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Preface

This handbook makes specific reference to design of timber structures to European Standards
and using products available in Europe.

The handbook is closely linked to Eurocode 5 (EC5), the European code for the design of
timber structures.

This handbook is explaining the genera philosophy of the Eurocode 5 and giving the basic
background for its requirements and design rules.

For better understanding of the Eurocode 5 design rules the worked examples are presented.
The purpose of this handbook is to introduce readers to the design of timber structures. It is

designed to serve either as a text for a course in timber structures or as a reference for
systematic self-study of the subject.
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1 Introduction

From the earliest years of recorded history, treage provided mankind with food and
materials for shelter, fuel and tools. Timber i® @f the earliest building materials used by
our predecessors, and most of us experience agsafbinity with the beauty and intrinsic
characteristics of this natural material when timbeaused in the places we work and live.

Timber is the oldest known building material cagalof transferring both tension and
compression forces - making it naturally suitecadmeam element. It has a very high strength
to weight ratio, it is relatively easy to fabricaad to join, it often out-performs alternative
materials in hazardous environments and extremésngberature (including fire), it does not
corrode and many species if detailed correctlylwawery durable. The unique properties of
timber have made it a cornerstone contributor gativance of civilisation and development
of society as we know it today.

Timber has been used in the construction of buglitoridges, machinery, war engines, civil
engineering works and boats etc. since mankintléesnt to fashion tools.

Timber is a truly remarkable material. Whilst madtthe structural materials we use are
processed from finite resources, requiring enormamsunts of energy and producing
significant green house emissions, timber is graging solar energy, in natural soil which is
fertilised by its own compost, fuelled by carborxdde and watered by rain. Because it
literally grows on trees, timber is the only sturet engineering material which can be totally
renewed - provided that trees are replanted (giants) or naturally regenerated (native
forests) after felling!

At the same time forests provide a number of unignéd varied benefits that include
protection of our climate, water and soil and aagr@ange of recreational functions enjoyed
by the general public.

Forests, forest based industries, the servicegygand products they provide affect directly
the daily life of any of the 450 M Europe’s Citizaivithin the EU countries, the forests cover

140 millions hectares which accounts for 36 % afllarea on an average, ranging from 1 %
in Cyprus to 71 % in Finland. Europe’s forests exéending in area, increasing in growth

rate, and expanding in standing volume.

From an engineering point of view, timber is diffiet from wood. Wood is the substance of
which the trunks and branches of trees are madehvidcut and used for various purposes.
Timber is wood for building.

In the hands of skilled professionals who have ppreciation and understanding of its
natural characteristics, timber has significantaadaiges over alternative structural materials,
enhancing the best designs with a sense of apptepdss, unity, serenity and warmth in
achieving the marriage of form and function, whislsimply not possible with concrete and
steel.



2 Design of timber structures

Before starting formal calculations it is necesdargnalyse the structure and set up an appro-
priate design model. In doing this there may berdlict between simple, but often conserva-
tive, models which make the calculations easy, mode complicated models which better
reflect the behaviour but with a higher risk of nmakerrors and overlooking failure modes.

The geometrical model must be compatible with tkpeeted workmanship. For structures
sensitive to geometrical variations it is espegiathportant to ensure that the structure is
produced as assumed during design. The influencenakoidable deviations from the
assumed geometry and of displacements and defamsadiuring loading should be estima-
ted.

Connections often require large areas of contadttiais may give rise to local excentricities
which may have an important influence. Often thisrea certain freedom as regards the
modelling as long as a consistent set of assungpitnsed.

The Eurocodes are limit state design codes, meathiag the requirements concerning

structural reliability are linked to clearly defshetates beyond which the structure no longer
satisfies specified performance criteria. In thed€ade system only two types of limit states

are considered: ultimate limit states and servidiéabmit states.

Ultimate limit states are those associated witHapske or with other forms of structural
failure. Ultimate limit states include: loss of ddurium; failure through excessive deforma-
tions; transformation of the structure into a meds®; rupture; loss of stability.

Serviceability limit states include: deformationkieh affect the appearance or the effective
use of the structure; vibrations which cause didoono people or damage to the structure;
damage (including cracking) which is likely to haae adverse effect on the durability of the
structure.

In the Eurocodes the safety verification is basethe partial factor method described below.

2.1 Principles of limit state design

The design models for the different limit stateslshas appropriate, take into account the
following:

— different material properties (e.g. strength aifthstss);

— different time-dependent behaviour of the mateiidisation of load, creep);

— different climatic conditions (temperature, moistwariations);

— different design situations (stages of constructabrange of support conditions).

2.1.1 Ultimate limit states
The analysis of structures shall be carried ouhgughe following values for stiffness
properties:

— for a first order linear elastic analysis of a stane, whose distribution of internal forces is
not affected by the stiffness distribution withimetstructure (e.g. all members have the
same time-dependent properties), mean valuestshaked:;

— for a first order linear elastic analysis of a stane, whose distribution of internal forces is
affected by the stiffness distribution within thérusture (e.g. composite members



containing materials having different time-deperid@noperties), final mean values
adjusted to the load component causing the lagfesss in relation to strength shall be
used,

— for a second order linear elastic analysis of acttire, design values, not adjusted for
duration of load, shall be used.

The slip modulus of a connection for the ultimateit state K, should be taken as:

2
K,==K 2.1
u 3 ser ( )

whereKgeris the slip modulus.

2.1.2 Serviceability limit states

The deformation of a structure which results frdra effects of actions (such as axial and
shear forces, bending moments and joint slip) amanfmoisture shall remain within
appropriate limits, having regard to the possipitif damage to surfacing materials, ceilings,
floors, partitions and finishes, and to the funcéb needs as well as any appearance
requirements.

The instantaneous deformatiag,s, see Chapter 7, should be calculated for the ctaistic
combination of actions using mean values of thegppate moduli of elasticity, shear moduli
and slip moduli.

The final deformationus,, see Chapter 7, should be calculated for the gueasnanent
combination of actions.

If the structure consists of members or componkating different creep behaviour, the final
deformation should be calculated using final meatues of the appropriate moduli of
elasticity, shear moduli and slip moduli.

For structures consisting of members, components aimnections with the same creep
behaviour and under the assumption of a lineattioelship between the actions and the
corresponding deformations the final deformatign, may be taken as:

Usn = Uing + Uino, T Usng, (2.2)
where:

U 6 = Ungo (1+ Keer) for a permanent actio (2.3)
Uin 1= uinst,Q,1(1+(/l K def) for the leading variable actio@ (2.4)
Unn 01 = Unstoi (Wos +1 2 K4er) fOTr accompanying variable actior®, (i > 1) (2.5)

Unstar Unstorr Unsio, are the instantaneous deformations for addp@;, Qi respectively;

oo, Y are the factors for the quasi-permanent valueagible actions;
Wb, are the factors for the combination value of uagactions;
Kaef is given in Chapter 3 for timber and wood-baseatamals, and in

Chapter 2 for connections.



For serviceability limit states with respect torations, mean values of the appropriate stiffness
moduli should be used.

2.2 Basicvariables
The main variables are the actions, the mater@qgmties and the geometrical data.

2.2.1 Actions and environmental influences
Actions to be used in design may be obtained ftoaré¢levant parts of EN 1991.

Note 1:The relevant parts of EN 1991 for use in desigiunhe:
EN 1991-1-1 Densities, self-weight and imposextito

EN 1991-1-3 Snow loads

EN 1991-1-4 Wind actions

EN 1991-1-5 Thermal actions

EN 1991-1-6 Actions during execution

EN 1991-1-7 Accidental actions

Duration of load and moisture content affect thersjth and stiffness properties of timber
and wood-based elements and shall be taken intouatdn the design for mechanical
resistance and serviceability.

Load-duration classes

The load-duration classes are characterised byetieet of a constant load acting for a
certain period of time in the life of the structufer a variable action the appropriate class
shall be determined on the basis of an estimatieeotypical variation of the load with time.

Actions shall be assigned to one of the load-domatiasses given in Table 2.1 for strength
and stiffness calculations.

Table 2.1 Load-duration classes

L oad-duration class Order of accumulated duration
of characteristic load
Permanent more than 10 years
Long-term 6 months — 10 years
Medium-term 1 week — 6 months
Short-term less than one week
Instantaneous

NOTE: Examples of load-duration assignment arergiaelable 2.2



Table 2.2 Examples of load-duration assignment

L oad-duration class

Examples of loading

Permanent self-weight
Long-term storage
Medium-term imposed floor load, snow
Short-term snow, wind
Instantaneous wind, accidental load

Service classes
Structures shall be assigned to one of the seclasses given below:

NOTE: The service class system is mainly aimed ssigaing strength values and for
calculating deformations under defined environmlerdaditions.

Service class 1 is characterised by a moistureeocbnh the materials corresponding to a
temperature of 20 °C and the relative humiditythef surrounding air only exceeding 65 %
for a few weeks per year.

NOTE: In service class 1 the average moisture comemost softwoods will not exceed
12 %.

Service class 2 is characterised by a moistureeobnh the materials corresponding to a
temperature of 20 °C and the relative humiditythef surrounding air only exceeding 85 %
for a few weeks per year.

NOTE: In service class 2 the average moisture cimemost softwoods will not exceed
20 %.

Service class 3 is characterised by climatic caombt leading to higher moisture contents
than in service class 2.

2.2.2 Materialsand product properties

Load-duration and moisture influences on strength
Modification factors for the influence of load-dticm and moisture content on strength are
given in Chapter 3.

Where a connection is constituted of two timbemgets having different time-dependent
behaviour, the calculation of the design load-eagycapacity should be made with the
following modification factokmeg:

kmod = \/ kmod,lk mod,z

wherekmod,1 aNdkmog 2 are the modification factors for the two timbezraknts.

(2.6)



Load-duration and moisture influences on deformations

For serviceability limit states, if the structurensists of members or components having
different time-dependent properties, the final me&atue of modulus of elastiCityEmean fin
shear modulusGmeansin and slip modulusKser i, Which are used to calculate the final
deformation should be taken from the following eegwmions:

E
Eeantn = 7220 2.7
'mean,fin (1+ kdef) ( )
G
Greantn = 7o 2.8
mean,fin (1+ kdef) ( )
K
K . = ——_se 2.9
ser,fin (1+ kdef) ( )

For ultimate limit states, where the distributidnmeember forces and moments is affected by
the stiffness distribution in the structure, theafi mean value of modulus of elasticity,
Emeanin Shear modulusGueanin @and slip modulusKser i, Should be calculated from the
following expressions :

— Emean
Emean in (2 . 10)
! (1 + (// 2 kdef )

G
C;mean in = e (211)
! (1 + (// 2 kdef )

Keerfin = K (2.12)
’ (1+lﬂzkdef)

where:

Emean IS the mean value of modulus of elasticity;

Gmean IS the mean value of shear modulus;

Kser is the slip modulus;
Kyt is a factor for the evaluation of creep defornrati&king into account the relevant service class
17 is the factor for the quasi-permanent value ofation causing the largest strasselation

to the strength (if this action is a permanentaactys, should be replaced by 1).
NOTE 1: Values okgyet are given in Chapter 3.
NOTE 2: Values off are given in EN 1990:2002.

Where a connection is constituted of timber elemewith the same time-dependent
behaviour, the value & should be doubled.

Where a connection is constituted of two wood-badenhents having different time-dependent

behaviour, the calculation of the final deformatishould be made with the following
deformation factokget.
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Kaet = 24/Kaer1 Kger (2.13)

wherekger 1 andKkges 2 are the deformation factors for the two timbenedats.

2.3 Verification by the partial factor method

A low probability of getting action values highéan the resistances, in the partial factor
method, is achieved by using design values founchiblyiplying the characteristic actions
and dividing the characteristic strength parametsrpartial safety factors.

2.3.1 Design value of material property

The design valu&q of a strength property shall be calculated as:

X, =k X (2.14)

Yu

where:

Xk is the characteristic value of a strength prgpert

Ka IS the partial factor for a material property;

kmod IS @ modification factor taking into account thdeef of the duration of load and
moisture content.

NOTE 1: Values oknyoq are given in Chapter 3.

NOTE 2: The recommended partial factors for mate@raperties(j11) are given in Table 2.3.
Information on the National choice may be foundhi@ National annex of each country.

Table 2.3 Recommended partial factors y, for material propertiesand resistances

Fundamental combinations:
Solid timber 1,3
Glued laminated timber 1,25
LVL, plywood, OSB, 1,2
Particleboards 1,3
Fibreboards, hard 1,3
Fibreboards, medium 1,3
Fibreboards, MDF 1,3
Fibreboards, soft 1,3
Connections 1,3
Punched metal plate fasteners 1,25

Accidental combinations 1,0

The design member stiffness propéttyor G4 shall be calculated as:

11



E

E, = e (2.15)
Yu

G, = Cmem (2.16)
Yu

where:

Emean is the mean value of modulus of elasticity;

Gmean IS the mean value of shear modulus.

2.3.2 Design value of geometrical data

Geometrical data for cross-sections and systemsbmagken as nominal values from product
standards hEN or drawings for the execution.

Design values of geometrical imperfections spegifiethis handbook comprise the effects of
— geometrical imperfections of members;

- the effects of structural imperfections from fahtion and erection;

— inhomogeneity of materials (e.g. due to knots).

2.3.3 Design resistances
The design valu®y of a resistance (load-carrying capacity) shakk&leulated as:

R! = kmodi (217)
Yu

where:

R« is the characteristic value of load-carrying cayac

K1 is the partial factor for a material property,

kmod 1S @ modification factor taking into account thiéeet of the duration of load and
moisture content.

NOTE 1: Values oknyoq are given in Chapter 3.

NOTE 2: For partial factors, see Table 2.3.

12



3 Design values of material properties

Eurocode 5 in common with the other Eurocodes plew/ino data on strength and stiffness
properties for structural materials. It merely assathe rules appropriate to the determination
of these values to achieve compatibility with thésy format and the design rules of ECS5.

3.1 Introduction

Strength and stiffness parameters

Strength and stiffness parameters shall be detednam the basis of tests for the types of
action effects to which the material will be sulbgetin the structure, or on the basis of
comparisons with similar timber species and gramtes/ood-based materials, or on well-
established relations between the different progsert

Stress-strain relations

Since the characteristic values are determinecherassumption of a linear relation between
stress and strain until failure, the strength veatfon of individual members shall also be
based on such a linear relation.

For members or parts of members subjected to casipre a non-linear relationship (elastic-
plastic) may be used.

Strength modification factors for service classes and load-duration classes
The values of the modification factifog given in Table 3.1 should be used.

If a load combination consists of actions belongmglifferent load-duration classes a value
of kmog Should be chosen which corresponds to the actitinthe shortest duration, e.g. for a
combination of dead load and a short-term loadalaevofky.g corresponding to the short-

term load should be used.

Table 3.1 Values of Ko

Material Standard Service L oad-dur ation class
class Permanent | Long | Medium | Short | Instanta-
action term term term neous
action | action | action action
Solid timber| EN 14081-1 1 0,60 0,70 0,80 0,90 1,10
2 0,60 0,70 0,80 0,90 1,10
3 0,50 0,55 0,65 0,70 0,90
Glued EN 14080 1 0,60 0,70 0,80 0,90 1,10
laminated 2 0,60 0,70 0,80 0,90 1,10
timber 3 0,50 0,55 0,65 0,70 0,90
LVL EN 14374, EN 14279 1 0,60 0,70 0,80 0,90 1,10
2 0,60 0,70 0,80 0,90 1,10
3 0,50 0,55 0,65 0,70 0,90
Plywood EN 636
Part 1, Part 2, Part B 1 0,60 0,70 0,80 0,90 1,10
Part 2, Part 3 2 0,60 0,7( 0,80 0,90 1,10
Part 3 3 0,50 0,55 0,65 0,70 0,90




0SB EN 300
OSB/2 1 0,30 0,45 0,65 0,85 1,10
OSB/3, OSB/4 1 0,40 0,50 0,70 0,90 1,10
OSB/3, OSB/4 2 0,30 0,40 0,55 0,70 0,90
Particle- EN 312
board Part 4, Part 5 1 0,30 0,45 0,65 0,85 1,10
Part 5 2 0,20 0,30 0,45 0,60 0,80
Part 6, Part 7 1 0,40 0,5( 0,70 0,90 1,10
Part 7 2 0,30 0,40 0,55 0,70 0,90
Fibreboard,| EN 622-2
hard HB.LA, HB.HLA 1 1 0,30 0,45 0,65 0,85 1,10
or2
HB.HLA1 or 2 2 0,20 0,30 0,45 0,60 0,80
Fibreboard,| EN 622-3
medium MBH.LA1 or 2 1 0,20 0,40 0,60 0,80 1,10
MBH.HLS1 or 2 1 0,20 0,40 0,60 0,80 1,10
MBH.HLS1 or 2 2 - - - 0,45 0,80
Fibreboard, [ EN 622-5
MDF MDF.LA, 1 0,20 0,40 0,60 0,80 1,10
MDF.HLS
MDF.HLS 2 - - - 0,45 0,80

Deformation modification factors for service classes
The values of the deformation factégss given in Table 3.2 should be used.

