INTERNATIONAL ISO
STANDARD 8970

Third edition
2020-03

Timber structures — Testing of joints
made with mechanical fasteners —
Requirements for timber density

Structures en hols — Lssal sur assemblages réalisés par organes
meécanigues — Exigences concernant fa masse volumique du bois

Reference number
IS0 8970:2020(E}

@[50 2020



I1SO 8970:2020(E)

COPYRIGHT PROTECTED DOCUMENT

& 150 2020

All rights rescrved. Unless otherwise specified, or required in the context of its implementation, no part of this publication may
he reproduced or utilized otherwise in any form or by any means, electronic or mechanical, including photocopying, or posting
on the internet or an intranet, without prior written permission. Permission can be requested from either IS0 at the address
below or ISO's member body in the counlry of the requester.

[50 copyright office

(P 401 » Ch. de Blandonnet 8
CH-1214 Vernier, Geneva
Phone: +41 22 745 01 11
Fax: +41 22 749 09 47

Email: copyrightiisp.org
Webhsite: www.isn.org

Published in Switzcrland

11 © 150 2020 - All rights reserved



ISO 8970:2020(E)

Contents Page
BERARNTIIIIEN .m0 S 0 S S e e o B s o S o iv
IREE O CRIO I i s s e B B e B B e e i v B s R R e v
1 Ex T S S S N TS S AN S S VU S U SN S S VU 1
2 D O ATV TR BT CES (i it i 0 0 0L 000 0 500 T 58 o o0 S 50T o B e S o b o S e i 1
3 Terms and deFIMETIOTIS ... e 88 b e 1
4 BEDEIIE o inn i e i e e s A e e A e S e S e R 1
5 Wood sampling method and FeqUIFEIMIEIIES e e e e e 1

5.1 TETIETAL .. e e 1881 1

0.2 Sampling method and FEQUITEIMIBIIES ... e 2
b FESERCRONE:. . oniriniusmatiibmaie s e s e s e b HAe i 2
Annex A (normative] Corrections 10 1argel CoMditions ... s 4
Annex B (informative) Background INFOrMIATION. .. ...t e 6
Biblaeraphy. i i s s i s s e s e s S e e R 9

@ 150 2020 - All rights reserved 1l



I1SO 8970:2020(E)

Foreword

ISO [the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaisen with [S0, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission {IEC) on all matters of
electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria neceded for the
different types of [SO decuments should be noted. This document was drafted in accordance with the
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the clements of this document may be the subject of
patent rights. [50 shall not be held responsible for identifying any or all such patent rights. Details of
any patent rights identified during the development of the document will be in the Introducticn and /or
on the 150 list of patent declarations received (see www.iso.org /patents).

Any trade name used in this document is information given for the convenience of users and does not
constitute an endorsement.

For an cxplanation of the veluntary naturc of standards, the meaning of 1SO specific terms and
expressions related to conformity assessment, as well as information about ISO's adherence to
the World Trade Organization (WTO] principles in the Technical Barriers to Trade (TBT)} see
www.isg.org/isofforeword.html.

This document was prepared by Technical Committee 1SO/TC 165, Timber structures, in collaboration
with the European Committee for Standardization (CEN) Technical Committee CEN/TC 124, Timber

structures, in accordance with the Agreement on technical cooperation between 150 and CEN (Vienna
Agreement).

This third edition cancels and replaces the second edition (ISO 85970:2010), which has heen technically
revised.

The main changes compared to the previous edition are as follows:

In this edition the sampling method aims not only at ensuring that the selected pieces have a mean
density comparable to the wood to which the test result is intended to be appliedH, but also requiring
the coefficient of variation of the density to be reflected. Only then the characteristic value of the
strength determined by the test can be used directlyl2l.

If it is not possible to obtain wood with the target mean value and variation of the wood density, the
normative Annex A provides a correction method. The informative Annex B provides background to the
correction procedure.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

The sampling method given aims at ensuring that the selected pieces have a density distribution
comparable to the timber to which the test result is intended to be applied. When this is fulfilled, the
results can be used directly to determine the characteristic value of the strength parameter.

