig. 18.19).

In the case of toothed plate connectors, the standard edge distance Dy, is also the
minimum edge distance and applies to both the loaded and the unloaded edge, and
Dy = Dy, = 0.5d + 6 mm for all directions of load to grain. Therefore there are no
sub-standard edge distances for toothed plates and Ky, is unaffected by edge dis-
tance.

Spacing S is the distance between centres of adjacent connectors measured along
a line joining their centres and known as the connector axis. Spacing can be par-
allel, perpendicular or at an angle to the grain, as shown in Fig. 18.20.

The spacing of connectors is determined by the intersection of a diameter of an
ellipse with its perimeter. The coordinates A (parallel to grain) and B (perpendi-
cular to grain), as shown in Fig. 18.22, depend on the angle o of load to grain and

M
AN
T, Ko

sgquare-cut end splay-cut end

Fig. 18.18

-~ comipanent of
loaded edge larce

-
pn3
i

o S -
un!oded el

Fig. 18.19
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Fig. 18.21

on the size and shape of the tooth plate. The standard spacing A (parallel to grain)
and B (perpendicular to grain) and the minimum spacing S,,;, for loads parallel and
perpendicular to the grain are expressed in terms of the connector diameter d in
Table 18.22. Standard spacings A or B permit K = 1.0 and minimum spacing S,
permits Kg = 0.75.

Where A or B coincide with S,,;,, Ks is taken as 1.0. Intermediate values of Ky
are obtained by linear interpolation.

For angles of load to grain from o = 0° to 30°, A is greater than B, i.e. the major
axis of the ellipse is parallel to the grain. At oo = 30°, the ellipse becomes a circle,
and from o = 30° to 90°, A is less than B, i.e. the minor axis of the ellipse is par-
allel to the grain. These cases are illustrated in Fig. 18.22.
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Table 18.22 Spacing of toothed plate connectors

Angle of
load to
grain o A B Smin
0° 1.5d d+13 4+ 13
90° d+13 1.5¢ 4+ 13

Ve - N < ™ ¢ | direction
N / i ! of grain

_(\__[_ . ; . i , i | ‘ | B »

\ ! ' !
. e 74 |\
IR i ST boa
SO N = +£4 .
e =0" 130" x =3 R _

o = P

= = 30° 1o 90°

Fig. 18.22

i ,-/{'-.5 '\
B B - -—’ grain

| e |

direction
twa (I
COnneciors

shown by
circles

Fig. 18.23

When the load on a connector acts in a direction of o to the grain and the con-
nector axis is at an angle 0 to grain (Fig. 18.23), the standard spacing of connec-
tors giving K5 may be determined from the equation:

AB A
Sq = - =
V(A% sin? 6+ B> cos> 0) \/{1 + [(A/B)z _ 1] sin? 9}
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Ks=0.75 at S, and intermediate values of Ky can be obtained by linear interpo-
lation between S and S,

S— Smin il

st T Smin

Ks=0.75+0.25 [

where S is the actual spacing.
Values of A, B and S,;;, for angle of load to grain are given for toothed plates in
Table 18.23.

18.5.4 Example of determining S, and permissible connector load

Determine the value of K for the arrangement of 64 mm diameter toothed plate
connectors shown in Fig. 18.24, given that 8 = 50°, o = 60° and S = 80 mm. Deter-
mine the basic long-term service class 1 load per connector placed one side in
50mm thick C24 timber, assuming that edge and end distance requirements are
satisfied.

From Table 18.23 with o = 60°,

A=76mm, B=95mm and S,;,=76mm
The standard spacing at 6 = 50° is:

g = 76 _ 76
! J[1+[(76/95)2—1]sin250°] V[1-(0.36 X 0.587)]

=86 mm

Table 18.23 Values for A, B and S,,;, for determination of S

Size of Value of A {mm)
toothed-plate Round for angle of load to grain « (deg)
connector or B
{mm) square 0 15 30 45 60-90°  Smin
R 57 57 54 54 51 51
38
s 67 67 64 60 57 57
51 R 76 73 70 67 64 64
5 86 83 79 76 70 70
R 95 92 86 &3 76 76
64
S 105 102 95 39 83 83
R 114 108 102 95 89 89
76
) 124 117 111 102 95 95
90-60" 45°  30°  15° 0°

Value of B (mm)
for angle of load to grain «{deg)
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Fig. 18.24

80-76
8676

From Table 80 of BS 5268-2,

Ks =0.75+ 0.25(

): 0.85

F
Fy=4.54kN, F,=3.75kN and — =121
90

F
Fo, =
" 1+ [(Fy/ Fo) — 1] sin® 60°
S, o SR Y SAN
1+ (021x0.75)

The basic load per connector = Fgy X Ks = 3.92 x 0.85 = 3.33kN

18.5.5 Charts for the standard placement of toothed plate connectors

Sections 18.5.2 and 18.5.3 detail the background study into the determination of
permissible loads on toothed plates and the formulae for establishing suitable
placement of connectors with respect to one another and with respect to ends and
edges of timber. To simplify the determination of loads and spacings for office use,
Tables 18.24—-18.31 give a graphical solution.
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Table 18.24

Spacing chart 38 mm diameter

toothed-plate connectors

Unloaded end Loaded
o° 45° e ¢ o
"_4—! i e = e alt| . I
End H ) Vo J—
distance 1 n} o3 . H -
imm} : | | | T_‘ 40_@40(“1 :
' s 4
Ca [Crin} Cot |Coin] Cot | Criinf Tt Conie| L0 0% 08 07 06 05
NN EREE B ES B e
n® 15° 0° 43° &0F 10 90° Ky vilue
4=t % gt e r‘t'_d'
we| ST A ] T
Spacing i : ! B
tmm} | ! Tz : J | v o - i —
1_#“" [ A=t i~ 4t -
S [ Smin] % |Smun [ Set 1 Senf Sa | Smin| S5 [ Seun 57
silstpsrlst[saflsifaalst]st]s pal -
TG A 2N
. P " 2, 7 ey /N
Spuving [ . M I A=
[ - s |
fmn| '_J}J e [ | b A - L0 09509 (-85 b8 (-75
Ssr S‘|||:(| Ssl Srm: sal Smin Sst [ Smind Sst Smua Kﬁ
S| 51 |5 g 5E P34 | 55T | A AT | ST
17 Lo Ju®
“+
Edpgs E
disrance -
{mm} . « {degrees}
e Ssl
Dy [ Do . 0 15 | 30 | 45 |s0-90
15 | 7% P00 57| 56| 54|53 51

C15%) 57| s6 ) 54 | 53 51

S0 ss |55 iS4 5482

g 145 |54 | 54 !534 |54 | 54

I G |52 | 54 0 54 | 55 | 55

fas |51 | 53l a4 | 56 | 57

;90 |51 | 53|54 | 5657

K 075 £ 025 S- 51
B T S,.-S1

where S s the sctual spacing
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Table 18.25

3& mm square

Spacing chart
toothed-plate connectors

Unloaded end LO&%EU Kgualue
0° 45° o |oe Boe ool - 1 .
ot SO’K---:-----.—---- -
0 iohded; end
End I £ &0 ,fl\}g e
distance | | =~ g % O P
(o 0L 45 gom dse 0"
10 05 08 0T a6 05
KC
K ¢ vilue
Spacing
{mm) 66
04 .
£ \\\ -1
G0
L R
H 58 !
Spacing 33 : u-‘.t\,
. 1 ]
(mm) 10 09509 0-85 DR OTS
Ky
Edge
d‘-m o
islance .  ldegees)
m k14
(mm) oy Th 0 [ 15 | 30 | 45 j60-90
29 | 29 0° | 87 | 66 | 64 |60 | 57
N7 1o 65 | 65 | ed | 60 | s8
gyl
« ,/‘i’/” 300 6d |64 | 6a | 61 ] 59
e 1 o
o 8 | 4as°| 6l |63 |64 | 63 | 6t

i [ 60° |59 |61 {64 |64 |6l
T50Q 38 | 60 {md | 65 | 65
9|57 |60 j6d a7 |67
Kg o 075 — 025 |S=87