3.2 Solid timber
Timber members shall comply with EN 14081-1. Timbe¥mbers with round cross-section
shall comply with EN 14544,

NOTE: Values of strength and stiffness propertese(Table 3.4) are given for structural
timber allocated to strength classes in EN 338.

The establishment of strength classes and reldatedgsh and stiffness profiles is possible
because, independently, nearly all softwoods amdw@ods commercially available exhibit a
similar relationship between strength and stiffn@sgperties.

Experimental data shows that all important charatie strength and stiffness properties can
be calculated from either bending strength, modwoluslasticity (E) or density. However,
further research is required to establish the effétimber quality on these relationships and
to decide whether accuracy could be improved byifyiad these retationships for different
strength classes.

Deciduous species (hardwoods) have a differenbameal structure from coniferous species

(softwoods). They generally have higher densitigsniot correspondingly higher strength and

stiffness properties. This is why EN 338 providepasate strength classes for coniferous and
deciduous species. Poplar, increasingly used foctstral purposes, shows a density/strength
relationship closer to that of coniferous speciad was therefore assigned to coniferous
strength classes.
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Due to the relationships between strength, stifnasd density a species /source/ grade
combination can be assigned to a specific stredgis based on the characteristic values of
bending strength, modulus of elasticity and density

According to EN 338 a timber population can thusabsigned to a strength class provided

- the timber has been visually or machine stremg#uded according to the specifications of
EN 518 or EN 519;

- the characteristic strength, stiffness and dgnstues have been determined according to
EN 384 “Determination of characteristic values afaianical properties and density”;

- the characteristic values of bending strengthduwhes of elasticity and density of the
population are equal to or greater than the coomdipg values of the related strength class.

The effect of member size on strength may be takeraccount.

Table 3.2 Values of kye for timber and wood-based materials

Material Standard Service class
1 2 3
Solid timber EN 14081-1 0,6( 0,80 2,00
Glued LaminatedEN 14080 0,60| 0,80 2,0(
timber
LVL EN 14374, EN 14279 0,60 0,80 2,00
Plywood EN 636
Part 1 0,80 - -
Part 2 0,80 1,00 -
Part 3 0,80 1,00 2,5C
0SB EN 300
OSB/2 2,25 - -
OSB/3, OSB/4 1,50 2,2% -
Particleboard EN 312
Part 4 2,25 - -
Part 5 2,25 3,00 -
Part 6 1,50 - -
Part 7 1,50 2,25 -
Fibreboard, hard EN 622-2
HB.LA 2,25 - -
HB.HLA1, HB.HLA2 2,25 | 3,00 -
Fibreboard, medium |EN 622-3
MBH.LA1, MBH.LA2 | 3,00 - -
MBH.HLS1, 3,00 | 4,00 -
MBH.HLS2
Fibreboard, MDF EN 622-5
MDF.LA 2,25 - -
MDF.HLS 2,25| 3,00 -

For rectangular solid timber with a characterigiticber densitya, < 700 kg/nf, the reference
depth in bending or width (maximum cross-sectiafiadension) in tension is 150 mm. For
depths in bending or widths in tension of solidkan less than 150 mm the characteristic
values forfy, x and f; o kmay be increased by the factqar given by:

15



(@jOZ
h (3.1)

1,3

kK, =min

whereh is the depth for bending members or width for i@msnembers, in mm.

For timber which is installed at or near its filsi@uration point, and which is likely to dry out
under load, the values &fer, given in Table 3.2, should be increased by 1,0.

Finger joints shall comply with EN 385.

3.3 Glued laminated timber
Glued laminated timber members shall comply with E1080.

NOTE: Values of strength and stiffness properties given for glued laminated timber
allocated to strength classes in EN 1194.

Formulae for calculating the mechanical propertieglulam from the lamination properties
are given in Table 3.3.

The basic requirements for the laminations which @ed in the formulae of Table 3.3 are
the tension characteristic strength and the meadutus of elasticity. The density of the
laminations is an indicative property. These propsrshall be either the tabulated values
given in EN 338 or derived according to the pritegpgiven in EN 1194.

The requirements for glue line integrity are basedhe testing of the glue line in a full cross-
sectional specimen, cut from a manufactured membepending on the service class,
delamination tests (according to EN 391 “Glued faaéd timber - delamination test of glue
lines”) or block shear tests (according to EN 3@&ued laminated timber - glue line shear
test”) must be performed.

Table 3.3 Mechanical properties of glued laminated timber (in N/mm?)

Property
Bending fogx = 7+115f
Tension fiogx  =5+0,8f 4,
fioogx  =0,2+0,015f
Compresion feogk =7,2 ft?o’fk
fc,90,g k =0,7 ft?(fl) K
Shear fv,g,k =0,32 ft,odi,? k
Modulus of elasticity Eogmen =L O5SE; e
Eo,g,05 = 0185EOI ,mean
Eoogmean = 0,035E, e
Shear modulus Gymen  =0,065E;,

16



Density Py =1,10p0,,

NOTE: For combined glued laminated timber the fdaeu
apply to the properties of the individual partstlte crosst
section. It is assumed that zones of different fetion grades
amount to at least 1/6 of the beam depth or twanations,
whichever is the greater.

The effect of member size on strength may be takeraccount.

For rectangular glued laminated timber, the refegethepth in bending or width in tension is
600 mm. For depths in bending or widths in ten®@bglued laminated timber less than 600
mm the characteristic values figyx andf; o x may be increased by the fackgrgiven by

(@jo,l
k, =min h (3.2)
11

whereh is the depth for bending members or width for tensiembers, in mm.

Large finger joints complying with the requiremerdfs ENV 387 shall not be used for
products to be installed in service class 3, whigeadirection of grain changes at the joint.

The effect of member size on the tensile strengtipgndicular to the grain shall be taken into
account.

3.4 Laminated veneer lumber (LVL)
LVL structural members shall comply with EN 14374.

For rectangular LVL with the grain of all veneersining essentially in one direction, the
effect of member size on bending and tensile stresigall be taken into account.

The reference depth in bending is 300 mm. For depttbending not equal to 300 mm the
characteristic value fdg, xk should be multiplied by the factky ,given by

=)
Kk, =min h (3.3)
1,2

where:
h is the depth of the member, in mm;
s is the size effect exponent, see below.

The reference length in tension is 3000 mm. Fogtlenin tension not equal to 3000 mm the
characteristic value fdyo x should be multiplied by the factkrgiven by

17



(3000)5’2
/

K, =min (3.4)
1,1

wherefis the length, in mm.
The size effect exponeafor LVL shall be taken as declared in accordanitk &N 14374.

Large finger joints complying with the requiremerds ENV 387 shall not be used for
products to be installed in service class 3, whigeadirection of grain changes at the joint.

For LVL with the grain of all veneers running essaly in one direction, the effect of
member size on the tensile strength perpendicaltre grain shall be taken into account.

3.5 Wood-based panels
Wood-based panels shall comply with EN 13986 andl Li¥ed as panels shall comply with
EN 14279.

The use of softboards according to EN 622-4 shbaldestricted to wind bracing and should
be designed by testing.

3.6 Adhesives

Adhesives for structural purposes shall producetgoof such strength and durability that the
integrity of the bond is maintained in the assigsedvice class throughout the expected life
of the structure.

Adhesives which comply with Type | specification@efined in EN 301 may be used in all
service classes.

Adhesives which comply with Type Il specificatios @efined in EN 301 should only be used
in service classes 1 or 2 and not under prolongpdsire to temperatures in excess of 50 °C.

3.7 Metal fasteners

Metal fasteners shall comply with EN 14592 and mnetnnectors shall comply with
EN 14545.

18



Table 3.4 Strength classes and characteristic values according to EN 338

Coniferous species and Poplar

Deciduous species

Cl4 | C16 | C18 | C20 | C22 | C24 | C27 | C30 | C35 | C40 | C45 | C50 | D30 | D35 | D40 | D50 | D60 | D70
Strength properties in N/mm?
Bending fnk 14 16 18 20 22 24 27 30 35 40 45 50 30 35 40 50 60 70
Tension parallel to grain frox 8 10 11 12 13 14 16 18 21 24 27 30 18 21 24 30 36 42
Tension perpendicular to grain | f; g0 o4 (05(|(05|05|05|05)| 06|06 | 06| 06 | 06| 06 0,6 0,6 0,6 0,6 0,6 0,6
Compression parallel to grain feok 16 17 18 19 20 21 22 23 25 26 27 29 23 25 26 29 32 34
Compression perpendicular to | fg g0k 2,0 2,2 2,2 2,3 2,4 2,5 2,6 2,7 2,8 29 | 31 | 32 8,0 84 | 88 9,7 | 105 | 135
grain
Shear fux 1,7 1,8 2,0 2,2 2,4 25 | 28 3,0 34 | 38 3,8 3,8 3,0 34 | 38 | 46 53 6,0
Stiffness properties in kN/mm?
Mean value of modulus of Eo,mean 7 8 9 9,5 10 11 (115 | 12 13 14 15 16 10 10 11 14 17 20
elasticity parallel to grain
5% value of modulus of Eo.05 47 54 6,0 6,4 6,7 74 | 1,7 8,0 8,7 94 | 10,0 | 10,7 | 8,0 8,7 94 | 11,8 | 143 | 16,8
elasticity parallel to grain
Mean value of modulus of Egoymean | 0,23 | 0,27 | 0,30 | 0,32 | 0,33 | 0,37 | 0,38 | 0,40 | 0,43 | 0,47 | 0,50 | 0,53 | 0,64 | 0,69 | 0,75 | 0,93 | 1,13 | 1,33
elasticity pependicular to grain
Mean value of shear modulus | Gean 044 | 05 | 056|059 | 063|069 |072(07(081|088]|0,94]| 100 | 0,60| 0,65 0,70 | 0,88 | 1,06 | 1,25
Density in kg/m®
Density Ok 290 | 310 | 320 | 330 | 340 | 350 | 370 | 380 | 400 | 420 | 440 | 460 | 530 | 560 | 590 | 650 | 700 | 900
Mean value of density Pmean 350 | 370 | 380 | 390 | 410 | 420 | 450 | 460 | 480 | 500 | 520 | 550 | 640 | 670 | 700 | 780 | 840 | 1080
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4 \Wood adhesives

At present there is one established EN-standard cfassification of structural wood
adhesives, namely EN 301, “Adhesives, phenolic améhoplastic, for load bearing timber
structures: Classification and performance requameisi. The corresponding test standard is
EN 302, “Adhesives for load-bearing timber struetur Test methods. The standards apply to
phenolic and aminoplastic adhesives only. Thesesdés are classified as:

- type l-adhesives, which will stand full outdoosipesure, and temperatures above 50 °C;

- type ll-adhesives, which may be used in heatedl \@entilated buildings, and exterior
protected from the weather. They will stand shogpaosure to the weather, but not
prolonged exposure to weather or to temperaturegeabo °C.

According to EC5 only adhesives complying with EDlL3nay be approved at the moment.
Current types of structural wood adhesives aredisielow.

Resorcinol formaldehyde (RF) and Phenol-resorcinol formaldehyde (PRF) adhesives
RF’s and PRF'’s are type | adhesives according t@&N They are used in laminated beams,
fingerjointing of structural members, I-beams, lb@ams etc., both indoors and outdoors.

Phenol-formaldehyde adhesives (PF), hot-setting
Hot-setting PF's cannot be classified accordingNo301.

Phenol-formaldehyde adhesives (PF), cold-setting
Cold-setting PF's are classified according to EMN, 38ut the current types are likely to be
eliminated by the “acid damage test” given in ER-30

Urea-formaldehyde adhesives (UF)

Only special cold-setting UF’s are suitable foustural purposes. In a fire they will tend to
delaminate. UF's for structural purposes are di@skiaccording to EN 301 as type II-
adhesives.

Melamine-urea formal dehyde adhesives (MUF)

The cold set ones are classified according to EN Jbey are, however, less resistant than
the resorcinols, and not suitable for marine puegoslowever, MUF’s are often preferred for
economic reasons, and because of their lighteucolo

Casein adhesives
Caseins are probably the oldest type of structadakesive and have been used for industrial
glulam production since before 1920. Caseins dowest the requirements of E301.

Epoxy adhesives

Epoxy adhesives have very good gapfilling propsrttepoxies have very good strength and
durability properties, and the weather resistammcettie best ones lies between MUF's and
PRF's.

Two-part polyurethanes
These adhesives have good strength and duralbilitygxperience seems to indicate that they
are not weather-resistant, at least not all of them
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5 Durability

Timber is susceptible to biological attack whenestal components may corrode.

Under ideal conditions timber structures can beuse for centuries without significant
biological deterioration. However, if conditiongearot ideal, many widely used wood species
need a preservative treatment to be protected trmmbiological agencies responsible for
timber degradation, mainly fungi and insects.

5.1 Resistance to biological organisms and corrosion

Timber and wood-based materials shall either halegj@ate natural durability in accordance
with EN 350-2 for the particular hazard class (adedi in EN 335-1, EN 335-2 and EN 335-3),
or be given a preservative treatment selecteddardance with EN 351-1 and EN 460.

NOTE 1: Preservative treatment may affect the gtireand stiffness properties.

NOTE 2: Rules for specification of preservationatreents are given in EN 350-2 and
EN 335.

Metal fasteners and other structural connectiordl,slvhere necessary, either be inherently
corrosion-resistant or be protected against carrosi

Examples of minimum corrosion protection or matesipecifications for different service
classes are given in Table 5.1.

Table 5.1 Examples of minimum specifications for material protection against corrosion
for fasteners (related to 1 SO 2081)

Fastener Service Class’
1 2 3

Nails and screws witd < 4 mm None Fe/Zn 12t |Fe/Zn 258
Bolts, dowels, nails and screws wih> | None None Fel/Zn 25¢
4 mm
Staples Fe/Zn 12c |Fe/Zn 128 | Stainless

steel
Punched metal plate fasteners and st¢Ee/Zn 128 |Fe/zZn 128 | Stainless
plates up to 3 mm thickness steel
Steel plates from 3 mm up to 5 mm in| None Fe/zn 128 |Fe/Zn 258
thickness
Steel plates over 5 mm thickness None None Fe/Zn 258

21f hot dip zinc coating is used, Fe/Zn 12c shdwdeplaced by 2275 and Fe/Zn 25c
by Z350 in accordance with EN 10147

® For especially corrosive conditions consideragbauld be given to heavier hot dip
coatings or stainless steel.
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5.2 Biological attack
The two main biological agencies responsible forber degradation are fungi and insects
although in specific situations, timber can alsatiacked by marine borers.

Fungal attack
This occurs in timber which has a high moistureteoty generally between 20 % and 30 %.

Insect attack
Insect attack is encouraged by warm conditions whiavour their development and
reproduction.

5.3 Classification of hazard conditions

The levels of exposure to moisture are definecedbffitly in EC5 and EN 335-1 “Durability of
wood and wood-based products - Definition of haZas#) classes of biological attack - Part
1: General”. EC5 provides for three service classsating to the variation of timber
performance with moisture content, see Chapter 2.

In EN 335-1, five hazard (use) classes are defiw#l respect to the risk of biological
attacks:

Hazard (use) class situation in which timber or wood-based prodwcunder cover, fully
protected from the weather and not exposed to mggtti

Hazard (use) class, 3ituation in which timber or wood-based prodigtunder cover and
fully protected from the weather but where high iemmvmental humidity can lead to
occasional but not persistent wetting;

Hazard (use) class 8ituation in which timber or wood-based prodgchot covered and not
in contact with the ground. It is either continyatixposed to the weather or is protected from
the weather but subject to frequent wetting;

Hazard (use) class 4ituation in which timber or wood-based prodwsctn contact with the
ground or fresh water and thus is permanently eeghts wetting;

Hazard (use) class Situation in which timber or wood-based prodsgbérmanently exposed
to salt water.

5.4 Prevention of fungal attack
It is possible to reduce the risk through carefohstruction details, especially to reduce
timber moisture content.

5.5 Prevention of insect attack

Initially, the natural durability of the selectednber species should be established with
respect to the particular insect species to whiamay be exposed. It is also necessary to
establish whether the particular insect is presetite region in which the timber to be used.
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6 Ultimate limit states

Timber structures are generally analysed usingielssuctural analysis techniques the world
over. This is quite appropriate for the servicagblimit state (which is fairly representative

of the performance of the structure from year taryeEven the ultimate limit state (which

models the failure of structural element under areene loading condition) can be

reasonably modelled using an elastic analysis.

6.1 Design of cross-sections subjected to stressin one principal direction
This section deals with the design of simple membea single action.

