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Foreword

[SO (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 procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of ISO document should be noted. This document was drafted in accordance with the editorial rules of the
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Introduction

This document sets out a framework to establish the duration of load and creep characteristics of timber
structural products from test results on a sample drawn from a clearly defined reference population.

It is the intention that the document 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, the document alerts the user to the basic requirements for the determination of
consistent characteristic values. It permits the characterisation of duration of load and creep behaviour
based on testing of commercial sized specimens.

© IS0 2024 - All rights reserved
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Timber structures — Methods of test for evaluation of long-
term performance — Part 1: Wood-based products in bending

1 Scope

This document gives methods of determination of duration of load and creep factors under bending actions

at ambienty
0SB, plywq

[t presents

a)

b) establi
tested

c) anopt
enviro

NOTE1 1

factor is usq

NOTE2 1
these methd

2 Norm

The follow
requireme
the latest ¢

[SO 121221

3 Term
For the puj
ISO and IE
ISO On

determpining the duration of load and creep factors for new timber products,

lnmental conditions.

tEMperatures fora definmed population of Structurat timber products Suci a5 sotid t
od, particleboard, I-beams calculated from test values.

methods for

shing whether a previously defined set of duration of load and creep-factors can be 3
product, and

jonal method for establishment of sensitivity of duration of load and creep factors to

'his document is intended to apply to wood-based products.for which a duration of load factq
d in design.

'he effect of elevated temperature on the duration af\load factor and creep factor that is dd
ds for use with timber products can need additional consideration.

ative references

ng documents are referred to in theétext in such a way that some or all of their content
hts of this document. For dated feferences, only the edition cited applies. For undated
dition of the referenced document (including any amendments) applies.

1, Structural timber — Determination of Characteristic values — Part 1: Basic principles

s and definitions
poses of thigidoCument, the following terms and definitions apply.
[ maintainterminology databases for use in standardization at the following addresse

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

mber, LVL,

pplied to a

changes in

I or a creep

rived using

ronstitutes
references,

2]

3.1

IECEI 4 - alolal ot L/ 1 4 I L
[Sjoany Upttuld. dvdlldUIT dUIILLPS.// VW VW VW.CICL LI UPTUIA.UlL 57

characteristic value
value of a property taken to represent the property of a designated population using a process of sampling

Note 1 to entry: The sampling is as determined in accordance with ISO 12122-1.

3.2
creep

time-dependent increase of deformation of the material under a sustained load

© IS0 2024 - All rights reserved
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duration of load
cumulative total time during which a load acts on a member

3.4

linear creep
time-dependent increase of deformation, which is linearly related to the load level

Note 1 to en

3.5

try: Linear creep usually applies with low load levels.

non-linear creep
time-dependent increase of deformation, which is non-linearly related to the load level

Note 1 to en

3.6
service cls
class assig

Note 1 to en
under defin

Note 2 to en

4 Symb
Symbols dd

In addition|

SC1
SC2

kry: The service class system is mainly aimed at assigning strength values and for calculating d

try: Non-linear creep usually applies with high load levels.

1SS
ned to a structure based on the climatic conditions
bd environmental conditions.

try: The climatic conditions are according to EN 1995-1-1.

ols (and abbreviated terms)
fined in the relevant ISO product or test standard shall be used.

the following apply:

is the average creep recovery within 30.days of unloading
is the total force applied to the spécimen
is the fractional deflection aftetr 90 days

is the short term maximuim load applied in a single short-term test, where the term
a long-term test, it refers to the maximum load applied in the matched short-term t

number of specinten failures at the end of 90 days

critical ordénstatistic used to estimate the lower 5 % non-parametric tolerance linj
on the number of specimens under long-term load

is service class 1

I1s.service class 2

pformations

isused in
est.

