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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
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Introduction

Prefabricated wood-based I-beams are being produced in many countries under different national standards
and these products are being exported from one country to another. While the national standards have many
similarities, there are also many areas of dissimilarity. Consequently, there is need for the development of an
Internat|onal Standard to estabhsh conS|stency between these standards to ensure the suitability of

: ] ' f ' ' ] nahufacture or
cou 1try of end use. It is mtended that the development of this part of 1ISO 22389 WI|| have value|to industry,
consumers, governments and distributors.
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Scope

part of ISO 22389 specifies the requirements for prefabricated wood-based I-beams used 3
hbers in bending applications.

ves procedures for establishing and evaluating structural capacities of prefabricated wood-bas

cedures for establishing common details are given and certain end=use considerations speci
bd [-beams are itemized.

bd-based I-beams tested according to this part of 1ISO 22389 are intended for use und
Hitions and utilize components that are able to resist the effects of moisture on structural perfo
bnstruction delays or other conditions of similar severity; but are not intended to be permanen
e weather.

part of ISO 22389 is not applicable to fire _performance, formaldehyde requirements an

E Procedures set out in this part of 1SO 22389 are applicable to I-beams defined by a st
ufacturer's specification that includes requirements for the flanges, webs and bonding, and produc
ding ongoing conformity assessment.

part of ISO 22389 does not purport to address all of the safety concerns, if any, associated w
e responsibility of the user. of this part of ISO 22389 to establish appropriate safety and heal
determine the applicability of regulatory limitations prior to use. A specific precautionary
nin5.1.5.

Normative references

following“vreferenced documents are indispensable for the application of this document,
rences;~only the edition cited applies. For undated references, the latest edition of the
iment (including any amendments) applies.

s structural

bd I-beams.

capacities considered are shear, moment, stiffness, bearing, andCflange tension and compression.

ic to wood-

er covered
rmance due
tly exposed

0 biological

andard or a
ion controls,

th its use. It
th practices
tatement is

For dated
referenced

ISO

20152-1, Timber structures — Bond performance of adhesives — Part 1: Basic requirements

EN 789, Timber structures — