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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 proce@lures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed*for
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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any patent
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For an explanation on the voluntary nature of standards, the . meaning of ISO specific terms

expression
World Trad
URL: www

s drawn to the possibility that some of the elements of this document may 'be’the subjeq
ts. ISO shall not be held responsible for identifying any or all such patént rights. Detail
rights identified during the development of the document will be in the Introduction ang
ist of patent declarations received (see www.iso.org/patents).

hame used in this document is information given for the convenience of users and does
an endorsement.

s related to conformity assessment, as well as inforimation about ISO’s adherence to
e Organization (WTO) principles in the Technical Barriers to Trade (TBT) see the follow
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Introduction

This document sets out a framework for establishing characteristic values from test results on a
sample drawn from a clearly defined reference population of large components and assemblies. The
characteristic value is an estimate of the property of the reference population with a consistent level of
confidence prescribed in the standard.

This document is to be used in conjunction with ISO 12122-1.

Since this document is dedicated to large components and assemblies, it has to deal with a specific

sta
test

In s
bec

Anr
Anif

ISTical 1S3UE, Mamely that the characteristic Values are 1o be derived from a Very smait
results.

bme a design value.

ex A presents a commentary on the provisions in this document.

ex B presents examples of the use of the statistical methods.

© IS0 2017 - All rights reserved
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values —

Part 6:
Large components and assemblies

Thi

It ej

b)

The following documents are referred to in the teXt'in such a way that some or all of th

con

undated references, the latest edition of the reférenced document (including any amendmen

ISO

For

ISO

3.1

large components and assemblies

par

4

Scope

tablishes two methods for the determination of characteristic values:

direct calculation from test values;

calculation from a resistance model, which is firstly calibpated from test results
calculation of error terms.

Normative references

stitutes requirements of this document. Fordated references, only the edition cited 4

12122-1, Timber structures — Determingtion of characteristic values — Part 1: Basic requ

Terms and definitions
the purposes of this documeiit, the following terms and definitions apply.
and IEC maintain teyminological databases for use in standardization at the following ad

IEC Electropedia;available at http://www.electropedia.org/

[SO Online bpawsing platform: available at http://www.iso.org/obp

Ls of\a'timber structure consisted of at least two members, assembled together by conne

5 document specifies methods of determination of characteristic values for a-defined population of
large components and assemblies, calculated from test values.

including

Pir content
pplies. For
[s) applies.

rements

dresses:

rtions

Symbols

E() mean value of (.)

Var() variance of ()

%4 coefficient of variation [V = (standard deviation)/(mean value)]
Vx coefficient of variation of X
Vs estimator for the coefficient of variation of the error term §

© IS0 2017 - All rights reserved
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X array of j basic variables X1... Xj
array of mean values of the basic variables
—m
X, array of nominal values of the basic variables
9., (}9 resistance function (of the basic variables X) used as the resistance model
kn characteristic fractile factor

my mean of the n sample results

n number of experiments or numerical test results
r resistance value
e experimental resistance value
Tee extreme (maximum or minimum) value of the experimental resistance

[i.e. value of re that deviates most from the mean value rep)
Tei experimental resistance for specimen i

Fem mean value of the experimental resistance

Ik characteristic value of the resistance
'm resistance value calculated using the mean values X, of the basic variables

'n nominal value of the resistance

e theoretical resistance determined'from the resistance function g,, ()_()

I'ti theoretical resistance determined using the measured parameters X for specimen i

s estimated value of thestandard deviation o

Ss estimated value of-gs

1) error term

Oi observed error term for test specimen i obtained from a comparison of the experimentgl

resistanice re; and the mean value corrected theoretical resistance bry;

Nk réduction factor applicable in the case of prior knowledge

o . .
standard deviation [G = \/varlance]

5 Reference population

5.1 General

The reference population is the population of large components or assemblies that the test program
is designed to represent. Prior to the carrying out of tests, a test plan shall be documented. It shall
contain the objectives of the test and all specifications necessary for the selection or production of the

2 © IS0 2017 - All rights reserved
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test specimens, the execution of the tests and the test evaluation. The test plan shall cover the following
details of the reference population, including structural context for the loading of the specimens:

objectives and scope;

prediction of test results;

specification of test specimens and sampling;

description of expected restraint and boundary conditions in normal service;

Innding cpp(‘ifir;\'rirmc-

Thd
des
con

5.2

All
acc

The
sho
test

Attd
diff]

6

testing arrangement;
measurements;
evaluation and reporting of the tests.

objective of the tests shall be clearly stated, e.g. the required properties, the influencg
gn parameters varied during the test and the range of validity. Limitations of the test an
versions (e.g. scaling effects) shall be specified.

