BS EN 14272:2011

BSI Standards Publication

Plywood — Calculation method
for some mechanical properties

[
bSlo ..making excelleDoewriembst.

Document Sharing Hub

Full document details: BS EN 14272:2011


http://www.avadocuments.com/doc/bs-en-14272-2011
http://www.avadocuments.com/doc/bs-en-14272-2011

BS EN 14272:2011 BRITISH STANDARD

National foreword

This British Standard is the UK implementation of EN 14272:2011. It
supersedes DDENV14272:2002 which is withdrawn.

The UK participation in its preparation was entrusted to Technical
Committee B/541, Wood based panels.

A list of organizations represented on this committee can be
obtained on request to its secretary.

This publication does not purport to include all the necessary
provisions of a contract. Users are responsible for its correct
application.

© The British Standards Institution 2012
ISBN 978 0 580 69385 4
ICS 79.060.10

Compliance with a British Standard cannot confer immunity from
legal obligations.

This British Standard was published under the authority of the
Standards Policy and Strategy Committee on 31 January 2012.

Amendments issued since publication
Date Text affected

Documents

Document Sharing Hub

Full document details: BS EN 14272:2011


http://www.avadocuments.com/doc/bs-en-14272-2011
http://www.avadocuments.com/doc/bs-en-14272-2011

BS EN 14272:2011

EUROPEAN STANDARD EN 14272
NORME EUROPEENNE

EUROPAISCHE NORM December 2011

ICS 79.060.10 Supersedes ENV 14272:2002

English Version

Plywood - Calculation method for some mechanical properties

Contreplaqué - Méthode de calcul pour certaines Sperrholz - Rechenverfahren fiir einige mechanische
caractéristiques mécaniques Eigenschaften

This European Standard was approved by CEN on 1 October 2011.

CEN members are bound to comply with the CEN/CENELEC Internal Regulations which stipulate the conditions for giving this European
Standard the status of a national standard without any alteration. Up-to-date lists and bibliographical references concerning such national
standards may be obtained on application to the CEN-CENELEC Management Centre or to any CEN member.

This European Standard exists in three official versions (English, French, German). A version in any other language made by translation
under the responsibility of a CEN member into its own language and notified to the CEN-CENELEC Management Centre has the same
status as the official versions.

CEN members are the national standards bodies of Austria, Belgium, Bulgaria, Croatia, Cyprus, Czech Republic, Denmark, Estonia,
Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, Netherlands, Norway, Poland,
Portugal, Romania, Slovakia, Slovenia, Spain, Sweden, Switzerland and United Kingdom.

. — |

EUROPEAN COMMITTEE FOR STANDARDIZATION
COMITE EUROPEEN DE NORMALISATION
EUROPAISCHES KOMITEE FUR NORMUNG

Management Centre: Avenue Marnix 17, B-1000 Brussels

© 2011 CEN  All rights of exploitation in any form and by any means reserved Ref. No. EN 14272:2011: E
worldwide for CEN national Members.

Documents

Document Sharing Hub

Full document details: BS EN 14272:2011


http://dx.doi.org/10.3403/30211231U
http://dx.doi.org/10.3403/02611123
http://www.avadocuments.com/doc/bs-en-14272-2011
http://www.avadocuments.com/doc/bs-en-14272-2011

BS EN 14272:2011
EN 14272:2011 (E)