As it is often difficult to obtain a variation of the density similar to that allowed in a strength class, a
correction method is given to obtain a corrected coefficient of variation for the strength parameter.

It should be kept in mind that the effect of density on the load-bearing capacity of connections is in
many cascs less significant than cxpected, and that many other parameters influence it.
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INTERNATIONAL STANDARD 1ISO 8970:2020(E)

Timber structures — Testing of joints made with
mechanical fasteners — Requirements for timber density

1 Scope

This document specifies a method based on density, for the selection of pieces of wood used in
determining the strength and stiffness properties of joints between members of structural timber
made with mechanical fasteners. [t is intended to be used in conjunction with a test standard specifying
a test method.

It is assumed that the wood pieces are conditioned to the relevant conditiens, that the wood density is
normally distributed and that any deviations are reported.

This doecument is applicable only to specimens of structural timber.

NOTE It is emphasized that the wood density is only one of the propertics that can influence the strength of
a joint. Other relevant properties are, for example, growth-ring sizec and orientation, toughness and hardness.

2 Normative references

The fellowing documents are referred to in the text in such a way that some or all of their content
constitutes requirements 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.

1SO 13061-2, Physical and mechanical properties of wood — Test methods for small clear wood specimens —
Part 2: Determination of density for physical and mechanical tests
3 Terms and definitions

No terms and definitions are listed in this document.

IS0 and IEC maintain terminelogical databases for use in standardization at the following addresses:

— IS0 Online browsing platform: available at https: //www.isc.org/obp

— |EC Electropedia: available at http://www.electropedia.org/

4 Symbols

2, is the density of a wood piece, expressed in kilograms per cubic metre.

5 Wood sampling method and requirements

5.1 General

The wood shall be at equilibrium at a relative humidity (RH) of (65 £ 5} % and a temperature of
(20 £ 2] °C at the time of testing. 1t shall be reported whether the woad was dried or moistened during
the conditioning.

NOTE The moisture content at equilibrium is lower when reached by moeistening than if reached by drving,
which can aftlect the test results. The product test standard can specify if the equilibrium condition is to be
reached through drying.
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The density for the actual moisture content shall be determined in accordance with IS0 13061-2,

This denisity is referred tods py in 1SO13061-2. The moisture content need not be detérmined, unless
the prﬂduc:t test standard Fequires it.

If other conditions, such as tropical conditions,; are used, they shall be reported.
5.2 Sampling methad and requirements

The: sampling method is based on the prmclple that all selected pieces have a density distribution
'-cﬂmparable with that nf thf: timber to which the test results are applied. This may be assumed if
grmula (1) and Fermiula (2] arc fulfilled. The observed strengths may then be used dircetly for
LalLulatmg LhHFstEFlEtlL values of the strength,

NOTE The test results apply only to the timbet speciés or the group of timber §pécies used,
The wood shall be of uniform quality and without localized defects that can influenee the test results.

The mean wood density, p,, ., of the selected pieces shall satisfy the condition given byFnrrmthﬂ

01'.9 5pmta r = Prmsel = 1,05 Qﬁi,tm: (1)
where

O ar 18 the mean density of the timber to which the test results are applied;

Pmsel 15 the mean density of the selected pieces.

The coctlicient of variation, Lypsel , of the wood density of the sclected picces shall satisfy the condition
given by Formula (Z):

CH {5l 2 le ptar (2)

where
C irptar 1S the coefficient of variation of the density of the timber to which the test results are applied;
€y 050118 the coetlicient of variation of the density of selected pieces.

NOTL The target value, Cy,
the range:

[(1 - k] pm,’rar*(1 + 'I(} pm,t;_ar.:l [3]

oy tar WAL usually be reached if the wood densities p of the selected pieces cover

where kis a statistical factor equal to 1,65 €y, 0r 0,25 for cases where Cp, ;.. is unknown.
(1] and 2] ar¢ nat fulfilled and if permitted by the product test standard, the

ﬁbaerved &.trength&. &.ha.ll be Lu.rrer,ted according to Annex A.