Prediction of test results

properties and circumstances that can influence the prediction of test results should be
punt, including:

geometrical parameters and their variability;
geometrical imperfections;
material properties;

parameters influenced by fabrication and execution procedures;

expected modes of failute)and/or calculation models, together with the corresponding
1ld be described. If there’is a significant doubt about which failure modes can be critic
plan should be developed on the basis of accompanying pilot tests.

ention shall be given to the fact that a structural assembly can possess a number of fun
erent failure/modes.

Sampling

scale effects of environmental conditions taking into account, if relevant, any sequencing.

of certain
d required

taken into

D
P

b variables,
], then the

Hamentally

Tes

[ specimens shall be constructed, or obtained by sampling, in such a way as to ref

resent the

conditions of the real structure.

Factors that shall be taken into account include:

dimensions and tolerances;

material and fabrication of prototypes;
number of test specimens;

sampling procedures;

restraints.

The objective of the sampling procedure is to obtain a statistically representative sample.

©IS
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Attention should be drawn to any difference between the test specimens and the product population
that could influence the test results.

7 Sample conditioning

Test sampl

es shall be conditioned to represent the reference population as detailed in ISO 12122-1.

8 Testdata

8.1 LoaJling specifications

The loadin

loadin

restra
tempe
relativ

loadin

Load sequ
both norm
apparatus

Where str
systematic

8.2 Test

The test equipment shall be relevantsfer the type of tests and the expected range of measureme

Special att]
and suppot

8.3 Test

Prior to th
be listed.

9 Evalu

expectled loading time history;

b and environmental conditions to be specified for the test shall include:

b points;

nts;

ratures;

e humidity;

b by deformation or force control, etc.

bncing shall be selected to represent the anticipated use of the structural assembly, ur
al and severe conditions of use. Interactions<between the structural response and
lised to apply the load shall be taken into account where relevant.

ictural behaviour depends upon the effects of one or more actions that will not be va
ally, then those effects shall be specified-by their representative values.

ing arrangement

bntion shall be given to-measures to obtain sufficient strength and stiffness of the loac
ting rigs, and clearance for deflections, etc.

measurements

e testing, alKrelevant properties to be measured for each individual test specimen s

der
the

ried

nts.
ling

hall

ation of characteristic values for structural properties

9.1 General principles

Two methods are described in this document:

direct

evaluation of characteristic values from test results (see 9.2);

— evaluation of characteristic values from a model including error calculation (see 9.3).

NOTE 1
since the fir

st method can lead to conservative characteristic values with a low number of test results.

Both methods are acceptable, but if there are less than 10 test results, the second method is preferred,

When evaluating test results, the behaviour of test specimens and failure modes should be compared
with theoretical predictions. When significant deviations from the predicted behaviour occur, an

4
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explanation shall be sought: this might involve additional testing, perhaps under different conditions,
or modification of the theoretical model.

Theresult of a test evaluation shall be considered valid only for the specifications and load characteristics
considered in the tests. If the results are to be extrapolated to cover other design parameters and
loading, additional information from previous tests or from theoretical bases shall be used.

The derivation of a characteristic value from tests (see 9.2) should take into account:

a) the scatter of test data;

b) otatioti\,a} UulricciI tq;llt)’ aoouu;at\,d \A4 ;‘\:h thb llulllbbl Uf t\,oto,
c) |prior statistical knowledge.
NOTE 2 Annex A gives additional explanation about variability of test results.

If the response of large components or assemblies depends on influences not sufficiently covered by the
tests such as

— |time and duration effects,

— |scale and size effects,

— |different environmental, loading and boundary conditions, and
— |resistance effects,

then a behaviour model shall be derived and shall take such influences into account as gppropriate
(seq 9.3).

9.2| Direct evaluation of characteristicvalue

9.2]1 Sampling factor ky

A sampling factor is used in the evaluation of characteristic value detailed in both 9.2 and 9.3. The
valyes for this factor shall be deawn from Table 1.

