INTERNATIONAL ISO
STANDARD 12122-1

First edition
2014-03-01

Timber structures — Detérmination
of characteristic values—

Part 1:
Basic requirements

Structures en bois — Détérmination des valeurs caractérisfiques —

Partie 1: Exigences de.base

-_— Reference number
= N— 1SO 12122-1:2014(E)

© IS0 2014


https://standardsiso.com/api/?name=7a42aac86adc0656e9ec2a60ae69b8d8

1SO 12122-1:2014(E)

COPYRIGHT PROTECTED DOCUMENT

© IS0 2014
All rights reserved. Unless otherwise specified, no part of this publication may be 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 ISO at the address below or ISO’s member body in the country of
the requester.

ISO copyright office

Case postale 56 « CH-1211 Geneva 20

Tel. + 41 22 749 01 11

Fax + 4122749 09 47

E-mail copyright@iso.org

Web www.iso.org

Published in Switzerland

ii © ISO 2014 - All rights reserved


https://standardsiso.com/api/?name=7a42aac86adc0656e9ec2a60ae69b8d8

1SO 12122-1:2014(E)

Contents

Foreword

Introduction

S U1 B W N =

10

An
An
An

C. Lal | Ll zatad &
nJ_y INUVUIO dIiIIU AdUUICVIAdICU LTI IIIS....
Reference POPUIALION ... e

SAMPLINIG ... e W
6.1 SaMPlNG METNOM ... o
6.2 SAMPLE SIZE ..o o Core e

Sample cONAItiONING ... e M
7.1 Sample moisture content..
7.2 Sample tEMPETATUTE. ... St s

TESE AATA ... B
8.1 TESt METNOM ... St
8.2 Test data compatible with product descriptionua . ]

Evaluation of characteristic values for structuralproperties. ...
9.1 Structural properties
9.2 Characteristic value based on the meam ... ]
9.3

Reference population.
SAMPIING i et
TESE NETNOAS . e
Analysis methods.,......
CharacteriSTiC VATIES . ...t

ex A (normative) Analysis of data for characteristic values...............]
ex B (informative ) fCOMIMENEATY ...

eX C (informatiVe) EXAMPLES............ooiiiieseseseseesne s

B I O gl A Y e

© IS0 2014 - All rights reserved

iii


https://standardsiso.com/api/?name=7a42aac86adc0656e9ec2a60ae69b8d8

ISO 1212

2-1:2014(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 liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proceglures used to develop this document and those intended for its further maintenange
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria needed{or
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

This International Standard sets out a framework to establish characteristic values from test results on
a sample drawn from a clearly defined reference population. The characteristic value is an estimate of
the property of the reference population with a consistent level of confidence prescribed in this part of
1SO 12122.

It is the intention that this part of ISO 12122 can be used on any structural product including but not
limited to: sawn timber, glulam, structural composite lumber, I-beams, wood-based panels, poles, and
round timber. Whenever it is used, this part of ISO 12122 alerts the user to the basic requirements
for the determination of consistent characteristic values, but for some classes of products|additional
reqpirements setoutin other parts or Annexesto this partgive further mandatory detail annd’ekplanation.
It permits the evaluation of characteristic values on testing of commercial sized specimens.

In Jome cases, characteristic values determined in accordance with this partrof ISO 12122 may be
modlified to become a design value.

Thip part of [ISO 12122 has the following Annexes:

Annex A presents detail on a number of statistical methods that mxay be used in the evpluation of
chafacteristic values.

Anrnex B presents a commentary on the provisions in this partofISO 12122.

Annex C presents examples of the use of the statistical methods.

© IS0 2014 - All rights reserved v
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INTERNATIONAL STANDARD 1SO 12122-1:2014(E)

Timber structures — Determination of characteristic
values —

Part 1:
Basic requirements

1 (Scope

Thip International Standard gives methods for the determination of characteristic,values for a defined
population of timber products, calculated from test values.

It presents methods for the determination of
a) |characteristic value of mean-based properties, and

b) |characteristic value of 5th percentile-based properties.

2 |Normative references

The following documents, in whole or in part, are nermatively referenced in this documgnt and are
ind{spensable for its application. For dated references, only the edition cited applies. F¢r undated
refgrences, the latest edition of the referenced dogument (including any amendments) appligs.

AS/INZS 4063.2, Characterisation of structural-timber — Part 2: Determination of characteristfc values
ASTM D2915, Sampling and data-analysis!for structural wood and wood-based products

EN 14358, Timber structures — Calculation of characteristic 5th percentile values and acceptahce criteria
for @ sample

3 |Terms and definitions
For|the purposes of this”document, the following terms and definitions apply.

31
characteristicvalue
valie of a_preperty taken to represent the property of a designated population using a|process of
sanjpling;testing of specimens, and analysis

3.2
characteristic value of mean-based property
two alternative presentations of characteristic value for mean-based properties are possible:

a) the mean property obtained from results of tests on the defined product;
b) the mean property with 75 % confidence obtained from results of tests on the defined product

3.3

characteristic value of 5th percentile-based strength property

5th percentile value with 75 % confidence strength property obtained from results of tests on the
defined product

© ISO 2014 - All rights reserved 1


https://standardsiso.com/api/?name=7a42aac86adc0656e9ec2a60ae69b8d8

1SO 12122-1:2014(E)

3.4
population
all of the structural timber product that meets the description of the population

Note 1 to entry: See Annex B for some examples of the use of the term population.

3.5
sample
number of single members of the population, selected to represent the population

Note 1 to entry: See Annex B for some examples of the use of the term sample.

3.6

specimen
single elenjent used in a test; the element may be a complete member, a member that has beentrimimed
to length, dr a part of a member fabricated for a specific test

Note 1 to enftry: See Annex B for some examples of the use of the term specimen.

