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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 neededfof
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 document sets out a framework for establishing characteristic values from test results on a
sample drawn from a clearly defined reference population of connections. The characteristic value is an
estimate of the property of the reference population with a consistent level of confidence prescribed in
this document.

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

This document permits the evaluation of characteristic values from testing on connections made with
confmercial Components.

In spme cases, characteristic values determined in accordance with this document maybe nodified to
becpme a design value.

© ISO 2018 - All rights reserved v
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Scope

5 document gives methods of determination of characteristic values for a defined po
hanical connections between timber components, calculated from full scaletest values.

resents methods for the determination of:

slip modulus of mechanical connections;

characteristic strength of connections subjected to either monotonic or cyclic loads.
bd connections are excluded from the scope of this document.

E1 Itisassumed that the failure mode is the same for; allspecimens in the sample.

E2 When a small number of test results is available, ISO 12122-6 is used for the determin|
n and the 5th percentile values.

E3 Informative commentary to the clauses\ofthis document can be found in Annex A.

Normative references

following documents are referred to in the text in such a way that some or all of th
Stitutes requirements of this‘document. For dated references, only the edition cited 3
ated references, the latest.edition of the referenced document (including any amendmen

6891, Timber structures — Joints made with mechanical fasteners — General princij
rmination of strength and deformation characteristics

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

16670, Timber structures — Joints made with mechanical fasteners — Quasi-static rev
method

bulation of

ation of the

bir content
pplies. For
[s) applies.

les for the

rements

brsed-cyclic

3

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

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

ISO Online browsing platform: available at https://www.iso.org/obp

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

© ISO 2018 - All rights reserved
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3.1

mechanical connection
assembly of one or more timber components connected directly together or connected together with
components made from other materials

Note 1 to entry: Other materials include steel dowels, bolts, nails, screws, shear connectors and plates.

3.2
testload

peak load achieved for each test specimen for both monotonic and cyclic tests

3.3

ultimate d
displacemg
accordancg

4 Symb

Fest eSt

Fmax maj

Uy yie

5 Referlence population

In addition

isplacement
nt associated with the maximum load or peak load or ultimate load, Fihax, determine
with ISO 16670

ols

imated maximum load, in newtons
ximum load or peak load or ultimate load, in newtons

d displacement (determined only if a clear yield point canthge established)

to the requirements for definition of the refererice population in ISO 12122-1, the follow
bf connections shall be described:

terial of the connecting components;

hensions of the connecting componénts;

thod of assembly;

hensions of the assembly, injparticular end distances, edge distances and connector spaci
bcies and density range of timber used in the connections;

sence or exclusion of specified features (e.g. knots or finger joints) in or near the connect
isture exposure conditions (before and after specimen preparation);

isture_conditions when the specimen is installed and tested (e.g. installed dry and tes
ctalled-wet and tested wet, installed dry and tested wet, installed wet and tested dry).

1 in

ing

ngs;

ion;

ted

attributes
a) the m3
b) the dir
c) thems
d) thedin
e) the spq
f) the pr¢
g) the mga
h) the m
dry, in
NOTE

\Vhere the densities of timber components comply with ISO 8970, this can be declared as part o

the

reference population.

6 Sampling

6.1 Sam

pling method

The sampling method shall comply with the performance objective of sampling defined in [SO 12122-1.

Representation of each of the variants in the sample shall approximate the representation of the same

variants in

the reference population.

© ISO 2018 - All rights reserved
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Where the reference population includes a range of end distances, edge distances and connector
spacings, the sampling method shall ensure that the range of densities is covered in each variation of
dimensions.

NOTE A major variation is the range in individual properties of the timber components that make up the
connection.

6.2 Sample size

The sample size shall comply with the requirements of ISO 12122-1 and shall take into account the
coefficient of variation expected for the timher components in the reference population

NOTE ISO 12122-1 gives some guidance on selecting the sample size.

7 |Sample conditioning

The sample storage and testing environment shall reflect conditioning in accordance with th¢ definition
of the reference population as indicated in [SO 12122-1.