Where using the direct evaluation of the characteristic value from the test results, the 5| percentile
value of a property, X, siall‘be found by using either a normal distribution fitted through tHe test data
as ipdicated in 9.2.1 ot-@log-normal distribution fitted through the test data as indicated in p.2.2.

Table 1 — Values of k, for the 5 % characteristic value

n 1 2 3 4 5 6 8 10 20 30 3]
Vx known 2,31 2,01 1,89 1,83 1,80 1,77 1,74 1,72 1,68 1,67 1,64
Vxjubknown - - 3,37 2,63 2,33 2,18 2,00 1,92 1,76 1,7 1,64

9.2.2 Normal distribution

The characteristic value shall be calculated using Formula (1).
X, =my{1-kv,} €]

The value of kj shall be obtained from Table 1 using either of the following two cases:

— The row “Vx known” shall be used if the coefficient of variation of the structural property of the
reference population, Vy, or a realistic upper bound of it, is known from prior knowledge.

© IS0 2017 - All rights reserved 5
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— The row “Vx unknown” shall be used if the coefficient of variation Vy is not known from prior
knowledge and so, needs to be estimated from the sample using Formulae (2) and (3):

1 2
Sy = —= 3 (x, = my) @)
n—114
i=1
s
my
9.2.3 Lopg-normal distribution
The charadteristic value shall be calculated using Formulae (4) and (5).
X, = exp[my —knsy] (4)
where:
|
my =-;Zln(xi) (5)
i

The value ¢f kj, shall be obtained from Table 1 using either of the follgwihg two cases:

— The rgw “Vx known” shall be used if the coefficient of variatien of the structural property of|the
reference population, Vy, or a realistic upper bound of it, is known from prior knowledge with gy as
given in Formula (6).
5y = \/m(vﬁ +1) =V, ©)

— The rdqw “Vx unknown” shall be used if the coefficient of variation Vy is not known from pirior
knowledge and so sy is estimated from the'sample as given in Formula (7).

1 2
SY_\}n—lZ(lnxi_my) (7)
1

9.3 Statjstical determination of resistance models

In 9.3, the procedures (methods) for calibrating resistance models and for deriving characteristic values

from tests pre defined.,Use will be made of available prior information (knowledge or assumptions}.

Based on the observation of actual behaviour in tests and on theoretical considerations, a “resistgqnce

model” shall be developed, leading to the derivation of a resistance function. The validity of this m¢del
shall be then-checked by means of a statistical interpretation of all available test data. If necessary,

the resista
values and

the test data.

ical

Deviation in the predictions obtained by using the resistance model shall also be determined from
the tests. This deviation shall be combined with the deviations of the other variables in the resistance

function in

order to obtain an overall indication of deviation. These other variables shall include:

— deviation in material strength and stiffness;

deviation in geometrical properties.

The characteristic resistance shall be determined by taking account of the deviations of all the variables.

© ISO 2017 - All rights reserved
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1 General

For this evaluation procedure, the following assumptions are made:

a)
b)

c)

the resistance function is a function of a number of independent variables X;
a sufficient number of test results is available;

all relevant geometrical and material properties are measured;

d) thereis no correlation (statistical dependence) between the variables in the resistance function;

e)
NOT

9.3

Dev

conkidered, represented by the resistance function given in Formula (8):

Thd
reld

All
eva

b)

Sub
and|

Thd
ind

all variables follow either a normal or a log-normal distribution.

E Adopting a log-normal distribution for a variable has the advantage that no negativewalug

2 Procedure
Step 1: Develop a resistance model.

elop a resistance model for the theoretical resistance, r¢, of the ddrge components or

"t = 9 (X )
resistance function shall cover all relevant basic,variables, X, that affect the resista
vant limit state.

basic parameters shall be measured for each test specimen, I, and shall be available for
uation.

Step 2: Compare experimental and thearetical values.

stitute the actual measured properties into the resistance function to obtain theoreticz
to form the basis of a comparisénywith the experimental values, rg;, from the tests.

cated in Figure 1.

S can occur.

hssemblies

(8)

nce at the

use in the

1 values r¢j

points representing pairssof corresponding values, (r¢, rei), shall be plotted on a diagram, as

©IS
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50
r =br, /
48 //////,
46 ,//////
44 //////,
47
o /
o /’ —s
38 m =
.
36 I/
34
32 /<1 2]
30 T T T T T T T T T 1
30 32 34 36 38 40 42 44 46 48 50
r
t

Figure 1 — Experimental resistance versus theoretical resistance (r;, re;) diagram

If the resigtance function is exact and complete, then all of the points will lie on the line 6 = g In

practice, the points will show some scatter buttthe causes of any systematic deviation from that [line
should be investigated to check whether this‘indicates errors in the test procedures or in the resistgnce

function.

c) Step 31Estimate the mean value(Correction factor b.