Sst- 57

where § is the actugl spacing
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Table 18.26

31 mm diameter
Spacing chart
pacmng char toothed-plate connectors
Uinlpaded end Lg% ed | K¢ value
o 45° 940 0% {0 90° " T ™
4~ [ [—1
End + Ao -+ . ,?g F~_Jogded end
distance _I__ OZ‘ o - Eﬁ’\ lpa *
{mm) T_‘ ig__-cn
J i ‘ d ]0 {oig{}j 450
Co |Con]Cst |Cmin] O Can Crmwn 1009 08 07 06 05
s | 3R 63 [ I8 ] By [ 38 89 ] 3w K
o 152 3o 607 to 90° K value
4 —f
| wignwi
Spacing Lj "
(mm) :
—*—I T2
Sa [Son Sst | Smin En
7 | 64 64 | 64 E
-
- 66 -
Spacing [ f ?2| 64
| ' ! -
{mm) e L4 0:95 0-% D85 08 01
S Srun] Fa Smen Sa [ Smm Sa Smin KS
64 | 64 a7 | &4 | Wledl 73| nd )] 76| 6d
0F to 90°
Edge
distance H{-‘
(mm} s « (degrees)
5t
Dt | Do 0 15| 30 | 45 [60-90)
2] 32 pe 6| T3 0| AT | B4
AT el 5| T3 | O AT | A8
- e
K'/ L R0 DU B B VR 4T S
\"¢'c/_’g/__- I 6 | 4s° a9 | 70 [ 70 [ 70 | 6o
| | 60°] 66 | 6% 1 70 L T | T2
se| 65| 67T | TOO| 73| 7S
giie] 64 | 67 WA TR
X 5 - 64
;o= 75 + 025
8 S, - 64
where 8 is the uctual spacing
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Table 18.27

Spacing chart

51 mm sguare

toothed-plate connectors

1 nloaded end

Loaded

Ke value

= o . cr‘ r— e ——
5} 435 an= ¥ 1o 90° 100 ! |
End “;“’ At — ek
distance oo 0/1 o .-
(mm) | I_‘
-Ei L
Co |Coin €4 | Comin] Cyt |Crmin| Ct | Cinig 10 0% 08 07 -6 005
41 | 41 { &6 41 2 141 Re
15 450 K value
=i 4
- f T —
pacing
(mm} J:J c/1 — ——
Ly 4 86_
Sst Smun Sa [Smin 8 T —
831__:0 ?11 70 E 82
_i I | 4 T8 \
h 11 - " \\
Spacing J‘J E'lj/-‘, o Lo —
; v 0
{mm) 4 IJ!/— 10005 09 0-85 48 075
Ss [Smivd Sa_| Smin]| Sz | Smin] S5 4 Smin] Sa | Smin K
7 4 76| 70 Wi MY R D] &6 |70
0 —9¢°
Edge
distance "%"
{mm) s o {degrees}
Do “ 0 | i5{ 30| 45 [60-50,
5L mirl
35 | 35 Ul ke | 831 79| 76| 0
A
A 15085 821 79| 6| 7
_ T we| 8| 8119|873
5 ' P AR

6oef 73| 781 79| Bl | Ei

7l V| 6] 79 B2 | ¥

| 70| e | 79 | 83 | 86

Kg=1075 + 025 [S-70
Sy 70

where 5 15 the actlual spacing
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Table 18.28

Spacing chart

&4 mm diameter

toothed-plate connectors

Unicaded end L%*rl%ﬂd K¢ vahue
" 45° 9 0% 10 WA
| s
End I !A V‘l T*_v_
distance TG 0= I[ T"
(mm} i '
Cu | Cmin| Cu CmCsz Cran 10 65 08 07 e 5
70 | 44 K
15¢ Ky value
_+j_.
Souci N — :
pucing czt 96—
(mm) Lyt AN I
SEl Smm B gg_\ n _:
92 | 76 8 gq | .
B4 |—= —
I 1 82 - -
73 R
. : 7% T
Spacing v 76 I
e
m 1-0 5509 OBSG-80.75
(mm) S [Smind Su |8 min XS
T6 | 76 83 | 76
0" to 90°
Edge
distance I
di
(mm) s, <« {degrees}
Dot | Denin 0 L 15 | 30 143 l60-90f
371 37 P los 92 |86 |83 | 76
54 A /?Z 159193 191 | 86 |84 | 77
3°| 90 | g9 | 86 |85 | &0
’_ﬁ___,_ 6 | A5°| 54 | 87 | K6 |87 | 84
60°1 80 |85 |8 |89 | 90
T 77 |84 |86 {91 |93
S| 76 | 83 | R6 |92 |95

Ks =075 ~ 025
s S:—Tb]

where S is the actual spacing
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Table 18.29

. 64 mm sguare
Spacing chart )
tonthed-plate connectors

Unloaded end Lg% ed Ko value
o 45% 90 0° to 90 T 1
- g 1
End _‘—'T L e At ggk laned e
Sel s . i -
d;sldm).e oo C/;u oy T_‘ Ezg
mm | —
: : | e
1 1
Csl Cran| C st Cor] Cau | Crne] Cst [Cmir |- % (-8 'U.f.' 6 05
48 {48 ] 73 148 | 98 ;48 | og | 48 Ko
o 13° 0= 45 al° 1o W Ky value
A - e 4 = —
PP P EL [ ] P
pacing | 106
{mm) I J -—o/-‘- e ;-—03-‘ L6z
o A A e L=

Ss [Smin| Se [Soe[ Su [Smin] S5 | Swmin] Ss¢ [ Smin e
dosye3 Froa] g3 os[aa| %o 83 ] 83|83 | zg4
g 1 +F 1 -7

g i: J ! 1o Vol ! i H
i ! 72 VA | =1
Spacing T J: | Ti ﬁf - ?/! D}, 56 == \\
Lo Lo ! L ; 52
(mm) -+ bt M vt + 10 095 09 05 0-8 D75
Sa [Smin]l & | Smo] S5 [Smin] 8o [Smn ] S [ Smin Ky
83 | &3 &9 &2 95 | R3O R3 103 | K3
0 to W
H
Edge
dislance ‘—%—»‘
fmm; " o (degrees)
YR Ss 0 15 | 30 [ 45 Jo0-99
a4 o [ s o2 ] as | se | a3

155 103 101 95 | 9 | %4
e ws wg | 95 | Y2 | 87
g | 45%] 92 . 95 | 95 | w5 | 92
GF | 87 .92 | 05 | 0t | 9k
7se] %4 Coun | 9s ||
9] B3 89 | 95 | 102|103

S - 83
Ko 075 08 s

where § is the actual spaging
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Table 18.30

. 76 mm diameter
Spacing chart
toothed-plate connectors

Unloaded end K walue
0e 45° 90° — 1 [—
End e i e 1093 Sl loaded |
i £ 50 v end |
dislance - e PN [t AN L
{mm) ( | 1 2’0‘ |
S s
Csu | Cmin] C s [Coninl €5t | Crnin B0 09 8 07 06 05
LS T I T A Y 4
g 15° i K, value
,—g—"r "
oo F - d. i
Spacing 12 —
( . __g‘__ 07‘ 115 LT —
L) L NN
S5 [Smzl 5a SmJnJ 5 Sm {g; \\ I .
114 | 59 p 108 | &Y Em
1 98 <
10| |22 o]
Spacing : i a2 —= N
S . )
(mm) A | L o 0 095 09 083 0.8 075
Sa [Smin] & s i Smin S min] XS
82 89 | 95 | 89
(¥ o WP
e
Edge ]
distance € % i
{mm) ot S o (degrees)
D s | Dmin - 0 15 | 30 4 45 60-90
ITHET] 0° |114 (108 1102 ! 95 | 89
?/\ A 15112 | 107 [102 [ 96 | 90
v L 30° | 106 | 104 J102 [ 98 | 94