Contents Page
0T =T o 4
1 ST oo o - PR 5
2 [T 4 LAY =0 = =Y =Y 4 Lo 5
3 T e 5
4 Terms and defiNitioNsS .......cooiiiic e 6
5 SYMDOIS . ——————————— 6
5.1 MaiN SYMDOIS ... —————— 6
5.2 RS T 1= o 1o 1= 7
6 Calculation Method....... ... e e e e e e e e e e e e s 8
6.1 (=Y 4= - | 8
6.2 Properties relevant to the calculation methods ... e 8
6.3 LA e T =T o 7= = 8
6.4 Factors for plywood COMPOSItioN.........cccciiiiiiiiiiiniire e 8
7 Characteristic values for strength and stiffness in bending, tension and compression............ 1
71 =Y =T o 11
7.2 ==Y 0 T [T ' N 1
07 T € 7Y 3T - | 11
7.2.2 Modulus of elastiCity ......ccccrrririmrmmiini i ————————— 1
T.2.3  SreNGth oo 1
7.3 LT T3 Lo T =T Lo e 04T = T=E= T o 12
7.3.1 Stiffness and capacity of the layers in the cross section .........ccccocvimiiiii 12
7.3.2 Stiffness and capacity of the panel........... . —— 13
7.3.3 Property of the panel (as if homogenized).........cccocmmiiriiii e ————— 13
7.4 [ oY oX=Y o VA= 11T T=T30 o] gl F- V= PSSR 13
g T € 7Y 31T - 13
7.4.2 Modulus of elastiCity (E£im Fp Ec).ererrrerssnmmsssmmsseisssisissssisssssssssssssssssss s s sssssssssss sssss s ssssssnsssssssne s 14
A T == =] 7= o 14
8 85T 1= =Tl 0] o] o =T o = 15
8.1 =T 1= =] 5 1= 15
8.1.1 Panel shear rigidity (Gy) ...cooceriirirmriiiirriir i ———— 15
8.1.2 Panel shear strength () ...cccco i ——————————— 16
8.2 Planar SNEAT ........eeeeesessasssnsnsnsssssnsnsssssnsssssssssssssssssssssssssssnsssssnsnsssnsnsnssnnnnnnnnnnnnnnnnnnnnnnnnnn 16
2720 T € 1= o - - | R 16
8.2.2 Planar shear rigidity (G)) .....ccerirrrrrririirriiirr i ————— 16
8.2.3 Planar shear Strength () ....cccoiiccccicmiieii e sss e e e snnn e e e e ee s e snnnn e e e e nnsnnnnnn 17
9 Ratio of strength UPON MOAUIUS .......coi i 17
10 D 1Y 0 T 17
11 Conversion from strength and modulus of elasticity to capacity and stiffness..........cccccocuuueunn. 18
Annex A (normative) Derivation for the veneer values (or basic values)..........ccccccrrriiiicccscmererennnnnseennns 19
A1 ST oo o - PSSR 19
A.2 e T T T o 19
A.2.1 Option 1: Using plywood test results .........ccccevcmiiniiimiiini s 19
A.2.2 Option 2: Using solid timber properties ..........c e 19
A3 Procedure for derivation of properties from testing plywood ..........cccccociiiiiiiiiiinans 19
N Hhg T €T 1Y - Y 19
NG T T T3]« T T 20
Documents
2 Document Sharing Hub

Full document details: BS EN 14272:2011


http://www.avadocuments.com/doc/bs-en-14272-2011
http://www.avadocuments.com/doc/bs-en-14272-2011

BS EN 14272:2011
EN 14272:2011 (E)

A 3.3 TESt PIECES ... nnnsnnnnnnann 20
N N I =1 ] T P 20
A.3.5 Exploitation of the reSUILS ...........cccciiiiiiiiiiccc e mn e n e s mmnn e e e e e snnann 21
A4 Derivation of estimated values for VENEErs..........oo i 25
N B T €T 1= - Y 25
A.4.2 Values obtained by testing.........cccciiiiiiiiii e —————————— 25
N T 14 0T o Lo =T =T IR 11T 25
A.5 =] oo o 25
Annex B (normative) Practical spreadsheets to derive the properties........ccccooiiiiciiiicccccie, 27
B.1 L= o = o | 27
B.2 ==Y 3 [T ' 28
0 T T T - | 28
= 0 | = 11 T =T = 28
B.2.3 Tables for Strength ValUES........ccuiiiiiiiccccecriii s rccceerrr e ss e snnn e e e e s snne e e e s nanmmn e e e e s 31
B.3 B I=1 0 E53 e o =T Lo I oo 5 0T o === oY 1 1P 33
B.4 =T 1= =] o 1= 39
B.5 e = T B T =Y 1o T 40
= 2T T € 1= o =Y - | PO PRPRRRR 40
B.5.2 Available VENEEr VAIUES ...... .. s e r s e e s e e e e e e e e ee e a e a e e e e e a e nenea e s 40
B.5.3 Veneer values not available ........... i —————— 42
Annex C (informative) Example of bending strength ..........ccccoiiiiiiiiiin 43
CA1 Determination of the stress in the layers........cciiiccccccecriin e 43
C.2 Determination of the panel strength............ooo i 45
] o1 o | o 1 3/ 47