1) Rgpresent the probabilistic model of the resistance, r; in the format given in Formula (9):

r =br)o 9
where
b is fhe “least squares” best-fit to the slope, given by Formula (10):

b=-L (10)

_i
2
Zrti
i

2) The mean value of the theoretical resistance function, calculated using the mean values, Xy, of

the basic variables, shall be obtained from Formula (11):

I :brt()_(m)S

m

=bg,, ()_(m)a

d) Step 4: Estimate the coefficient of variation of the errors.

(11)

© ISO 2017 - All rights reserved
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The error term, 6;, for each experimental value, re;, shall be determined from Formula (12):

e)

)
If i

pop
be ¢

Sin
on t

g)

rei

br,

5. =

1

Step 5: Analyse compatibility.

1) The compatibility of the test population with the assumptions made in the resistan

shall be analysed.

2) If the scatter of the (r. Iei) values is too high to give economical design resistanc

(12)

ce function

functions,

this scatter shall be reduced in one of the following ways:

i) by correcting the resistance model to take into account parameters which-had
been ignored;

ii) by modifying b and Vs by dividing the total test population inte ‘appropriate
which the influence of such additional parameters may be considered to be con
NOTE1 AnnexA gives a suitable check to indicate whether the resistance/model gives econonf

3) To determine which parameters have most influence on the scatter, the test resu
split into subsets with respect to these parameters.

NOTE 2  The purpose is to improve the resistance functiofiper subset by analysing each subg
results in each subset can become very small.

4) When determining the fractile factors k,*(see step 7), the k, value for the subsd
determined on the basis of the total number of the tests in the original series.

NOTE 3  Attention is drawn to the fact.that the frequency distribution for resistance ca
described by a bi-modal or a multi-modal function. Special approximation techniques can
transform these functions into a uni;madal distribution.

Step 6: Determine the coefficients of variation, Vx;, of the basic variables.

can be shown that the test population is fully representative of the variation in thg
ulation, then the coefficients of variation, Vxj, of the basic variables in the resistance fur
letermined from the test data.

e this is not generally the case, the coefficients of variation, Vy;, will normally need to be ¢
he basis of sorhe prior knowledge.

Step 7: Detérmine the characteristic value, rg, of the resistance.

previously

Eubsets for
btant.

ical results.

ts shall be

et using the

standard procedure. The disadvantage of splitting the test\results into subsets is that the number of test

ts shall be

h be better

be used to

e reference
ction shall

etermined
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The coefficient of variation of ¢ is given by Formula (13):

Var [5]
. (13)
" E[s]
The coefficient of variation of r; is given by Formula (14):
~ Var |:'grt ()_():| (14)
T pla (x)]
LZrt\=7]
The coeffidient of variation of r is given by Formula (15):
Var| g (X \/Var 69, (X
L _parle, (x)] _var[sa,. (¥)] 5)

T E[e. (x)]  E[6g, (%]

From thes¢ expressions, the characteristic resistance rx shall be obtained frem Formulae (16), (17)
and (18):

2 s
e = bth ()_(m ) eXp(—kmartht - knaﬁQé -0,5¢ ) 16)

Qs =On(s) = ln(V(SZ +1) 17)

and
o %
rt N Q
18)
o = 9s
Q
where

k, is the-characteristic fractile factor from Table 1 for the case Vy unknown;

koo is the value of kj, for n = oo [k = 1,64];
art is the weighting factor for Qr;
as is the weighting factor for Qs.

NOTE 4  The value of Vsis to be estimated from the test sample under consideration.

10 © IS0 2017 - All rights reserved
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3 Use of prior test data

If the validity of the resistance function rgand an upper bound (conservative estimate) for the coefficient
of variation V; are already known from a significant number of previous tests, the following simplified
procedure may be adopted when further tests are carried out.

a)

If only one further test is carried out, the characteristic value ry may be determined from the result

re of this test by using Formula (19):

e =Ml

(19)

wh

wh

b)

whyd

whyd

bre

Nk is areduction factor applicable in the case of prior knowledge that may be obtained

Formula (20):
n, =0,9%xp(-2,31V_-0,5V7
bre
V- is the maximum coefficient of variation observed in previous tests.