_ A [ 45°] 99 | 101 f102 101 | 99

' 60°) o4 | 9% | 102 | 104 | 106
75 f 90 |96 | 102|107 [i12
90° ] 89 | o5 | 102 |08 [114

5 - 89
K- 075 — 025 [qst_ 50

where § is the actual spacing
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Table 18.31

Spacing chart

76 mm square
toothed-plate connectors

Unloaded end

L d

end —| L
[ 45° 9P 0° o 9P T ' ———
”}?} : lloddeg end
E e I A
i 50 ¥ —
distance . E 0 ‘9\ eng
(mm) i DS
- 3 T
Co |Cri| U 09 (-8 07 06 0F
105 | 54 K¢
45% O 1o S0 Ky value
]24 . . - . -
Spacing 120 {_ o]
(mm) 16 o
”2&{ . 17
E B
b I ST
104_ : . N
Spacing 1(9)18] —— _.‘:\:\ -
L] S— it
(mm) a4 L
) 1-G0-95 09 0-85 OR 673
117] 95 | 124 95 Ks
Edge
distance
(mm) ” S o (degrees)
Dyt | Bin v 0 [ 15 | 30 ! 45 |60-90
48 | 48 | oc fr24 117|111} 10z| 98
sy)\ ’ 1se [ 121 a6 [ L[ 103 ] 96
[ 4
,(' /,f( IOTPI14 1 113 | 11| 105 100
PR
] @ | 45%§ 107 [ 109 | 11t | 109 107
o

&0°) 100|105 | 1111113} 114

7590 96 | 103 [ 111|116} 121

90°) 95 | 102 [ 111|117} 124

e | S 95
Ky= 0754 025 |~¢=53

where 5 5 the actual spacing
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18.6 SPLIT RING AND SHEAR PLATE CONNECTORS
18.6.1 General

General details for split rings and shear plates are shown in sections 1.6.8 and 1.6.9.
These are regarded generally as the most efficient ring-type connectors available,
and are commonly used for most joints which require a high degree of load trans-
ference. Split rings are available in two sizes, 64 mm and 104 mm nominal inter-
nal diameter, and consist of a circular band of steel with either parallel sides or
bevelled sides. The dimensions are given in Fig. 18.25.

Dimensions (mm)

Nominal size Shape A B C D
64 mm diameter split ring Parallel side 63.5 4.1 - 19
Bevelled side 63.5 4.1 3.1 19

104 mm diameter split ring Bevelled side 101.6 4.9 34 254

g S Ar
IU j_J
m@:'o'

Split rings are relatively flexible and are able to adjust their shape to offset dis-
tortion which may occur in the grooves during any subsequent drying out of the
jointed timbers. This type of connector is therefore particularly suitable for joints
where there may be some change of moisture content after assembly.

Shear plates are also available in two sizes: 67 mm and 104 mm nominal outside
diameter. Shear plates of 67 mm diameter are made from pressed steel, whereas
104 mm diameter shear plates are made from malleable cast iron. Each varies sig-
nificantly in detail, as illustrated in Fig. 18.26.

A split ring unit consists of one split ring with its bolt in single shear (Fig. 18.27).
The 64 mm diameter split ring requires a 12mm diameter bolt and the 104 mm
diameter split ring requires a 20 mm diameter bolt. The 20 mm diameter bolt should
also be used if 64mm and 104 mm diameter split rings occur simultaneously at a
joint concentric about a single bolt.
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Fig. 18.26 Details of shear plates.

A shear plate unit consists of either (a) one shear plate connector with its bolt
in single shear used with a steel side plate in a timber-to-metal joint, or (b) two
shear plates used back-to-back in a timber-to-timber joint. Although this latter
unit requires two shear plates to develop a load only slightly in excess of that
provided by a single split ring, it can be justified where demountable joints are
required or where components are site fixed. Split rings must be drawn into a joint-
ing groove under pressure, whereas shear plates can be a sliding fit followed by a
bolt insertion.

18.6.2 Permissible loadings

The load-carrying actions of split rings and shear plates differ considerably. A split
ring connector is embedded in a pre-drilled groove, the groove being slightly
greater in diameter than the ring. The tongue-and-groove slot in the connector (see
Fig. 18.25) permits the split ring to expand into the pre-formed groove. The depth
of the split ring is shared equally between two mating faces of timber at a joint.
The capacity of the unit is the combined values of the connector taking approxi-
mately 75% of the total load and the associated bolt taking approximately 25% of
the total load. To function to its optimum value, therefore, the bolt (of the correct
size) should not be omitted.

If a split ring is subjected to load, having been sprung into position in the pre-
formed groove (as shown in Fig. 18.28), compression stresses occur where the
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of connector
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Fig. 18.27
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bearing by boll
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Fig. 18.28 Fig. 18.29 Typical split ring mode of failure.

outside of the connector bears against the side of the groove and where the inside
of the connector bears against the internal annulus of the joint. The bolt also bears
against the side of the central hole. These compression forces under the rings must
be resisted by shear forces in the timber at the end of the member, and conse-
quently, because of timber’s low resistance to horizontal shear stresses, the end
distance greatly influences the force which can be transferred. Failure of a joint is
usually accompanied by a shearing action and the displacement of an ‘I section’
piece of timber from under the bolt and ring, as illustrated in Fig. 18.29.

The action of a shear plate is to transfer peripheral bearing stresses from the
timber via the disc of the shear plate to the central hole in the plate. Load transfer
is completed by bearing stress from the plate onto the central bolt and shear resist-
ance in the bolt. The 67 mm diameter pressed steel shear plate is limited by bearing
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at the central hole, whereas the 102mm diameter malleable cast iron shear plate
with an increased centre hub thickness has a permissible load limited by the shear
capacity of the 20mm diameter bolt.

Table 94 of BS 5268-2 gives the basic loads for one split ring connector unit.
The values are listed in Table 18.32 for strength classes C14 to C30.

Table 98 of BS 5268-2 gives the basic loads for one shear plate connector unit.
The values are listed in Table 18.33 for strength classes C14 to C30. Under no
circumstances should the permissible load exceed the limiting values given in
Table 18.34.

In addition to the design check on the adequacy of the connectors, the designer
must also ensure that applied stresses on the net timber area of timber at the con-
nection are within permitted limits. The projected area of split ring or shear plate
connectors plus the area of the bolt hole which falls outside the projected area of
the connector must be deducted from the gross area to give the net area. To aid the
designer, particularly in the design of truss joints, values for loading parallel to the
grain in C24 timbers surfaced in accordance with the recommendations for con-
structional timber (section 1.2.4.4) are given in Table 18.35. Strength class C24 is
recommended for truss design especially when exposed to view as the higher grade
is accompanied by improved appearance.

The basic load at an angle to the grain is calculated using the Hankinson formula
described in section 18.4.7.

It has been shown that:

_ K
1+[(Fy/Fo)—1]sin’ a

o

A consideration of the ratio F/Fy, for split rings and shear plates gives a stan-
dard value of 1.428 for all strength classes. Therefore the the above formula may
be simplified to:

Fo = Kok

where K, = 1/(1 + 0.428 sin*or). (Values of K,, are given in Table 18.36.)
For a split ring connector

Permissible load = basic load X Ky, X K¢ X Kgu X Kgs
For a shear plate connector
Permissible load = basic load X Ky X K7 X Kgg X Kgo

where Ky, = Kq = the modification factor for duration of load, being

= 1.0 for permanent loading

= 1.25 for medium-term loading

= 1.5 for short-term or very short-term loading

Kq; = K¢; = the modification factor for moisture content as discussed in
section 18.1.2
the lesser value of K¢, Kp and Ks which are the respective
modification factors for sub-standard end distance, edge dis-
tance and spacing
K¢ = Ko = the modification factor for the number of connectors in each
line as discussed in section 18.1.3.