6 Testreport

The following information shall be included in the test report:
a) reference to this dacument, i.e: 150 8970:2020;

b) the wood species orwood species group;

¢] the conditioning used, including whether moistened of diied during conditioning;
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d) the densities of the selected wood pieces at the time of testing, the mean density and the coefficient
of variation;

e] if determined, the moisture content of the selected wood pieces at the time of testing;

f) evidence that the selected pieces satisfy the cenditions required in this decument or pessible
deviations;

g) any other information which can influence the use of the test results,

@ 180 2020 - All rights reserved 3
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Annex A
(normative)

Corrections to target conditions

A.1 General

If the density distribution of the sample deviates from that of the timber to which the test results are

applied, the observed resistances R shall be corrected as given in this annex. Background infermation
is given in Annex B.

A.2 Mean value

The observed resistances, R, shall be corrected as given by Formula (A1)

R:’,.r:rm - RI’ ['ﬂ Ill,tfll‘f £ szel-]E {A-l.]
where

R is the observed resistance for wood piece i;

R is the observed resistance for wood piece i corrected to refer to g_;

i,om

C is the exponent that corrects observations to p ;..

P 1ar 15 the mean density of the timber to which the test results are applied;

Pmsel 18 the mean density ot all selected pieces.

Formula [A.1] shall be used if Formula (1) and Formula (2] are not fulfilled, provided it is stated in the
Test report,

The exponent ¢ shall be established from testing a wider range of densities of the wood species for
the relevant failure mode(s), see Annex B. An upper and a lower bound should bhe determined. When

Pm.tar > Pm sel the lower bound ¢y, 1S used, otherwise the upper bound ¢, 1s used.

NOTE 2  For European softwood, some upper and lower bounds for the exponent ¢ are given in Table A.1.

Table A.1 — Values of the exponent ¢ for European softwood

Configuration Clawar | Danper -
Withdrawal of smooth nail and staples? 1,5 2,0 2.0
Withdrawal of ringed nail 1,0 1,5 1,5
Withdrawal of coated nail or staple 1,0 2,0 2.0
Withdrawal of screw 0.8 12 1,2
Pull-through of head 0,8 1,2 12
Embedment 0,8 1,2 1,2
@ Inclwding lwisted nails and nails with longitudinal groves,

4 © [50 2020 - All rights reserved
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A.3 Coefficient of variation

If the variation of the density of the timber to which the test results are applied, €, ,, is larger than
that of the density of the selected pieces, Ly, .., the characteristic value of the resistance shall be
calculated using a corrected coefficient of variation €y, . given by Formula {A.Z).

i 2 w2 Hre 27110.,5 '
CHRJcﬂr £ [C'IriR,crhs T Ceor {Cﬁﬂ,tar le;p,sel ]] 3 [A-Z]
where

Crrobs 18 the coefficient of variation of the observed resistance;
Cyrcor 15 the coefficient of variation of the resistance corrected to Ly, ;

C.or 18 the exponent for correction for coefficient of variation.

The exponent ¢, shall be established from testing a wider range of densities of the woaod species for
the relevant failure mode(s), see Annex B.

NOTE For European softwood, some values for the exponent ¢, are given in Table A.1.

@ 180 2020 - All rights reserved 5
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Annex B
(informative)

Background information

B.1 Correction for mean value

The coefficient of variation Cy g 1, of measured resistances Ry, consists ot a contribution €y p | related to
the variation of the density and arandom contribution €, ..,,- The random contribution covers variation
of the wood properties not correlated to the density, uncertainties from inserting the fasteners and
differences between the fasteners. These contributions are by nature independent and related as

_ 2 2
Ly R obs —\/Cv &p TCv R ran (B.1)

The random contribution could within reason be assumed te be proportional to the resistance, and
therefore represented by a constant coefficient of variation.

The two contributions can be separated by estimating the exponent ¢ that minimizes the variation of

the corrected resistance R .. defined as

R:',u:u:rr = Rf[ﬁmean!pi]c {B-Zl]

where g; are the actual densities for the sample and g, 1s their mean value.