4 Symbols and abbreviated terms
Symbols d¢fined in the relevant ISO product or test standard shall be uged.
In addition], the following apply:

fm is the characteristic bending strength

Kmean, p,75 is a multiplier to give the mean property with'75 % confidence and is given in Table A1

ko,05,0l75 is a multiplier to give the 5th percentilewalue with 75 % confidence for a 5th percen
tile-based property and is given in Table A2

M is the moment capacity

n is the number of specimens‘in’the test data

%4 is the coefficient of variation of the test data

XA is the target difference between the reported characteristic value and the test resulf
5th percentile

Xi is a generdlized test value

Xmean is the-average of the individual test values (X;)

Xmean, p,75,iSthe mean property with 75 % confidence

X0,05 is the 5th percentile value from the test data

X0,05,0,75 1is the 5th percentile value with 75 % confidence

Z is the section modulus

5 Reference population

The population to which the characteristic value applies shall be fully described. The description shall
reference all of the attributes that may affect either the strength or stiffness and restrict the pieces to
the grouping for which the characteristic value is required. These include but are not limited to:

a) reference to the relevant product standard or specification;

2 © ISO 2014 - All rights reserved
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b) species or species grouping;

c) designation of grade of the product;

d) size or size range of the product;

e) moisture condition of the product;

f) treatment of the product;

g) period in which the product was manufactured.

The reference population shall be a grouping from which it is possible to draw a representatjve sample,
and on which it is possible to perform tests on specimens to characterize the required propdrties.

6 |Sampling

6.1{ Sampling method

The sampling method shall aim to produce a sample that is representative of the variants in the defined
refgrence population that may affect the tested properties. The sampling shall minimize sel¢ction bias,
and| shall be appropriate to the purpose of the characteristic valde and the nature of th¢ reference
population.

Thg sampling method shall be documented. The documentation shall include details of the gteps taken
to gnsure that each of the variants listed in the populatien as described in Clause 5 is inclfided in the
repfesentative sample.

6.2| Sample size

The sample shall be large enough to coverwariants of the product that impact on the tested properties,
and| give statistical significance to the result.

NOTE1  Materials with larger assumeéd or assigned population coefficient of variation, (V), of the tested
properties should have a larger sample size.

NOTE 2  Some product standards may define a minimum number of tests that must be undertaken tp determine
characteristic values to be used’with described products.

NOTE 3  Annex B givessome guidance on selecting sample size.

NOTE4  For somepopulations, a number of different sub-groups within the population may need td be sampled
(e.g]different cross-sectional sizes). In these cases, the size of each of the sub-groups may have to be pufficient to
allow meaningful pooling of the results as indicated in Annex A.

NOTE 5¢ \‘Where characteristic values are to support limit states (or LRFD) design, the sample sige should be
apprapriate for the statistical method selected to determine the 5th percentile value strength (full fistribution
Or t ;} f;t)- IIU MAARAZYEAS h\.l C th\. data d1rT UD\.d tU DU})})UI t d fu}} I \.};ﬂb;};ty dpo;su uu.,thuu, th\. Dallll.)}b D; ..e Should be

appropriate to also enable the full statistical distribution of the property to be defined.

7

Sample conditioning

Test data from the samples shall be compatible with the definition of the population by

a)

compliance with the specification of the reference population at the time of testing in accordance

with 7.1 and 7.2, or

b) adjustment of test data in accordance with 8.2 where compliance with 7.1 or 7.2 is not achieved.

©IS
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7.1 Sam

ple moisture content

The sample shall be stored so that the moisture content at the time of testis appropriate to the description
of the reference population as detailed in Clause 5.

7.2 Sam

ple temperature

The sample shall be stored and tested so that the temperature at the time of test is appropriate to the
description of the reference population as detailed in Clause 5.

8 Test data

8.1 Test

The test dg
the referen

NOTE1 |
to ensure th

NOTE2
specimen p
objectives o

8.2 Test

Where the)
the raw tes
models ang

NOTE A
the specimsd

Where test
shall satisf]

method

ta shall be derived in accordance with an appropriate test method for the prpperties and
ce population.

or tests on some product types, discrimination of results on the basis of failure mode may be requ
at the results are compatible with objectives of the test program and the-property being determi

[est methods involve many variables that may affect results includingloading configuration and r

bsitioning and measurement methods. The selection of these yatiables must be appropriate to
f the testing, and may require some adjustments specified in 82!

data compatible with product description

characteristic value is applicable to a standard’size or moisture content, adjustment
t data may be required. Any adjustment shall*be in accordance with appropriate behav
| shall be detailed in the report.

Annex B gives examples of the types of adjustment that may be necessary in response to variatid
ns from the description of the referencepopulation.

datafrom a number of different data subsets are to be combined, the basis for the combina
y the following requirements:

5, and shall satisfy statistical tests for combining the subsets into a single data set;

prmation methads shall be in accordance with appropriate behaviour models and shal
d in the repont:

\nnex A givés requirements for combining or pooling of data from a number of different test progr

ation of characteristic values for structural properties

for
ired
hed.

htes,
the

to
our

1°2])

n of

fion

ta shall be derived from/similar subsets that are standardized using the same adjustnjent

I be

LN S.

ctural properties

Characteristic values for properties shall be reported in one of two ways according to the use of the

a) The da

model
b) Transf

detaile
NOTE 4
9 Evalu
9.1 Stru
product:
a)

give a component capacity, or component stiffness;

b)
stiffne

SS.

Material properties — where the determined property is multiplied by a geometric parameter to

Component properties — where the determined property is a component capacity or component

Characteristic values for structural properties shall be classified as those based on the mean of test
results and those based on the 5th percentile of test results in accordance with 3.2 and 3.3.