1it based

SC3

is service class 3

is the stress level of a loading (%)

is time after loading in a long-term test

is time to failure in a long-term test

is the 5 % point estimate of the capacity of a short-term test group

is a deflection reading in a creep test

© IS0 2024 - All rights reserved
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is a deflection reading before a load is applied in a creep test

is a deflection reading 1 min after the application of a load in a creep test

is a deflection reading time, ¢, after the application of a load in a creep test

is the intercept on a plot of log; 4t versus S| to evaluate the duration of load factor
is the intercept of an S; versus ¢ plot (= ¢/m)

is the slope of an S| versus t plot (= 1/m)

is the minimum applied bending stress

is the depth of the specimen

is duration of load factor after time, t

is the test span in a bending test

is the span of the deflection measurement yoke used in shear-fregereep tests
is the slope on a plot of log; 4t versus S| to evaluate the duration-of load factor
is the deformation in millimetres

is the initial deflection measured 1 min after loading

is the deflection measured 30 days after loading

is the deflection measured 60 days after loading

is the deflection measured 90 days after loading

is the total creep deflection accumulated over the long-term load test

is initial deflection gauge reading prior to loading

is deflection gauge reading just prior to unloading

is the total creep deflection recovered within 30 days after unloading

is deflection gauge reading within 30 days after unloading

5 Referlence popiilation

The populs
shall refer¢

tion to-which the duration of load and creep factors apply shall be fully described. The
ence all of the attributes that may affect either the strength or stiffness and restrict tH

lescription

e pieces to

the groupi

a) reference to the relevant product standard or manufacturing specification;

b) species or species grouping;

c) design

d) sizeor

ation of grade of the product;

size range of the product;

e) moisture condition of the product at the commencement of the tests;

f) detail of any adhesives used in the product including method and time of curing;

g) treatment of the product; or

© IS0 2024 - All rights reserved
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in which the product was manufactured.

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

Where the reference population includes a range of products (e.g. different thicknesses), the population may
be characterised by testing the extremes of the range. Where the results of the extremes are significantly
different, some other tests may be required to determine the nature of the variation within the range.

6 Sampling

6.1 Sam

pling method

The sampl
reference |
shall be ap

The match
matched f4

The samp]
to ensure

representative sample.

6.2 Matq
Matched tdg

Matching i
groups thal
for the pur
process an

Where tw¢ matched groups are required,~specimens shall be matched in pairs (each specim

matched td

Where thr
matched td

The metho
The follow
a) Sidem
b) Endm

ng method shall aim to produce a sample that is representative of the variantsin
opulation that may affect the tested properties. The sampling shall minimise selectio
propriate to the purpose of the tests and the nature of the reference population.

ed short-term and long-term specimens shall be clearly identified and rmarked so thd
ce is loaded in both long-term and short-term tests.

ing method shall be documented. The documentation shall include details of the §
that each of the variants listed in the population as described in Clause 5 is incly

hed groups within a sample
st representative groups are required for comparative short- and long-term tests.

5 a technique that attempts to subdivide the initial sample population into two or mo}
L possess near identical distributional form.and scale for bending properties. Matching|
poses of testing for this document should be done with care, considering errors introdjy
d the characteristics of the material under test.

another specimen and shall be marked to enable the pair of matched specimens to be

be matched groups are required, specimens shall be matched in threes (each specim
two other specimens afidishall be marked to enable the three matched specimens to bg

d of obtaining matched samples shall be documented.
ng methods of matching groups of specimens may be used:
atching for'\products with sufficient widths (e.g. panels, SCL)

htchingfor width limited products (e.g. I-joists)

he defined
n bias, and

t the same

teps taken
ded in the

'e separate
specimens
iced by the

bn shall be
identified.

en shall be
identified.

c¢) MOEn

1atching for width and length limited products (e.g. solid timber)

6.3 Sam

ple size

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

Minimum sample sizes for short-term and long-duration tests are detailed in Clauses 9 and 10.

Materials with larger assumed or assigned population coefficient of variation, Cy, of the tested properties,

should hav

e a larger sample size.

© IS0 2024 - All rights reserved
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Some product standards can define a minimum number of tests that shall be undertaken to determine
characteristic values to be used with described products.

NOTE Annex A gives some guidance on selecting sample size.

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

Where characteristic valuesare to supportlimitstates (or LRFD) design, the sample size should be appropriate
for the statistical method selected to determine the 5th percentile value strength (full distribution or tail-
fit). However, where the data is used to support a full reliability design method, the sample size should be
appropriate to also enable the full statistical distribution of the property to be defined.

7 Sample conditioning prior to testing

Test specihens shall be conditioned prior to testing. The conditioning shall target moisture content that is
compatiblgd with the definition of the population and with the moisture conditions at’the commepcement of
the long-dyration tests specified in Clauses 9 and 10.