K64 = Kss
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Table 18.32 Basic loads for one split ring connector unit

Thickness of members*

Connectors
on both Basic load, Fj, parallel to Basic load, Fy, perpendicular to
Connector sides and grain (kN) grain (kN)
Split ring on one on same
diameter Bolt side only bolt Cle/ Cle/
(mm) size (mm) (mm) Cl4 18/22 C24 C27/30 Cl4 18/22 C24 C27/30
64 MI2 22 32 5.23 5.38 5.85 6.28 3.66 3.77 4.09 4.39
25 40 6.32 6.51 7.06 7.58 4.42 4.55 4.95 5.31
29 50 7.68 791 8.58 9.21 5.38 5.54 6.01 6.45
or over or over
102 M20 29 41 10.10 10.38 11.22 12.04 7.04 7.25 7.87 8.45
32 50 11.50 11.82 12.78 13.72 8.01 8.25 8.95 9.61
36 63 13.50 13.88 15.02 16.12 9.42 9.70 10.52 11.30
40 72 14.30 14.72 15.98 17.14 9.98 10.26 11.12 11.94
41 75 14.40 14.82 16.08 17.26 10.10 10.38 11.22 12.04
or over or over

* Actual thickness. Intermediate thicknesses may be obtained by linear interpolation.

Table 18.33 Basic loads for one shear plate connector unit

Thickness of members*

Connectors
on both Basic load, F,, parallel to Basic load, F,, perpendicular to
Connector sides and grain (kN) grain (kN)
Shear plate on one on same
diameter Bolt side only bolt Cle/ Cle/
(mm) size (mm) (mm) Cl4 18/22  C24 C27/30 Cl4 18/22 C24 C27/30
67 M20 - 41 6.45 6.64 7.20 7.73 4.51 4.64 5.05 5.42
- 50 7.72 7.95 8.62 9.26 5.40 5.56 6.04 6.49
- 63 8.21 8.45 9.18 9.86 5.75 5.92 6.42 6.89
41 67 8.32 8.56 9.30 9.97 5.82 5.99 6.51 6.99
and over and over
102 M20 - 44 8.32 8.57 9.30 9.98 5.83 6.00 6.51 6.99
- 50 9.18 9.44 10.24 10.98 6.42 6.61 7.18 771
- 63 10.50 10.82 11.78 12.66 7.38 7.60 8.25 8.86
41 - 11.70 12.04 13.06 14.02 8.17 8.41 9.13 9.80
- 75 11.90 12.24 13.26 14.24 8.33 8.57 9.31 10.00
44 92 12.50  12.88 14.02 15.06 8.79 9.05 9.84 10.56
and over and over

* Actual thickness. Intermediate thicknesses may be obtained by linear interpolation.
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Table 18.34 Limiting values for permissible loads on one shear plate connector unit*

Al loading All Ioading
Shear-plate diameter except wind including wind
{mm) Bolt size (kN) (kN)
67 M20 12,9 17,2
102 M20 221 29.5

*These values may cause a reduction in permissible loads obtained from Table 18.33.

Table 18.35 Basic connector capacities, Fy, parallel to grain in surfaced timber of strength
class C24

Connector capacity Fy, (kN)

Connector on Connector on
one side of member each side of member
Short- Short-

Thickness or very or very

of Long- Medium- short-  Long- Medium- short-
Type of Diameter member term  term term term  term term
connector (mm) (mm) load load load load load load
Split ring 64 35 8.6 10.7 12.9 6.3 7.9 9.4

47 8.6 10.7 12.9 8.12  10.1 12.2

60 8.6 10.7 12.9 8.58 10.7 12.9

72 8.6 10.7 12.9 8.58 10.7 12.9

104 35 14.5 18.1 21.7 X X X

47 16.1 20.1 24.1 12.3 15.3 18.4

60 16.1 20.1 24.1 14.5 18.1 21.7

72 16.1 20.1 24.1 16.0 20.0 24.0
Shear plate 67 35 X X X X X X

47 9.3 11.6 13.9 8.2 10.3 12.3

60 9.3 11.6 13.9 9.0 11.3 13.6

72 9.3 11.6 13.9 9.3 11.6 13.9

104 35 X X X X X X

47 14.0 17.5 21.0 9.8 12.2 14.6

60 14.0 17.5 21.0 114 14.3 17.1

72 14.0 17.5 21.0 12.9 16.1 19.3

X = not permitted.
18.6.3 Standard and sub-standard placement of connectors

To develop the full basic load split rings and shear plates must have the required
standard end distance Cy, edge distance Dy and spacing Sy, which can be expressed
in terms of the nominal connector diameter d.

In calculating end distance, edge distance and spacing (all as defined in section
18.5.3), d for a 67 mm diameter shear plate should be taken as 64 mm.



330 Timber Designers’ Manual

Table 18.36

o Ky

0 1.0

5 0.997
10 0.987
15 0.972
2 0.952
25 0.929
30 0.903
35 0.877
40 0.850
45 0.824
50 0.799
33 0.777
60 0.757
635 0.740
70 0.726
75 0.715
80 0.707
85 0.702
90 0.700

End distance
With loaded end distance (Fig. 18.17), Kc = 1.0 at Cy = d + 76 mm, and the
minimum value of K for sub-standard end distance is K. = 0.625 at C,;;, = 0.5C
= 0.5d + 38 mm. There is no change in the values of C and C;, as the angle of
load to grain o varies from 0° to 90°. For intermediate values of loaded end dis-
tance linear interpolation of K¢ is permitted.

When the end distance is unloaded at o = 0° (see Fig. 18.17), Kc = 1.0 at C =
d+ 38 mm and K. = 0.625 at C,,;, = 0.5d + 32 mm with intermediate values of K.
determined by linear interpolation.

When the load acts perpendicular to grain (o0 = 90°), the end distance is to be
regarded as loaded; hence K¢ = 1.0 at Cy = d + 76 mm and K¢ = 0.625 at C, =
0.5d + 38mm. When the load acts at an intermediate angle to grain, Cy and Cy,
are reduced linearly with Cy = d + 0.42200 + 38 mm and C,;, = 0.5d + o/15 +
32 mm.

Edge distance
The minimum edge distance is D, = 44mm for 64 mm diameter split rings and
67mm diameter shear plates, and D,,;, = 70mm for 102mm diameter split rings
and shear plates.

For an unloaded edge distance, Dy = D,;, and K, = 1.0 (see Figs 18.18 and
18.19).

For a loaded edge distance, Dy = D,;;, at o0 = 0°, whereas at o. = 45° to 90°, Dy
= 70mm for 64 mm diameter split rings and 67 mm diameter shear plates and Dy
= 95mm for 102mm diameter split rings and shear plates.

For intermediate angles of load to grain between o = 0° and 45° there is a linear
variation in Dy,
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Spacing

Modification factor Ky, is applied when the edge distance is sub-standard.
For 64 mm diameter split rings and 67 mm diameter shear plates:

D44
Ko = 1—0.17[1—g} % unity
45 26

where o = angle of load to grain between 0° and 45°
D = actual edge distance (mm) in the range 44 mm to 70 mm.

For 102 mm diameter split rings and shear plates:

o (b-

70
Kp=1- 0.17|: —)] *# unity
45 25

where o = angle of load to grain between 0° and 45°
D = actual edge distance (mm) in the range 70 mm to 95 mm.

If o0 > 45°, 0u/45° is taken as unity.