4
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Characteristic value based on the mean
mean value of the test values shall be evaluated as either a) or b):

the arithmetic average of the test values as

PRS

X

mean —
n

where

)

b)

For

resiilts of tests shall be evaluated.

NOT
Thd

9.3
The

a)

b)

The

NO'I
Ann

10

10.

Xmean is the average of the individual test values (Xj);
Xi is a generalized test value;

n is the number of test values.

the mean value of a statistical distribution fitted through the test data

mean-based strength characteristic values, the mean property with’75 % confidence obt

E Suitable methods for estimating the mean with 75 % confidence are presented in Annex 4.

characteristic values for modulus of elasticity or modulus of rigidity shall be the mean v

Characteristic value based on the 5th percentile test value
5th percentile value of the test values shall be'evaluated as

the non-parametric estimate of the 5th percentile of the test data found by ranking the te
from the cumulative frequency of the.test data selecting the interpolated value at the 5th
(see A.2.1 and A.2.2), or

the estimate of the 5th percentile of the test data found by fitting an accepted statistical d
through the test data and-selecting the 5th percentile point from the fitted distribution

5th percentile value with 75 % confidence shall be evaluated.

E Suitable metheds for estimating the 5th percentile value with 75 % confidence are p
ex A.

Report

1-General

hined from

alue.

st data and
percentile

istribution
[see A.2.3).

resented in

The report shall include details of the reference population definition, sampling program, description
of test pieces, the test method and analysis methods used, and the characteristic values in accordance
with 10.2 to 10.6.

10.2 Reference population

The reference population shall be defined as given in Clause 5. Each attribute used to define the reference
population shall be detailed in the report. Each of the attributes in the reference population that may
affect either the strength or stiffness shall be presented in the report.

© IS0 2014 - All rights reserved
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10.3 Sam

pling

The sampling method used to select the test sample shall be described.

The justification of the sample size selected shall be presented. (See 6.2.)

10.4 Test

methods

Reporting of testing methods shall either

a)

refer to the test standard used, or

b) fullyd
Reporting
sample (e.g
the data to

The test rq

bcument the test procedures used.

bf test specimen preparation shall include a statistical summary of the characteristics off
.moisture content, temperature, grade marks). This data shall be in sufficientdetail to en
be adjusted to different conditions if required.

sults shall be presented in the report in enough detail to enable the statistical analysi

be checked
descriptio

factors usqgd.

Where ap
shall be rej

10.5 Anal

The analys
estimation|

Where poo

Where a d
shall be rej

10.6 Chal

The charad

or repeated. Any adjustment of the test results to ensure compatibility with the proc
shall be fully documented, together with references for the modification methods

icable for the reference population and the tests undertaken, failure modes in strength t
ported.

lysis methods

is method shall be described in detail. For characteristic strength values, the method
of the 5th percentile value with 75 % confidénce shall be referenced.

led data are used, the method of combitiation of the data shall be described.

stribution is fitted to the test data,all of the defining parameters of the fitted distribu
ported, together with goodness offit parameters.

racteristic values

teristic values shall be)reported together with the V of the data that led to their calculati

the
hble

S5 to
luct
and

psts

for

fion

p1n.
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Annex A
(normative)

Analysis of data for characteristic values

A l—Evaluation efmeanvalue with 75 04

rnnfiﬂnhre

1:2014(E)
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COUITITTICICITT

Where required, the lower single sided 75 % confidence limit on a mean property shallbe‘found by

kmean 0,75 4
Xmean, 0,75 = X mean [1 _T

whegre

in Table A1;

Xmean, 0,75 is the characteristic value expressed as the mean valué-with 75 % confidencg;

Xmean is the average of the individual test values (X;);

n is the number of specimens in the'test data.

Table Al — kmean‘ 0,75

Number of specimens K

n mean, 0.75

3 0,82

5 0,74

10 0,70

30 0,68

50 0,68

100 0,68

>100 0,67

(A1)

kmean, 0,75 is a multiplier to give mean value with 75 % ¢onfidence and shall be the valu¢ obtained

%4 is the coefficient of variation of the testdata found by dividing the standard deviation
of the test data by the average of the'test data;

A.2 Evaluation of 5th percentile value with 75 % confidence

A.2.1 Use of non-parametric data analysed using ASTM D2915

Where this method is used, the estimation of the 5th percentile value with 75 % confidence using the
non-parametric method of ASTM D2915 shall be used without modification.

© IS0 2014 - All rights reserved
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A.2.2 Use of non-parametric data analysed using AS/NZS 4063.2

Where this method is used, the 5th percentile of the test data shall be evaluated by ranking the test data
and determining the 5th percentile of the ranked data. The 5th percentile value with 75 % confidence
shall be evaluated from Formula (A.2).

X0,05,0,75 =Xo,05[1—k0'05'%5[/] (A.2)
where

n is the number of test values;

X0,05, 075 1s the 5th percentile value with 75 % confidence;

X0,05 is the 5th percentile from the test data interpolated between the data ranks as neces
sary;

ko,05, 075 is a multiplier to give the 5th percentile value with 75 % confidenee and is given in
Table AZ;

%4 is the coefficient of variation of the test data found by dividing the standard deviation of

the test data by the average of the test data.

Table A.2 — k¢ 05, 0,75

Number of specimens ko,05, 0,75
n
Sa —
10a —
30 2,01
50 1,94
100 1,85
>100 1,76
NOTE Method of analysis: non-parametric AS/NZS 4063.
Z There are difficulties obtaining a reliable estimate of the 5th percentile value from small
ata sets.

A.2.3 Evaluationby fitting data to a distribution

Where thi$ method is used, the 5th percentile value with 75 % confidence shall be evaluated from
the 5th pefeentile value of the test data by fitting a distribution through the test data and applying
Formula ( 2) writh Vfuuud b_y div;dius the-statrdarddeviation uf thetestdata b_y tHhre-avet age Uf the-test

data.

For this analysis, ko,05, 0,75 is the multiplier to give the 5th percentile value with 75 % confidence and
is given in Table A3. The result will only be valid if the distribution is a good fit to the data. Where a
distribution is fitted to the data, goodness of fit parameters shall be evaluated in accordance with A.3.

8 © ISO 2014 - All rights reserved
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Table A.3 — k05, 0,75

Method of analysis Log-normal Normal
Number of specimens n ko,05, 0,75 ko,05,0,75

5a 1,34 2,05

10a 1,28 2,04

30 1,18 2,01

50 1,13 1,97

100 107 191

>100 1,05 1,90

NOTE 1 Other distributions may be used as long as the values of kg g5, 0,75 can be justifigd:

NOTE 2 For the log normal distribution, V is the standard deviation of the original data
divided by the mean of the original data, not the ratio of the standard devidtion of the
logarithms to the mean of the logarithms.

NOTE 3 The data presented in this table is sourced from PN 05.2024 FWRA/Australia. The
data for the log-normal distribution was calibrated for V ranging from 5 % to 55 % and
for the normal distribution for V ranging from 5 % to 20 %. The dog=riormal factors give
equivalent results to the non-central student t-distribution presented in EN 14358 and US
practice within 1 % for sample sizes of 10 or more.

a  There are difficulties obtaining a reliable estimate of the Sth percentile value from small
data sets.

A.3 Goodness of fit tests for fitted distributions

A distribution is deemed to be a good fit to test data where the Kolmogorov-Smirnov goodne
is significant at the 0,05 or better level.

NOTE Where the data are not shown to be-a good fit to the distribution or the data are a colle

nunjber of distributions, an alternative distribution, or a non-parametric method should be used.

A.4 Pooling of data for analysis

A.4.1 General

Podling involves the aggregation of data from a number of discrete data sets to capture
varjation that may. ot be present within a single subset. Such aggregations may include
different speciesoftimber, different production methods, or different sized products.

In this clausg,)the term subset data refers to test data from a single size, grade, product t
Podled data-are the sum of all valid subsets as represented in Figure Al.

s of fit test

rtion from a

sources of
data from

pst sample.
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Pooled data

Subset data

® _©
N

Figure A.1 — Venn diagram for nomenclature for pooling (see Annéx B)

A.4.2 Copditions for pooling

Pooling of flata are only valid for data from tests on:

a) the saI:e product description (e.g. seasoned sawn timber);
b) the same grade (e.g. stress grade);
c) similar species (e.g. softwoods).

A.4.3 Stgndardising data

Where the|characteristic value is applicable to asstandard size or moisture content, adjustments shall
use the same models for each data subset. The!models shall be appropriate for the material that vas
tested and|shall be detailed in the report.

NOTE For example, where pooling datatfrom timber with non-standard moisture contents, the same moisfure
content adjystment calculation should be-uised for all data subsets contributing to the pooled data set.

A.4.4 Reguirements for pooling
The pooled subsets shall have

a) similar statistical distributions,
b) similarV,

c) reversjbility(ifasubsetisremoved,the characteristicsofthe pooled datadonotchange significantly),
and

d) convergence (the pooled data have similar characteristics to very large samples of the subsets).
Standard statistical practices shall be used to accept standardized subsets and validate the pooled data.

NOTE An example of some acceptance and validation tests is given in Annex B.

A.4.5 Report

Where pooling is used, the report shall detail
a) the definition of the pooled data,

b) the models of standardizing or adjusting subset data,

10 © ISO 2014 - All rights reserved
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c) thejustification of pooled subsets including characteristics of statistical distributions, coefficient of
variation, reversibility and convergence,

d) the statistical tests and validation, and

e) the author and date of report.

© ISO 2014 - All rights reserved 11
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Annex B
(informative)

Commentary

This part of ISO 12122 presents basic requirements for determining characteristic values for struct

properties
different ty

It gives the

the prd
atests
if appr

testing
descril

an ana
Clause

This part
values. The
in general
population

Characteri
fromtestr

Expect
to vari

Compl
of prod
all pos
not be

Compl

TITTOTY

of structural timber products. Other parts in the same series present the detail reguired
rpes of structural timber products.

ducts to which the characteristic values apply are described in Clause5 Reference populat]
ample is taken as described in Clause 6;
ppriate it is conditioned as described in Clause 7;

is performed and the test data are checked against the requirements for the produc
pbed in the reference population as described in Clause8;

lysis of the test data is performed to evaluate the<haracteristic properties as describe
9.

bf part of ISO 12122 presents a uniform_methodology for the evaluation of characteri
e characteristic values are said to represent the properties of the reference population
take into account the statistically expécted errors in estimating the properties of a Iz
from a randomly drawn sample.

bsults, but may also incorpofate safety factors to account for any or all of the following fact

ed changes in product orproduct properties over a long period: These changes could be
ations in timber resource quality, production methods or quality of other raw materials;

bxity of the referénce product: For example, where the reference product has a large nun
lucers who dfaw their resource over a large area, then the sampling may not effectively c:

truly representative and a safety factor may be applied to allow for that;

exity, of failure modes: If there are a number of different possible failure modes, or if

believg

overall strategy for determining characteristic values for any timber structutral product;

iral
for

ion;

t as

d in

stic
and
rge

stic values for design purposes.are generally selected from characteristic values obtained

Or's:

due

ber
tch

sible combinations of resource quality and production methods. In this way, the sample nay

tis

dthat the test may not have fully explored all of them, then there may be reason to usq

P an

additional safety factor.

B.2 Commentary on normative references

No commentary.