The exponent ¢ is easily found by trial but can also be derived mathematically. The variation of R, ., 1
then an estimate of the random contribution €y, o, since it represents the variation not cxplained b}r
the variation of the density.

This estimate for ¢ should be used to transform a resistance parameter determined for a certain mean
density and variation to another mean density with the same variation.

B.2 Correction for coefficient for variation

When the target coefficient of variation ¢, is higher than the one of the test sample Cy,, . it IS
convenient to define a correction factor

Cror = C[{H,plfﬂlﬁp,arl (Bg]

where Cyp,  is obtained by rewriting Formula (B.1)

_ 2 2
Cv R —\/ Cy Robs —Cv B ran” (B.4]

Cvﬁ,cm is the coefficient of variation of the resistance for the target density variation, £y, which
is sought. As Formula (B.1) also applies te the corrected variations and assuming that Cys is

Roran

6O @ IS0 2020 - All rights reserved
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independent of Cy,, , an estimate for Cy, ., can be obtained from Formula (B.1) by substituting Cyp, ,, .o

Wlth- Ccnrclﬁ prar

_ P 2
CL*’,H,cnr _\/CL’,H,ran +(Ecnrcv,p,tar ] [BS]

When isolating €, ., from Formula (B.1) this ¢an be rewritten as

£ 2

W 2 2 2
F,R.cm"_\/CV,R,uhs +E{3ur (CF,p,tar _CV,;J,SEI ] {B-G:I

B.3 Example

A total of B0 withdrawal tests performed with ring shank nails, tested in radial and tangential
dircction in 40 timber samples gives £, o = 0,072 and €y o1, = 0,197 (assuming results from radial
and tangential directions to be independent). By trial it is found that ¢ = 1,98 minimises the variation of
Ri_cm,, which becomes CL’]R,I‘an = 0,143. See also Figure B.1.

Cy i ran 18 DOt VEry sensitive to the actual valuc of ¢. Values of ¢ between 1,75 and 2,2 give G p o < 0,144,

Food
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Key
f. withdrawal strength, MPa

p  density, kg/m?
1  density raised toc= 1,48

Figure B.1 — Data used in the example

The following calculations are made using Formulae (B.4}, [B.3) and [B.6].

i - 2 i
Cyp.p =V0,1972-0,143% =0,136

@ 180 2020 - All rights reserved 7



1SO 8970:2020(E)

Coop = 0,136/0,072 = 1,89

Taking €y ; (5 = 0,10 then

- 2 2 2 2y
f:F_RM_\j(],19? +1,89% (0,102 -0,0722 ) =0,237

The two estimates for ¢ are very similar, especially considering that €y, .., as mentioned, is not very
sensitive to the actual value of ¢.

If only 58 tests are used, ignoring the samples with the higher and lower densities, the following values
are obtained:

G OGO ATE BT 0,0 e OO 0 S amR, =00

The two values of ¢ are still very similar so ¢ = 2 is a stable estimate for this test series. {yp .., which
is assumed to be constant, is changed from 0,143 to 0,161, which is certainly within the expected
uncertainty.

[f the parameters obtained from these 58 tests are used to estimate { for all 80 tests with €, , = 0,072
it is found that

Cy & 80=40,1762+2,02(0,0722-0,0362 ) =0,216

which is reasonably close to Cy 5 1,5 gg = 0,197

B.4 Comments

Using test results from a sound sample should ensure that the two correction factors ¢ and ¢, become
very similar, so it is sufficient to determine the value of ¢ by minimising the coefficient of variation of
R; ... as defined in Formula [B.2).

f,cor

Applying test results frem other {sound) samples might give significantly different values of ¢, so
general values should be given as a range.

If ¢ and ¢ . become different or if using a subsample changes the cestimated values of ¢ and ¢,
significantly it is probably a sign of a sample with an unnatural composition.

If the results are to be corrected to a higher mean density, a low estimate should be used as this will be the
sate value, and visa-versa. Correction to a higher coetficient of variation should use a high estimate of c.
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