The test laporatory shall normally be maintained at the controlled environment; but when other|conditions
apply, they|shall be reported.

8 Bendjng tests
8.1 Testimethod

8.1.1 Gejneral

Subject to the requirements of 8.1.2 to 8.1.4, the test data shall be derived in accordance with an dppropriate
test methofd for the properties and for the reference’population.

For tests dn some product types, discrimination of results on the basis of failure mode can be required
to ensure [that the results are compatible-with objectives of the test program and the property being
determinegl.

Test meth¢ds involve many variables that may affect results including loading configuration|and rates,
specimen positioning and measurement methods. The selection of these variables shall be appfopriate to
the objectiyes of the testing ad may require some adjustments specified in 8.2.

8.1.2 Lopd location on'specimens
The load lgcations-on/the bending test specimens shall be at random locations.

There shoyld Be ho attempt to bias the test location.

NOTE Testat mid poSItion Of €acit SPECIMEN cam be Tegarded as randorn position tests.

8.1.3 Load configuration

Tests shall be conducted using load points at 1/3 of the span as shown in Figure 1. Lateral restraints shall be
used when necessary to maintain lateral stability.

Test specimens shall be cut to length as shown in Figure 1. The test spans shall be appropriate for the
materials tested:

a) for members loaded in major axis bending (edgewise) the span is generally in the range 18 to 25 times
the depth (h),

© IS0 2024 - All rights reserved
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b) for members loaded in minor axis bending (flatwise) the span shall be less than 48 times the depth (h)
and the specimen width shall not be less than 300 mm.,

The same span load positions and deformation measurement point and system shall be used for both short-
term and long-term tests.

- 1/3 | 1/3 | 1/3 -
F/2 F/2
20,5h < Jﬁ Jﬁ ., =0,5h
v
| - |
JZaN 2 JZa W
A i A
[
Ia
F/2 F/2

Key
2 Test sphn.

Figure 1 — Four-point bending test setup with apparent bending deflection measurement
Plates over supports to shall be of sufficient size to reduce crushing under a load of 0,5 of the average
maximum [load to less than 0,5 % of the central deflection., (This aims to reduce overestimafion of the
deflection measurements due to crushing under the loads afid over the reactions.)

NOTE The expected length of bearing to satisfy this condition will be close to the depth of the membef under test.
During the first static test, the deformation over the supports can be measured to verify that the conditipn has been
met.

8.1.4 Deformation measurements

The deformation measurement devicetshall have a resolution of 0,025 mm or 0,5 % of the deformation
reading nepr the end of the linear response, whichever is greater.

8.1.5 Reporting failure results

The results of a bending testshall be reported as the maximum load attained by the specimen.

8.2 Short-term tests

8.2.1 Lopdingrate

The loadingTateused i shortternr tests stratt target faiture imapproximatety i Fatturetodd shall not
be reached in less than 10 s nor more than 10 min.

NOTE Aloading rate of 0,003 x nominal thickness in mm/s is suitable for the testing.

8.2.2 Reporting

The results of each test shall include:

a) maximum load at failure;

b) moisture content of specimen;

)

orientation of the specimen;

© IS0 2024 - All rights reserved
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d) time to failure.

8.2.3 Reference loads

The results of the short-term load tests give the reference load used to calculate the load levels to be used in
the long-term tests:

— For long-term tests in accordance with Clause 9, the reference load is the average of the maximum loads
from all of the short-term test specimens.

— For long-term tests in accordance with Clause 10, the reference load is the lower 5 % of the maximum
loads from all of the short-term test specimens

8.3 Lonk-term tests

8.3.1 Lopding levels

Loading leyels shall be as specified in Clauses 9 and 10.

8.3.2 Initial loading rate

Long-term|load shall be gradually applied so that the period of loading is nglonger than 1 min.

8.3.3 Deformation measurements

Where deformations are measured in conjunction with long-term deflection models, thg mid-span
deflectiong shall be measured with reference to the supports along the same longitudinal lin¢ along the
member, ag shown in Figure 1.

If a shear-free creep is required, then it is possible &0 also measure shear-free deflection, ag shown in
Figure 2.