B.3 Commentary on terms and definitions

All strength characteristic values are an estimate of the population value based on the value from sample
tests. Whenever a sample is taken, normal sampling error may mean that the results of the sample
may not give exactly the same result as if every piece in the population was tested. Hence, a standard

correction

12

to the test result is made to give 75 % confidence.
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Most strength characteristic values are based on the 5th percentile strength of the population, so
the test data are used to estimate the 5th percentile value and this value is used to estimate the 5th
percentile value with 75 % confidence. The two percentiles in the definitions have different meanings.
The 5th percentile strength is the strength value that 5 % of the population will be lower than. The
75 % confidence recognizes that the strength calculated as the 5th percentile from a sample may not
be the same as the value found if every single piece in the population was tested. The value with 75 %
confidence is the value that would have a chance of 75 % of being exceeded if the entire population was
to be tested.

For modulus of elasticity, the characteristic value is simply the mean of the test data. This in effect is a

50 % confidence in the estimate of the population mean

So
the

Itis
rep

The

e strength characteristic values (e.g. bearing strengths) are based on the mean of the.fe
be properties, the mean of the strength test data is used.

recommended that the detail of the calculation of the confidence limit for all characterist
brted to enable the data to be used to establish values for design or approvalpurposes.

collective nouns used to describe groups of timber are as follows.

Population refers to the all of the timber to which the characteristi¢ value applies. It ing
the tested material and untested material that meets the definitien of the reference popu
B.5 for further detail on the definition of reference population.)

Sample refers to the pieces of the reference population taken to represent the reference |
A sample is a number of whole pieces taken from the population and is intended to refle
variants that make up the population. The populationis characterized by the sample, so cd
care is required to ensure that the sample is representative. (See B.6 for further detail
and sample size.)

Specimen refers to a single item that is suibjected to test. Specimens are usually cut o
pieces of timber with one specimen per piece in the sample. In some cases more thg
may be performed on a specimen, é.g. a bending stiffness test and a bending strength t
performed on the same specimen.

bxample of these terms is as follows.

A producer needs to characterize the bending strength of production of a single prod
single mill during a one month period. The reference population will be all of the product]
by that mill in the gne’month period. This may typically be 100 000 pieces of timber.

5t data. For

cvalues be

ludes all of
Jation. (See

bopulation.
ct all of the
nsiderable
n sampling

it of single
n one test
lest may be

uct from a
s produced

The sample size\s’120 pieces, and this sample will be drawn at random from the reference
over the one’nionth period. The sample rate is a little over 1 in 1 000 pieces of prod
sample will be the 120 pieces of timber taken from the reference population.

Eachypiece of timber in the sample will be cut into a single test specimen in accordance

meéethod requirements. Thus, there will be 120 bending test specimens prepared from t

population
t, and the

e sampled
opulation

has had a single sample of 120 pieces taken and yielded 120 test specimens and 120 data points.

B.4 Commentary on symbols

No commentary.

B.5 Commentary on reference population

Characteristic values represent the properties of the material from which the sample was taken. The
reference population is a statement of the population from which the sample was taken and hence is
directly linked to the characteristic values.

© IS0 2014 - All rights reserved
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The context for the testing and the use of the characteristic value may affect the way in which the
reference population is selected and defined, as shown in the following examples.

Where the results of testing product drawn from a vast region or a nation are to be used to
establish the design characteristics of that product, then the definition of the reference population
is necessarily very broad. It will be useful to incorporate as many variations in growing region,
production type and even species or species grouping within the definition of the stress-grade as
possible. In this case the reference population is the entire production of the defined product for the
region or nation.

Where the results of testing are to be used to check the performance of a single manufacturing
unit, then the reference population will only be taken from that manufacturing unit and thewalue
obtained will relate to the manufacture during the sampling period. The reference populatien will
be a sglected product or product range from the manufacturing unit.

Wherd the results of testing are to be used to verify properties of a single batch then the refergnce
populdtion is taken from one production line over the period in which the batch was produced.

Differdgnt statistical processes must be used for marketplace surveillance so it is'not possible to treat
a single pack of timber as a reference population. If a whole pack of timber‘istreated as a refergnce
populgdtion and is tested, effectively the sample is the reference populationrand characteristic value
calculgtions are not appropriate.

Areasonaljle amount of detail on the reference population is requiredfo)enable the structural properties
reported ap characteristic values to be related to all of the factors.that may have influenced them infthe

productior] of the material tested.

The listis dn example, but the text of the clause indicates thatanything in the manufacture of the product

that may affect the structural properties must be included in the description.

14

The prjoduct standard or specification is centralto the description of the reference population. In
many ¢ases, the specification gives detail on theaspects of production that may affect its structpiral
propeities. This would include methods used for seasoning, machining, and grading if appropriate.
It also may limit the species that can be-used for the product.

The species from which the sample.was drawn constitute the species of the reference populatfion.
Wherega number of species can be-iSed for a particular product, itis important that all those spefies
are represented in the sampleSathat they can all be part of the reference population.

The gijade of a product is:the direct link with the design structural properties used. It is a Jery
impor{ant descriptor.

Most tjmber products have size effects, so any statement of properties needs to be associated With
particfilar sizes~In some cases, a characteristic value will be size-specific, and in others, it willl be
normallized to*avstandard size. In either case, the cross-sectional dimension that was used as|the
basis fpr thecharacteristic value is important.

Structtural properties (PQ}’\P(‘iQ”V the modulus of Pl;m‘ri{‘il'v) are affected by moisture content inlthe
timber at the time of testing. The moisture content and its relationship with the specification for
the product need to be known. Where the product is specified as unseasoned, it is enough to know
that the moisture content was above fibre saturation point at the time of testing. Where the product
is specified as seasoned, the allowable moisture content range within the definition of the term
“seasoned” is part of the definition of reference population.