The spacing for split ring and shear plate connectors is determined in a similar way
to that for toothed plate connectors. Referring to Fig. 18.22, the appropriate stan-
dard spacings A and B parallel and perpendicular to the grain respectively, and the
minimum spacing S,,;, for loads parallel and perpendicular to the grain, can be
expressed in terms of the nominal connector diameter as given in Table 18.37.
Values of A, B and S,,;, for various angles of load to grain are given in Table

Table 18.37 Spacing for split rings and shear plates

Angle of load

to grain o
{degrees) A B Smin
0 1.5d+ 76 o + 25 i+ 23

20 d+ 25 1.5+ 12 d+ 125

Table 18.38 Values of A, B and S,,;, for the determination of S

Angle of load

Type and size to grain A B Stin
of connector {degrees) {mm) (mm) {mm)
64 mm 0 171 89
split ring 15 152 95
67 mm 30 130 98 89
shear plate 45 108 105
60-90 89 108
102 mm 0 220 127
split ting 15 203 137
102 mm 30 178 146 127
shear plate 45 152 156

60-30C 127 165
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18.38. When the load on a connector acts at an angle o to grain (see Fig. 18.30)
and the connector axis is at an angle 6 to grain, the standard spacing of connec-
tors, giving K = 1.0, is determined as for tooth plates:

A
e[ —1sin'e)

similarly K5 = 0.75 at S,;, and intermediate values of K are given as:

Ky =0.75+0.25 [i}

st T Smin

where S is the actual spacing.
When K is known, this formula may be transposed to:

S= |:(KS - 075)(Ssl - Smin)} Smin
0.25

18.6.4 Example of determining permissible connector load

Determine the permissible long-term load for each connector as in Fig. 18.30. Con-
nectors are 64 mm diameter split rings placed in two faces of a 47 mm thick C24
timber. 0 = 30°, oo = 15° and S = 100mm. Assume that edge and end distance
requirements are satisfied.

From Table 18.38 (with o0 = 15°), A = 152mm, B = 95mm and S,,;, = 89 mm:

Sy = 1522 =129 mm
V[1+[152/95)° - 1]sin*30°]
Ks =0.75+0.25 {M} =0.819
12989

From Table 18.35, F, = 8.12kN. From Table 18.36, K, = 0.972

Permissible load (per connector) = Fy X K, X Kg
=8.12x0.972 x 0.819 = 6.46kN

18.6.5 Charts for the standard placement of split ring and shear plate connectors

Sections 18.6.2 and 18.6.3 detail the background study into the determination of
permissible loads for shear plates and split rings, giving somewhat complex for-

i

| PN -

[_ > \nV_/“t/ ?

L ) P s
s

Fig. 18.30
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mulae for establishing suitable placements of connectors with respect to one
another and with respect to ends and edges of timber. To simplify the determina-
tion of loads and spacings for general design use, a graphical solution is given in
Tables 18.39 and 18.40 and Figs 18.31 and 18.32.

Table 18.39

. &4 mm diameter split rings
Spacing che !
pacing chart 67 mm diameter shear plates
Lnloaded end Loaded Ke-value
® a5 %0 | oo %%0 140
+ - 120
End =
distance I o I,_, £ oo
{inm) ) | 30
C:il C"|'|'|||] (-‘:l ('.mlll ("!i[ (‘ml[l 6{}10 [HR*] 03 U‘? &
W02 a4 121 67 140 | 70 I
i 15° 45° B0 to 90°] K valye
Y - A —— ]
]| [F] I )
Spacing i
il S J‘i LA e 180
. : ——t L4 |4 — |~
Sot | Smin] Se | Swin] S | Smin] Sa I-“m 160
170 89 | 152 89 8| 49 | 89 | B g 40 k-
] i el ® 10
: ‘i 1
11 i 7] | 100
Spacing ! i ! - ! HFS
fmmi ! ,_4.-:0-'1 | et 8?
: L 0095 090-850-80-75
Sa TS0 S [Sam So [ Sl Ss [ Saa] Ky
®o [ 89 95 | B9 15| &9 108 | B9
| Unloaded Loaded edge Kpvalue
0° P o 15 e 457 1o 90°
Edge : T = ' w0
i : I
distance (_E I J ('f <l g soh
[rmmi i ! ' : : g
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Chapter 19
Glue Joints, including Finger Joints

19.1 INTRODUCTION

336

Structural adhesives are available which are suitable for either interior or exterior
conditions and give rigid permanent glue joints in timber providing the correct
quality control is exercised. The history of gluing timber goes back many centuries,
and modern synthetic adhesives have been used successfully for structural appli-
cations for over 100 years. Finger jointing is also well proven, having been devel-
oped and used successfully since the 1950s.

Glue joints should be designed so that the adhesive is stressed in shear with
little, if any, secondary stresses to cause tension on the adhesive. Glues such as
epoxy resin with a sand additive can be used as a filler in a compression joint,
either between timber and timber, timber and steel and timber and concrete. This
chapter refers mainly to joints in which the adhesive is predominantly in shear
(Fig. 19.1).

The object in design and manufacture is to make the glue line as thin as pos-
sible, compatible with good ‘wetting’ of both surfaces. ‘Gap-filling’ glues are avail-
able — in fact these are the types usually used in timber engineering — but the
designer is advised to regard this phrase as an indication of good quality and not
as encouraging gaps to be built in. Such adhesives still retain adequate strength
while filling localized gaps, for example those due to slight imperfections in
machining.

The adhesive can usually be applied to one or both surfaces, the same
total amount being used whichever way is adopted. The spreading rate specified
by the adhesive manufacturer should be used unless sufficient testing is carried
out to prove that less is adequate for a particular detail. Often, ‘squeeze-out’
can be used as an indication as to whether or not sufficient adhesive has been
applied.

The glue joint must be held in close contact during curing. The pressure can
be applied by clamps which are removed after curing, or by nails or other fas-
teners which are left in the final assembly. Even if using nails for bonding pres-
sure there are advantages in holding the assembly with clamps until the nailing is
carried out.

If a glue joint is tested to destruction, failure should normally take place in the
timber or plywood close to the glue face, not in the thickness of the adhesive, and
the permissible design stresses used in the design of glue joints are those appro-
priate to the timber, not the adhesive. A correctly designed structural glue joint may
be expected not to slip.
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Fig. 19.1 Typical glue joints.

19.2 TYPES OF ADHESIVE USED IN TIMBER ENGINEERING

The choice of adhesive is determined by the conditions the component will en-
counter in service, the method of manufacture and perhaps the conditions during
delivery and construction. Table 100 of BS 5268-2 details the appropriate choice
of adhesive according to intended use and exposure category.

19.3 QUALITY CONTROL REQUIREMENTS. GENERAL GLUE JOINTS
19.3.1 Glue mixing and spreading

The weights or volumes of the parts of the mix must be accurately measured
and mixed in accordance with the adhesive manufacturer’s instructions. The
mixing must be carried out in clean containers. With factory gluing there
should usually be a separate room or area set aside for mixing. The separate parts
should be stored in the correct temperature conditions, and mixing should be
carried out with the air above the minimum stated temperature. Normal gel
tests and tests for rate of spread of adhesive must be carried out and records kept.
The rate of spread must be in accordance with the adhesive manufacturer’s instruc-
tions unless testing is carried out to determine that less is adequate for a particu-
lar joint.

19.3.2 ‘Open’ and ‘closed’ storage times

Once the adhesive is mixed, spreading must be carried out within the stated ‘open
storage’ time, and once the two mating surfaces are brought together any adjust-
ment in alignment or clamping must take place within the stated ‘closed storage’
time.
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19.3.3 Temperature

The air temperature during the period of glue storage, glue mixing, spreading and
curing must be as stated by the glue manufacturer. The temperature of the timber
must be above freezing. If any timber to be glued has become frozen on the surface
it must be stored inside until the surface thaws. During spreading, and during
curing, the joint should not be subjected to cold draughts, particularly if the glue
area is small.

19.3.4 Curing period

Unless an accelerated method of curing is used, such as radio-frequency curing,
the joint should be stored in a suitable temperature and humidity for the curing
period (which varies with the temperature). Although the initial curing may take
place within a matter of hours, there are certain glues, even WBP glues, which for
seven days must not be placed where rain could affect them. Until the end of that
period the glue strength could be reduced by chemicals near the edges being
‘washed-out’.