) 1/3 U 1/3 ‘I‘ 1/3 -
>0.5h 5 . hol/t i 0,5h
205h | | " | L | |ofz05h
' ! |
| _ ~
z~ \ 3 / 4
i A
[a
F/2 F/2

Key

[2 Test spam

Figure 2 — Four-point bending test setup with true bending (shear-free) deflection measurement

9 Evaluating new duration of load and creep factors

9.1 General

The procedure described in Clause 9 is based on the test method given in EN 1156. Its purpose is to evaluate
duration of load factors kj or creep factors k. from bending tests.

© IS0 2024 - All rights reserved
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Where testing is undertaken to evaluate the sensitivity of the product to changes in environmental
conditions, the tests presented in Annex B should be compared with those conducted using Clause 9 in a SC1
environment.

9.2 Sampling

9.2.1 Service class

The minimum sample size specified in 9.2.2 is for a single service class. The service class or classes to be

tested are chosen as the most appropriate considering the end-use of the material.

9.2.2 Sample size

The minimlum sample size is given in Table 1.
Table 1 — minimum sample size for evaluating duration of load or creep) effects
Test cases For duration of load tests For creep tests only Forboth creepland dura-
only tion of load tests
Single service class, 2 matched groups, each of |2 matched groups, each 6f~~|Two matched grdups, each
Linear creep expected 60 specimens 10 specimens of 70 specimens.[Altogether
(60 specimens short-term |(10 specimens for shépt- 140 specimens
test and 60 specimens for |term testand 10-sgecimens
DOL test) for creep test)
Single servijce class, 2 matched groups, each of |3 matched groups, each of |Two matched grqups, each
Non-linear creep expected 60 specimens 10 specimens of 70 specimens §ind three
(60 specimens short-term |(10 spe€imens for short- matched groups,|each of
test and 60 specimens for |ternitestand 10 specimens |10 specimens. Alfogether
DOL test) foftereep test atload level 1 |150 specimens
did 10 specimens for creep
test atload level 2)
Single service class, and sen- |3 matched groups, each'of |3 matched groups, each of |Three matched groups, each
sitivity with environmental |60 specimens 10 specimens of 70 specimens.[Altogether
change (60 specimens foryshort- | (10 specimens for short- 210 specimens
term test, 60 specimens term test, 10 specimens
for DOL tested at constant |for creep test at constant
humidity and 60 spec- humidity and 10 specimens
imens‘tested at cyclic tested at cyclic humidity)
humidity)
9.3 Spec¢imen conditioning
The specimens shall-be conditioned to the environment appropriate to the service class for the test:
a) SC1-20°Cand 65 % RH;
b) SC2-2072C and 85 % RH;

c¢) SC3-20°Cand95 % RH.

The reference condition is SC1 and if required, additional tests can be performed to evaluate performance
for SC2 and SC3 conditioning.

9.4 Tests

9.4.1 General considerations for short-term tests

The short-term tests specified in Table 1 shall be conducted in accordance with 8.1 and 8.2. F . shall be
recorded as the maximum load attained by each individual specimen.

© IS0 2024 - All rights reserved
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neral considerations for the long-term tests

It is assumed that the material creep performance is linear with respect to the load. If there is doubt about
this assumption, then creep tests shall be carried out at more than one stress level and this will require 10
additional test specimen for each additional stress level.

Place the second of the two matched test pieces on a creep test (or duration of load test) arrangement with
the same surface in compression as in the short-term static bending test.

Ensure that the climatic conditions are identical to those prevailing during the short-term bending test. The

climatic co

nditions during test shall be monitored continuously.

Add the load taking note of the starting time, t;,, and take care to avoid too rapid loading, especially at high

stress leve

toliz o frax 1o acard naaract aiaat

o Traxmaadia
STt

9.4.3 Lo

For the det
values in |
that the te
carry out 1
possible, e
tests, reco
shall contil

oy ading
eIy arcCT 1oauTirS; T o COT

ng-term duration of load tests

ermination of duration of load factors, carry out a series of tests with loadstorrespon
able 2. At least four stress levels shall be selected and the stress levels.shall be detg
5t results are adequate to appropriately evaluate the duration of load factor. At each g
0 tests. From the seventy or more test pieces, select each set of ten.test pieces such th
hch test piece within a set comes from a different production site-or production per
d the time to failure in minutes expressed to the nearest 1 %-0f the elapsed time, ¢
hue until at least 5 test pieces at each stress level have failed¢