It is widely accepted that some treatments have an effect on structural properties. For example,
heat treatments can increase density and modulus of elasticity. Thus, where a treatment is applied,
some detail about the treatment will be required. Again, where the treatment is a heat treatment,
the temperature and duration of the treatment may both be crucial. Where the treatment is an
impregnation process, then the pressure of application and the temperature of any redrying may be
important.
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Properties of logs and hence, the timber produced from them can change over time. Some of these
variations may be seasonal, and others may reflect different silvicultural practices at the time the

logs were grown. It is important that the sampling period be a part of the definition of th
population.

B.6 Commentary on sampling

e reference

The key to this requirement is that the sample should be representative of all of the variants in the
defined product. For products that are obtained from widely varying geographic regions, or a number
of different species, then there may be many combinations of growing environment, species, and

pro
san

B.6

duction method in the reference population. Each of these combinations must have a la
ple so that the range of properties in each combination is adequately represented.

.1 Commentary on sampling method

Sonpe testing bodies use stratified sampling to enable all variants in the referénce popul

rep

resented. Others use a large sample size randomly obtained to include all of the combinat

Saniples must be randomly taken to avoid any unintended or deliberate bias.

B.6

Thd
iney
the

Ev
fro
the

It i
red

Unintended bias may be introduced by restricting specimen characteristics. (For exan
longer lengths only are sampled, product obtained by docking is excluded from the sam
it may be part of the reference population.)

Deliberate bias may be introduced by only samplingfrem one part of the grade. (For exan
the specimens with high grading parameters are selected, then features in products th
grading parameters are not part of the sample, though they may be part of the reference p

.2 Commentary on sample size

key to ensuring a representative sample-is to have a large number of pieces. However, a c

cost of sampling and testing a large'number of pieces.

uation of characteristic strengths requires estimating the population property with 75 %
the test data. This factof is'a function of both the sample size and the V of the property.
sample size, the smaller.the effect on the confidence limit.

possible to use theZexpected confidence limit to estimate the sample size based on th
iction of the characteristic property calculated from the test data.

'ge enough

htion to be
ions.

ple, where
ple though

(ple, if only
ht have low
opulation.)

bmpromise

ritably has to be made between obtaining adequate representation of the reference popyilation and

confidence
The larger

e expected
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The estimation of the population property with 75 % confidence is given by:

ko,05, 075 V
X0.05,075 =%X0,05 (1——' \/— (B.1)
n
This can be adapted to give an estimate of n.
Xoosk v
| 2005%0,05, 075 (B.2)
XA
where
Xo0.05 is an estimate of the test result 5th percentile. Normally the anticipated designcharaf-
teristic value is close enough;
XA is the target difference between the reported characteristic value and the test result pth
percentile. (Xo,05 - X0,05, 0,75);
ko,05, 075 is the factor for the 5th percentile value with 75 % confidence taken from Annex A of]
this part of ISO 12122. It is a function of the analysis method. selected and the sample
size;
4 is an estimate of the coefficient of variation of the popalation. Without having tested the
sample, it is only an estimate.
EXAMPLE Selection of sample size

In this exan]

ple, bending tests will be performed on a softwood with an expected design value of around 20 ]

[Pa.

The V is unknown, but conservatively estimated at 45 %.The definition of the reference population inclfides

material tha

t may be drawn from two different regions

The sample|size is required for a difference between test result and characteristic value of 1 or 2 MPa. Aflog-
normal analysis of the data will be used.
To sample the full range of product from both of the growth regions, around 50 pieces need to be taken from ¢ach
region. Thigwill give a total of around 10@'pieces in the aggregate sample.
For a log-nofmal analysis of the data, k7,05, 0,75 is 1,07 for around 100 specimens.
20x1,07x0,45 Y
So for difference = 2 MBa; n:(#) = 23,2
20x1,07%0,45 \
So for difference = 1 MPa, nz[#j = 92,8
It can be seén-thatif-the-sample-size-isareound100-thenthe-difference-cotld-beexpected-to-beareoundMHa. It

Pre-—STreToTTr o

is unlikely that all variants of this type of product could be adequately sampled with less than 100 specimens, so
the larger sample size is more appropriate.

B.7 Commentary on sample conditioning

The product as tested must still satisfy the product specification. It must be stored in such a way that
the condition of the product at the time of testing would still satisfy the specification of the product
reference population.

Where it is impractical to condition specimens prior to test, it is permissible to adjust the test data to be
equivalent to test data taken at standard conditions, providing good models for those adjustments are
documented.
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B.7.1 Commentary on product moisture content

In general, a product specification will include limits on its moisture content. For example, if the
product is classified as “seasoned”, then the relevant International Standard will define “seasoned” with
acceptable moisture content for the product.

The product must be stored so that at the time of test, the moisture content of the test specimens must
fall within the defined acceptable moisture content range from the product specification.

For example, an “unseasoned” product may be sampled for testing to determine characteristic values. A
common definition of “unseasoned” products is one that has a moisture content higher than 25 %. The
profuct must therefore be stored awaiting test so that its moisture content remains abové 25 %. For
mogt environments, this will involve storing in a humid atmosphere.

e moisture
tored in an
the middle

timber as

Andther example may be a product that has a moisture content specification of; “averag
confent to be between 12% and 15%, with no piece greater than 19%". The timber must be s
atmosphere that will give an equilibrium moisture content of 12 % to 15 %, probably near
of the range. At the time of testing, moisture contents will be evaluated to ensure that thg

tes
con
use

B.7

ed complied with its relatively precise moisture content specification."If the measure
Lents were outside the range, some adjustment of the results is neeessary. These adjustr
established models of the relationship between the tested properties and moisture cont

.2 Commentary on product temperatures

Itis

be fised within a temperature range defined by humariceomfort. Hence, testing at ambient
tenperature is generally sufficient.