Accelerated curing can be completed in seconds. The methods of achieving
this are expensive in themselves and may require the timber to be kilned to around
12% moisture content, but may give overall savings by suiting a particular flow-
line technique. Some manufacturing processes utilize a part-accelerated curing
technique followed by natural curing. Even with accelerated curing, full cure
may still take several days. During the curing period care will be required in han-
dling glued members. If radio-frequency (RF) curing is used it is usually neces-
sary to exclude any metal from the area of the glue joint. Metal can cause serious
‘shorting’.

19.3.5 Moisture content

At the time of gluing solid timber to solid timber, the moisture content of the timber
must not exceed the limit stated either by the glue manufacturer or in BS 5268:
Parts 2 and 3, BS 6446 on glued structural components, BS 5291 on structural
finger joints, or BS 4169 on glued-laminated members. This figure is usually
around 20% or less.

The two pieces or surfaces being glued must be at approximately the same mois-
ture content, usually within 3-5% and preferably within a few percent of the equi-
librium moisture content of the component in service. See section 24.8.1 and the
relevant standard for the actual levels laid down for various situations.

If accelerated methods of curing are to be used it may be necessary to dry the
timber to around 12% before gluing takes place.

19.3.6 Machining surfaces to be glued. Site gluing

The surfaces of solid timber to be glued must be machined and the gluing must be
carried out within a prescribed period of machining unless special precautions are
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taken to ensure that the surface stays suitable for gluing. Various time limits are
given in standards. These vary from 24 to 72 hours for unpreserved timber, down
to 12 hours maximum for finger-jointing preserved timber. However, factory con-
ditions, etc., can have a significant influence and generally the time should be kept
to a minimum for solid timber. If the timber is left too long, the cut-through cells
tend to close over, a condition sometimes called ‘case hardening’, and if the glue
joint is then produced it will have less strength than otherwise. This is one reason
why site gluing is not to be encouraged unless carried out under strict supervision
with surfaces perhaps dressed just prior to gluing, or if the adhesive is mainly to
provide added stiffness rather than to take stress.

The machined surfaces must be kept clean and free from any dust, etc. It is essen-
tial to carry out the gluing operations in a clean part of the factory.

When gluing plywood, experience has shown that the time limit does not apply,
but the surface of the plywood must be clean. Any paper stickers which coincide
with the glue area must be removed. Any previously dried adhesive must be
cleaned off before being reglued or the piece must be rejected.

19.3.7 Pressure during curing

The requirement for most adhesives used in timber engineering is that the mating
surfaces must be held together in close contact during curing rather than that there
must be pressure. In practice this means that pressure is applied but (except for
finger joints) the pressure which actually occurs on the glue line is rarely mea-
sured. The pressure is applied by clamps or pads which are removed after the curing
period, or by nails or staples (occasionally screws), which are left in place after
curing although not considered in the design as adding to the shear strength of the
glue joint. Except for finger jointing (see section 19.6.6), pressure is usually con-
sidered to be adequate when ‘squeeze-out’ of the glue occurs. If clamps are used
to hold several components together, it is necessary to tighten them occasionally
during the closed assembly period.

Even when the bonding/cramping pressure is achieved by nails there are ad-
vantages in assembling units with clamps before and during nailing. Guidance
on the spacing of nails is given in BS 5268-2 and BS 6446 on structural glued
assemblies.

When curing at high temperatures the viscosity of the adhesive decreases and
the glue line pressure must be sufficient to prevent adhesive ‘run-out’.

19.3.8 Quality control tests to destruction

The manufacturer must have a sampling system for testing joints made from stan-
dard production glue mixes, usually at least two or more from any shift or major
glue mix, and several more if large productions are involved. The tests should be
to destruction and records should be kept. It is useful for the manufacturer to plot
these results on graphs with degrees of strength on the horizontal axis and number
of tests on the vertical axis, allocating one square to each test. If the correct quality
control is being exercised, the shape of the plot on the graph will gradually build
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up to the normal Gaussian shape typical of timber strength (Fig. 19.2). If any result
falls below a level set by the designer or by quality control in standards (such as
BS 5291), the components involved should be inspected and perhaps rejected, the
cause ascertained and corrective action taken.

19.3.9 Appearance

Particularly if using a WBP adhesive, the ‘squeeze-out’ which occurs with most
glue joints will affect the appearance of the component. When appearance is impor-
tant, as with some glulam for example, machining after gluing is desirable or es-
sential. Wiping will not usually remove WBP, BR or MR adhesive and may even
spread it around. After machining glulam or finger-jointed timber, the thin appear-
ance of the edge of the glue lines is generally considered neat and acceptable visu-
ally, particularly with finger joints if a type with no gap at the tips is being used.

19.3.10 Compatibility with preservatives or fire retardants

When gluing preserved timber or preserving glued timber, care must be taken to
ensure that there is compatibility. This is particularly the case with preservatives
containing water-repellent waxes or additives such as resins. It is normally pos-
sible to glue preserved timber, but extra care has to be taken. There are cases,
however, in which gluing is not possible. For example, it is not considered possi-
ble to glue timber which has already been treated with a fire retardant containing
ammonia or inorganic salts, although it is possible to treat with such a formulation
providing a suitable period (usually seven days) has elapsed after gluing and the
adhesive has achieved full cure.

When encountering for the first time a combination of glue and preservative,
the designer should check the compatibility of each with the manufacturer. When
gluing preservative-treated plywood, one would not normally wish to machine or
sand the surfaces before gluing, but brushing to remove surplus salts is desirable.
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19.3.11 Temperature and moisture content in service

If the temperature in service is likely to be high (particularly if over 50°C) and
other than a WBP adhesive is to be used, the designer should check the suitability
of the adhesive with the manufacturer. Likewise, if the moisture content in service
is likely to exceed 18% for other than short periods, the designer should check with
the adhesive manufacturer.

19.4 THE STRENGTH OF A GLUE JOINT
19.4.1 Permissible stresses

The permissible stresses for a glue joint are determined by the strength of the
timber or plywood face to which the glue is adhering and not to the strength within
the glue line itself.

The permissible shearing stress parallel to the grain of solid timber is the appro-
priate stress of the timber for shear parallel to the grain with load—duration and
load-sharing factors being applicable. The permissible shearing stress perpendicu-
lar to the grain of solid timber is one-third the value parallel to the grain and is
referred to as ‘rolling shear’ (see section 4.14 and 8.2.6).

In the event of a glued joint being designed so that one face of solid
timber is loaded at an angle to the direction of the grain, the permissible shear
stress is determined by applying the following formula from clause 6.10.1.3 of BS
5268-2:

To = Tadm, par (1 —0.678IN QL)

where  Tygm par = permissible shear stress parallel to the grain for the timber
o = angle between the direction of load and the longitudinal axis of
the timber.

When considering the face of plywood, the permissible shear stress is given the
name permissible ‘rolling shear’ stress, described in section 8.2.6 for ply web
beams. Even when the shear stress on the face of the plywood is parallel to the
face grain, the permissible rolling shear stress should be taken in calculations,
because the perpendicular veneer next to the face is so close to the surface that one
cannot be certain that full dispersal of a face stress could occur before rolling shear
starts in the perpendicular veneer. Therefore the formula given above does not
apply to glue lines on plywood faces.

19.4.2 Reduction in permissible stresses for stress concentrations

In the special case of the flange-to-web connection of a ply web beam and the con-
nection of plywood (or other board) to the outermost joist of a glued stress skin
panel, clause 4.7 of BS 5268-2 requires that the permissible shear stress at the glue
line be multiplied by the Kj; factor of 0.5. This is an arbitrary factor to take account
of likely stress concentrations.
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19.4.3 Glued/nailed joints

BS 5268-2 gives certain clauses relating to glued/nailed joints. When gluing
plywood to timber the permissible glue line stresses should be multiplied by
0.90 (K7) if assembly is by nailing (see section 6.10.1.3). The maximum spacing
of nails required to give bonding pressure is detailed in BS 6446 on glued struc-
tural components. See Table 4.5 in section 4.14.