Documents

Document Sharingj—lub

Full document details: BS EN 14272:2011


http://www.avadocuments.com/doc/bs-en-14272-2011
http://www.avadocuments.com/doc/bs-en-14272-2011

BS EN 14272:2011
EN 14272:2011 (E)

Foreword

This document (EN 14272:2011) has been prepared by Technical Committee CEN/TC 112 “Wood-based
panels”, the secretariat of which is held by DIN.

This European Standard shall be given the status of a national standard, either by publication of an identical
text or by endorsement, at the latest by June 2012, and conflicting national standards shall be withdrawn at
the latest by June 2012.

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rights. CEN [and/or CENELEC] shall not be held responsible for identifying any or all such patent rights.

This document supersedes ENV_14272:2002.

Annex A and Annex B are normative.

Compared to ENV_14272:2009, the following modifications have been made:
a) calculation applies to panels of any composition, symmetrical or not;

b) values resulting for the panels can be used for calculation as characteristics values as required by

N 1995-1-1;
c) new Annex A (normative) provides the derivation for the veneer values (basic values);
d) new Annex B (normative) provides practical spreadsheets to derive the properties;
e) new Annex C (informative) gives an example of bending strength.
According to the CEN/CENELEC Internal Regulations, the national standards organizations of the following
countries are bound to implement this European Standard: Austria, Belgium, Bulgaria, Croatia, Cyprus, Czech
Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, ltaly, Latvia,

Lithuania, Luxembourg, Malta, Netherlands, Norway, Poland, Portugal, Romania, Slovakia, Slovenia, Spain,
Sweden, Switzerland and the United Kingdom.
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1 Scope

This European Standard specifies, for plywood panels of any composition, symmetrical or not, a calculation
method to derive some mechanical properties (strength and stiffness in bending, tension, compression, panel
and planar shear) as well as density from the wood compounding the layers.

NOTE Usually, the lay-up of the panels is symmetrical but, very often, the surface appearance of the face and the
surface appearance of the back face differ, hence a difference between the mechanical properties of the respective
veneers. Therefore, in this case, the composition is not mechanically symmetrical and a symmetry independent calculation
method is needed.

Provided that structural characteristic values are _taken for the layers, the resulting values for the panels can
be used as characteristic values as required by EN 1995-1-1|.

Conversely, Annex A defines the procedures to derive the veneer properties, in bending, tension and
compression, either from testing panels according to EN 789 and EN 105§ or from timber testing according to
or from imposed values defined in EN 33§.

Annex B provides practical spreadsheets, which are applications of the equations in the main part of this
standard.

Annex C provide an example for the calculation of bending strength, in accordance with Annex B.

2 Normative references
The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.
EN 325, Wood-based panels — Determination of dimensions of test pieces

N 338:2009, Structural timber — Strength classes
EN 384, Structural timber — Determination of characteristic values of mechanical properties and density

EN 408, Timber structures — Structural timber and glued laminated timber — Determination of some physical
and mechanical properties

EN 789, Timber structures — Test methods — Determination of mechanical properties of wood based panels

N 1058, Wood-based panels — Determination of characteristic 5-percentile values and characteristic mean
values

N 12369-4, Wood-based panels — Characteristic values for structural design — Part 2 Plywood

N 14358, Timber structures — Calculation of characteristic 5-percentile values and acceptance criteria for a
sample

3 Principle

Using the mechanical properties of the wood species, which compound the layers (in this standard referred to
as veneer or basic values), it consists in deriving, by calculation, the mechanical properties of a panel.