If two or three further tests are carried out, the characteristic value ry may be determing
mean value repy, of the test results by using Formula‘(21):

rk = nkrem
ke

nk is areduction factor applicable inr-the case of prior knowledge that may be obtained

Formula (22):
My = exp(-2,00, ~0,5V]

bre

V- is the maxithum coefficient of variation observed in previous tests, provided that eg
treme (Maximum or minimum) value, ree, satisfies the condition given in Formula (2

— <
‘ree rem‘ <0, 10rem

from

(20)

d from the

(21)

from

(22)

ch ex-

3):

(23)

e ‘ i r lae (20} and (22) ver in Tahle 2

Table 2 — Reduction factor 7

Coefficient of Reduction factor n
variation V; For 1 test For 2 or 3 tests
0,05 0,80 0,90
0,11 0,70 0,80
0,17 0,60 0,70

© IS0 2017 - All rights reserved
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10 Reporting
The report shall be determined in accordance with ISO 12122-1.

More detailed description will be required for the reference population to appropriately specify the
large components and assemblies that were tested.

More detail will also be required to enable complete specification of the method of test.

12 © IS0 2017 - All rights reserved
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Annex A
(informative)

Commentary

Commentarvon scone
Tty ) sld

Thi
or g
Usu
per

Thi
con,
cap

Thi
cony

Thi
det
will

A.2

Bec
ISO
ISO
pos
ast

O TITIITCIY T oOTY

5 document presents methods for determining characteristic values for capacity of large c
ssemblies that involve some elements of timber. It is to be read in conjunction.with IS
ally, because of the size of the components and the cost of testing them, a small‘number
formed so a different analysis is required compared with the method outlinedlin ISO 121

5 document presents a uniform methodology for the evaluation of characteristic valu
Kistent with the characteristic values found for other structural timbex products. The cha
heity delivered is an estimate of the 5-percentile capacity with 75 % confidence.

5 document has drawn extensively on analysis methods from Eurocode 0 and has been ¢
patibility with the methods presented in ISO 12122-1.

5 document does not establish methods for the determination of design values. The
brmined based on characteristic values from test data, but for large components involy
also incorporate safety factors to account for any ©r all of the following factors:

expected changes in product or product preperties over a long period, which could
variations in timber resource quality, prodiction methods or quality of other raw mater

expected variations in fabrication of the-large component or assembly over a long period
be a function of workmanship or materials;

the complexity of the reference population; e.g. where the reference population has a lay
of producers who draw their'resource over alarge area, then the sampling may not effecti
all possible combinations of resource quality and production methods; hence, the samp
be truly representativé.and a safety factor may be applied to allow for that.

Commentary on normative references

ause thereis'no restriction on the form of the large components or assemblies, a number
or national test standards may be applicable. For example, if the component is a shear
21581swould be an appropriate test standard. However, none have been listed here beca

bmponents
0 12122-1.
bf tests are
22-1.

bs that are
racteristic

hecked for

se may be
ing timber

be due to
ials;

which may

ge number
vely reflect
le may not

bf different
wall, then
1se it is not

Kiblé to anticipate the test standards that may be appropriate for all circumstances and ¢mission of

hfrdard may wrongly indicate that the missing standard is inappropriate.

A.3 Commentary on terms and definitions

See ISO 12122-1 for some generic definitions including the definition of characteristic values.

A3

.1 Large component or assembly

To be appropriate for the scope of this document, the large component must contain at least one element
of structural timber that is part of the load path for the component. The component must also contain
some connections that join different elements of the assembly together.
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The definition is very flexible to allow a large number of assemblies to qualify. The definition is intended

to include:
a)
b)
<)
d)
e)

large ¢

shear walls;
diaphragm assemblies;
trusses;

space frames;

mpIPY connections such asnodes in reticulated domes

A.3.2 Re

This is a {
its elemen
This defin

relationshilps and the results of research into timber behaviour. While it is acknowledged that som

these mod
model that]

A.4 Con

Many of th
that their d

A.5 Con

There are
component
path throu|

Characteri
configurat
reference |
to apply. IS
some othel
include:

The sp
As wel
zones

Thede|

sistance model

tructural behaviour model that is based on the physical behaviour of the agsémbly
s. It is a mathematical tool for predicting capacity from some attributesofithe assen
tion is also very flexible and is intended to allow classical design models; joint strer

bls may involve empirical relationships, the model used should be a’dpocumented behav
can be referenced in the report.

imentary on symbols

e symbols used in this document are sourced from Eurocode 0 and have been unchange
rigin is clear.

imentary on reference population

two aspects of the description of the reference population that affect the testing of Iz
s. The first is the description of the large component itself and the second is the load tran
ph the specimen.

stic values can be taken to represent the properties of the material, geometries

ons of the test samples. They-are also unique to the loading configuration of the test.
opulation is the definition of the parent population to which the characteristic properties
D 12122-1 presents some-general requirements for definition of the reference population
features that may-influence the structural properties of large components and assemh

ecies, strength'class and dimensions of the timber elements will affect structural capaci
| as the presence or absence of knots or other growth characteristics from the connec
may affectthe performance of the assembly.

tail'efany connections will also affect structural properties. This may include the specifica

of the

and
bly.
gth
e of
our

1 so

rge
sfer

and
The
are
but
lies

ies.
fion

fion

connectors: shape, size, material and method of installation. Method of installation 1

nay

include a measure of tightness for screws or bolts and depth of driving for nails.

The geometry of the connection will be important to some failure modes. In particular, variations in

end and edge distances and spacings of connectors may influence the failure modes obtained in the
tests. Tolerances on connection geometry should be noted and reflected in the sampling (see A.6).

The material specification of any non-timber elements in the assembly may affect the structural

properties and should be noted in the description of the reference population. This will include
grade, thickness, and structural specification. In some instances coatings may need to be specified.

(This i

s particularly important if friction is part of the structural resistance of the assembly.)

Moisture content of any timber components may affect both the strength of the timber and its

connection capacity. The reference population should be specified as a range. Temperature of
seasoning may also have an influence on the structural properties of seasoned sawn timber. Range

14
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of seasoning temperatures and method of seasoning may also be important in determining the

capacity of the assembly.

The following examples illustrate the description of reference populations for assemblies.

— A node joint to be replicated in a large reticulated dome is to be tested. The node joint has been

designed to use welded steel plates and connect timber members from the same

structural

grades and will be fabricated for one particular building and by one manufacturer. The reference
population will be described by the design drawings and specification for the building and will

include information on the timber sourced and the tolerances used by the fabricator
specimens.

of the test

Thd
int
des

The
fail

For
Thd
loaq

Trusses of varying geometries using an innovative connection system are to be tested.\
there will be only one manufacturer, but there may be a number of different geonetriey
of different geometries will be used to determine a worst case scenario for thetests. Al
a number of different geometries may be tested and a resistance model used tointerpola
the results. The reference population will describe the range of timber sizes|and specific
may be used with the truss system, and will give detail on the innovatiye|connection sy§
also specify the range of truss spans and loading conditions that are likely to be used wif
systems.

A shear wall system that could be built by a number of different builders for use i
construction, is to be tested. The size, grade and characteristics of the timber elements in
will be described. The cladding materials for the shear,wall system will also be specif
fastening details and geometries to be used to connect the elements of the shear wall s
tolerances on the connection system will also be specified. In addition the anchorage
system to the substrate should also be specified. Gombinations of vertical and horizont
will be published as appropriate for the wall wilbalso be specified.

lists in both ISO 12122-1 and this documeént are examples, but the intent of A.5 is th3

h this case,
. The suite
ernatively,
te between
ations that
tem. It will
h the truss

h domestic
the system
ed and the
ystem. Any
of the wall
hl load that

t anything

he manufacture of the assembly that can affect its structural properties should be inclfided in the

Cription.

structural setting for the large gomponent includes the definition of the loading and ant
ire modes

larger components, their @se within a structure will dictate the load paths through the d

cipation of

omponent.

loading characteristic$ are also important in the description of the component. The ndture of the

ling may include the following parameters:
the direction oftapplication of the loads;
the points.ofidpplication of the loads;

whether the loads are concentrated or distributed, and if concentrated, the area of th
applieation;

bir point of

nce which

the duration ofloadslikelv to he applipd and whetherthe loads are part ofa Inading sequ

needs to be replicated (this information may be important in cases of resistance to earthquake

actions).

The loading (see A.8) will need to replicate the character of the anticipated loading in service especially
with respect of anticipated extreme event loadings that may be expected for the ultimate load limit states.