6.1.1 Assumptions

Section 6.1 applies to straight solid timber, glleadinated timber or wood-based structural
products of constant cross-section, whose grais assentially parallel to the length of the
member. The member is assumed to be subjectetessess in the direction of only one of its
principal axes (see Figure 6.1).

Key:
(1) direction of grain
Figure 6.1 Member Axes

6.1.2 Tension parallél tothegrain

Tension members generally have a uniform tensietd fthroughout the length of the
member, and the entire cross section, which melaais any corner at any point on the
member has the potential to be a critical locatibBlowever a bending member under
uniformly distributed loading will have a bendingpment diagram that varies from zero at
each end to the maximum at the centre. The critmadtions for tension are near to the
centre, and only one half of the beam cross seetitirhave tension, so the volume of the
member that is critical for flaws is much less tlia&t for tension members.

The inhomogeneities and other deviations from asalidbrthotropic material, which are
typical for structural timber, are often called eldk. As just mentioned, these defects will
cause a fairly large strength reduction in tengarallel to the grain. For softwood (spruce,

fir) typical average value are in the rangefpf = 10 to 35 N/mrh

In EC5 the characteristic strength values of s@haber are related to a width in tension
parallel to the grain of 150 mm. For widths in tensof solid timber less than 150 mm the
characteristic values may be increased by a fdgtor

For glulam the reference width is 600 mm and, agaisly, for widths smaller than 600 mm
a factork, should be applied.
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For long boards under uniaxial tension due conatd®r should be taken both of the size
effect (length effect) and of the lengthwise vaoatof the tensile strength.

The following expression shall be satisfied:
Ooa < fioa (6.1)

where
Oiod IS the design tensile stress along the grain;

fio.d is the design tensile strength along the grain.

6.1.3 Tension perpendicular tothegrain

The lowest strength for timber is in tension pepenlar to the grain.

In timber members tensile stresses perpendiculdretgrain should be avoided or kept as low
as possible.

The effect of member size shall be taken into astou

6.1.4 Compression parallel tothegrain

At the ultimate limit state, the compression membdi have achieved its compressive
capacity whether limited by material crushing (5&gure 6.2) or buckling. In contrast to the
brittle, explosive failure of tension members, ttwmpression failure is quiet and gradual.
Buckling is quite silent as it is not associatedhwinaterial failure at all, and crushing is
accompanied by a “crunching or crackling” soundwewer, in spite of the silence of failure,
any structural failure can lead to loss or at |gastial loss of the structural system and place
a risk on human life. Both modes of failure ard ps serious as the more dramatic tensile and

bending failures.
J7N

N

Figure 6.2 Failure mechanismsin compression

The strength in compression parallel to the grailh e somewhat reduced by the growth
defects tof_, = 25 to 40 N/mrh The reduction in strength depends on the testiathod. If

the specimen is compressed between two stiff estéglwhich are restrained from rotation, a
local failure of some fibres will lead to stressliggribution over the rest of the cross section.
This will result in a higher average stress thathé& specimen had been loaded via a hinged
endplate.
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The following expression shall be satisfied:
Uc,O,d s fc,O,d (62)

where:
Oco0d IS the design compressive stress along the grain;
fcoa  Isthe design compressive strength along the grain.

NOTE: Rules for the instability of members are give 6.3.

6.1.5 Compression perpendicular tothegrain

Bearing capacity either over a support or undeoaal Iplate is a function of the crushing
strength of the wood fibre. Where the bearing cipas exceeded, local crushing occurs.
This type of failure is quite ductile, but in somweses, fibre damage in the region of a support
may cause flexural failure in that location.

The bearing capacity is a complex function of tearing area. Where the bearing does not
completely cover the area of timber, testing haswsha considerable increase in bearing
capacity.

This is known as an “edge effect”. Figure 6.3 shdwearing failure under heavily loaded
beams. The influence of growth defects on the gtlreperpendicular to the grain is small.

Figure 6.3 Bearing effects at supports and points of concentrated load application

The following expression shall be satisfied:

Oc90a< Keoof cs0, (6.3)

o3
where:
Oc90d IS the design compressive stress in the contaeet@erpendicular to the grain;
fcood IS the design compressive strength perpendicaldre grain;

Ke.00 Is a factor taking into account the load configiora possibility of splitting and
degree of compressive deformation.
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The value ofk; oo should be taken as 1,0, unless the member arrargerm the following
paragraphs apply. In these cases the higher vdlkeqp specified may be taken, up to a
limiting value ofk; g0 = 4,0.

NOTE: When a higher value &f o0 is used, and contact extends over the full memibth
b, the resulting compressive deformation at themate limit state will be approximately
10 % of the member depth.

For a beam member resting on supports (see Figdyetbe factok: oo should be calculated
from the following expressions:

— When the distance from the edge of a support temtigeof a beara, < h/3:

/ h
K.=238-—| 1+— 6.4
@90 ( 250)[ 12) (6.4)

— At internal supports:

14 h

kc,go:(2138_2_50j(1+5j (6.5)

where:

¢ is the contact length in mm,;
h is member depth in mm.

AEEERERER PYYYYIYIAAY

ikl il Ao
»aL ‘. F/»

Figure 6.4 Beam on supports

For a member with a deptin< 2,5 where a concentrated force with contact over thie f
width b of the member is applied to one face directly aveontinuous or discrete support on
the opposite face, see Figure 6.5, the factegis given by:

B _L QO’S
kc,go_(2138 250)( zj (6.6)

where:
les IS the effective length of distribution, in mm;

¢ is the contact length, see Figure 6.5, in mm.
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A

(c)
Figure 6.5 Deter mination of effective lengthsfor a member with h/b < 2,5,
() and (b) continuous support, (c) discrete supports

The effective length of distributiofys should be determined from a stress dispersalitiea
vertical inclination of 1:3 over the depith but curtailed by a distance a2 from any end, or

a distance of,/4 from any adjacent compressed area, see FiguaeaBdbb.
For the particular positions of forces below, tifedive length is given by:
- for loads adjacent to the end of the memberFsgpare 6.5a

Ly :/+2 (6.7)

- when the distance from the edge of a concenttatatito the end of the memleer

2§h ,see Figure 6.5b

Ly :/+2—:‘:1 (6.8)

whereh is the depth of the member or 40 mm, whichevénaedargest.

For members on discrete supports, provided ¢hath and 7, =2h, see Figure 6.5c, the
effective length should be calculated as:

/=05 7+/ +2—h (6.9)
ef s 3

whereh is the depth of the member or 40 mm, whichevénaedargest.
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For a member with a depth> 2,5 loaded with a concentrated compressive force an tw
opposite sides as shown in Figure 6.6b, or witbrecentrated compressive force on one side
and a continuous support on the other, see Figie 6he factok; oo should be calculated
according to expression (6.10), provided that dllewing conditions are fulfilled:

— the applied compressive force occurs over thenfieiinber widtho;

— the contact lengthis less than the greateriobr 2100 mm:

K =% (6.10)

c,90

where:

1 is the contact length according to Figure 6.6;

ler IS the effective length of distribution accorditogFigure 6.6

The effective length of distribution should notexxd by more thari beyond either edge of
the contact length.

For members whose depth varies linearly over thmpat (e.g. bottom chords of trusses at
the heel joint), the depth should be taken as the member depth at the deetref the

support, and the effective length should be taken as equal to the contact leagth
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Figure 6.6 Deter mination of effective lengthsfor a member with h/b> 2,5
on (a) a continuous support, (b) discrete supports
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6.1.6 Bending

The most common use of a beam is to resist loadsehying about its major principal axis.
However, the introduction of forces, which are motthe plane of bending, on the beam
results in bi-axial bending (i.e. bending abouthbttte major and minor principal axes).
Additionally, the introduction of axial loads inngon or compression results in a further
combined stress effect. For beams which are swgetd bi-axial bending, the following

conditions both need to be satisfied:

The following expressions shall be satisfied:

Omyd + Ko Omzd <1 (611)
f m,y,d f m,z,d
K. Omy.d + Omzd <1 (612)
f m,y,d f m,z,d
where:

Omydandom,q are the design bending stresses about the prirexesl as shown in
Figure 6.1;

fmyqandfm .4  are the corresponding design bending strengths.

NOTE: The factok, makes allowance for re-distribution of stressestaedeffect of

inhomogeneities of the material in a cross-section.

The value of the factd(, should be taken as follows:

For solid timber, glued laminated timber and LVL:

for rectangular sectionk;, = 0,7

for other cross-sectionk;, = 1,0

For other wood-based structural products, formss-sectionk, = 1,0.
A check shall also be made of the instability ctindi(see 6.3).

6.1.7 Shear

When bending is produced by transverse loadingarssteesses will be present according to
the theory of elasticity. Shear stresses transvertee beam axis will always be accompanied
by equal shear stresses parallel to the beam axis.

For shear with a stress component parallel to tamgsee Figure 6.7(a), as well as for shear
with both stress components perpendicular to themgsee Figure 6.7(b), the following
expression shall be satisfied:

r,<f,, (6.13)

where:
Iy is the design shear stress;
fua is the design shear strength for the actual cromdit
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NOTE: The shear strength for rolling shear is agpnately equal to twice the tension
strength perpendicular to grain.

(a) (b)
Figure6.7(a) Member with a shear stress component parallel to thegrain (b) Member
with both stress components per pendicular to the grain (rolling shear)

At supports, the contribution to the total sheacéoof a concentrated lo&dacting on the top
side of the beam and within a distaimoer he; from the edge of the support may be
disregarded (see Figure 6.8). For beams with ehrattthe support this reduction in the shear
force applies only when the notch is on the oppaside to the support.

Fl

w N

Figure 6.8 Conditions at a support, for which the concentrated force F may be
disregarded in the calculation of the shear force

6.1.8 Torsion

Torsional stresses are introduced when the appdied tends to twist a member. This will
occur when a beam supports a load which is appleeentric to the principal cross sectional
axis. A transmission mast may be subjected to @erggc horizontal load, resulting in a
combination of shear and torsion.

The following expression shall be satisfied:

Ttor,d < kshapef V,( (614)
with
1,2 for a circular cross section
kshape: . 1+0,15£ , (615)
min b for a rectangular cross sect|
2,0
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Tiord IS the design torsional stress;

fu.d is the design shear strength;

Kshape 1S @ factor depending on the shape of the crosisese
h is the larger cross-sectional dimension;

b is the smaller cross-sectional dimension.

6.2 Design of cross-sections subjected to combined stresses

While the design of many members is to resist glsiaction such as bending, tension or
compression, there are many cases in which memabeubjected to two of these additions
simultaneously.

6.2.1 Assumptions

Section 6.2 applies to straight solid timber, glieedinated timber or wood-based structural
products of constant cross-section, whose grais essentially parallel to the length of the
member. The member is assumed to be subjectecezas from combined actions or to
stresses acting in two or three of its principasax

6.2.2 Compression stresses at an angleto thegrain
Interaction of compressive stresses in two or ndextions shall be taken into account.

The compressive stresses at an aogdlethe grain, (see Figure 6.9), should satisfy the
following expression:

f
T < 224 (6.16)

— 04 sin’ag+cofa
kC,90 fC,90,d

where:

Oecod IS the compressive stress at an awgle the grain;

Ke.00 is a factor given in 6.1.5 taking into account dffiect of any of stresses
perpendicular to the grain.

Figure 6.9 Compressive stresses at an angleto thegrain

6.2.3 Combined bending and axial tension
The following expressions shall be satisfied:

g g g
ft,O,d + fm,y,d + Koy f mzd < q (6.17)

t,0,d m,y,d m,z,d

32



g

t,0,d Jm y,d

Umzd
R (6.18)
t,0,d m,y,d m,z,d

The values ok, given in 6.1.6 apply.

6.2.4 Combined bending and axial compression
The following expressions shall be satisfied:

2

g g g

c0d | Tmyd y o Zomadg g (6.19)
f f m f

c,0,d m,y,d m,z,d

2

g g g

008 | 4 My T madg g (6.20)
f f f

c,0d m,y,d m,zd

The values ok, given in 6.1.6 apply.
NOTE: To check the instability condition, a methsdjiven in 6.3.

6.3 Stability of members

When a slender column is loaded axially, theretexastendency for it to deflect sideways

(see Figure 6.10). This type of instability is edllflexural buckling. The strength of slender
members depends not only on the strength of therrabbut also on the stiffness, in the case
of timber columns mainly on the bending stiffnéBserefore, apart from the compression and
bending strength, the modulus of elasticity is mpartant material property influencing the

load-bearing capacity of slender columns. The amtht bending stresses caused by lateral
deflections are taken into account in a stabilggign.

When designing beams, the prime concern is to geogdequate load carrying capacity and
stiffness against bending about its major princigels, usually in the vertical plane. This

leads to a cross-sectional shape in which thenet in the vertical plane is often much
greater than that in the horizontal plane.Whenavaender structural element is loaded in its
stiff plane (axially in the case of the column)rhés a tendency for it to fail by buckling in a

more flexible plane (by deflecting sideways in ttese of the column). The response of a
slender simply supported beam, subjected to bendmgents in the vertical plane; is termed
lateral-torsional buckling as it involves both tatledeflection and twisting (see Figure 6.11).

b

Figure 6.10 Two-hinged column buckling in compression
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Figure6.11 L ateral-torsional buckling of ssmply supported beam

6.3.1 Assumptions
The bending stresses due to initial curvature,r@ccgies and induced deflection shall be
taken into account, in addition to those due tolatsral load.

Column stability and lateral torsional stabilityadiibe verified using the characteristic
properties, e.gEo 05

The stability of columns subjected to either comspr@n or combined compression and
bending should be verified in accordance with 6.3.2

The lateral torsional stability of beams subjedtedither bending or combined bending and
compression should be verified in accordance wiBh36

6.3.2 Columns subjected to either compression or combined compression and bending
The relative slenderness ratios should be taken as:

A f
= [0k (6.21)
rely n Eo,os
and
A f
A, =_z .0k (6.22)
e n E0,05
where:

Ay and Al yare slenderness ratios corresponding to bendingt abey-axis (deflection in the
z-direction);

Az andAe zare slenderness ratios corresponding to bendingt abez-axis;

Eoos is the fifth percentile value of the modulus clicity parallel to the grain.

Where bothe, 0,3 anddey <0,3 the stresses should satisfy the expressioh8)(énd
(6.20) in 6.2.4.

34



In all other cases the stresses, which will beciased due to deflection, should satisfy the
following expressions:

g g g

c,0.d + m,y,d +K m,z,d <1 6.23
k f f m f ( :
cy c,0,d m,y,d m,z,d
g g g
c0d 4 —myd 7 med o g (6.24)
kK f m f f
c,z c,0,d m,y,d m,z,d

where the symbols are defined as follows:

1
k = (6.25)
cy 2 _ 42
ky+4/ky )Irel'y
- ! (6.26)
c,z / 2 2 '
k + kz -A rel,z
K =0,5(1+ 8 (Aey - 0.3+42,) (6.27)
kz = 015 (1+ ﬁc (Arel,z - O’:)+Afel,z) (628)
where:
[ is a factor for members within the straightnessts:
0,2 for solid timber
B, = 16 HImbe | (6.29)
0,1 for glued laminated timber and L\

kn as givenin 6.1.6.

6.3.3 Beams subjected to either bending or combined bending and compr ession

Lateral torsional stability shall be verified baththe case where only a momewy exists
about the strong axig and where a combination of momewvlj and compressive forcl.
exists.

The relative slenderness for bending should be taken

f

m,k

(6.30)

/1 rel,m —
m,crit

where onm it IS the critical bending stress calculated accordimghe classical theory of
stability, using 5-percentile stiffness values.

The critical bending stress should be taken as:

_ My,crit _ ”\/ EO,O5I ZGO,OJ tor (631)

am,crit -
W, LW,
where:

Eoos Is the fifth percentile value of modulus of elagyi parallel to grain;
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Go,0s Is the fifth percentile value of shear modulus per#o grain;
I, is the second moment of area about the weakzaxis
ltor is the torsional moment of inertia;

Lot is the effective length of the beam, dependinghensupport conditions and the load
configuration, acccording to Table 6.1,

Wy is the section modulus about the strong §xis

For softwood with solid rectangular cross-sectimpgirshould be taken as:
_0,780°

m,crit
he,

Eo0s (6.32)

where:
b is the width of the beam;
h is the depth of the beam.

In the case where only a moméy exists about the strong axisthe stresses should satisfy
the following expression:

Ty < Ky f (6.33)

crit ' md
where:
omd IS the design bending stress;
fna is the design bending strength;
kerit IS a factor which takes into account the reducaating strength due to lateral

buckling.
Table 6.1 Effectivelength asaratio of the span

Beam type Loading type Lo 2

Simply Constant moment 1,0

supported Uniformly distributed load 0,9
Concentrated force at the middle of th@,8
span

Cantilever Uniformly distributed load 0,5
Concentrated force at the free end |0,8

@ The ratio between the effective lengthand the spanis valid
for a beam with torsionally restrained supports lmaded at the
centre of gravity. If the load is applied at thenmgwession edge of
the beam/ should be increased byr2nd may be decreased hy
0,5h for a load at the tension edge of the beam.