For bending, tension and compression, each layer property value, along and across the length of the panel, is
weighted by a geometrical factor related to its weight in the panel cross section.
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In this standard, where a value for a given property of the veneers is derived with a specified test method
(including exploitation of the results), the models in this standard will provide a panel value for that property as
if derived with the specified test method.

EXAMPLE For instance, if, in a panel composition, a specified percentile of a bending property of veneers is
determined with EN 789 and EN 1058, the calculated value of the bending property of the panel will be its specified
percentile as if determined by using EN 789 and EN 1054

4 Terms and definitions
For the purposes of this document, the following terms and definitions apply.

4.1
characteristic strength
population fifth percentile value relating to a temperature of 20 °C and a relative humidity of 65 %

4.2

characteristic stiffness

either the population fifth percentile or the mean value relating to a temperature of 20 °C and a relative
humidity of 65 %

4.3

characteristic density

population fifth percentile value with mass and volume corresponding to equilibrium at a temperature of 20 °C
and a relative humidity of 65 % either of the wood species or of the panels, single species or mixed species

NOTE The density values found from calculation refer to the minimum acceptable density of veneers used in the lay-
up of plywood. In the case of single species plywood these values are taken as the characteristic values for the plywood.
In the case of mixed species plywood the characteristic value of density of the panel is calculated from the characteristic
densities of the individual veneers according to the proportion of each species

4.4
veneer value or basic value
characteristic value of a property to be used for each layer in the equations of the calculation method

NOTE Characteristic values of the wood species, along and across the grain, are fifth percentile values for strength
but either mean values or fifth percentile values for stiffness (modulus of elasticity).

4.5
reference panel value
value of a given mechanical property of a panel composition

NOTE It is to be used to derive the veneer value (or basic value) of the property.

5 Symbols

5.1 Main symbols

A area (b - tym), in square millimetres

f strength, in Newtons per square millimetre

E  modulus of elasticity, in Newton per square millimetre

Fs shear forces in a bending panel, in Newtons
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G modulus of rigidity, in Newtons per square millimetre
b  width of panel (equal to 1 in the equations), in millimetres
t,  thickness of layers, in millimetres

T thickness of panels, in millimetres

W section modulus, equal to (b.tfom /6), in cubic millimetres

I second moment of area, equal to (b.tjom /12), in millimetres to the fourth power

p  density, in kilograms per cubic metre

ks modification factor, appearance class grade

z  distance of the axis of a layer to the neutral axis of the panel, in millimetres
Z distance of the neutral axis from either face of the panel, in millimetres
Ecc eccentricity factor, no dimension

ALIL relative elongation of the layers (bending, tension and compression)
P property

V' strength or modulus, in Newton per square millimetre

Rw in the set of layers, the weaker ratio of strength upon modulus for the properties of the wood species
involved in the composition of a panel

Up stiffness of the panel

s standard deviation

5.2 Subscripts

m bending

t tension

c compression
v panel shear
r planar shear

w applies to the lower ratio strength/modulus (f/E) of a property of a layer in a multi-species panel
nom, mean  nominal value and mean value respectively
n number of layers of the panel (from top face to bottom face)
i rank of layers from top face
ax  stands for neutral axis in bending
density
0 parallel to length of the plywood (direction of the grain of the face layers)

90 perpendicular to the length
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05 5 percentile characteristic value

6 Calculation method

6.1 General

The mechanical properties of plywood, in bending, tension, compression panel shear and planar shear can be
derived by calculation.

The calculation method described in this standard can be applied to plywood panels of any composition,
symmetrical or not.

For the classification according to appearance classes of plywood, see EN 635-24 and EN 635-3.

6.2 Properties relevant to the calculation methods

For calculation of characteristic values of mechanical properties for different plywood compositions, the values
of the properties of the veneers compounding the layers shall be derived in accordance with Annex A.

The relevant properties are as listed in Table 1.

6.3 Wood species

For calculating the characteristic values of panel mechanical properties, test values shall be used where
available for each wood species in the plywood panel composition; where not, imposed values from
shall be used.