Table 2 — Stress levels for long-term duration of load tests

ding to the
brmined so
tress level,
at as far as
iod. For all
. The tests

Ser

vice class Percentage of short term max load,F, . for each group of 10 specimen

7]

SC1(20°C

ind 65 %RH) 55 % 60 % 65 % 70 % 75 %

80 %

SC2 (20°C
SC3 (20°C

ind 85 %RH)

0
aind 95 %RH) 50%

55% 60 % 65 % 70 %

75 %

9.4.4 Lo

For the det
desired to

corresponding to 25

applied ma
of the aver

The use of
is linear v
materials

carried ouf

Carry out

ng-term creep tests

ermination of creep factors, carry out a second series of tests at a single stress level.
carry out this determination'of creep factor concurrently with the duration of load fa
% of F,,,,,, as détermined in accordance with 8.2.3, may be used. Alternativg

y correspond to the actural working load levels in practice. The applied load shall be the

scoelastic up2te’ levels applied. If there is doubt about the validity of this assumpti
br for higher-levels of relative humidity for example, additional series of creep tes

over a range of stress levels between 10 % and 40 % of F ..

heSeventy tests and additional 10 tests if more stress levels is necessary. Prior to load

piece, placg

b the deflection measuring instrument in place. Record the reading as "zero" deflectio

hge maximum load (stress level) of the matched short-term test results of 10 specimen|.

Where it is
ctor, a load
ly, the load
percentage

a single load levelfor the calculation of creep factor underlines the assumption that the material

bn for new
ts shall be

ng the test
D, a,, to the

nearest 0,01 mm for whichever method of measuring is used. Apply the test load and record the deflection at
midspan at 1 min after loading (a,) to the nearest 0,1 mm for whichever method of measurement is used. For

all tests, record the deflection, a,, as a function of time, t.
NOTE It is recommended that deflections are measured according to the schedule presented in Table 3.

Deflection shall be recorded to the nearest 0,1 mm. The duration of the creep factor test shall be at least
26 weeks and preferably 52 weeks. The duration of the loading period should be decided on prior to the start
of testing.
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Table 3 — Recommended deflection measurement schedule for creep tests

Event Time of measurement
h:min
No load deformation immediately prior to loading 0:00
After loading is complete 0:01
0:05
0:10
0:50
1:40
8:20
One day after loading 24:00
Each day after loading, ... 48:00, ...

9.5 Evaluation of test results

9.5.1 Du

The durati

ration of load factor

bn of load factor at a given time is defined as the ratio of the stress level that results i

that time, o the short-term bending strength.

The durati
The mean
test result
time to fai
specimens
stress leve

bn of load factor k, shall be determined by plotting the levelof stress against log;, tim
time to failure is calculated at each stress level for those test specimens which have
5 of the test specimens which have not failed shallkalso be included in calculating t
ure. In this case, the time to failure of those test.§pecimens is the duration of time o
from the beginning of loading to the end of thé.test. Calculate the linear regression
as the independent variable, to provide Formiila (1) of the form:

n failure at

b to failure.
failed. The
he average
F those test
line taking

logiot Fc—mSy, (1)
where

¢ is|the intercept on the vertical.axis;

m is|the slope;

S, isfthe stress level, inpercent;

t  is|the time to failure, in minutes (¢; - £y).
Formula (1)) is thendearranged to give the form:

S. =el- flogiot = kg, (2)
where

e=c¢/m

f=1/m

The extrapolated stress level for a particular life is then calculated using Formula (2) and expressed to three

significant

figures. An example for a 10-year life (log;yt = 6,72) is illustrated in Figure 3.
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Key
X
Y

mean t
stress |

The symbqg
k4 value at

k4 10y,

For separdte tests that are performed in the major axis and,minor axis bending, separate lod

factors are|

9.5.2 Cr

The creep
deflection:
in the lines
certain pef

me to failure in log;, min

evel in percent
Figure 3 — Determination of duration of load factor, kd’t, from test results

| k4 is related to the time of loading and service class to which it dpplies. An example of
10 years calculated from duration of load testing carried ourunder SC1 conditions is 4

5C1

also to be calculated.

pep factor

factor is defined as the ratio of the increase in deflection with time under load to the in
The value of the creep factor will therefore change with time under load, level of stres
r range), and climate. It is dimehsionless and a relative measure. Hence the creep fac
iod of time, ¢, is given by:

h predicted
s follows:

d duration

fitial elastic
sing (if not
for, k. for a

ke =4 (3)
C
(ay —ag)

where

a; is the total deflection, in millimetres at time, t, min;

a, is thexdeflection measure in, millimetres after 1 min of loading;

a is'the deflection measure, in millimetres of unloaded test specimen positioned in t]lne creep

testarrangement;
a,-ay istheinitial elastic deflection, in millimetres as measured after 1 min of load application.