In nail-pressure gluing, the nails are not considered to add to the strength or stiff-
ness of the glue line. Screws, improved wire nails and power-driven fastenings
such as staples may be used if proved to be capable of applying pressure to the
glue line at least equal to the nailing procedures described in BS 5268 and BS
6446.

19.5 STRUCTURAL FINGER JOINTS
19.5.1 Types

Structural finger joints are generally considered to be of two basic types which are
the longer finger joints which are deliberately made with a small gap at the tips to
ensure contact on the sloping sides, and the more recent but well-established short
joints which have no measurable gap at the tips. Both types are sketched in Fig.
19.3.

For maximum strength a finger joint should have its sloping surfaces as close
as possible to the longitudinal direction of the timber, and have as small a tip width
as possible commensurate with it being possible to cut the joint. The length of the
glue line per unit width of member also affects the strength. Tests show that a cor-
rectly made short joint can have a strength as high as most of the longer joints.
This is partly due to the increased pressure at which the short joint can be assem-
bled without causing the timber to split. The short joint is suitable for joinery as
well as structural use, whereas the gap at the tips of the longer structural joints
makes them unsuitable for most joinery uses.
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Fig. 19.3 Types of structural finger joint.
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19.5.2 Maximum size and length of finger-jointed timber

There is no theoretical limit to the size of timber which can be finger jointed. Size
is normally limited only by the capacity of the machine which has been installed.
Finger jointing in softwood sizes of 75 X 200 mm or 50 x 300 mm is quite common.
Finger jointing of glulam sections for portal frame haunches is now possible and
the reader is referred to section 19.7.4 for design procedures.

The only limit to the length being finger jointed is that of handling in the factory,
in transport and on site. Lengths of 12m are very common and do not represent
the maximum by any means.

19.5.3 Appearance and wane

It is possible to leave a piece of finger-jointed timber in the ‘as sawn’ condition
without planing. In this case the adhesive which has squeezed out is very obvious,
particularly if WBP, and it is possible for the two pieces at a joint to be off-set due
to tolerances and the lining-up of the fingers (Fig. 19.4).

This has little effect on strength but, when appearance is important, the timber
should be surfaced after finger jointing. The finger joint then usually has a very
neat appearance, particularly if a short joint is being used. Wiping off the glue
squeezed out instead of machining is unlikely to improve appearance and may
make it worse by spreading the glue over a larger area.

Wane in the length of a finger joint and within a short distance of a finger joint
acts as a stress raiser and must be limited. BS 5291 permits wane to occur on one
or two corners but gives limits. Within the finger length and within 75 mm of the
roots of the fingers, if the efficiency rating of the joint is equal to or less than 60%,
the sum of the dimensions of the wane should not exceed 10% of the width plus
thickness of the piece (which represents a maximum of about 0.6% of the area).
If the efficiency is in excess of 60%, the sum of the dimensions of the wane should
not exceed 5% of the width plus thickness of the piece.

ditferznce i thickness
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Fig. 19.4
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19.5.4 Types of adhesive

Although it is possible to finger joint with an adhesive having only interior classifi-
cation, it is normal for a manufacturer to use a WBP adhesive or perhaps a BR or
MR type, even if using a different type elsewhere in the assembly of the component.
The adhesive must be adequate for the service conditions (see Table 100 of BS 5268-
2) and BS 5291 emphasizes the use of WBP adhesives for structural finger joints.

19.5.5 Location of finger joints

BS 41609, clause 7.1.2 requires the distance between finger joints in adjacent lam-
inations to be not less than the width of the lamination, i.e. 140mm apart in a
140 mm wide section.

During fabrication the finger joints will become randomly spaced in a laminated
member and there is no reason to suppose that the existence of several finger joints
at close centres reduces the strength of a component. However, even if only to
avoid the possibility of adverse reaction from site staff or occupants, it is wise to
place some limit on the number of joints in a structural member, therefore the dis-
tance between the centres of any two finger joints in a piece of timber or single
lamination should not usually be less than 1 metre.

19.5.6 Species mix

Most of the experience in the UK of structural finger jointing has been with
European whitewood or European redwood. Even though there are known cases
where these two species have been finger jointed together successfully, BS 5291
is quite clear in stating that species should not be mixed at a joint.

19.6 QUALITY CONTROL REQUIREMENTS FOR STRUCTURAL
FINGER JOINTS

19.6.1 General

The quality control requirements listed in sections 19.3.1-19.3.7 apply equally to
finger joints, and there are also additional requirements. These are detailed in BS
5291 on finger joints in structural softwood and in sections 19.6.2—-19.6.7.

19.6.2 Machining

The cutters which actually cut the fingers must be kept sharp, and, particularly with
the longer fingers, the backing blocks must be adequate to prevent ‘spelching’ (i.e.
part of the individual fingers being torn off by the cutters).

When appearance is important it is essential to machine the completed piece to
eliminate any off-sets and to remove the glue which will squeeze out from the joint.
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The amount of cup must be limited on pieces to be finger jointed, or splitting is
likely to generate from the tips of the fingers, resulting from face pressure applied
during assembly of the joint.

19.6.3 Moisture content

The shape and method of assembling finger joints is such an excellent example of
a glue joint that it is usually quite acceptable to work to the upper limit of mois-
ture content in the timber relevant to the glue being used. The moisture content of
the timber at assembly should not exceed 20% and should be within a few percent
of the average equilibrium moisture content expected in service. The moisture
content of the pieces to be jointed should not differ by more than 6%.

19.6.4 Knots

Knots must be limited both in and close to the fingers. BS 5291 limits the dimen-
sion of knots within the finger length to half the pitch of the fingers or Smm
whichever is the lesser. Outside the length of the fingers no knot shall be closer to
the root of the fingers than three times its maximum dimension d measured paral-
lel to the grain (see Fig. 19.5), although knots with a dimension d of 5mm or less
can be disregarded. In trimming the end of a piece to be finger jointed, disturbed
grain should be removed as well as over-size knots.

19.6.5 Wane

Wane within the length of fingers and close to fingers should be limited. The limits
of BS 5291 are detailed in section 19.5.3.

19.6.6 End pressure and fissures

The end pressure during assembly of the finger joints must be sufficient for
maximum strength to be developed, but not too great or splitting will occur from
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the fingers. With short joints the applied pressure is in the order of 5-15N/mm?
reducing to 1.5-5N/mm? for the longest joints.
BS 5291 details the limits on fissures which may occur at a finger joint.

Quality control tests to destruction

It is necessary for a manufacturer of structural finger joints to have access to a test
machine to test specimens of standard production joints. The test is by four-point
loading (Fig. 19.6), and the manufacturer can consider plotting the results as indi-
cated in Fig. 19.2. BS 5291 details the test and result requirements. If a correctly
made joint is found to have low strength, one of the first checks to make is on the
density of the timber.

19.7 THE STRENGTH AND DESIGN OF FINGER JOINTS

19.7.1 General

The general philosophy in BS 5268: Part 2 on the use of finger joints in a struc-
tural situation is either to require a finger joint to have a certain efficiency in
bending when using timber of a certain stress grade without carrying out a design
check on the actual stress combinations, or to design for the actual stress combi-
nations and provide a joint accordingly. Design examples are given in section 7.5
for combined bending and tension and in section 17.5 for combined bending and
compression, using both methods.

Also see section 19.7.3 on the use of finger joints in a load-sharing system and
a non-load-sharing system.

Finger joints are not considered to affect the E value of a piece of timber or of
a built-up member.