If ajproduct is specified as appropriate for extreme temperatures (either low or high), then i

tes

B.8

B.8

Tes
ant
test
spe

ed under conditions for which its specification is valid.

Commentary on testing

.1 Commentary on test method

 methods must be apprdpriate for the product specified in the reference population.
cipate normal failure modes of the product when loaded in service loading. For exar
s should produce shear failures, however some shear tests may produce bending failur
Cimens. In estimating characteristic shear strength, data from any other type of faily

l moisture
hents must
bnt.

rare for a product to have a temperature range specified: However, timber is generally intended to

laboratory

It should be

They must
hple, shear
ES on some
re may be

included, but the results must be interpreted as a lower bound estimate of the shear strength of those
spefimens. Careaust be taken in establishing characteristic values where the data include§ combined
failire modes.asthe Vis often underestimated.

Tes
strq

. methods also specify the data to be collected and calculations required to deternfine failure

ngth or test modulus of elasticity.

B.8.2 Commentary on test data compatible with product description

Clause 7 described the need to store the test specimens so that their condition matched the requirements
of the product specification. However, in spite of efforts to achieve this outcome, there may be some tests
in which the measured conditions of the specimens were outside the specification.

Where measurements at the time of testing showed that the specimens were outside the specified
conditions of the product, then the raw data must be corrected using an acceptable behaviour model. For
example, ASTM D1900 gives methods for correcting results for minor variations between the measured
and specified moisture content.

It is also possible to combine test results from samples of different variations of the same product. A
common variation would be size. In this case, the raw data can be transformed to a standard size using
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a documented size effect. This transformation should be one that is appropriate for that specific product
and supported by research data or a size effect model in a standard that applies to that product.

See commentary on A.4 for an example of pooling data for different sizes.

B.9 Commentary on evaluation of characteristic values for structural properties

B.9.1 Commentary on structural properties

This clause differentiates characteristic values into two types.

a) Strength and modulus of elasticity, which must be combined with a geometric parameter to calcullate
a charpcteristic capacity. An example of this is sawn timber in which the characteristi¢c.bending
capacify is found by multiplying a characteristic bending strength by the section modulus of|the
cross-gection. In this case, the characteristic value sought is the characteristic bending strerjgth
(fm) of the material, and it can be used for a variety of different cross-sections to deliver diffefent
bendirjg moment capacities (M = fi, Z).

b) Capacity and stiffness, which can be directly compared with an action effect on the member| An
examplle of this is I-joists. The overall performance of this member,is.a function of its spe¢ific
manufhcture and its size. The moment capacity (M) must be publishedydirectly as it is not posdible
to chatacterize the member with a unique bending strength.

Both methpds of interpreting data will lead to a characteristic yalue. For properties in (a) they will
be charactpristic material properties, and for properties in (b).they will be characteristic component
capacities pr stiffness. The methods used in this document are*compatible with both interpretatipns.
The type of characteristic value reported will be a functionof the type of product.

Some characteristic values are based on the mean valug;and the remainder on the 5th percentile vlue.
Table B1 cdtegorises the characteristic values into either type based on the property represented.

Table B.1 — Classification of characteristic values for structural properties

Characteristic properties/value Characteristic capacities and stiffnesses Basis
Bending strength f, Bending capacity M 5th percentil¢
Tensior] strength f; o parallel to gtain Tension capacity N 5th percentil¢
Compressfon strength f o parallelto grain Compression capacity N, 5th percentil¢
Shear strength(fs Shear capacity V 5th percentil¢
Compression strengthperpendicular to Compression capacity perpendicular to Mean
grainyfzgo grain N¢90
Tension strength perpendicular to grain frog| Tension capacity perpendicular to grain 5th percentil¢
Nt9o
Modulus of elasticity E Flexural stiffness EI Mean
Tensile stiffness EA (5th percentile)a
Compressive stiffness EA
Shear Modulus G Shear stiffness GA Mean
(5th percentile)a
a  Some products a 5th percentile value may be required in addition to the normal mean-based value.

B.9.2 Commentary on characteristic value based on the mean

Either the arithmetic average of the test results or the mean of a distribution fitted through the data can
be used as the basis of the estimate of the mean for the characteristic value.
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For Characteristic modulus of elasticity, the mean is used as the characteristic value, but any strength
based on the mean value (e.g. bearing strength) should be modified to give the lower single sided 75 %
confidence limit. Normal statistical methods to find the confidence limit on the mean can be used.

B.9.3 Commentary on characteristic value based on the 5th percentile

For most strength properties, the characteristic value is based on an estimate of the 5th percentile value
with 75 % confidence. This requires

— estimation of the 5th percentile from the test data, and

— [estimation of the 5th percentile value with 75 % confidence from the population estimate obtained
from testing of a finite sized sample.

Infgrmation supporting both of these steps is given in an Annex A.

B.10 Commentary on report

B.1j0.1 Commentary on report general

The report must present all of the information that gives a reader sufficient detail to correcfly identify
the [population sampled, the tests performed, all statistical and dnalytical processes and the [limitations
on the final characteristic value.

Thi is necessary to ensure that the characteristic value is;not taken out of context and to make correct
intdrpretations of the data presented. In an international’environment, it is particularly impjrtant that
reaglers are given detail about the sampling prograni and test methods used, so that any corfrections to
different national requirements can be devised.

Where the characteristic values are to be used\for reliability based design data, then informgtion on the
entjre distribution may be required in addition to the characteristic value.

B.1j0.2 Commentary on referenee population

Thedescription of the reference pepulation mustinclude any factors that may affect structurallproperties
either in the resource or in the yhanufacture of the product.