The creep factor k_ is relative to the time of loading, service class to which it applies, as well as the level of
stress used in its determination. An example of a predicted k_ value at 10 years calculated from creep testing
carried out under SC1 conditions and at a stress level of 25 % is as follows:

ke10v sC1,25%

To determine for any one stress level the value of the creep factor at ten years, first calculate the mean value
of k. for the ten test specimens at different periods of time during the loading. Plot the log;, of the mean
value of k. against log;, time in minutes under load for each time period as illustrated in Figure 4.
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To determine an estimate of k. for the given load time, take the regression line through the measured points,
but excluding those below 10 min of loading. Then project to a time period corresponding to the time span
required. As an example, the derivation of k. at 10 years is illustrated in Figure 4.

Where the regression coefficient calculated on the data for loading times longer than 10 min, is not above
0,9, alternative mathematical models should be used to predict long-term deflection.

Key
X
Y

time u

logyp 0

Figure

Where sep|
of the cree

10 Confi

10.1 Gen

Clause 10
based prod

in this clayse is based on the test method given in ASTM D6815 standard specification for ev

duration o

q

J

NOTE

10.2 Sampling

nder load in log;, min
f creep factor

4 — Determination of creep factor k_at 10 years:from test results [Figure copie
EN 1156]

hrate tests have been performed in both longitudinal and transverse directions, sepa
b factor shall be determined.

rmation of duration of load-and creep factors

bral

1ses test results to confirm whether the duration of load and creep factors for a te
uct match solid timber'models for long-term strength and deformation. The procedur

[load and creep effects of wood and wood-based products.

ome appropriate products for these tests are defined in ISO 12465, ISO 16894, and ISO 22390

Loll b

] from

rate values

tted wood-
b described
aluation of

A populati

n £+ 4 pn ot ool o ramdaraley copa 1o d £y s nEgbizza o A okl oo
O OTtCStTTatCrrars—Strarr ot TarrtaoTnTy SampretTT Ot T Cpreserttatrv e protuttron—oTr T

f+the product

under evaluation. A sample consisting of at least 28 pairs of matched specimens (see 6.2) of the same cross-
sectional dimension shall be prepared into two groups, one for short-term bending tests, and the other for
long-term creep-rupture bending tests.

Additional sets of test specimens should be considered from the initial sampling if further testing is
contemplated.
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10.3 Tests required

10.3.1 Short-term bending tests

Short-term bending tests shall be conducted in accordance with 8.2 unless specifically noted otherwise.
Loads shall be applied in the product orientation that represents the intended use of the product.

For joist-form materials, the span to depth ratio shall be as specified in applicable test standards. The
minimum test specimen cross section shall be 60 mm in depth and 25 mm in width.

NOTE
21.

For solid timber sized products, span to depth ratios typically used for flexural tests range between 17 and

For sheath
whichever

Moisture ¢
content sh{

The sampl
PE) shall b

10.3.2 Lo

The test sdg
10.3.1.

After loading, the specimens shall be subjected to the constant’stress, as determined in accor

Formula (€

taken for ¢
the occurr
after the a
30, day 60
measurem

90 days. When a specimen failure occurs, time-to-failure shall be recorded.

Moisture d
Measurem
all the long
short-term

NOTE
environmer

The test 4
temperatu

a) notde

Ng-form materials, The test span shait be not 1ess than 48 TIMes Specimen thickness
is greater.

ontent shall be measured immediately after destructive testing. Measurement o
1l be in accordance with 1SO 3130.

e standard deviation and the lower five percent point estimate of the short-term test
e determined in accordance with ISO 12122-1 (X ¢5)-

ng-duration bending tests

tup for creep-rupture bending tests shall be the same as Short-term bending tests pr

) for a minimum period of 90 days. During this\period, mid-span deflection readin
ach test specimen in accordance with Figure 1, until the 90-day time period has elapg
ence of a failure. At a minimum, the deflection readings shall be taken at approxim4
bplication of the constant load (initial deflection), and at the end of 1 h, day 1, day 7,
and day 90. When better characterization of the creep rate is desired, more frequent
ents shall be taken. Additional deflection readings are required when the test exter

ontent of the long-term spetimens shall be measured at the termination of the long
ent of moisture content shall be in accordance with ISO 3130. The average moisture

test specimens.

onditioning the Short-term and long-term test material for at least 30 days in the anti
t conditions gefiepally provides conformity with the £2 % moisture content change.