Moreover, the failure modes that are expected for the large component or assembly should be
anticipated. The design of the test procedure and measurements taken will assist in identifying the
failure and the failure load assuming a specific failure mode. This should be declared in the design of

the

experimental test procedure.
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Where the failure mode is not obvious or clearly understood, some pilot tests may be required to
identify failure modes. These tests should explore the configuration within the tolerances defined and
lead to classification of failure modes and the combinations of parameters that may induce them.

A.6 Commentary on specimens

In general, timber components may incorporate a large number of variations in raw material, production
methods and hence structural properties. The specimens tested should reflect the expected range of
properties in the production version of the connections. The variation in the specimens prepared for
test should be related to the tolerances declared in the description of the reference population.

The same rhaterials and fabricator anticipated for the final product should be used for the test specin
to ensure that the fabrication methods and techniques for the final product are fairly representefl in
the test specimens. Where a number of fabricators may be used in production, it is recommehded that
the test specimens are supplied by more than one of the fabricators. Also if the final\products fnay
be constructed of materials drawn from different suppliers or specifications, the range of expe¢ted

ens

suppliers

If the samp

— the shgrtfall should be declared in the report on the testing;

at leas|
lower

Guidance

component
coefficient
in the final

A.7 Con

As timber products may experience changes in moisture content during storage, it is important thaf

moisture ¢
population
population
samples hg

Otherwise

A.8 Con

A.8.1 Co

d specifications is also represented in the specimens.

le size is not sufficient to represent all combinations of variations pf\tolerances, then:

t some test specimens should be selected with combinati¢ns' of tolerances expected to
fapacities.

n sample size can be found in ISO 12122-1; however, it is recognized that with Iz
s and assemblies, it is generally not practical tetest enough specimens for the exped

result.
imentary on sample conditioning

pndition of the tested components reflects the moisture content described for the referg
. Where the description efithe moisture content in the timber elements of the refere
incorporates a large nange, the components should be stored in such a way that no
ve a moisture content-atone end of the range.

the requirements of [ISO 12122-1 apply.

imentary.on test data

mmeéntary on loading specification

rive

rge
ted

of variation. The analysis of small sample sizes inevitably gives greater levels of conservatlism

the
nce

nce
all

The test

loadings on

e lar onn. h eturs 0 thecmpone shld Ve en drsse i

the

structural setting description of the reference population (see A.5). The loading attributes specified for
the test should include the attributes listed in A.5.

A.8.2 Commentary on test arrangement

In some cases, the large component or assembly may fall within the scope of a national or ISO
test standard. However, in many cases, while the large component may not completely satisfy the
requirements for test specimens in some standards, the test method may be adapted to suit the large
component. Some examples include:

[SO 21581 is a test standard for testing shear walls. This standard gives appropriate test details,
procedures and loading regimes for components that carry amixture of vertical loads and horizontal
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shearloadings. [t may be adapted for components that carry shearloads (loads in opposite directions

that are not collinear).

ISO 19049 is a test standard for testing horizontal diaphragms. This standard have a

number of

different loading configurations where loads are applied essentially in the plane of large planar

components.

[SO 18402 and ISO 22452 are standards that provide test methods for structural insulated panels,

but could be adapted to large planar elements loaded mainly out of plane.

[SO 13910 presents test methods for most structural properties for sawn timber. Some of the tests

outlined In this standard may be appropriate if the COmponent 15 a prismatic elemer
element subjected to axial or lateral loads.

support of the component should also address the support of the component- i serv
‘e is buckling restraint in service, this should be replicated in the test method, Equally ir
the buckling restraint in testing should be no more effective than it is in seryice.

ndary conditions of the test specimen should match the expected boundary condit
ponent in service. Some issues that may need to be explored include;

rigidity of supports: moment resisting or pinned supports;

position of supports: correctly located on the specimen and-giving the appropriate mix of
and vertical support;

continuity of the specimen at its ends: where the conponent is continuous with similar c
in service, moment restraint may be required at the ends of the specimen.

.3 Commentary on test data measurements
h should be measured in such a way thatthe ultimate load can be recorded.

ere restraints should have specialc¢haracteristics (e.g. moment resistance), instrume
vide verification that the restraifits have exhibited the appropriate characteristics.

bre possible, measurements.should be made to identify the failure mode of each test.

ere a resistance model i§ to be used as part of the analysis, the measurements of attribute
Cimen should be made before the tests to permit the use of the resistance model in the ey
racteristic values.