For beams with an initial lateral deviation frommagghtness within the limit&.; may be
determined from expression (6.34)
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1 ford,,<0,75
Keie =91,56-0,79,, for 0,754, 1, (6.34)
3 for1,4<A, .,
Arel,m

The factorki may be taken as 1,0 for a beam where lateral dispiant of its compressive
edge is prevented throughout its length and wheséanal rotation is prevented at its
supports.

In the case where a combination of monmdpabout the strong axisand compressive force
N exists, the stresses should satisfy the folloveixyression:

2
g g

( ma ]+ cd_ oq (6.35)
kcrit fm,d kc,zf c,0,d

where:

omd IS the design bending stress;

ocd IS the design compressive stress;

fcoaq is the design compressive strength parallel togra

ke, IS given by expression (6.26).

6.4 Design of cross-sectionsin memberswith varying cross-section or curved shape

Due to the range of sizes, lengths and shapesblailglulam is frequently used for different
beams. It is rare for sawn timber to be used aréapor curved beams because of the

difficulty obtaining large sized cross section nni@leand difficulties in bending it about its
major axis to give a curved longitudinal profile.

6.4.1 Assumptions
The effects of combined axial force and bending mdrabkall be taken into account.

The relevant parts of 6.2 and 6.3 should be verified

The stress at a cross-section from an axial foroebeacalculated from
_ N

A

where:

o, (6.36)

on Is the axial stress;
N is the axial force;
A is the area of the cross-section.
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6.4.2 Single tapered beams
The influence of the taper on the bending stresaedlgl to the surface shall be taken into
account.

o ¢ Gm,(x,d$‘ Fﬁ

f//; | /

Key:
(1) cross-section

Figure 6.12 Single tapered beam

The design bending stresses,, « andom o 4 (See Figure 6.12) may be taken as:
_6M,

Onad=9mod™ bh? (6.37)
At the ogtermost fibre of the tapered edge, thessts should satisfy the following
expression:
Onaa < Ky g (6.38)
where:
omed 1S the design bending stress at an angle to grain;
fma IS the design bending strength;
kne should be calculated as:
For tensile stresses parallel to the tapered edge:

Kma = 12 - (6.39)

\/1{0' ;;"fdv,d tanaJ +(:tr:0dd tarf a]
For compressive stresses parallel to the taperget ed
_ 1 (6.40)

Kma
2 2
{ fmd ] ( f m,d J
1+ —™ tana | +| —™ tafda
1’ 5f v,d f ¢,90,d

6.4.3 Doubletapered, curved and pitched cambered beams
This section applies only to glued laminated tinmdoed LVL.

The requirements of 6.4.2 apply to the parts obiem which have a single taper.
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In the apex zone (see Figure 6.13), the bendiegs#s should satisfy the following
expression:

g, <k, (6.41)

wherek; takes into account the strength reduction duestwlimg of the laminates during
production.

NOTE: In curved and and pitched cambered beams the zgne extends over the curved
part of the beam.

The apex bending stress should be calculated asvill

Tma=kK; 6M;‘“’ (6.42)
bh,
with:
K=kt kg(h—apj + k{h—apjz + k{Epjs (6.43)
r r r

k,=1+ 1,4 tana,, + 5,4 téw, (6.44)
k,=0,35 - 8 tamr,, (6.45)
k;=0,6 + 8,3 tam,, - 7,8 tdm (6.46)
k,=6 tarfa,, (6.47)
r=r,+0,5h, (6.48)
where:

Map,d is the design moment at the apex;

hap is the depth of the beam at the apex, see FigB: 6

b is the width of the beam;

rin  is the inner radius, see Figure 6.13;

asp is the angle of the taper in the middle of the apaxe, see Figure 6.13.

For double tapered bearks= 1,0. For curved and pitched cambered bédarsisould be taken
as:

1 for ‘o> 240
k = t (6.49)
0,76+ o,oo{itL forriT”< 240

where
rin  is the inner radius, see Figure 6.13;
t is the lamination thickness.
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Key:
(1) Apex Zone

NOTE: In curved and pitched cambered beams the apexextends over the curved parts of
the beam.

Figure 6.13 Double tapered (a), curved (b) and pitched cambered (c) beamswith the
fibredirection parallel to the lower edge of the beam

In the apex zone the greatest tensile stress pdiquetar to the graing; 90 ¢ should satisfy the
following expression:

at,90,d < kdis k vol f t,90,c (650)
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with

1,0 for solid timber
Kot =1(V, ) for glued laminated timber and LVL witt (6.51)
\ all veneers parallel to the beam axis

1,4 for double tapered and curved bea

Ms={ (6.52)

1,7 for pitched cambered beams

where:

kisis is a factor which takes into account the effedhefstress distribution in the apex zone;

ki is a volume factor;

fio0a IS the design tensile strength perpendiculah¢ogtrain;

Vo is the reference volume of 0,01ms3;

\% is the stressed volume of the apex zone,in(see Figure 6.13) and should not be
taken greater thanvg/3, whereV,, is the total volume of the beam.

For combined tension perpendicular to grain andustie following expression shall be
satisfied:

T g

d . 1904 o q (6.53)
f v,d kdiS kvoI f t,90,d
where:

Iy isthe design shear stress;

fuq IS the design shear strength;

ot,90,d IS the design tensile stress perpendicular tangrai
kais and ko are given in expressions (6.51) and (6.52).

The greatest tensile stress perpendicular to thie gue to the bending moment should be
calculated as follows:

OM ap (6.54)
bh, '

:kp

Jt,90,d

or, as an alternative to expression (6.54), as

_ 6Map,d Py
awo’d—kp b h2 —0,63 (6.55)
ap
where:

ps is the uniformly distributed load acting on the tf the beam over the apex area,;
b is the width of the beam;

Map,d iS the design moment at apex resulting in tensitsses parallel to the inner curved
edge;
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with:

2
Ko =ks+ k{%) + k{%’j (6.56)
k;=0,2 tam,, (6.57)
k,=0,25 - 1,5 tam, + 2,6 tdwr,, (6.58)
k,=2,1 tamy,, - 4 taha,, (6.59)

6.5. Notched members
It is not uncommon for the ends of beams to behsmiat the bottom to increase clearance or

to bring the top surface of a particular beam, ll@xth other beams or girdes. Notches
usually create stress concentrations in the regjiidhe re-entrant cornes.

6.5.1 Assumptions
The effects of stress concentrations at the ndtah be taken into account in the strength

verification of members.
The effect of stress concentrations may be disdaghin the following cases:
— tension or compression parallel to the grain;

- bending with tensile stresses at the notch if épet is not steeper than £:1:10, that is
> 10, see Figure 6.14a;

— bending with compressive stresses at the notcligeee 6.14b.

M i

a) b)

Figure 6.14 Bending at a notch: a) with tensile stresses at the notch,
b) with compressive stresses at the notch

6.5.2 Beamswith a notch at the support

For beams with rectangular cross-sections and whexm runs essentially parallel to the
length of the member, the shear stresses at tlohewsupport should be calculated using the
effective (reduced) depti (see Figure 6.15).

It should be verified that

1,5v
Ty== <k, f 6.60
d bhef v V,d ( )

wherek, is a reduction factor defined as follows:
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- For beams notched at the opposite side to the sufge@ Figure 6.15b)
k, = 10 (6.61)

— For beams notched on the same side as the supperEigure 6.15a)

k, = min (6.62)

1,1i*°
kn(l+ \/ﬁj
\/ﬁ(«/a(l-aﬂ 0,8%( clr ﬂz]

where:

I Is the notch inclination (see Figure 6.15a);

h is the beam depth in mm;

X is the distance from line of action of the suppeéction to the corner of the notch;

gl
h

4,5  forLVL
k, =45 for solid timber (6.63)
6,5 for glued laminated timbe

¢ e e

(a) (b)

Figure 6.15 End-notched beams

6.6 System strength

When several equally spaced similar members, coemisror assemblies are laterally
connected by a continuous load distribution systeemember strength properties may be
multiplied by a system strength factqys
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Provided the continuous load-distribution systeraigable of transfering the loads from one
member to the neighbouring members, the facigshould be 1,1.

The strength verification of the load distributisystem should be carried out assuming the
loads are of short-term duration.

NOTE: For roof trusses with a maximum centre tameedistance of 1,2 m it may be assumed
that tiling battens, purlins or panels can trandierload to the neighbouring trusses provided
that these load-distribution members are continowes at least two spans, and any joints are

staggered.

For laminated timber decks or floors the valueksgfgiven in Figure 6.16 should be used.

1,2 ﬁ

-———1

2

1 2 3 4 5 6 7 8 9 10
Key:

1 Nailed or screwed laminations
2 Laminations pre-stressed or glued together

Figure 6.16 System strength factor kg for laminated deck plates
of solid timber or glued laminated members
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7 Serviceability limit states

The overall performance of structures should satigfo basic requirements. The first is
safety, usually expressed in terms of load beacaqacity, and the second is serviceability,
which refers to the ability of the structural systand its elements to perform satisfactorily in
normal use.

7.1 Joint dlip

For joints made with dowel-type fasteners the sipdulusKse, per shear plane per fastener
under service load should be taken from Table 7th pw,in kg/m3 andd or d. in mm. For the
definition ofd,, see 8.9.

Table 7.1 Values of K for fastenersand connectorsin N/mm in timber -to-timber
and wood-based panel-to-timber connections

Fastener type Keer
Dowels Om-2d/23
Bolts with or without clearanée
Screws
Nails (with pre-drilling)
Nails (without pre-drilling) o 2d¥30
Staples Om°d*880

Split-ring connectors type A according to EN 912 O 0o/2
Shear-plate connectors type B according to EN 912

Toothed-plate connectors:
— Connectors types C1 to C9 according to EN 912 oA 4
— Connectors type C10 and C11 according to EN 912, d./2

@ The clearance should be added separately to fbenuion.

If the mean densitiegn1 andom 2 of the two jointed wood-based members are diffietfeen
Pm in the above expressions should be taken as

Pm = \llom,]pm,z (71)

For steel-to-timber or concrete-to-timber connewid.e should be based op, for the
timber member and may be multiplied by 2,0.

7.2 Limiting valuesfor deflections of beams

The fact that variable loads (such as imposed loadfoors and snow loads on roofs) often
dominate in timber structures means that the dsfleowill vary considerably during the
lifetime of the structure. This has to be considerea rational serviceability design

The components of deflection resulting from a carabon of actions are shown in Figure
7.1, where the symbols are defined as follows:

- W is the precamber (if applied);
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-  Winst IS the instantaneous deflection;
-  Wcreep IS the creep deflection;
- Win is the final deflection;

- Whetsin IS the net final deflection.

—_— A - — A A
—_ — v We
ﬁt\ m /% i
~ t 7
\:\\\\ mS' _—’,// w ) Wfin
\\ VT/__}F__— /// net,fin
—— _creep y — \/ Y

l

A
A

Figure 7.1 Components of deflection

The net deflection below a straight line betweaengtipportswiet i, Should be taken as:

W,ersin = Wingt T Wereem W =W =W, (7.2)

net,fin inst creep

NOTE: The recommended range of limiting values efiettions for beams with spahis
given in Table 7.2 depending upon the level of defdion deemed to be acceptable.

Table 7.2 Examples of limiting valuesfor deflections of beams

Wingt Whet fin Win
Beam on WO ;300 t0//500 | /250 to#/350 | /150 to//300
supports
Cantilevering | ¢/150 to//250 | ¢/125 to¢/175 | ¢/75 to//150
beams

7.3 Vibrations

In general there are many load-response cases wsheural vibrations may constitute a
state of reduced serviceability. The main concdrowever, is with regard to human
discomfort. People are in most cases the critieasar of vibration. Among different dynamic
actions, human activity and installed machinery segarded as the two most important
interval sources of vibration in timber-framed llinlgs. Human activity not only includes
footfall from normal walking, but also children’smping, etc. Two critical load response
cases are finally identified:

- Human discomfort from footfall-induced vibrations.
- Human discomfort from machine-induced vibrations.
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7.3.1 Assumptions

It shall be ensured that the actions which can dssanably anticipated on a member,
component or structure, do not cause vibrationisddwa impair the function of the structure or
cause unacceptable discomfort to the users.

The vibration level should be estimated by measerdgsor by calculation taking into
account the expected stiffness of the member, cagigoor structure and the modal damping
ratio.

For floors, unless other values are proven to besmappropriate, a modal damping ratio of
{=0,01 (i.e. 1 %) should be assumed.

7.3.2 Vibrations from machinery
Vibrations caused by rotating machinery and otlparational equipment shall be limited for
the unfavourable combinations of permanent loadvami@ble loads that can be expected.

For floors, acceptable levels for continuous vilmratshould be taken from Figure 5a in
Appendix A of ISO 2631-2 with a multiplying factof 1,0.

Residential floors
For residential floors with a fundamental frequeriegs than 8 Hzf{<8Hz) a special
investigation should be made.

For residential floors with a fundamental frequergrngater than 8 Hzfy(> 8 Hz) the
following requirements should be satisfied:

% < a mm/kN (7.3)
and

v < b m/(Ns?) (7.4)
where:

w is the maximum instantaneous vertical deflectansed by a vertical concentrated static
forceF applied at any point on the floor, taking accourbad distribution;
v is the unit impulse velocity response, i.e. theimam initial value of the vertical floor

vibration velocity (in m/s) caused by an ideal umpulse (1 Ns) applied at the point of
the floor giving maximum response. Components ald@velz may be disregarded;

{ s the modal damping ratio.

NOTE: The recommended range of limiting valuesaofand b and the recommended
relationship betweea andb is given in Figure 7.2.
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Key:

1 Better performance
2 Poorer performance

Figure 7.2 Recommended range of and relationship between a and b

The calculations in should be made under the assominat the floor is unloaded, i.e., only
the mass corresponding to the self-weight of tberfand other permanent actions.

For a rectangular floor with overall dimensiohs b, simply supported along all four edges

and with timber beams having a sparthe fundamental frequenéy may approximately be
calculated as

_ T /(El)g
fl_z—g2 - (7.5)

where:
m is the mass per unit area in kg/m?;
l is the floor span, in m;

(El), is the equivalent plate bending stiffness of tberfabout an axis perpendicular to the
beam direction, in Nm3/m.

For a rectangular floor with overall dimensidms/, simply supported along all four edges,
the valuev may, as an approximation, be taken as:
4(0,4+ 0,60, ,

v = (7.6)
mb/ + 200

where:

v s the unitimpulse velocity response, in mAy\s

Ng Is the number of first-order modes with naturabjiencies up to 40 Hz;
b is the floor width, in m;
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m is the mass, in kg/Mm

l is the floor span, in m.

The value ohy may be calculated from:

(2 4 2EL o

where El)p is the equivalent plate bending stiffness, in%m of the floor about an axis
parallel to the beams, whelel), < (El),.
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8 Connections with metal fasteners

For timber structures, the serviceability and theadility of the structure depend mainly on

the design of the joints between the elements.cBormonly used connections, a distinction
is made between carpentry joints and mechanicatgdhat can be made from several types
of fastener.

For a given structure, the selection of fastengnsoit only controlled by the loading and the

load-carrying capacity conditions. It includes som@nstruction considerations such as
aesthetics, the cost-efficiency of the structurel &éme fabrication process. The erection

method and the preference of the designer or tfetact are also involved. It is impossible to

specify a set of rules from which the best conmectian be designed for any structure. The
main idea is that the simpler the joint and theefethe fasteners, the better is the structural
result.

The traditional mechanical fasteners are divided o groups depending on how they
transfer the forces between the connected members.

The main group corresponds to the dowel type fasseidere, the load transfer involves both

the bending behaviour of the dowel and the beamdjshear stresses in the timber along the
shank of the dowel. Staples, nails, screws, baltsdowels belong to this group. The second

type includes fasteners such as split-rings, spiees, and punched metal plates in which the
load transmission is primarily achieved by a ldogaring area at the surface of the members.
The load transmission is primarily achieved by mydabearing area at the surface of the
members. This handbook deals only with the dowes fiasteners.

a) = S SN S S S¢S+

o
>
B>
o
e}
e}
o

Figure 8.1 Metal fasteners
a) nails, b) dowel, c) bolt, d) srews, e) split ropconnector, f) toothed-plate connector
g) punched metal plate fastener
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8.1 Basic assumptions
There is a huge variety of configurations and defgdings of connections.

8.1.1 Fastener requirements

Unless rules are given in this chapter, the charestic load-carrying capacity, and the
stiffness of the connections shall be determinedhftests according to EN 1075, EN 1380,
EN 1381, EN 26891 and EN 28970. If the relevannddads describe tension and
compression tests, the tests for the determinatidhe characteristic load-carrying capacity
shall be performed in tension.