NOTE values, related to the density of the wood species, are quite conservative and therefore should be
used as a last resort option.

6.4 Factors for plywood composition

The characterization of plywood composition is shown in Table 2.

For the purposes of calculation, if two or more plies are glued together in the same grain direction, they can be
considered as one single layer provided that they belong to the same wood species; otherwise they shall be

considered as independent layers.

The calculations are based on the following equations:

v =E  (Modulus of elasticity of the i layer in Table 2) (1
1 1
or
v =f (Strength of the i" layer in Table 2) (2)
1 1
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Table 1 — Property values for the calculation method

Property

Characteristic strength values, N/mm?

fm, 05 Bending

f: 05 Tension

/e 05: Compression

fv.05: Panel shear

[+ 0s: Planar shear

Mean values for stiffness properties, N/mm?

E.: Bending

E: Tension

E.: Compression

G,: Panel shear

Characteristic values for stiffness properties, N/mm?

E. 05: Bending

E o5: Tension

E. o5: Compression

Gy, 05: Panel shear

p.0s: Density values, kg/m®
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Table 2 — Plywood composition factors

Layer | Wood " Vi
1
(N/mm?) kai Grain direction
rank | Species (mm)
1 ==========
2 LT
3 ==========
i-1 ==========
i LT
i+1 ——— -
n-2 ==========
n-1 LT
n o e e e e e
t; . layer thickness
¥, : mechanical property of the i layer
k, : appearance factor
======: grain along the length
[N : grain across the length
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7 Characteristic values for strength and stiffness in bending, tension and
compression

7.1 General

The properties of the panels are derived from those of their layers as if the panels were homogenous. The
equations are based on strength of materials.

7.2 Bending

7.21 General

The general equation to be used for the derivation of the second moment of area of a cross section is based
on the area A, of the elementary rectangles compounding the cross section of the panel:

i=n i=n A th
I=) 4%z} +) — (3)
P o 12
NOTE This equation can be applied to any composition, symmetrical or not.

If calculation is based on a unit of width, Equation (3) becomes:

i=n i=n 43
1= txz2+> )
<12

7.2.2 Modulus of elasticity

The stiffness of the panel (as if homogenised) is equal to the sum of the stiffness of the compounding layers
as defined by the following equation:

3 i=n i=n
Ep, X1 =Ep,x— =SV st x 22 +3 Lo Xl (5)
12><Z VXt Xz +2 V. Xt
— i=1 — - i=1
i=1

Width is assumed to be equal to 1 unit.

Ep, (6)

Cross layers properties can be taken into account where the values are derived from timber.

E,.; shall be input as 0 wherever the cross layers are not taken into account in the determination of the basic
values as defined in Annex A.

Annex B provide practical spreadsheets to carry out this calculation (see Tables B.1 and B.2).
7.2.3 Strength

The capacity of the panel (as if homogenised) is equal to the sum of the capacities of the compounding layers
as defined by the following equations:
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i=n i=n V Xl3
DV Xt xz] 4y

T3 - i i - 12
i i=l i=1 (7)

—X
12 T VA

1
fouX s = foux
m T m
%!

12><§ VXt Xz +§ V. Xt itl.
_ i=1 i=1 i=1

= X 8
S =\’ 2XZ ©)
p
i=1
It can be simplified as:
12XZVW><E- Xz} +Z V. Xt
ﬁ?m — i=1 i=1 ©)

Width is assumed to be equal to 1 unit.

NOTE 1 However, Equation (8) should be preferred because it allows the use of the same procedure of calculation as
Equation (6), the difference between Equations (6) and (8) lying in the factor of eccentricity of the neutral axis Ecc = T/2Z
to be applied on the result yielded by Equation (5).

i=n

zti
:T = _i=l
Ecc AZ 7 (10)

Z is the distance (or eccentricity) of the neutral axis to either face or back face. Where composition is not
symmetrical, the bigger value shall be picked so as to be on the safe side; it is expressed as:

Z:max{Zax;(iti —Zaxj} (11)

i=1

NOTE 2 For symmetrical composition Z = T/2 and the calculation can be made using Equation (6) where Epn, value is
substituted by fm, value.