19.7.2 Joint efficiencies in bending, tension and compression

The joint efficiency in bending is determined by test, and in the UK is expressed
as a percentage of the bending strength of unjointed defect-free timber of the same
cross-section and species. The proving test is a four-point bending test with the
finger joint occurring in the central part. The method of establishing the bending
efficiency of a new profile, or an established profile being produced on a new pro-
duction line, is detailed in BS 5291.
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Table 19.1
Finger profiles Efficiency Efficiency
rating in rating in
Length Pitch Tip width bending and tension compression
I{mm} p(mm} r{mm) {per cent) (per cent)
55 12.5 1.5 75 88
50% 12.0 2.0 75 83
40 9.0 1.0 65 89
K 6.2 0.5 75 92
30 6.5 1.5 35 77
30 11.0 2.7 50 75
20* 6.2 1.0 65 g4
15% 38 0.5 75 87
12.5% 4.0 0.7 65 82
12.5% 3.0 0.5 65 83
10.0 3.7 0.6 65 84
10.0 3.8 0.6 65 84
7.5 2.5 0.2 63 92

* Profiles more likely to be available.

The joint efficiency in tension can be established by test but is usually taken in
the UK as having the same efficiency value as in bending (even though the grade
stress of timber in tension is considerably less than the grade stress in bending).

Tests tend to show that the joint efficiency in compression is 100% or close to
100%. However, in the UK, the efficiency is taken as:

—t
”Tx100%

where p = pitch of the fingers
t = width of the tip.

Normally no finger joint with an efficiency in bending of less than 50% should be
used structurally. This is a requirement of BS 5268-2.

Guide efficiency values for well-established joint profiles are given in Table 19.1
with the more common profiles indicated by an asterisk. See the various design
examples in this manual on how to apply efficiency ratings.

As stated above, when using a finger joint, one can either use one of a stated
efficiency in bending related to various stress grades, or design for the actual
stresses or stress combinations encountered in a particular design. Table 19.2 gives
joint efficiency ratings in bending which, if matched for a particular strength class,
may be used without any further design check.

When it is necessary to carry out a design check on glulam for the actual stresses
rather than simply use the efficiency figures given in Table 19.2, see modification
factors K;, K; and Kj;, of BS 5268: Part 2 and section 7.5 for combined bending
and tension, and section 17.5 for combined bending and compression.
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Table 19.2

Strength class Minimum finger jointing efficiency in bending
Cl4-Cl16 55%

C18-C24 70%

TR26-C27 75%

19.7.3 Load-sharing/non-load-sharing systems

When finger jointing is used in a load-sharing system such as four or more
members acting together and spaced at not more than 600 mm centres, such as
rafters, joists, trusses or wall studs, with adequate provision for lateral distribution
of loads, there is no restriction on the use of finger jointing.

Clause 6.10.2 of BS 5268-2 states that: ‘Finger joints should not be used in prin-
cipal members, or other members acting alone, where failure of a single joint could
lead to collapse, except where the joints have been manufactured under a third
part control scheme.’

This restriction is quite clear when one considers a member such as a trimmer
beam consisting of one piece of solid timber and supporting a system of floor or
roof joists. In this case, if a finger joint in the trimmer beam fails, the load cannot
normally be transmitted laterally and therefore it would not be permissible to use
finger jointing in the trimmer beam.

The wording of this clause implies that finger jointing is acceptable provided
that a stuctural ‘member’ consisting of at least two members supports a commom
load so as to be equally strained. Typical examples would be twin members forming
the flanges of non-load-sharing I beams or box beams and twin chords in trusses.

19.7.4 Finger-jointed eaves haunch to laminated portal frame

A special case of finger-jointing in principal members is that of the finger-jointed
eaves haunch construction marketed by Moelven Laminated Timber Structures Ltd
and certified by Agrement certificate No. 89/2326.

This is a special haunch construction which permits straight/tapered glulam
members to be end jointed to form a portal profile with consequential savings over
the more costly alternative of a curved laminated section that requires special
jigging of thin laminations.

Such a design approach is conditional upon the eaves haunch moment being in
hogging at all times (see Fig. 19.7) and this should be verified by the designer
before any commitment is made to this form of construction. It is unlikely that
portals supporting a light dead load and subject to high wind loading would be
suitable for this method of construction.

Referring to Fig. 19.8, the adequacy of the section at the location of the finger
joint is to be checked using the following empirical formula:

Gc,a, par

0-876m,a,par + S Gc,a\dm,oc

12
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Fig. 19.7
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Fig. 19.8



350 Timber Designers’ Manual

where Gum.apa = applied bending stress at innermost fibres of the finger joint
derived using an effective section modulus of 0.56 X actual
section modulus
G..a.par = applied compression stress at the finger joint derived using an
effective area of 0.56 X actual cross-sectional area
K, = modification factor for buckling (as discussed in chapters on
column design)
G...am.« = permissible compression stress for the inclined surface (clause
2.7 of BS 5268-2)
= Oc,adm,par — (Gc,adm,par - Gc,adm,perp) sinal
O, adm,par = grade stress compression parallel to grain modified as appro-
priate for moisture content and/or duration of load
O.aam,perp = grade stress compression perpendicular to grain modified as
appropriate for moisture content and/or duration of load
o. = angle between a line normal to the finger joint and the grain
(Fig. 19.8) = (90° — 0)/4, where 0 denotes the slope of top edge
of rafter to horizontal (Fig. 19.8).

19.7.5 Design example of finger-jointed eaves haunch to laminated portal frame

Referring to Fig. 19.8, check the suitability of the eaves haunch finger joint in a
C24 grade glulam portal frame, given the following:

Roof slope 0 = 45°

Depth at finger joint = 596 mm

Width of portal = 140 mm

Long-term applied haunch moment = M = 29.2kNm
Long-term applied axial force = C = 32.3kN

Check that there is no net hogging moment at joint, then proceed as follows:

140 x 5962

Effective section modulus = M. = 0.56 X XT =4.64 x10° mm?
Effective area = A = 0.56 X 140 x 596 = 46726 mm>

M 29.2x10°
Gmaps = - = ——2_ — 6,30 N/mm>

Zs  4.64%x10°

C 32300
Gc,a\,par =—=——=0.69 N/mm2

Ay 46726

From Table 8 of BS 5268-2,

O adm,par = 7.9 N/mm’
O adm,perp = 2.4 N/mm’
o= w 11250

Ceadmo = 1.9 = (7.9 —=2.4)sin11.25° =79 — 5.55in11.25° = 7.9 — 1.07
= 6.8 N/mm?>
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For brevity, assume that slenderness ratios about x—x and y—y have been established
and that K, has been determined as 0.81.

Gc,a,par

K,
=(0.87 % 6.3)+ (0.69/0.81) =6.33 N/mm?> < 6.8 N/mm?>

Interaction formula = 0.876 , 4 par +

Therefore finger joint is adequate.



Chapter 20
Stress Skin Panels

20.1 INTRODUCTION

Plywood stress skin panels consist of plywood sheets attached to longitudinal
timber members either by glue (usually glued/nailed joints) or mechanical means
(usually nails or staples) to give a composite unit. With this construction it is pos-
sible to use smaller longitudinal members than those which would be required in
a conventional joisting system or to extend the span of standard joist sizes. In addi-
tion, prefabricated panels can be used to reduce site work and speed erection. Most
panels are sufficiently light to be erected by hand or with simple lifting gear. They
have been used on floors, roofs and walls.

The maximum span of panels with simple joist longitudinal members, finger
jointed if necessary, is in the order of 6.0m. The span of panels can be extended
if glulam/composite beams are used for the web members.

Stress skin panels can be either of double- or single-skin construction, the latter
being sometimes referred to as ‘stiffened panels’. The top flange is usually
Canadian softwood plywood or similar ‘low’ cost plywood whereas the bottom
flange may be Finnish birch-faced plywood or similar if appearance is a consider-
ation. The web members are usually C16 or C24 strength class timber.

If the full stress skin effect is required then it is essential to glue the plywood
to the timber throughout the length of the member. Glue bonding is usually
achieved with nails or staples. If nails or staples are used without adhesive, only
a part of the full stress skin effect will be achieved no matter how close the spacing
of the nails or staples. It is normal to surface the timber members on all four sides
although it could be possible to regularize only the depth of the joists. The timber
must be dried to the appropriate moisture content, particularly if in a double-skin
construction.

In th