Fe of the'test environment shall meet the following requirements:

crease more than 5 °C below the temperature at which the short-term tests were condj

r 600 mm,

f moisture

broup (5 %

bscribed in

Hance with

gs shall be

ed or until
tely 1 min
lay 14, day
deflection
ds beyond

-term test.
content of

-term test specimens shall not deviate more than +2 % from the average moisture content of all

Cipated test

nvironment temperature and relative humidity shall be recorded daily. The daily average

icted, and

b) atno time shall the test environment reach a temperature less than 0 °C.

NOTE

In experiments where the temperature falls below the limit prescribed in a) above, it can be possible to

demonstrate the validity of the data by continuing the experiment for an additional time period at least equal to the
amount of time the temperature was below the prescribed limit.

The specimens selected for these tests shall be tested at a constant stress level, f;, as determined in
accordance with Formula (6).

fo=10

,55x (5% PE)
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where
K minimum applied bending stress;
5% PE the lower five percent point estimate, as determined from the short-term bending tests in

10.3.1.

The creep rate, fractional deflection, Dg, and the total number of failures at 90 days (Ng) or greater shall be
used to evaluate the acceptance of the product.

10.4 Acceptance criteria

le to solid

The produ
timber if t}

a) adequ
b) decred
c) alimit
104.1 A

The total
5 % non-p4

Ngo <N

where:

Ny
N

C

For examp,
shall fail wi
criterion. 4
requireme
critical ord

If the num
additional
additional
parametri(
adequate s
number of]

|

le, if 53 specimens are usedsin the creep-rupture tests, N. = 2 and no more than ong

ct is considered acceptable for using the duration of load and creep factors applica
le following three criteria are all satisfied:

hte strength over the test duration,
sing creep rate, and

ed fractional deflection.

quate strength

mber of failures at 90 or more days shall be less than the c¥itical order statistic, N, d
rametric tolerance limit with 75 % confidence, as shown-inFormula (7).

C

number of specimen failures at the end ofthe 90-day test period;

the number of specimens under long-term load.

ithin the 90-day period (IVgy'2 1) for the product to be accepted as meeting the adequa
\lternatively, if 28 speciméns are tested, N, = 1, and no failures shall occur (Ng,

ht of this Clause is ngtymet and the number of failures at 90 days is greater than or e
er statistic (Ng, 2 N, the product under evaluation fails to meet the adequate strengt

per of failures@b 90 days is equal to the critical order statistic (Ngq = N ) defined in t
testing may be conducted. In this case the sample population shall be increased by s
set of matched specimens in accordance with 10.2 sufficient to allow the use of a |

ordersstdtistic. The additional specimens shall be tested for another 90-day test du
trength requirement of this Clause is met when, at the end of the additional testing, th¢

f the lower

(7)

critical order statistic used to estimate the lower 5 % non-parametric tolerance limit lhased on

P Specimen
Le strength
= 0). If the
qual to the
h criterion.

his Clause,
hmpling an
igher non-
ration. The
e combined

statistic (N

NOTE

sample populations, N, is as follows:

28
1

N

C

10.4.2 Decreasing creep rate

tical order

From ISO 12122-1, the order statistic for the lower 5 % tolerance limit with 75 % confidence, N, for various

10.4.2.1 All specimens that do not fail during the 90 days constant load time period shall show a decreasing
creep rate. To determine a decreasing creep rate, the change in creep deflection shall be calculated
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between a minimum of three equally spaced time segments. The change in calculated creep deflection shall
progressively decrease for each specimen. For the three equal time periods of 0 to 30 days, 30 to 60 days,
and 60 to 90 days, the decreasing creep rate can be expressed in Formula (8):

Ayg — A, > Agg — D30 > Agg — Agg

where

A

a

430, 4¢

(8)

initial deflection (measured 1 min after application of the load in accordance with

10.3.2);

0 4gy deflections measured on 30th, 60th, and 90th day, respectively.