8.1.2 Multiple fastener connections
The arrangement and sizes of the fasteners in mection, and the fastener spacings, edge
and end distances shall be chosen so that thetexpgtcength and stiffness can be obtained.

It shall be taken into account that the load-cagyapacity of a multiple fastener connection,
consisting of fasteners of the same type and dimmenmay be lower than the summation of
the individual load-carrying capacities for eacbtémer.

When a connection comprises different types ofefamts, or when the stiffness of the
connections in respective shear planes of a melspkar plane connection is different, their
compatibility should be verified.

For one row of fasteners parallel to the grain diom, the effective characteristic load-
carrying capacity parallel to the rof, ¢t r, Should be taken as:

Foetrc = NetFy R (8.1)

V.,
where:

Fv.efri IS the effective characteristic load-carrying catyasf one row of fasteners parallel to
the grain;

Net is the effective number of fasteners in line gdatab the grain;
Fvrk is the characteristic load-carrying capacity ofrefastener parallel to the grain.

NOTE: Values ohes for rows parallel to grain are given in 8.3.1.H&5.1.1.

For a force acting at an angle to the directionthef row, it should be verified that the force
component parallel to the row is less than or eqodahe load-carrying capacity calculated
according to expression (8.1).

8.1.3 Multiple shear plane connections
In multiple shear plane connections the resistariceach shear plane should be determined
by assuming that each shear plane is part of assefithree-member connections.

To be able to combine the resistance from individihear planes in a multiple shear plane
connection, the governing failure mode of the faste in the respective shear planes should
be compatible with each other and should not codia combination of failure modes (a),
(b), (g) and (h) from Figure 8.2 or modes (c), df)d (j/I) from Figure 8.3 with the other
failure modes.
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8.1.4 Connection forces at an angle to the grain

When a force in a connection acts at an angledathin, (see Figure 8.1), the possibility of
splitting caused by the tension force comporigntsin a, perpendicular to the grain, shall be
taken into account.

To take account of the possibility of splitting sad by the tension force component,
Feq Sina, perpendicular to the grain, the following shalldatisfied:

Foed < Foora (8.2)

with

F,eo= maX{ Puean (8.3)
' Foea2

where:

Foo.Rrd is the design splitting capacity, calculated frohe tcharacteristic splitting

capacityFqo rk according to 2.3.3;
Fvedn Fved2 are the design shear forces on either side atdhaection (see Figure 8.1).

For softwoods, the characteristic splitting capaéitr the arrangement shown in Figure 8.1
should be taken as:

(8.4)
for punched metal plate fasten
P P (8.5)
1 for all other fasteners
and:
Foork IS the characteristic splitting capacity,N;
w is a modification factor;
he is the loaded edge distance to the centre of ts distant fastener or to the edge of
the punched metal plate fastener, in mm,;
h is the timber member height, in mm;
b is the member thickness, in mm;
Wpl is the width of the punched metal plate fastgaeallel to the grain, in mm.
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Figure 8.1 Inclined force transmitted by a connectin

8.1.5 Alternating connection forces
The characteristic load-carrying capacity of a @ution shall be reduced if the connection is
subject to alternating internal forces due to loegn or medium-term actions.

The effect on connection strength of long-term edam-term actions alternating between a
tensile design forcEigqand a compressive design fofegzgshould be taken into account by
designing the connection fdfygq + 0,9 eg) and Ec.eq+ 0,5 £g).

8.2 Lateral load-carrying capacity of metal dowel-ype fasteners
The failure of laterally loaded fasteners includ¢hicrushing of the timber and bending of the
fastener.

8.2.1 Asumptions

For the determination of the characteristic loadytag capacity of connections with metal
dowel-type fasteners the contributions of the ysigngth, the embedment strength, and the
withdrawal strength of the fastener shall be casrgd.

8.2.2 Timber-to-timber and panel-to-timber connectbns

The characteristic load-carrying capacity for nakaples, bolts, dowels and screws per shear
plane per fastener, should be taken as the minimalne found from the following
expressions:

— For fasteners in single shear

. dd (a)
footd ()
e GO

Fom = Min ) O%N B pp ff )“t/' —ﬂ}% @ @9
1 O%NM @ p)+ P (:”f)tw' —ﬁ}% ©
1, 15\/2 NE PSR FaZRk ®
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— For fasteners in double sheatr:

froutd (¢);
0,5f,, 0 (h)
: f . td 452+ SIM F .
F,q = Min{1,05-24C T+ IRE — B |+ xR 8.7
25 Nze( By e Pty »  ©7
/ 2 Fax
1,15 % M, p frd+ 4Rk (k)
with
f
= _R2k (8.8)
fh,l k
where
Fvrk IS the characteristic load-carrying capacity pesas plane per fastener;
t; is the timber or board thickness or penetratiguttgewith i either 1 or 2, see also 8.3 10 8.7 ;

fhik Is the characteristic embedment strength in timfember i;

d is the fastener diameter;

Myrk IS the characteristic fastener yield moment;

4 is the ratio between the embedment strength ahrabers;
Faxrk IS the characteristic axial withdrawal capacityra fastener.

NOTE: Plasticity of joints can be assured whentinaddy slender fasteners are used. In that
case, failure modes (f) and (k) are governing.

In the expressions (8.6) and (8.7), the first tenmthe right hand side is the load-carrying
capacity according to the Johansen yield theoryilswvithe second ternkaxrd4 is the
contribution from the rope effect. The contributitmthe load-carrying capacity due to the
rope effect should be limited to following perceyda of the Johansen part:

— Round nails 15 %
Square nails 25 %
Other nails 50 %

- Screws 100%
— Bolts 25 %
— Dowels 0%

If FaxrkiS Not known then the contribution from the roffe should be taken as zero.

For single shear fasteners the characteristic wathidl capacityFaxri IS taken as the lower
of the capacities in the two members. The differantles of failure are illustrated in Figure
8.2. For the withdrawal capacitlfaxrk Of bolts the resistance provided by the washeag m
be taken into account, see 8.5.2.
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If no design rules are given below, the charadterssnbedment strengthy should be determi-
ned according to EN 383 and EN 14358.

If no design rules are given below, the charadtengeld momentMy should be determined
according to EN 409 and EN 14358.

(1)

[V
o
(@]
Q.
(0]
-

(2)

Key:
(1) Single shear
(2) Double shear

NOTE: The letters correspond to the referenceb@tkpressions (8.6) and (8.7).
Figure 8.2 Failure modes for timber and panel connetions.

8.2.3Steel-to-timber connections

The characteristic load-carrying capacity of a Idieéimber connection depends on the
thickness of the steel plates. Steel plates okiigiss less than or equal toddye classified as
thin plates and steel plates of thickness gre&wm br equal ta with the tolerance on hole
diameters being less than @,are classified as thick plates. The characteriead-carrying
capacity of connections with steel plate thickniessveen a thin and a thick plate should be
calculated by linear interpolation between thetiimg thin and thick plate values.

The strength of the steel plate shall be checked.
The characteristic load-carrying capacity for ndislts, dowels and screws per shear plane

per fastener should be taken as the minimum valued from the following expressions:
— For a thin steel plate in single shear:
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0,4f t.d

1L15/2M o f,,d +

— For a thick steel plate in single shear:

Fv,Rk =min Fax,Rk

F,rc =Min Fari

2,3/M g i, d +

f, t,d

4M F
fotid), |2+ y’sz —1+-25 ()
’ f dt; 4

(d)

()

(8.9)
(b)

(8.10)

— For a steel plate of any thickness as the centeahloer of a double shear connection:

fh,l,ktld
F, rc =Min

I:ax,Rk

2,3yMy g frp,d +

M F
fopitad] [24—20C 11+
- fraidts

4

(f)

—27(0) (8.11)

(h)

— For thin steel plates as the outer members of bld@hear connection:

0,51, ,,t.d ()
F, rc =min F (8.12)
R L15/2M o fopd + = (K)
— For thick steel plates as the outer members otialdshear connection:
0,5f,,t,d
F, rc = Min F (8.13)
R 2,3/M, frod+ xR (m)
where:
Fvrk IS the characteristic load-carrying capacity peas plane per fastener;
fhk Is the characteristic embedment strength in thbeémmember;
ty is the smaller of the thickness of the timber sidamber or the penetration depth;
to is the thickness of the timber middle member;
d is the fastener diameter;

Myrk Is the characteristic fastener yield moment;

Faxrk IS the characteristic withdrawal capacity of thsténer.

NOTE 1: The different failure modes are illustratedrigure 8.3.
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a b c d e f g h in k m
Figure 8.3 Failure modes for steel-to-timber conneions

For the limitation of the rope effeEtxrk8.2.2 applies.

It shall be taken into account that the load-cagyapacity of steel-to-timber connections
with a loaded end may be reduced by failure albegoerimeter of the fastener group.

8.3 Nailed connections
Nails are the most commonly used fasteners in tirobestruction.

8.3.1 Laterally loaded nails
The failure of laterally loaded nails include betiushing of the timber and bending of the
nail.

8.3.1.1 Asumptions

The symbols for the thicknesses in single and aoshkar connections (see Figure 8.4) are

defined as follows:
t1is:

the headside thickness in a single shear connection

the minimum of the head side timber thickness &edobintside penetration in a double shear

connection;
tyis:

the pointside penetration in a single shear comnorect

the central member thickness in a double shearemiom.
Timber should be pre-drilled when:

- the characteristic density of the timber is greditan 500 kg/)

— the diameted of the nail exceeds 8 mm.
For square and grooved nails, the nail diamétdrould be taken as the side dimension.

For smooth nails produced from wire with a minimtensile strength of 600 N/nfmthe
following characteristic values for yield momentshd be used:

0,3f,d*° for round nails
2 (8.14)

"R 0,45f, d2° for square nails

where:
Myrk IS the characteristic value for the yield momentmm;
d is the nail diameter as defined in EN 14592, m;m
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fu is the tensile strength of the wire, in N/fhm
For nails with diameters up to 8 mm, the followidlgaracteristic embedment strengths in
timber and LVL apply:

— without predrilled holes

f,«=0,082p,d°° N/mnd (8.15)
— with predrilled holes

f,,=0,082(1-0,0d p, N/mrh (8.16)
where:

O Is the characteristic timber density, in kg/ms;
d is the nail diameter, in mm.

%
0‘0 %—V‘—I
t,t t, t,
(a) (b)

Figure 8.4 Definitions oft; and t, (a) single shear connection, (b) double shear coection

For nails with diameters greater than 8 mm theagttaristic embedment strength values for

bolts according to 8.5.1 apply.
In a three-member connection, nails may overlaghéncentral member providetl { ty) is
greater thand(see Figure 8.5).

Figure 8.5 Overlapping nails
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For one row oh nails parallel to the grain, unless the nailshat row are staggered perpendi-
cular to grain by at leastdXsee Figure 8.6), the load-carrying capacity pertd the grain (see
8.1.2) should be calculated using the effective lImemof fastenerse;, where:

n,= n (8.17)
where:

Nnet IS the effective number of nails in the row;

n is the number of nails in a row;

ket is given in Table 8.1.

Table 8.1 — Values oke¢

Spacing' Ket
Not Predrilled
predrilled
a; = 14 1,0 1,0
a; =10 0,85 0,85
a=7d 0,7 0,7
a;= il - 0,5
& For intermediate spacings, linear
interpolation ok is permitted

1

e ,,,,,,,,',,,,,,,Q,, ,,,,,,,, o

Key:
1 Nalil
2 Grain direction

Figure 8.6 Nails in a row parallel to grain staggeed perpendicular to grain byd

There should be at least two nails in a connection.

8.3.1.2 Nailed timber-to-timber connections
For smooth nails the pointside penetration lengthukl be at leastd

For nails other than smooth nails, as defined iN1BB92, the pointside penetration length
should be at leastlb

Smooth nails in end grain should not be consideegréble of transmitting lateral forces.

As an alternative to 8.3.1.2, for nails in end igttaie following rules apply:

— In secondary structures smooth nails may be usesldékign values of the load-carrying
capacity should be taken as 1/3 of the valuesdds imstalled at right angles to the grain;

— Nails other than smooth nails, as defined in EN9P4%nay be used in structures other than
secondary structures. The design values of thedaaging capacity should be taken as 1/3
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of the values for smooth nails of equivalent disnétstalled at right angles to the grain,
provided that:

— the nails are only laterally loaded;

there are at least three nails per connection;

the pointside penetration is at leastl;10

the connection is not exposed to service clasa8itons;

the prescribed spacings and edge distances giviibie 8.2 are satisfied.
Note: An example of a secondary structure is addsgard nailed to rafters.

Minimum spacings and edge and end distances aga @vTable 8.2, where (see Figure 8.7):
a; is the spacing of nails within one row parallebtain;

a, is the spacing of rows of nails perpendicularriirg

azc Iis the distance between nail and unloaded end;

az: Is the distance between nail and loaded end;

auc Iis the distance between nail and unloaded edge;

au; Iis the distance between nail and loaded edge;

a isthe angle between the force and the graintibrec
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Table 8.2 Minimum spacings and edge and end distaes for nails

Spacing or Angle Minimum spacing or end/edge distance
distance a
(see Figure 8.7)
without predrilled holes with predrilled
holes

p<420kg/mi | 420 kg/nP<p, <500 kg/nd
Spacing 0<a<360 |d<5mm: (7+8| cosa|) d (4+|cosa|)d
(parallel to (5+5| cosz | )d
grain) d>5 mm:

(5+7]| cosa | )d
Spacingga, 0'<a<360 5d 7d (3+|sina|) d
(perpendicular
to grain)
Distanceas, -90<a<90 | (10+5cosyd (15 + 5 cosy) d (7+ 5cosz) d
(loaded end)
Distanceas . 90 <a <270 1od 15 7d
(unloaded end)
Distanceay ; 0<a<180 |d<5mm: d<5mm: d<5mm:
(loaded edge) (5+2 sina) d (7+2 sina) d (3 + 2 sina) d

d=5mm: d=5mm: d=5mm:

(5+5 sing) d (7 +5sing) d (3+4sina) d

Distancea, . 180< a< 360 5d 7d 3d
(unloaded edge

Timber should be pre-drilled when the thicknestheftimber members is smaller than

7d
t = max 8.18
(13 - 30 L (6.18)
400
where:
t Is the minimum thickness of timber member to aymetdrilling, in mm;

O is the characteristic timber density in kg/m3;

d is the nail diameter, in mm.

Timber of species especially sensitive to splitshguld be pre-drilled when the thickness of
the timber members is smaller than

(8.19)

Expression (8.19) may be replaced by expressidi8)8or edge distances given by:

a;>10d
as>14d

for py < 420 kg/n
for 420 kg/mi < px < 500 kg/ .
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Note: Examples of species sensitive to splittirggfar(abies alba), Douglas fir (pseudotsuga
menziesii) and spruce (picea abies)..

b) \‘ : ' M
at : A { NiVA {»_
rd a ™ a ™ e &
a,, t t
- <8z .»
-90° < & < 90° 90° < ¢ < 270° 0° < ¢ < 180° 180° < @ < 360°
(1) (2) (3) (4)
Key:

(1) Loaded end
(2) Unloaded end
(3) Loaded edge
(4) Unloaded edge
1 Fastener

2 Grain direction

Figure 8.7 — Spacings and end and edge distances
(a) Spacing parallel to grain in a row and perpendiular to grain between rows, (b) Edge
and end distances

8.3.1.3 Nailed panel-to-timber connections

Minimum nail spacings for all nailed panel-to-timbeonnections are those given in
Table 8.2, multiplied by a factor of 0,85. The extlife distances for nails remain unchanged
unless otherwise stated below.

Minimum edge and end distances in plywood membwersald be taken asd¥or an unloaded
edge (or end) and (3 + 4 siyd for a loaded edge (or end), wherés the angle between the
direction of the load and the loaded edge (or end).

For nails with a head diameter of at leadt the characteristic embedment strengths are as
follows:
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— for plywood:
f,.=0,110,d°? (8.20)
where:
fnk IS the characteristic embedment strength, in Nmm
O Is the characteristic plywood density in kg/ms;
d is the nail diameter, in mm;
— for hardboard in accordance with EN 622-2:
f, =30d7%°° (8.21)
where:
foc  is the characteristic embedment strength, in Nfmm
d is the nail diameter, in mm;
t is the panel thickness, in mm.

— for particleboard and OSB:
. =65d°7t% (8.22)

where:
fo«is the characteristic embedment strength, in Nfmm
d is the nail diameter, in mm;
t is the panel thickness, in mm.
8.3.1.4 Nailed steel-to-timber connections

The minimum edge and end distances for nails giveitable 8.2 apply. Minimum nail
spacings are those given in Table 8.2, multipliea factor of 0,7.