For[specimens that are constructed by forcing the connecting compongént into the timber (e.g. nails and
toothed plates), a minimum period of seven days shall elapse between assembly and testing of the test
spefimens to allow for fibre relaxation.

NOTE1 A case can be made for an allowance of shorter conditiening periods if all timber compongnts are dry
at the time of fabrication and testing.

For|reference populations in which the connections dre constructed in a wet state but are [dry during
seryice, appropriate conditioning shall be required for the test specimens to simulate these ¢gonditions.

NOTE 2  Such conditioning requires an appropridte’'time delay between connection construction ajpd testing to
ensyire that the service condition is replicated (this can be days or weeks).

8 |Test data

8.1 General

Thif document uses data-ebtdined from testing undertaken to relevant testing standards for nechanical
conpections. Test loading of connections is undertaken either in a linear form (i.e. lpad versus
displacement) or ancangular form (i.e. moment versus rotation). For the purposes of this|document,
moilent and rotation may be substituted for load and displacement respectively.

8.2 Testmethod

8.2]1~_ "Monotonic loading of connections

The test data shall be obtained from:
a) tests that follow the principles of ISO 6891;
b) testsin accordance with the ISO document relevant to the connection; or

c) astandard test method appropriate for the reference population provided equivalency factors with
the relevant ISO document can be established.

The selection of test variables shall be appropriate to the objectives of the testing, and can require
some adjustments specified in 8.3.

NOTE1 Test methods involve many variables that affect results including loading configuration and rates,
specimen positioning and measurement methods.

© ISO 2018 - All rights reserved 3
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The peak load for each test specimen in a monotonic test, Finax, shall be recorded (see Figure 1).

NOTE 2  Ifaclearyield point can be obtained, then the yield can also be recorded.
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a Displacement controlledg

Figure 1 — Monotonic test sequence

8.2.2 (Cyflic leading of connections

The test dqta’shall be obtained from:

a) tests that follow the principles of ISO 16670;
b) testsinaccordance with the ISO document relevant to the connection; or

c) astandard test method appropriate for the reference population provided equivalency factors with
the relevant ISO document can be established.

8.3 Test data compatible with product description

Where the characteristic value is applicable to a standard configuration and size or moisture content
of the connection components, adjustments to the test data can be required. Any adjustment shall be in
accordance with ISO 12122-1 and shall be detailed in the report.

4 © ISO 2018 - All rights reserved
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Failure modes

The failure modes obtained in the tests shall be recorded.

The data shall only be included in the analysis if it comes from a test in which the failure mode
appropriate to the property was obtained.

NOTE

The same test method can produce different failure modes on different products. The characteristic

value can be under-estimated or over-estimated by tests that produce failure modes that are completely different
to ones that the test method was intended to produce.

9 |Evaluation of characteristic values for structural properties
9.1 Structural properties
For|connections, the determination of the characteristic values for the structurdl propertied shall be in
accprdance with 9.2, 9.3 and 9.4.
The properties shown in Table 1 shall be calculated from the test data,
Table 1 — Characteristic values to be calculated
Characteristic value Mean 5th percentile 95th pearcentile
Stiffness va v /
Yie|d loadb v v
Mak load or ultimate load va 4
Ultjmate displacement va
Yield displacementb v v
a  |Mandatory characteristic to be calculated.
b |To be reported only if a clear yield point isestablished.
Thd characteristic value based on.the 95th percentile value is the upper single-sided 75 % |confidence
lim{t on a 95th percentile property and can be found by fitting data to a distribution using Fqrmula (1).
Ko,95,0,75 V
X0,95;0,75 =X0,95| LE5—=—— (1
whére
X0,95,0,75 s the 95th percentile value with 75 % confidence;
Xo,95 is the 95th percentile of the test data from a fitted distribution;
o s-a-multiplie ned in
Formula (2);
%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;
n is the number of test values.
k0,95;0,75 =—K0,05;0,75 (2)

where ko,05;0,75 is a multiplier to give the 5th percentile value with 75 % confidence, and defined in

ISO

12122-1:2014, A.2.3.