NOTE §
segments) d

If the cree
be extende
segment(s)

NOTE y
Extending t
exhibiting t

10.4.3 Fr{

Fractional
shown in H

10.5 Retd

If a produc
of load or
Formula (6

If a produ
Formula (4

o better define the creep rate, additional segments with a shorter frequency (for examplg
an be used.

rate for a given specimen is not decreasing at the end of the 90-day period,the‘time g

six 15-day

eriod shall

d for a minimum of 30 additional days. The change in calculated creep ratefor the additional time

after 90 days shall progressively decrease relative to the preceding segment.

'he creep rate may fluctuate due to environmental changes in relative humidity or temperatire, or both.

he test beyond the 90-day period in a controlled environment may demonstrate that the produ
brtiary behaviour at the end of the time period.

ctional deflection, D,

deflection after ninety (90) days for each surviving'specimen shall not be greater t

ormula (9).
0. <20

zl

initial deflection (measured 1 min after application of the load in accordance with 1(

deflection measured on/S0t day.

st option

Cts were not

han 2,0, as

9

.3.2), and

| fails to meet theStrength criterion of 10.4.1, the product shall not be allowed to use t

e duration

creep adjustments for solid timber. A retest at any stress level lower than that specified in

) is not permitted to satisfy the strength criterion of 10.4.1.

Ct satiSfies the strength criterion of 10.4.1 in the original test at the stress level specified in

), bat'fails to meet either or both of the deflection-based criteria of 10.4.2 and 10.4.3,

proponent

e product

shall be allowed to conduct a retest at a reduced stress level. The reduced stress leyel shall be

defined by the user. The user shall be permitted to repeat this procedure until the acceptance criteria of 10.6
are satisfied. However, if a product fails to meet the strength criterion of 10.4.1 during any retest at a stress
level less than that specified in Formula (6), the product is not allowed to use the duration of load or creep
adjustments for solid timber and no further retesting shall be permitted.

10.6 Acceptance criteria for retest at lower stress level

The acceptance criteria for the retest(s) shall include the three acceptance criteria from 10.4 and the
additional requirements specified in this clause.
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10.6.1 Average fractional deflection

The average fractional deflection after 90 days shall be less than or equal to 1,6.

10.6.2 Average creep-recovery

The average creep recovery within 30 days of unloading shall be greater than or equal to twenty percent

(20 %), as shown in Formula (10).

A — A
CR:ﬁ: —MEO,ZO (10)
A (A-4y)
where:
Cr creep-recovery, unit-less;
A, the total creep deflection recovered within 30 days after unloading, mnj;
Vi the total creep deflection accumulated over the long-term load test, mm;
4, deflection gauge reading after 1 min of loading, mm,
4; initial deflection gauge reading prior to loading, mm;
A, deflection gauge reading just prior to unloading, mm;
4, deflection gauge reading within 30 days after unleading, mm.

10.6.3 Avprage residual strength and stiffness

The specimens from the long-term loading retest shallhe tested in short-term bending in accorflance with

10.3.1. Theg average residual strength and stiffness.of the test specimens shall be greater than pr equal to

ninety perg¢ent (90 %) of that measured in the short-term bending tests.

NOTE The selection of the reduced stress level is defined by the user, and is a careful selection with the desire to

assure that the product can meet all six acceptarnce criteria (see 10.4.1, 10.4.2, 10.4.3, 10.6.1, 10.6.2, and 1(.6.3).

10.7 Interpretation of retests

If the retegt proves that the product meets all the acceptance criteria defined in 10.4 and 10.6 as|applicable,

all time-dependent membeyr-and connection properties shall be reduced by the percent change in ftress level

used in the retest(s).

11 Test report

As a minimjumjthe report shall include the following information:

a) areference to this document, i.e. ISO 24322:2024.

b) Description of the reference population, including species, grade (or grade combination), specimen
geometry, and grain orientation, moisture content and other specific process parameters involved in its
manufacture.

c) Description of the sampling and matching protocol used.

d) Descriptions of the test equipment, test methodology, reference to material test standards used.

e) Description and frequency of calibration procedures.

f) Records of test environmental conditions for short-term and long-term tests.
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