8.3.2 Axially loaded nails
Smooth nails shall not be used to resist permamdiong-term axial loading.

For threaded nails, only the threaded part shoald¢dnsidered capable of transmitting axial
load.

Nails in end grain should be considered incapableansmitting axial load.

The characteristic withdrawal capacity of nafgyr, for nailing perpendicular to the grain
(Figure 8.8 (a) and for slant nailing (Figure &8 (should be taken as the smaller of the values
found from the following expressions:

— For nails other than smooth nails, as defined in12N92:

fax,k d tpen (a)
ax,Rk =

(8.23)
fhead,kdzh (b)
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— For smooth nails:

faxxd toen (@
={ Fas AU F ® (624

where:

faxk is the characteristic pointside withdrawal stréngt

freadk IS the characteristic headside pull-through stiteng

d Is the nail diameter according to 8.3.1.1;

tpen is the pointside penetration length or the lendtthe threaded part in the
pointside member;

t is the thickness of the headside member;

dh Is the nail head diameter.

The characteristic strengths x andfheaq kShould be determined by tests in accordance with E
1382, EN 1383 and EN 14358 unless specified iridlt@wving.

For smooth nails with a pointside penetration ofeast 18, the characteristic values of the
withdrawal and pull-through strengths should bentbtrom the following expressions:

fox =20%10° o7 (8.25)
Freagc= 70%10° o} (8.26)
where:

Lk Is the characteristic timber density in kg/ms;

For smooth nails, the pointside penetratignshould be at leasd8For nails with a pointside
penetration smaller than d2he withdrawal capacity should be multiplied ty{4d — 2). For
threaded nails, the pointside penetration shouldatoéeast 6. For nails with a pointside
penetration smaller thari&he withdrawal capacity should be multiplied by{2d — 3).

For structural timber which is installed at or néare saturation point, and which is likely to
dry out under load, the valuesfgfx andfyeaq kShould be multiplied by 2/3.

The spacings, end and edge distances for latéoaltied nails apply to axially loaded nails.

For slant nailing the distance to the loaded edgrild be at least t0(see Figure 8.8 (b)).
There should be at least two slant nails in a cchoe
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Figure 8.8 (a) Nailing perpendicular to grain and b) slant nailing

} A
:

8.3.3 Combined laterally and axially loaded nails
For connections subjected to a combination of awatl E.xeq)and lateral loadR, gq )the
following expressions should be satisfied:

— for smooth nails:
Fax,Ed+ F vEd<q (8.27)
Fax,Rd I:V,Rd
— for nails other than smooth nails, as defined in12N92:
2 2
( Fax,EdJ + ( F v,EdJ Sl (828)
Fax,Rd F v,Rd

where:

Faxrg@ndF, rqare the design load-carrying capacities of the eotion loaded with axial load
or lateral load respectively.

8.4 Stapled connections

The rules given in 8.3, except of expressions (8.(&16) and (8.19) apply for round or
nearly round or rectangular staples with bevellegypnmetrical pointed legs.

For staples with rectangular cross-sections theelierd should be taken as the square root of
the product of both dimensions.

The widthb of the staple crown should be at leadt &nd the pointside penetration length
should be at least #l4see Figure 8.9.

There should be at least two staples in a conmectio

The lateral design load-carrying capacity per stqur shear plane should be considered as
equivalent to that of two nails with the staplendéter, provided that the angle between the
crown and the direction of the grain of the timb@der the crown is greater than 30°, see
Figure 8.10. If the angle between the crown andditection of the grain under the crown is
equal to or less than 30°, then the lateral dekigd-carrying capacity should be multiplied
by a factor of 0,7.
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For staples produced from wire with a minimum teenstrength of 800 N/mm?2, the following
characteristic yield moment per leg should be used:

M, g = 240d*° (8.29)
where:

My,rk IS the characteristic yield moment, in Nmm;
d is the staple leg diameter, in mm.

For a row ofn staples parallel to the grain, the load-carryiagacity in that direction should be
calculated using the effective number of fastengraccording to 8.3.1.1- expression (8.17).

Minimum staple spacings, edge and end distancegiiaea in Table 8.3, and illustrated in
Figure 8.10 wher@ is the angle between the staple crown and the dreaction.

Q)

Key:
(1) staple centre

Figure 8.9 Staple dimensions

J

Figure 8.10 Definition of spacing for staples
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Table 8.3 Minimum spacings and edge and end distaes for staples

Spacing and edge/end Angle Minimum spacing
distances or edge/end
(see Figure 8.7) distance

a, (parallel to grain)
for ©>30° 0<a<360 | (10+5|cosal)d
for ©<30° (15 + 5| cosa|) d
a, (perpendicular to grain) ‘8 a<360 15d
as,(loaded end) 9% <90 | (15+5|cosa|)d
as.c(unloaded end) 90 <0< 270 15d
au; (loaded edge) ‘@a<180 | (15+5|sinal)d
as c(unloaded edge) 188 a < 360 10d

8.5 Bolted connections
Bolts are installed into pre-drilled clearance kalethe timber.

8.5.1 Laterally loaded bolts
The failure of laterally loaded bolts include batlushing of the timber and bending of the
bolt.

8.5.1.1 General and bolted timber-to-timber conneabns
For bolts the following characteristic value foe tyield moment should be used:

Myr=0,3F,,d*° (8.30)

where:

Myrk is the characteristic value for the yield momentmm:;
fuk  Is the characteristic tensile strength, in N/mm?;

d is the bolt diameter, in mm.

For bolts up to 30 mm diameter, the following cleéeestic embedment strength values in
timber and LVL should be used, at an argl® the grain:

f
f ook Lok (8.31)
MK Keosin®a + coda
fhox= 0,082 (1-0,0d1 p, (8.32)
where:
1,35+ 0,014 for softwoods
keo=<1,30+ 0,015 for LVL (8.33)
0,90+ 0,014 for hardwoods
and:

fhok IS the characteristc embedment strength parallgidin, in N/mrfy

67



O Is the characteristic timber density, in kg/m3;
o is the angle of the load to the grain;
d Is the bolt diameter, in mm.

Minimum spacings and edge and end distances sbeulaken from Table 8.4, with symbols
illustrated in Figure 8.7.

Table 8.4 Minimum values of spacing and edge and dmlistances for bolts

Spacing and end/edge Angle Minimum spacing or
distances distance
(see Figure 8.7)
a, (parallel to grain) < a < 360 (4 +|cosal)d
a, (perpendicular to grain) 8 a < 360 4d
as(loaded end) -9 0 <90 max (7d; 80 mm)
asc(unloaded end) 90 < <150 | max [(1 + 6 sinx) d; 4d]
150 < a < 210 ad
210<a <270 | max [(1 + 6 sirw) d; 4d]
as (loaded edge) @a<180 | max [(2 + 2 sim) d; 3d]
asc(unloaded edge) 188 a < 360 3d

For one row oh bolts parallel to the grain direction, the loadrgimg capacity parallel to grain,
see 8.1.2(4), should be calculated using the efeenumber of bolts.; where:

n

N, = min n0v94,i (8.34)
13d

where:

a, is the spacing between bolts in the grain directio
d is the bolt diameter

n is the number of bolts in the row.

For loads perpendicular to grain, the effective hanof fasteners should be taken as
n, =n (8.35)

For angles 0° <a < 90° between load and grain directiog, may be determined by linear
interpolation between expressions (8.34) and (8.35)

Requirements for minimum washer dimensions andii@ss in relation to bolt diameter are
given in 10.4.3.

8.5.1.2 Bolted panel-to-timber connections

For plywood the following embedment strength, imikf, should be used at all angles to the
face grain:

68



f,.= 0,11 (1-0,0 ), (8.36)

where:

Ok Is the characteristic plywood density, in kg/m3;

d is the bolt diameter, in mm.

For particleboard and OSB the following embedmerength value, in N/mf should be
used at all angles to the face grain:

f o= 50d7°t%? (8.37)
where:

d is the bolt diameter, in mm,;

t is the panel thickness, in mm.

8.5.1.3Bolted steel-to-timber connections
The rules given in 8.2.3 apply.

8.5.2 Axially loaded bolts
The axial load-bearing capacity and withdrawal cégaof a bolt should be taken as the
lower value of:

— the bolt tensile capacity;
— the load-bearing capacity of either the washefargteel-to-timber connections) the steel
plate.

The bearing capacity of a washer should be cakdlassuming a characteristic compressive
strength on the contact area off3¢0

The bearing capacity per bolt of a steel plate khoat exceed that of a circular washer with
a diameter which is the minimum of:

— 12, wheret is the plate thickness;
— 4d, whered is the bolt diameter.

8.6 Dowelled connections
The rules given in 8.5.1 except minimum spacing esige and end distances apply.

The dowel diameter should be greater than 6 mmessdthan 30 mm.

Minimum spacing and edge and end distances ara giv€able 8.5, with symbols illustrated
in Figure 8.7.
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Table 8.5 Minimum spacings and edge and end distaes for dowels

Spacing and edge/end Angle Minimum spacing or
distances edge/end distance
(see Figure 8.7)
a, (parallel to grain) < a <360 (3 + 2| cosal)d
ay (perpendicular to grain) ‘8 a<360 3d
as,(loaded end) -9 o < 90 max (7d; 80 mm)
az c(unloaded end) 90" < <150 | max@s; |sina|)d; 3d)
150 < a < 210 3d
210<a<270 | max@s,|sinal)d; 3d)
ay,; (loaded edge) & a<180 max(2 + 2 sin) d; 3d)
asc(unloaded edge) 1868 o < 360 3d

Requirements for dowel hole tolerances are givet0id.4.

8.7 Screwed connections
Screws are installed into a drilled hole, by tugnthe screw and allowing the flutes on the
thread of the screw to draw it in.

8.7.1 Laterally loaded screws
The effect of the threaded part of the screw sbaltaken into account in determining the
load-carrying capacity, by using an effective ditendcs

For smooth shank screws, where the outer threadedé is equal to the shank diameter, the
rules given in 8.2 apply, provided that:
— The effective diametad, is taken as the smooth shank diameter;

— The smooth shank penetrates into the member camgaime point of the screw by not less
than 4.

Where the conditions in are not satisfied, the wctead-carrying capacity should be
calculated using an effective diamedigrtaken as 1,1 times the thread root diameter.

For smooth shank screws with a diameteré mm, the rules in 8.5.1 apply.
For smooth shank screws with a diameter of 6 mhass;, the rules of 8.3.1 apply.
Requirements for structural detailing and contfd@ewed joints are given in 10.4.5.

8.7.2Axially loaded screws
The following failure modes should be verified whessessing the load-carrying capacity of
connections with axially loaded screws:

- the withdrawal capacity of the threaded part ofstrew;

— for screws used in combination with steel plates, tear-off capacity of the screw head
should be greater than the tensile strength af¢hew;

— the pull-through strength of the screw head,;
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— the tension strength of the screw;

— for screws used in conjunction with steel platadyufe along the circumference of a group of
screws (block shear or plug shear);

Minimum spacing and edge distances for axially émhgcrews should be taken from
Table 8.6.

Table 8.6 Minimum spacings and edge distances fokially loaded screws

Screws driven Minimum Minimum edge
spacing distance

At right angle to the ad 4d

grain

In end grain d 2,9

The minimum pointside penetration length of thedued part should be&.6
The characteristic withdrawal capacity of conneiwith axially loaded screws should be
taken as:

Fax,a,Rk = nef (T[d lef)o'8 faxu,k (838)

where:

Faxark IS the characteristic withdrawal capacity of tbarmection at an angteto the grain;
Nef is the effective number of screws;

d is the outer diameter measured on the threadéd par

lef is the pointside penetration length of the thregakat minus one screw diameter;

faxak IS the characteristic withdrawal strength at agi@a to the grain.

The characteristic withdrawal strength at an angie the grain should be taken as:

fouus = sinfa :alx:k5co§a (8.39)
with:

o =3,6x 10° ot (8.40)
where:

faxak IS the characteristic withdrawal strength at agi@a to the grain;
faxk IS the characteristic withdrawal strength perpemdr to the grain;

ol is the characteristic density, in kg/m

NOTE: Failure modes in the steel or in the timb@uad the screw are brittle, i.e. with small
ultimate deformation and therefore have a limitedsibility for stress redistribution.
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The pull-through capacity of the head shall be met@ed by tests, in accordance with
EN 1383.

For a connection with a group of screws loaded lbgree component parallel to the shank,
the effective number of screws is given by:

N; =N

. (8.41)
where:

Nes IS the effective number of screws;

n is the number of screws acting together in a eotion

8.7.3 Combined laterally and axially loaded screws

For screwed connections subjected to a combinatiaxial load and lateral load, expression
(8.28) should be satisfied.
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9 Components

9.1 Glued thin-webbed beams

If alinear variation of strain over the depth of the beam is assumed, the axial stressesin the

wood-based flanges should satisfy the following expressions:
af,c,max,d < fm,d

af,t,max,d < fm,d

Uf,c,d < kc fc,O,d

Gicmaxd 1S the extreme fibre flange design compressive stress;

Giimaxd 1S the extreme fibre flange design tensile stress;

i cd is the mean flange design compressive stress;
Gt d is the mean flange design tensile stress;
Ke isafactor which takes into account lateral instability.
Gf,c,max
L
>
1 1 w,C,max

> e
v
'y

,_

L |
h f.c
h, J2

< .
A _:“_
™ bw bW gl Gw,t,max
b b > «
N ° " Ot
< ' >
Gf,t,max
< >
Key:
(1) compression
(2) tension

Figure 9.1 Thin-webbed beams

(9.1)
(9.2)
(9.3)
(9.4)

The factor k. may be determined (conservatively, especialy for box beams) according to 6.3.2

with
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A =12 (%j (9.5)
where:

/¢ is the distance between the sections where lateral deflection of the compressive flange is
prevented;

bisgivenin Figure 9.1.

If aspecial investigation is made with respect to the lateral instability of the beam as awhole,
it may be assumed that k. = 1,0.

The axial stresses in the webs should satisfy the following expressions:

Oucd S fow (9.6)
Uw,t,d s ft,w,d (97)
where:

Owcd and oyq arethe design compressive and tensile stresses in the webs,
fewaand fiwg  arethe design compressive and tensile bending strengths of the webs.

Unless other values are given, the design in-plane bending strength of the webs should be
taken as the design tensile or compressive strength.

It shall be verified that any glued splices have sufficient strength.

Unless a detailed buckling analysisis made it should be verified that:

h, < 70h, (9.8
and
mm(uwj o forh, < 35h,
I:v,w,Ed - hN (99)
35%(1+W] f\ 00 for 35h, < h, < 70k,
where:

Fvwed isthe design shear force acting on each web;
hy isthe clear distance between flanges;

hic  isthe compressive flange depth;

he ¢ isthe tensile flange depth;

bw is the width of each web;

fvoa iSthe design panel shear strength.

For webs of wood-based panels, it should, for sections 1-1 in Figure 9.1, be verified that:
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f.o0q forh < 4D,

o (9.10)
4b,
fv,QO,d (de for hr >4 bef

where:

Tmeand I1Sthe design shear stress at the sections 1-1, assuming a uniform stress distribution;
fvooa ISthedesign planar (rolling) shear strength of the web;
hy iseither h¢c or hg;.

_ {bw for boxed beams
=

9.11
b, /2 forl-beams (11)

9.2.1 Glued thin-flanged beams
This section assumes a linear variation of strain over the depth of the beam.

In the strength verification of glued thin-flanged beams, account shall be taken of the non-
uniform distribution of stresses in the flanges due to shear lag and buckling.

Unless amore detailed calculation is made, the assembly should be considered as a number of
I-beams or U-beams (see Figure 9.2) with effective flange widths b, as follows:

— For I-beams

by = by +h, (orby +b,) (9.12)
- For U-beams

b, = 050b +b, (or05b, +h,) (9.13)

The values of b and by should not be greater than the maximum value calcul ated for shear
lag from Table 9.1. In addition the value of b. should not be greater than the maximum
value calculated for plate buckling from Table 9.1.

Maximum effective flange widths due to the effects of shear lag and plate buckling should be
taken from Table 9.1, where ¢ is the span of the beam.

75



Table 9.1 Maximum effective flange widths due to the effects of shear lag
and plate buckling

Flange material Shear lag | Plate buckling

Plywood, with grain direction
in the outer plies:

— Pardlldl to the webs 0,1/ 20hy
— Perpendicular to the webs 0,1/ 25hy
Oriented strand board 0,15¢ 25h;
Particleboard or fibreboard 0,20 30hy

with random fibre orientation

Unless a detailed buckling investigation is made, the unrestrained flange width should not be
greater than twice the effective flange width due to plate buckling, from Table 9.1.

For webs of wood-based panels, it should, for sections 1-1 of an I-shaped cross-section in
Figure 9.2, be verified that:

fuoos forh, <8h

T < 08 9.14
"0 = e (%j forh, >8h G40

where:
Tmeand I1Sthe design shear stress at the sections 1-1, assuming a uniform stress distribution;
fuoa Isthedesign planar (rolling) shear strength of the flange.