© ISO 2018 - All rights reserved
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9.2 Characteristic initial stiffness of the connection (monotonic loading)

The characteristic stiffness used for serviceability shall be evaluated in accordance with ISO 12122-1
using the mean value, taken as the average of the test values. In the case of its use in the ultimate limit
state, it shall be evaluated in accordance with ISO 12122-1 using the 5th percentile value determined
from the test results.

9.3 Characteristic stiffness of the connection (cyclic loading)

The average of the stiffness for both directions of loading may be used when the asymmetric
performange erRectionis-within20-%%5of-thetowe Hress—atae: re—eitererreetseyond
20 %, the gtiffnesses for the two directions and the evaluations shall be considered separately.

NOTE onnections can exhibit an asymmetric performance, particularly if the physical construction of the
joint is asymmetric.

9.4 Characteristic capacity of the connection

9.4.1 Ch‘[racteristic capacity

The 75 %
evaluated.

wer single-sided confidence limit of the test 5th percentile valyes of the test loads shalll be

NOTE Juitable methods for evaluating the 5th percentile value of the tést data and estimating the 75 % lqwer
single-sided confidence limit are presented in ISO 12122-1.

9.4.2 Teptload in monotonic tests
The test lofd, Fmayx, in each test shall be the maximum-load obtained in the test.

When the yield load has been evaluated in the test,:then the characteristic yield load for the connection
can be caldulated.

9.4.3 Testload in cyclic load tests

The test lofids for each test shall be.determined from the backbone curves for all of the first, second pnd
third cyclep in the test (Figure 2).

If the strudtural response in‘one direction is different from the other direction, then the characteristic
loads shall[be reported separately for each direction.

6 © ISO 2018 - All rights reserved
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-25

W N R <
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load, expressed in newtons
displacement, expressed in mm
first envelope curve

second envelope curve

third envelope curve

Figure 2 — Envelope curves traced from hysteretic data

Report
report shall comply with the requirements of [SO 12122-1.

specification of the source, species, density and relevant strength properties of
members, and the sampling and conditioning methods;

the sampling method shallindicate a response to each of the identified attributes of th
population listed in compliance with ISO 12122-1:2014, Clause 5 or otherwise impor
description of the reference population;

specification and’sampling of the fasteners including dimensions, and surface coating;

a description of the fabrication details (e.g., elapsed time between the fabricatio
predrilling'of holes, and tolerances);

he timber

b reference

fant to the

and test,

F fasteners,

a description of the joint geometry (e.g., dimensions of the joint members, number o

drrangement and spacing, details of the gaps between members) and the loading configlilration;

f)
g)

h)
)
j)
k)
D)

a test matrix showing the number of replicates for each test group;

a description of the test apparatus and a diagram of the test set-up with location of
devices, tolerances and any restraints;

the rate of specimen loading;
a statement of any deviations from this document;
areport of the sampling speed for data collection;

a description of the failure modes;

measuring

a description of the cyclic displacement schedule including the displacement rate (for cyclic tests);

© ISO 2018 - All rights reserved
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m) a plot of the hysteresis data (load-displacement or moment-rotation data), and tabulated envelope
curves, maximum loads, ultimate displacement, moisture content of the wood at the time of
fabrication and test, density and failure modes (for cyclic tests).

8 © ISO 2018 - All rights reserved
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Annex A
(informative)

Commentary

Commentarvon scone
Tty ) sld

Thi
eler

The
con

Thd
det

O TITIITCIY T oOTY

5 document presents methods for determining characteristic values for connectionsbetw
hents. It is to be read in conjunction with ISO 12122-1.

document presents a uniform methodology for the evaluation of characteristic valu
sistent with the characteristic values found for other structural timber products.

document does not establish methods for the determination of,-design values. The
brmined based on characteristic values from test data, but for connections will also i

applropriate safety factors to account for any or all of the following factors:

Expected changes in timber properties over a long period. These changes can be due tg
in timber resource quality, production methods or adhesives;

The complexity of the reference population. For example, where the reference popul
large number of producers who draw their resousce over a large area, then it is possil
sampling does not effectively reflect all possiblé.combinations of resource quality and
methods. In this way, it is possible that the sample is not truly representative, and a sz
may be applied to allow for that;

Variations in fabrication of the connections. These variations can include the presence oj
of timber characteristics (e.g. knots-or finger joints) in the vicinity of the connection; or

Anticipated variations in quality-control across the reference population in the future.