Commeritary on evaluation of characteristic values for structural prg

.1 Gommentary on general principles

t or linear

ice. Where
nportant is

ons of the

horizontal

bmponents

nts should

b of the test
aluation of

perties

eharacteristic values of the capacity of the reference population can be estimated

using two

dif
ulti

erent methods. Both give the characteristic capacity in the same units as the measurement of

mate capacity.

— The direct analysis method requires no knowledge of the behaviour models for the test specimens.
However, the analysis for small numbers of specimens may appear quite conservative. It is therefore
recommended that the directanalysis method be used where there are more than 10 test specimens.

The evaluation using a combination of test data and resistance models links the test data to expected
models of component behaviour. Where there is good agreement between the test data and the
resistance models used, the conservatism in the estimate of characteristic value is reduced.

Data from small samples underestimates the coefficient of variation of the distribution. Pooling of tests
from similar assemblies may give a better indication of coefficient of variation. ISO 12122-1 gives advice
on pooling of data from different test programs.
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A.9.2 Direct evaluation from test data only

This analysis method uses normal confidence level indicators to estimate a 5 percentile with 75 %
confidence. It operates directly from the mean using variance of the population. It does not require
an estimate of the 5 percentile from the test data, but the factors used in the analysis calculate the
characteristic values from the mean and variance directly.

Two alternative approaches are presented:

— Estimating the characteristic value using the normal distribution using Formula (1). Values of k, are
taken from Table 1.

— Where the mean and the variance is found directly from the raw data, Formula (1) calculjtes
the 5 percentile based on the normal distribution fitted through the data.

— In[some cases, the variance of strength of the reference population is known from other testling.
In|these cases, the knowledge of the reference population will have indicated that the normal
distribution is a good fit to the behaviour data and the known coefficient-of‘variation (V}) is
used in Formula (1) with kj, factors taken from the top row of Table 1. The V¥ is generally taken
from tests on a significant number of similar components. For examplé€, where the main faijure
m¢de is given by bolted connection failure and Vy of the strength of'similar bolted connectjons
is known from other tests, then this Vy used.

— In|other cases, there may not be a reliable estimate of Vy for¢he reference population. In these
capes, Vy is calculated from the variance of the test data. Because large numbers of tests|are
refiuired to estimate Vy, with reasonable accuracy, the estimation of Vy from relatively siall
number of tests means that the higher values of k, in the lowest row of Table 1 should be uged.

— Estim3ting the characteristic value using the log-normat distribution using Formula (4). Values af kj,
are also taken from Table 1.

— Where the mean and the variance is fond from the natural logarithms of the raw data,
Fglimula (4) calculates the 5 percentile.based on the log-normal distribution fitted through|the
data. This distribution gives a reasonable fit to test data from many timber-based components.

— Agdain, in some cases, the variance.of strength of the reference population is known from other
testing. In these cases, the knawn coefficient of variation (Vx) is used in Formula (6) to estinpate
the standard deviation of/the’log-normal distribution and uses k;, factors taken from the|top
row of Table 1 in Formula.(4) to estimate the characteristic value directly. Where there i$ no
reliable estimate of the,coefficient of variation from similar tests, then again the lower roy of
kp|factors in Table @-are used with the sy as the standard deviation of the natural logarithn]s of
the test data (Fermula (7)) to estimate the characteristic values directly using Formula (4)

The calculgdtion usingthe Vyderived from the test data are statistically similar to the calculation method
presented fin [SO<12122-1. However, where the coefficient of variation of the reference population is
known dirg¢ctly, the characteristic capacity can generally be estimated with less conservatism.

A.9.3 Commentary omevaluation of chiaracteristic vatues using tombined of testresults
and resistance model

The use of an accepted resistance model can improve the understanding of the behaviour of the large
component. In this case, the resistance model is used to estimate the test data from measurements on
attributes of the test specimens. The analysis then becomes one of comparing the test data with the
predictions from the resistance model.

The process is laid out in steps to facilitate the analysis:

Step 1 involves the establishment of the resistance model. The model may involve a number of
independent attributes. Examples may include density of the timber, dimensions of the component, and
dimensions of the connectors. Where there is a small dependence between the variables, this will lessen
the effectiveness of the method, but will not compromise the results. While the use of more variables
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