For section 1-1 of a U-shaped cross-section, the same expressions should be verified, but with
8hy substituted by 4hg.

The axial stressesin the flanges, based on the relevant effective flange width, should satisfy
the following expressions:

Oiea < Frca (9.15)
Oira S frra (9.16)
where:

Gicd 1Sthe mean flange design compressive stress;
Gitg Isthe mean flange design tensile stress;

fica  istheflange design compressive strength;
fira  istheflange design tensile strength.

It shall be verified that any glued splices have sufficient strength.

The axial stresses in the wood-based webs should satisfy the expressions (9.6) to (9.7) defined
in9.1.1
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Figure 9.2 Thin-flanged beam

9.1.3 Mechanically jointed beams

If the cross-section of a structural member is composed of several parts connected by
mechanical fasteners, consideration shall be given to the influence of the slip occurring in the
joints.

Calculations should be carried out assuming alinear relationship between force and dlip.

If the spacing of the fasteners variesin the longitudinal direction according to the shear force
between smin and Smax (< 4Smin), an effective spacing s« may be used as follows:

s, = 0755, + 0255 (9.17)

NOTE: A method for the calculation of the load-carrying capacity of mechanicaly jointed
beams is given in Chapter 10.

9.1.4 Mechanically jointed and glued columns
Deformations due to dlip in joints, to shear and bending in packs, gussets, shafts and flanges,
and to axial forcesin the lattice shall be taken into account in the strength verification.

NOTE: A method for the calculation of the load-carrying capacity of |- and box-columns,
spaced columns and lattice columnsis given in Chapter 11.
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10 Mechanically jointed beams
10.1 Simplified analysis

10.1.1 Cross-sections
The cross-sections shown in Figure 10.1 are considered.

10.1.2 Assumptions
The design method is based on the theory of linear elasticity and the following assumptions:

— the beams are simply supported with a span ¢. For continuous beams the expressions may

be used with £ equal to 0,8 of the relevant span and for cantilevered beams with £ equal to
twice the cantilever length

— theindividua parts (of wood, wood-based panels) are either full length or made with glued
end joints

— the individual parts are connected to each other by mechanical fasteners with a dip
modulus K

— the spacing s between the fasteners is constant or varies uniformly according to the shear
force between Syin and Smax, With Snax < 4 Smin

— the load is acting in the z-direction giving a moment M = M(X) varying sinusoidally or
parabolically and a shear force V = V(X).

10.1.3 Spacings

Where a flange consists of two parts jointed to aweb or where a web consists of two parts (as
in a box beam), the spacing s is determined by the sum of the fasteners per unit length in the

two jointing planes.
10.1.4 Deflectionsresulting from bending moments

Deflections are calculated by using an effective bending stiffness (El )¢ determined in
accordance with 10.2.

78



AL E, -
> |«
0,5b, y
Y
Ay by By h
v
Ay by By
y Y
h
y
b,
T
A1' /1, E1 B #
i
y -
Ay by E, > I
b, |
L
z

Key:
(1) spacing: 53 dlipmodulus: Ky load: Fy
(2) spacing: s3  Slip modulus: K3 load: F3

Figure 10.1 Cross-section (left) and distribution of bending stresses (right).
All measur ements ar e positive except for a; which istaken as positive as shown.
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10.2 Effective bending stiffness
The effective bending stiffness should be taken as:

3
(EDNg=D.(Eil,+y,E;AQ) (10.1)
i=1
using mean values of E and where:
A=bh (10.2)
bh’

| =—1 10.3

T (10.3)
y.=1 (10.4)
yi=[1+ 7 E As/(K 19| fori=landi=3 (10.5)
a,= Vi El A1(h1+ 22) -V Es A3(h2 + h3) (106)

23V EA
i=1
where the symbols are defined in Figure 10.1.
Ki = Ksrj for the serviceability limit state calculations,
Ki=Ky; forthe ultimate limit state calculations.
For T-sectionsh; =0
10.3 Normal stresses
The normal stresses should be taken as:
g =4EaM (10.7)
(B«
_ -056hM (10.8)
© o (Elg

10.4 M aximum shear stress
The maximum shear stresses occur where the normal stresses are zero. The maximum shear
stresses in the web member (part 2 in Figure 10.1) should be taken as:

szax =y3E3A3a3 + O’5E2b2h22V (109)
' b,(E1)g

10.5 Fastener load
The load on afastener should be taken as:

F = %v (10.10)
where:

i =1 and 3, respectively;
s = s(X) isthe spacing of the fasteners as defined in 10.1.3.
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11 Built-up columns
11.1 General

11.1.1 Assumptions
The following assumptions apply:

— the columns are simply supported with alength /;

— theindividua parts are full length;

— theload isan axial force F. acting at the geometric centre of gravity, (see 11.2.3).
11.1.2 Load-carrying capacity

For column deflection in the y-direction (see Figure 11.1 and Figure 11.3) the load-carrying
capacity should be taken as the sum of the load-carrying capacities of the individual members.

For column deflection in the z-direction (see Figure 11.1 and Figure 11.3) it should be
verified that:

Ocoa = Ko (11.1)
where:

FC
Opoa = A;d (11.2)
where:

At isthetotal cross-sectional area;
k. isdetermined in accordance with 6.3.2 but with an effective slenderness ratio A¢
determined in accordance with sections 11.2 - 11.4.

11.2 Mechanically jointed columns

11.2.1 Effective slenderness ratio
The effective denderness ratio should be taken as;

Aa =4 % (11.3)
with
| o :(IIEEI—)‘* (11.4)

mean

where (El )¢ is determined in accordance with Chapter 10..

11.2.2 Load on fasteners
The load on afastener should be determined in accordance with Chapter 10, where
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F
125'dkc for A, < 30

F. A

=g oo e for30 < A, < 60 (11.5)

3600 k.

F
—od for 60 < A
60 k,

11.2.3 Combined loads

In

cases where small moments (e.g. from self weight) are acting in adition to axial load, 6.3.2

applies.

11.3 Spaced columns with packs or gussets

11.3.1 Assumptions
Columns as shown in Figure 11.1 are considered, i.e. columns comprising shafts spaced by
packs or gussets. The joints may be either nailed or glued or bolted with suitable connectors.

The following assumptions apply:

the cross-section is composed of two, three or four identical shafts;
the cross-sections are symmetrical about both axes;

the number of unrestrained bays s at least three, i.e. the shafts are at least connected at the
ends and at the third points;

the free distance a between the shafts is not greater than three times the shaft thickness h
for columns with packs and not greater than 6 times the shaft thickness for columns with
QUSSELS,

the joints, packs and gussets are designed in accordance with 11.2.2;

the pack length 7, satisfies the condition: /,/a = 1,5;

there are at least four nails or two bolts with connectors in each shear plane. For nailed
joints there are at least four nailsin arow at each end in the longitudinal direction of the
column;

the gussets satisfies the condition: /./a = 2;

the columns are subjected to concentric axial loads.

For columns with two shafts A and | should be calculated as
Ao =2A (11.6)

tot — 12

b[(2h+ a)’ —aﬂ

(11.7)

For columns with three shafts Ai,: and lo: should be calcul ated as
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A =3A (11.8)

o b[ (3n+2a)” ~(h+2a)’ + 17|

tot 12 (11.9

A —

h a h allh h a h a h
—> o —>| Ol €« - o - ol
y A y A y A y A
et b -z« P -zt H - z<4 14—
| L | / |
A Al A A Al A

Figure 11.1 — Spaced columns

11.3.2 Axial load-carrying capacity
For column deflection in the y-direction (see Figure 11.3) the load-carrying capacity should
be taken as the sum of the load-carrying capacities of the individual members.

For column deflection in the z-direction 11.1.2 applies with

A :,//12+/72Af (11.10)

where:

A isthe dendernessratio for a solid column with the same length, the same area (A«r) and
the same second moment of area (i), i.e.,

A :A/ Aot/ | ot (11.11)

A1 isthe dendernessratio for the shafts and has to be set into expression (11.10) with a
minimum value of at least 30, i.e.

83



1=12 % (11.12)

n is the number of shafts;

n  isafactor givenin Table 11.1.

Table 11.1 — The factom

Packs Gussets
Glued |Nailed |Bolted® | Glued |Nailed
Permanent/long-term | 1 4 35 3 6
loading
Medium/short-term |1 3 2,5 2 45
loading
& with connectors

11.3.3 Load on fasteners, gussets or packs
The load on the fasteners and the gussets or packs are as shown in Figure 11.2 with Vg

according to section 11.2.2.

The shear forces on the gussets or packs, see Figure 11.2, should be calcul ated from:

T, = Valy (11.13)
a
Vy Vg vy Vy Vg vy Vg Yy Yy
2 2 3 3 3 4 4 4 4
> > 2, > > > s ™1
3% A
R | IR R MR
B I
0,5/, 037, [04T,| 03T,
a, a, a, a,

Figure 11.2 Shear force distribution and loads onugsets or packs



Worked examples

1 Column with solid cross-section

Column with cross-section 100 x 100 mm, bucklinggkl ¢/ = 3000 mm.

Timber of strength class C22 according to EN 338 {x= 20 MPa andgp o5 =6 700 MPa ).

Design compressive forddy = 30 kN ( medium-term ). Service class 1.

Design compressive strength

f

cok = 820~ 12 3MPe
M 13

Design compressive stress

fc,O,d = k mod

Ny, _ 3000

ag = L=
«0d A 1000

=3,0 MPa

Slenderness ratio

Buckling resistance

:n2E005 3148 —— 6 700 = 6,1 MPs

CCI’It 3§
/ c,0,k \/7 18
k=0,5/1+ B, (Ao = 0,3+45 [= 05 + 0£ 18 0)3 £8= 2

=0,29

_ 1 _ 1
k+ K2 =A2 2,27+, 227- 18
Verification of failure condition

g,
c,0,d < 1

kc f(:,O,d

3,0

— =0,83<1
0,290112,4

85



2 Beam with solid cross-section

Simply supported timber beam with cross-sectiox 200 mm, clear span = 3500 mm.
Timber of strength class C22 according to EN 338 (= 22 MPaf, x = 2,4 MPa,
Eo0s=6 700 MPa).

Design uniformly distributed load of 2 kNh§ medium-term ). Service class 1.

Design bending and shear strength

f
fo =K g— =0, 8229_ 13 5 mp:
’ v 13
2,4
f,y=k
v,d mod VM ]q3

a) Bending ( beam is assumed to be laterally rnestlahroughout the length of its
compression edge )
Verification of failure condition

deS ﬂnd

2
Mg 1,7 120850006 g 50,135 Mpa
W 8 W 8 50006

b) Bending ( beam is not assumed to be lateradiyamed throughout the length of its
compression edge )

Buckling resistance

o 0, 78b2 Eoos _  0,7806G 06700
mait = ~ 20001(0,97350G- 400)

} /22
mlm 1 06
mcm 18

K.t =1,56- 0,754

=18,4 MPa

=156 0,758 1,066 O,

rel,m —

Kerip Ofng =0,760013,5= 10,3 MP

Verification of failure condition
deSkmth

2
=My 1640 _ 2[B500 U8_ 9 2 MPa< 10,3 MPa
Y W 8 W  8[50[R06G
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c) Shear
ke O, =0,6701,48= 0,99 MP

k., =0,67 is taking into account cracks caused by too rdpythg
Verification of failure condition
<k, Of, 4

vd—

=3V _ 3EI'[]2[8500—0 53 MPa< 0,99 MP
2A 2[2[500200

v,d —

3 Step joint

Joint of a compression member with cross-sectidhx1440 mm, see Figure below ( cutting
depth is 45 mm, shear length in chord 250 mmfaadi5° ).

Design values of timber properties &gq= 11,03 MPaf 904= 2,21 MPaf, 4= 1,32 MPa).
Design compressive forddy = 55 kN.

140/140

1
1

1

1

1

250 .

!

[

140/180

Design compressive strength at an angle to the grai

f — fc,O,d 1 1,03

caod
~Teod G2 ga coga 1§fsm 225 +cog 225

kc,90 c,90,d

=7,72 MPa
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Verification of failure conditions
_ Ny cos a _ 55[10°cos’ 225
Oca,d= =

bt 14C[45

N, cosB3 _ 55M10° cos45
b/ 14C25C

z

=7,45 MPa< 7,72 MPa

=1,11 MPa&< 1,32 MPa

Tvd=

4 Timber -framed wall

The walls assembly presented Hig. 1 is subjected to the total design horizontal force
Fh.a.01 =25 kN (short-term) acting at the top of the wall assimb

Frd.ot Fig
—> \ R
h =
/ 1 = 1
Fited T FicEd
- b -
§ Mot b . timber |, b,
frame y
F sheathini ﬁ_’

F - H dtot L

Hd n board >z

Figure 1: Example of the wall assembly.

The single panel wall element of actual dimensiors263.5 cmandb = 125 cmis composed

of timber studs(2x9x9 cmand 1x4.4x9 c and timber girders2k8x9 cm. The plywood
sheathing boards of the thickngsd5 mm are fixed to the timber frame using staples of
@1.53 mmand lengtH = 35 mmat an average spacingof 75 mm(Fig. 2).
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A Y AR A Y = AY

9.0

9.( 4.4 9.0
a =58
¢ -
25 cm q

Figure 2: Cross-section of the single wall element.
Material properties for the timber of quality C2& daken from EN338 and for the Swedian
plywood boards (S-plywood) from SteckHolzwerkstoffe — Sperrholz, Holzbauwerke:
Bemessung und Baustoffe nach Eurocode 5, $tef®095. All material properties are listed in

Table 1

Table 1. Properties of used materials.

Eom ik frok feok Pk Pm
IN/mm? | [N/mm? | [N/mm?] | [N/mm?] | [kg/m?] [kg/m?]
C22 10000 22.0 13.0 20.0 340.0 410.0
S—plywood| 9200 23.0 15.0 15.0 410.0 410.0

" The values are given for 12 mm typical thicknésh@board.

a.) Characteristic fastener yield moment

M | r =240Ld 20 =2400153*° =72512Nmm

b.) Characteristic embedment strength
in plywood:  f,,, =0110p, (6> =011[21000L53 **=39.70N / mn?f

in timber: ~ f,,,=0.0820p, [ **=0.082[B40[1153*°* =24 54N / mnTt

c.) Lateral characteristic capacity of an individuaténer {; = 15 mmt, = 20 mn)

Lateral characteristic load-carrying capacity gapke per shear plane should be considered as
equivalent to that of two nails with the staplendeder:

Fip =20, 0, [6=182214N
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Ff}Rk = 2 th,z,k Eﬂz m = 1501.88N

2 2
Fo= 20 \/,8+2,6’2 Eﬁlﬂ—“(%} ] + EEH -,GEE1+i—2J +%=678.04N
1 1

1+ﬁ 1 1

| 4802+ )M
Fka:ZEH..OSQM[] 2801+ B)+ U2+ B) . YRE _ 13 +@=667.10N
2+ oy [ 4
I 4302+ B)M
Fka:ZEJl.OSE—IM[] 26° 1+ B) + pU2+p) > YR -3 +_FaXRk:7o538N
2+p o [0 2 4
_ q/ 2p3 Faxri _
Fip =20L15 Tv5 4/2M p, OF ,, +TRk_ 59668N

Firk= 596.67 N

d.) Characteristic racking load-carrying capacityone wall panel (Eurocode 5-1-1; Method
A)

Fin B LG

Fivrc=2C kaqh = 20 E;Z:'O D949 1887466 N =1887 kN
01252 0,0
b, 2635 2

e.) Characteristic racking load-carrying capacityhe wall assembly (the wall element with
the opening is not considered)

Fork=. Fiyrc=21887kN=3774kN

f.) Design racking load-carrying capacity of thellveasembly Knoq= 0.9)

Fura =Kinod EF“Rk =09 537'74:26.13kN
Yu 130
g.) Ultimate limit state criteria

Fde > I:H d tot
26.13kN>250KN

h.) Design external forces in the suppoRw) ( 1)

_Fus(h_ 25002635

Ficea =Fitga ™ b 2[12E = 26.35kN
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5 Single tapered beam

Assessment of a single tapered bekig.(10.1). Material: glue laminated timber (GL 24h),
service class 1. Characteristic values: Dead lQad4g5 kNm', snow g = 4,5 kNm".
Materials and geometrical characteristics of thenie

G+S
[e3
hch E
AN
h =
s « L
1 L
Fig. 10.1 Scheme of the single tapered beam
Span: L=12m
Depth of the beam at the apex:  zpH 1200 mm
Angle of the taper: a=23
Width of the beam: b =140 mm
Precamber of the beam: cw30 mm
f\/’g’kz 2,7 Mpa

fc,90,g,k: 2,7 MPa

ft,go,g,k= 0,4 MPa

Eo,mean,g& 11600 MPa

The beam is prevented against lateral-torsiboakling.