Ch

racteristic values presented’in this document relate only to the determination of chz

valuyies from the results of t€sts on full-scale connections. The ISO 12122 series has this com
However, in many cases,the characteristic properties for connections are found from calcul

mo
Thd

A.2
No

els that relate the pnoperties of individual fasteners to the properties of the assembled ¢
scope of this doeument does not cover these methods.

Commentary on normative references

Commeéntary.

een timber

bs that are

se may be
hcorporate

variations

ition has a
le that the
production
fety factor

frequency

racteristic
mon basis.
htion using
onnection.

A.3 Commentary on terms and definitions

No commentary (see ISO 12122-1).

A.4 Commentary on symbols

No commentary (see ISO 12122-1).

A.5 Commentary on reference population

Characteristic values can be taken to represent the properties of the connections from which the
sample was taken. The reference population is the definition of the parent population to which the

© ISO 2018 - All rights reserved
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characteristic properties are said to apply. ISO 12122-1 presents some general requirements for
definition of the reference population, but some other features are known to influence the structural
properties of connections:

The properties of the wood that is the basis of the connection may affect the properties of the final
connection. This means that the definition of the reference population should include all possible
sources of wood for the product. This also requires sampling across the full range of raw material
sources to ensure that the test sample is truly representative of the reference population. In some
cases, the timber elements may be standardized (for example, complying with ISO 8970) and, in
these cases, this is an essential part of the definition of the reference population;

content in service, this implies fabrication and testing at different moisture contents. The moisture
contents at fabrication and at test become important parameters in the definition of théreferdgnce
populdtion;

Whera the timber at the time of fabrication has a different moisture condition to its moisture

Limitafkions on the features in the timber permitted at or near the connection gatralso influgnce
connegtion capacity. These limitations (e.g. knot sizes and positions or finger joirits) shall be decldred
as parf of the definition of the reference population. Where a reference pepulation can be drawn
from timber that has a range of permitted features, they should all be represented in the test samiple;

End aj
Specif
refere

bns.
the

d edge distances, fastener spacings are critical in the strengthyof mechanical connecti
chation of the limits on these dimensions is an important/consideration in defining
ce population; and

The ch
the grz

aracteristics of the metal components in the connection'shall be fully specified. This inclydes

de of the metal, surface coatings and physical dimensions.

[SO 121221
of year can

1 refers to the period over which the product was manufactured. In some climates, the time

affect the properties of the raw materials offabrication processes in use.

The lists irf] both ISO 12122-1 and ISO 12122-5 are(examples, but the intent of Clause 5 is that anything
in the fabtication of the product that can afféct the structural properties shall be included in|the
description.

A.6 Commentary on sampling

Where the
processes,

are includdg

The list of

can be use
In particu
taken in s

reference population~of‘the connections includes a number of different manufacturer
care should be takénto ensure that all variations in raw material, and fabrication meth
d in the representative sample.

features to be-described in the reference population (from ISO 12122-1:2014, A.5, and |
| to deriyve.a sampling program that includes all of the variations in the reference populat
ar, whereva number of variations are included in the reference population, care shoulg
hmpling to ensure that the variations are not correlated. For example, if a range of €

|

5 Or
ods

A.5)
ion.
| be
dge

distances i fion

in edge dis

5 included, and a range of timber densities, then it is important to ensure that each varia

1 4] £oall e 1 | -l
dlILT IIdS tIIT TUITN T dllgt UL LIHHITUTT UTTISITITS.

Guidance on sample size can be found in ISO 12122-1.

A.7 Commentary on sample conditioning

For many connections in which the fastener is driven into the timber, a settling period is required. This
period allows for creep deformations around the fastener after it is initially driven and more accurately
represent the condition of the connection in service.

Samples must be stored so that the moisture content remains within the requirements for the reference
population. Where connections are fabricated in timber with high moisture content, but the timber

10 © ISO 2018 - All rights reserved
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