B.1j0.3 Commentary on)sampling

Theg sampling program must also be described in sufficient detail to clearly define any limitatiions on the
application of the characteristic value. Where the reference population incorporates known|variations,
then the sampling used to capture those variations must be documented in the report.

Theg methdds and justification used to select sample size should also be presented in the repprt.

Sanllple preparation or conditioning should also be detailed so that its condition at test can b¢ related to
the specificatiomof the Teference poputatior.

B.10.4 Commentary on test methods

The easiest way to refer to the test methods undertaken is to give the detail of the test standard. Where
the test standard is not an ISO or readily-available national standard, detail of the test method should
be reproduced in the report.

Any deviation from the test standard must be described in detail. Where there is a difference between
the test conditions and the specification for the reference product, it may be necessary to modify the
results to give them compatibility. These modifications must be described in detail and should include
the reference for the modification model.
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B.10.5 Commentary on analysis methods

Anumber of options for analysis methods are presented in Annex A. The method and all of the parameters
used must be identified. Where an alternative method (e.g. from a National Standard) has been used,
then the reference to it must be complete enough to enable the analysis to be replicated by a third party.

B.10.6 Commentary on characteristic values

The end point of the use of this standard is a characteristic value or a set of characteristic values that
relate to the reference population. A large number of assumptions, and behaviour models have been

applied to
figures im

B.11 Cony

Frequently

Ldﬂmwwmmgmmmwam
lies an accuracy that cannot be substantiated by the process.

imentary on pooling of data

because of species similarities or marketing convenience, it is desirable to eombine tw

more species into a single marketing group. Also, characteristic values for a single grade may be deri

from test d
values for
combined {

Test data f
However, t
be provide

For examp,
In this cas
different n
in the repo

ata on a number of sizes. When this is done it is necessary to determine the characterij
the combined pooled data. There are no limitations as to how miany data subsets car
o form pooled data.

rom a number of different test programs can be pooled tolificrease the size of the sam

d in the report to enable comparisons with other standardization methods.

e, size effect factors are used to standardize the'data to a single reference size. Howe
htional standards may use different forms or values of the size effect factors. Sufficient de
rt will enable an interested party in a different country to use their own size effect factor

D Or
ved
stic

be

ple.

he data must be standardised and sufficient information.onthe standardization models njust

le, it is common to pool data from tests performed on different sizes of the same product.

ver,
tail
s to

check the dffect on the characteristic value reported.

The follow|ng examples refer to subsets and peoled data depicted in Figure Al.

q

Ex3ample of pooling Subsets Pooled data

Species groups Datafor individual species Data for grouped species

Production|sizes Data for individual sizes: Data for grouped sizes

a) size-dependent properties

b) size-independent properties

Production|regions Data from same product collected in | Data for national population

regional sampling programs

Production| Data from the same product manu- |Product data over time

factured over different time periods

monitering

B.11.1 Commentary on methods of pooling

Standard statistical methods for aggregating data use standard statistical tests such as Chi Square,
Tukey and Kruskal-Wallis tests, which can be found in most statistical text books.

B.11.2 Example for pooling characteristic values based on mean values

This method is based on grouping requirements in ASTM D1990:2007. It is used for determination of
characteristic values for relatively small data sets of lesser volume species that are produced in North
America and are not necessarily grouped together. The same characteristic values are applicable
whether the species are produced and marketed separately or together.
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A nonparametric analysis of variance on each data subset standardised in accordance with A.4.3 is
conducted as follows.

a)
b)
The

Rank each subset by mean value.
Perform a Kruskal-Wallis test to determine the significance level.

characteristic value is calculated on data pooled from the subset data as follows.

a) Where the test is not significant at the 0,01 level, the mean characteristic value for the pooled data

are the mean of the combined subset data.

b)

B.1
Thi
Api

cala
as fi

b)
NOT

resy

Thd

b)

Where the test is significant at the 0,01 level, the data subset with the lowest mean valu]
the reference subset. All other subsets are compared with the reference subset to select
of subsets indistinguishable from the reference subset using a Tukey multiple comparison
means at a 0,01 significance level. The mean characteristic value for the pooled data is g
from the combined data of all the subsets in this grouping.

1.3 Example for pooling characteristic values based on 5th percéntile values
5 method was based on grouping requirements in ASTM D1990- 2007.

‘'ovisional characteristic value based on all the pooled data standardised in accordance w
ulated in accordance with 9.3. Each of the data subsets are*¢compared with the characte
bllows:

subset;

is taken as
a grouping
testonthe
etermined

ith A.4.3is
Fistic value

Determine the percentage of test values less than the/provisional characteristic value i each data

©IS

Perform a Chi Square test to determine ifithe percentage of pieces below the group value is

statistically significant for each species inthe group.

E For appropriate sensitivity from the.Chi Square test, each data subset should have in excegs of 100 test

Its.

characteristic value is calculated‘on data pooled from the subset data as follows:

Where the test is not significant at the 0,01 level, the characteristic value for the pooled data are the

provisional characteristi¢ value;

Where the test is significant at the 0,01 level:

i. Rank the&ubsets by percentage of pieces below the provisional characteristic value

ii. Begin'With the two data subsets with the highest percentage of pieces below the provisional
characteristic value;

iii”\Use the Chi Square test to determine if the percentage of pieces below the provisional
characteristic value are comparable;

iv.  Where the Chi Square test is not significant at the 0,01 level, add the data subset with the next
highest percentage of pieces below the provisional characteristic value;

v. Repeat steps iii and iv, adding the data subset with the next highest percentage of pieces below
the provisional characteristic value until the test is significant at the 0,01 level;

vi. The characteristic value for the pooled data is determined in accordance with 9.3 from the

combined data of the last grouping of data subsets for which the Chi Square te
significant at the 0,01 level.
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