Design bending strength

f
frgd = Kioa —2 = 09 2% _1728 MPa
. Yu 125
Design shear strength
f
frag = Knog —2 = 09 2! - 194MPa
Ym S
Design compressive strength perpendicular to thmgr
f 27
f = Kyppg —29% = 09-2" = 194 MPa
c90,9,d mod yM 1’2 5 119

Basic combination of the load

0o = 1,3% + 1,5 = 1,394,5 + 1,5,5 = 12,82KNm"*
Shear force at a support

V, =q, % = 12,8251—22 = 7695 kN

Depth of the beam at the support

hs =h,, —tga L =12-tg3° 12=0571m
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Verification of failure conditions

a) Shear at support
. _ 3V, _30695010°
Y4 obh, 201400571

=144 MPa < 194 MPa

b) Bending at critical cross-section
Critical cross-section position

X= Lh = 1?12 =387m
1+-2 1+
0571
Depth of the beam at critical cross-section
2[h

h = * = 21,2 =0,774m

X h 12

1+ 1+
0571
Bending moment at critical cross-section
2 2

M, =V, x— qdzx = 7695@87—% = 20176 kNm
Stress at critical cross-section
Gros =00 _6My

m,0, a,d bhf
Jm,o,d < fm,g,d

6
Omod = m =1443MPa<1728MPa = allowed
- 14C1774

mad < k Df m,g,d

k = 1 = 1

m,a

Opnoq =1443MPa<0,9112(1728=15/4MPa = allowed

c) Deflection

Wm = ku EVVO

Coefficientk, — seeFig. 10.2
_hy+h, 0571+12

= = 0886m
2
h
w = 22 210k, =11166
h, 0571
k. =06
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Fig. 10.2 Coefficient k

cl) Instantaneous deflection

4 4 2
\Ninst g = ku 5@ L = 1,1166[:‘ 5[4’5 a2 D-Ol 12 = 14,42 mm
' 384[EQ, 384[116001400886°
4 4 2
W=k GO 1g16an SASIZ 02 ) m
' 384[EN, 38411600140[886°
Winst = Winst g + Winsts = 1442+1442=2884mm= i < L = allowed
' ' 41¢ 40C

c2) Final deflection
Wfin,g = \Ninst,g [(U'+ kdef ) = 14!42 [ql-l_ 016) = 23107 mm

Wfin,s = VVinst,s [(U'+ ‘//2 |:Ikdef ) = 14142 [ﬂl+ 0 [016) = 14,42 mm

We, =W, o + Wy, o =2307+14,42=3749mm= L < L = allowed
' ' 32C 25C

c3) Net final deflection

=Wg, —W, =3749-30= 749mm= <L = allowed

160z 30C

w

net, fin
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6 Doubletapered beam

Problem:
snow: 7,0 kN/m
\ dead weight (including beam): 2,0 kN/m \
s
/ a h
ho{ L | he ap s
¢ L/2 »le L/2 >

ho =600 mm hy=1100 mm L =20000 mm width of beantx = 190

Glulam: GL36c— f =36 MPa f  =3,8 MPa f ,, =3,3Mpa f,, =0,5MPa

Load duration: short term p=157,0+12-20=12,9 kN/m
Serviceclass: 2 —  knoa=0,9
Assumption: Lateral torsional buckling is prevehby sufficient transverse bracing

(Ko =1)

Ultimate limit state

) f f
Design strength: f, = —X =0,9—X
g g d kmod y 1 25

M el

=0,72f — f ,=0,720B6= 25<MPa

f,, =0,72(B,8& 2,7/MPa; f 4, =0,72[B,3 2,3¢ MPa; f,,, =0,72(0,5 0,3¢MPa

Critical section with respect teending for a uniformly distributed load, is at distance
L, =L(h,/2h,,)=20000(60p 2111003 54t mm from the support, where

h,=h+(h,-h)R2L/L=600+ 273= 87:mm
Also: tana = (,,—h)/(0,3L F (1106- 600)/10008 O,

Nominal bending stress at critical section:

M, _0,50pL (L-L,)_3[12,95,45(26 5,45) £0

o = =21,2 MPa
mad W, bt /6 190873
Verification of failure condition, (6.38),
Um,a,d s kma fm d

where the stress modification factor due to congoesat the tapered egde is defined by
(6.40):

Koy = = =0,953

m,a 2 2
1+ fino tang | + Fna tarf a
1’ 5.I:v,d fc,go,d
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Hence Kk, f.,=0,9531R5,9% 24,"MPa > o, ,,=212MPa

m,a "md

At the apex, the bending stress is defined by (6.42

6M
O,q=K—2% where k =1+1,4tarz + 5,4taha = 1,0¢
\ bhap
o o, =1,0848029820 85 14 oyp,
’ 1901106

The requirement, (6.41), is: g, <K, f

r'md
Sincek, =1,0 (see 6.49) the bending stress at apex is wellbtde limit.

Largesttensile stress perpendicular to grasmdefined by (6.54):

6M
T004 =K, bh:z”‘d where k, =k =0,2tana = 0,0: (see 6.56)
p
— 0190»(1 = QO]_%SJ_@ = 0’17|\/|Pa
’ 19011008
The design requirement is, (6.53),
Ly Gog _ O + 0,17 - 0.63< 1

fuo KoKuorfigna 2,74 1,470,5810,36
The volume factork,,, has been determined by (6.51) with= 0,1901, 111, 0,2m".

Theshear stresseshould, according to the current version of theéegcamot exceed the shear
strength 7,. However, a modification to the code, reducingwhdth of the section by a

"cracking” factor k_ , will most likely be made in the near future. Meadue for glulam is

k., =0,67. For a rectangular section this means that tharsttress should not exceed
k,ry =0,67(2,74 1,8 MPa

Maximum shear stress, at the support,

r, =S¥ 8029000 ; o0 vyipa < 1,83 MPa

Conclusion: All strength requirements are satikfie

Serviceability limit state

Maximum displacement for this beam, due to a umfgrdistributed load, is (by a computer
analysis) found to be 1,63 times that of a corradpw beam with uniform height equal to
h,, =1100 mm. For GL36¢:Ey = 14700 MPa. From Section 2.1.2:

W =163 5 (20000 _
inst = "Y3841470011901 1160 /12

Wnet, fin = inst, G(l+ kdef) + Winst Q(l+ wZ,l k de;

W, s =10,9602(% 0,8f 10,96 7@ 0j2 0,8) 3%5 8%0 1Zmm

10, 96D
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In other words, w,, , = L/155, which is well above the recommended value ofetabl.

Conclusion: The displacement may, depending omyibe of building, be too large.
It may be considered to produce the beam witteagmber of, say 100 mm.

7 Moment resisting joint

Design and assessment of moment resisting joititarcorner of the three-hinged plane
frame. Material: glued laminated timber (GL 24éce class 1.

Geometrical characteristics of the frame:

o

o

o (0]

™) 13,5

o

o

Lo

<

y
| 25000 i

Span: L=25m
Depth of the rafter: = 1480 mm
Width of the rafter: p=200 mm
Depth of the column: dF 1480 mm
Width of the column: b=2x120 mm
Angle of the rafter: a =135
Material properties (characteristic values):
fm’g’kz 24Mpa
fv.gx=2,7MPa
pk= 380kg/n?
Design bending strength

f
fngd = Koy —2 = 09 24 _1728MPa

. wm 125

Design shear strength

f
frag = Knog —2 = 09 2! 194MPa

. Ywm 125

Dowels:
Steel grade S23524mm(4.6):  f,x=400MPa

Internal forces at the corner:
Column: Mg = 676.810° NmmVyc= 150.416°N  Ngc=178.110° N
Rafter: Mg = 676.81° NmmVyr= 138.T10°N  Ngr= 187.810° N

Design of dowel joints:
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Outer circle: r, < 05h—-4d = 051480-4[24=644mm
Inside circle: r, <r, —5d = 644-5[24=524mm
Number of dowels in circles:

0 < 27mr, _ 20644

N =281Kks =Ny =28
6d
< 2T 2UT524 o) 6 ks =22
6d 624
1480 200

\"\/'

/'/ 1480
Y ‘° vle ‘. ®
¢ o l »

,M;L. -

120

I

|
TR ET e O
T T A

J\ S

200| |
20

Load of dowels:

=1 = 644mm
=Tr>=524mm

Load of dowel in column and rafter of the frame ttuéending moment:

644

F. =M
M 28[BAL + 22[H24

I
d % =6768 IZI.OG
nlrl + n2r2

=246910° N

Load of dowel in column of the frame due to shewt mormal force:

Ve _150400°
n+n, 28+22
Nyc _178100°
n+n, 28+22

Foc= = 300010° N

= 35610° N

FN,C =

Load of dowel in rafter of the frame due to shaat normal force:

Vyr _138100°
n+n, 28+22
N, _1878010°
~ 28+22

Fur= = 276010° N

= 376M10° N

F =
N,R
nl + n2

Total load of dowel in the axis of the rafter amduenn of the frame:

Foc =/(Fu + Fucf +Fic =4(2469010° + 30000°) +(356110°) =2792110° N

For =y(Fu +Fon) +F2g = J(2469010° + 276110°) +(37610°) = 2771000° N
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Shear force in column and rafter in joint:
V. = M, nr,+n,r, | (676800° 28[644+22[524
"ol onr?+nr? T 28[BAL +22[B24

J =36074010°

V 3
Fogc =V — d€ =3607400° —w =2855M10° N
d, 2 >
V

d,R

3
=360.74010° —% =2917010° N

FV,d,R =VM -

N

The mechanical properties of dowels:

Embedding strength in fibres direction (characterigalue):
f,ox = 00821- 001d)p, = 0.082[fL- 0.01[P4)(B80= 2368 MPa

a) Carrying capacity of dowel in column axis:

Angle between load and timber fibres:

Fy +F : 2
a, = arctg(%} = arctg( 246910 + 3010 j =827°

‘e 35610°
a,=a- (’ET - alj =135-(90-827) = 62°

Embedding strength (characteristic value):
Kgo = 1.35+0.015d = 135+ 0.015[24 =171

foik = fhox = 2368 =1394 MPa
" Ky Bina, +cofa, 17103in’827+co$ 827
foox = fhox = 2368 = 2349 MPa
M ke Bin*a, +cofa, 1713in’ 62+cos 62
g fha 2349 o
foe 1394

Yield moment (characteristic value):
M, e = 03f, d 6 = 0.3[400[24*° = 465310° Nmm

t, =120mm, t,= 200mm
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o1, O, [ =1394[120(24 = 40.110° N
05CF, ,, O, [ = 05234920024 =564010° N

2+
_ 10513.9412[20[24 0
2+1.685

fp, L6 07

Los T 1 { Jz e )+ P@PM ﬁHFaX,Rk} _

411.685[(2+1.685 465310

F _ _ =min 2[1.685({1+1.685) +
VRKC EE\/ 1 9 1394020° (24

.
115 %le\ﬂmfmd{ aZRk} _

= 115 [ 22685 1 653010° 139424 = 227010° N

““\V1+1.685

) I:ax,Rk = O

£ = Knos (Fupe _ 09019400°
v,Rd,C — -
Ywm 125

=1397010° N

b) Carrying capacity of dowel in rafter axis:

Angle between load and timber fibres:

F, +F : :
a, = arctg —~—R | = arctg 24069110 + Z'ZGELO =822°
Fon 376010

a, = % +a-a, =90+135-822=213°

Embedding strength (characteristic value):
frox 2368

f .= = =2165MPa
"M Ky Bin?a, +cofa,  17103in% 213+ cos 21.3
f
fo= oK = — 2368 =1395MPa
kg Bin®a, +cosa, 17108in° 822+ cos’ 822
B= oo _ 1395 _ 0.644
foiw 2165

t, =120mm, t,= 200mm
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foo 0, (6 = 2165012024 =62410° N
0501, ,, [, (8 = 05[1395[200[24 = 335[10° N

o O [0 4BR2+ M g Faxre | _
s Nzﬁ(1+,6’)+ L ﬁ}{ }—

_ 10521.65[120[24 a
2+0.644
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4[D.644[{(2+ 0.644 (#65300°
21650207 24

_
115 ﬁszykahlkd i
1+ R 4

=11 M\/Z [4653010° [2165[24 = 224[10° N

“\1+0644

Furer = Min Ew 2[0.644{1+ 0.644) +

' Fax,Rk = O

_ Ko Fure _ 09224010°
I:v,Rd,R - -
Yu 125
Verification of failure conditions:

=161300° N

a) Carrying capacity of the joint of frame colummdaafter assessment:
- Column:

Foc = 279210 N < 2[F, gyc = 21397M10° =279410° N = allowed
- Rafter:
For = 277100° N < 2[F, g = 2M161310° =3226M10° N = allowed

b) Shear stress in frame column and rafter assegsme
- Column:
_ 3[R, 4c _ 3@2855M00°

T =
Ve 2bh 2[2M2CM148C
- Rafter:

. _ 3[R, 4r _3291700°
VRO 2Mb[h  2C20C148C

=121MPa < f, ,=194MPa = allowed

=148MPa < f,,,=194MPa = allowed
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17 Joint transmitting inclined for ces

B IT N
48 L
48 4
148
48 ‘AII measurements in mm
148

Problem:

Determine the largestesignforceF that can be transmitted by meandolts with a
characteristic tensile strength ¢f, =800 MPa.
Other problem characteristics are:

- Timber quality: C30 (all members)p, =380 kg/m®
- Loading isshort term and service class is 2

Minimum spacing as well as edge and end distangggest 4 bolts, and with respect to the
diagonal, in which the force is parallel to graire need a total width of at least 8 4d + 3d
= 10d, whered is the bolt diameter. Hencde= 14 mmis the largest bolt diameter possible.

For fasteners in double shear in timber-to-timhmmections the characteristic load-carrying
capacity per shear plane is determined by thertaitwodeg, h, j andk of Eq. (8.7).

The yield moment for one bolt isM, . =0,3f, ,d*® = 0,3180014°= 22916(Nmm

We first consider the fordeé which is parallel to grain in the diagonal, butmis an angle of
45 degrees with the grain of the chord.

With ko, =1,35+ 0,018 = 1,3% 0,22 1,5we find the following characteristic embedment
strengths (se Eqgs (8.32) and (8.31)):

f.,x=0,082( 0,0d p = 0,082 0,86 380 26MPa (diagonal)

f f
__h2k =268  _50,9MPa(chord) — B=-r2k=10g
koSiPa@+cosa 1,5610,5 0,5 Frix

fh,l,k =
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Disregarding theope effect, the formulas of (8.7) give the followingaracteristic capacities
per bolt and shear plane:

g: 14070 N h: 9005 N J: 9530 N k: 14125 N

The capacity is governed by failure mode h, andesthis mode is independent of the axial
withdrawal capacity, the rope effect does not came play.

In order to determine theffectivenumber of bolts we need to know the distamcésee
figure). With reference to the figure we choose fibllowing distances:

ag)=55mm > (2 + 2sin48)=48 mm —  axz=78 mm > d4=56 mm
ucy=50mm > 8=42mm — =131 mm > 8=70mm
a2=60mm > d=56mMm — aip=44mm > 8=42mm

Hence, with=2: n,,, = min{n"'g:‘/?—g : n} =min{1,72,}= 1,7, and the characteristic

capacity of the entire connection iBi) = (1,72-2)-9005-2 = 61955 = 62,0 kN

According to 8.1.2 (5) we also need to check tlaeldoarrying capacity of the horizontal
component of the force. This problem is defined by a force OF7ih the chord (parallel to
grain) being transmitted to the diagonal:

With n =2 and a,,,, = ,/2a,, = 85 mm, we find: n,,, =1,54

We also need to compute new capacities per bolsheadr plane, since the force is now
parallel to the chord grain, but acts at an anfbadegrees in the diagonal.

f
Hence: f,,, =26,8 MPa and f,, =20,9MPa —  pB=-"2£=0,78

h,1k

Again, disregarding theope effect, the formulas of (8.7) now give the follogi
characteristic capacities per bolt and shear plane:

g: 18010 N h: 7035 N j: 10023 N k: 14125 N
Again, failure mode h governs, and we now finddapacity of the entire connection to be:
Fra) = (1,54-2)-7035-2/0,71 = 61035 = 61,0 kN
Although there is little in it, it is the horizohteomponent of that governs the capacity.

With knog= 0,9 and yu = 1,3 we find the design capacity of the connectmbe

F, = F, X = 61,000,0/1,i= 422 kN

M
The characteristisplitting capacity of the connection is, according to (8.4),

Foo e = 140W [ —=— = 30495 30 kN

If we assume that the vertical componenEgfthat is 0,71:61,0 = 43,3 kN, is divided into
two equalshear forces on each side of the connectiontiaglis no problem, but we do not
have sufficient information about the problem tokenthis claim.
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