For safety in the determination of the ultimate limit state, cross layers properties shall not be taken into
account.

Annex B provide practical spreadsheets to carry out this calculation (see Tables B.1 to B.4).
7.3 Tension and compression

7.3.1 Stiffness and capacity of the layers in the cross section

The stiffness or capacity of the panel is given by:
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Up=2ti><Vi (12)

i=1

7.3.2 Stiffness and capacity of the panel
Up:th,cXT:th,chti (13)
i=1
7.3.3 Property of the panel (as if homogenized)
With Equations (12) and (13):

U ZthVil,C
e = — (14)

T 1=n
>
i=1
Width is assumed to be equal to 1 unit; 7; is entered as 0 where cross layers are not taken into account in the

derivation of the basic values.

Cross layers properties can be taken into account for stiffness under the same conditions as for bending (see
7.2.2).

Annex B provides a practical spreadsheet to carry out this calculation (see Tables B.5 to B.10).
7.4 Property values for layers

7.41 General
These values are derived according to the methods specified in Annex A.

A modification factor & related to surface appearance of the face veneers shall be applied to the characteristic
value of modulus of elasticity and of strength in accordance with Table 3.

Table 3 — Modification factor &, for the properties of the veneers

Appearance class E I Il 11 v

k 1,0 1,0 1.0 0,85 0,75

Where the inner layers are not appearance graded, class 4 (k, = 0,75) shall be assumed.

NOTE This table is relevant where the basic values are derived from panels made of veneers with an appearance
grade E, | or Il. Where these values are derived from panels with faces with appearance class I, i, if faces are classified

1V, is derived according to:

k
k, =412 — (.88
a,basic (15)

where
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ka,basic is k, of the veneers of the sample of panels for the derivation of the basic values;

ka,layeris k, of the veneer of the layer of the panel to be calculated.

7.4.2 Modulus of elasticity (£, Es E)

For bending as well as for tension and compression, the basic value of the modulus of elasticity of the veneer
of the plies of each layer is input, weighted with the appearance class, together with the thickness of the layer.

V.=k,XE, (16)

If the purpose is to derive a mean value or a 5" percentile for the panel, then the mean modulus or the 5"
modulus respectively is input.

7.4.3 Resistance

7.43.1 General
For strength properties, the veneer value of a specified layer depends on:
— the corresponding property of its wood species;

— its stress level.

7.4.3.2 Common procedure to bending, tension and compression

Firstly, the 5" percentile value of the strength of the wood species of each layer is picked (in accordance with
Annex A).

Secondly, the stress level in the layer shall be derived prior to enter the stress value; though similar in
principle, the procedure for tension-compression and bending differ slightly.

Thirdly, in case of mixed species panels or of mixed grade single species panels, as the weaker layer(s) may
fail before reaching the maximum load, the procedure of calculation shall be resumed.

Once the first calculation is over, the weaker layer(s) and the corresponding panel strength is recorded in the
relevant direction of grain, another calculation shall be carried out with the input, for them, of close to 0 values
for strength and modulus of elasticity (but the input shall be such that the value of the ratio f,,/E,,; shall not be
the lower in the composition).

NOTE 1 For instance, an equal value of 1/1000 N/mm? can be input for E,; and f,,.. Indeed, for the weaker layer(s), zero
values cannot be input in the equations (or the spreadsheets of Annex B) because the calculation of the ratio f,,/E,, of the
layer(s) cannot be determined.

This result of the calculation is then recorded. This procedure shall be repeated as long as the result of
strength is greater than the one obtained previously. As soon as the strength value is less than the previous
one, the higher value in the set of results provided by the repetition of the procedure shall be accepted as the
panel strength.

NOTE 2  The repetition of the procedure is justified by the fact that EN 789 aims at determining the maximum force as
the failure force.

7.4.3.3 Tension and compression strength (f;, f.)

The strength V; of the i* layer is given by:
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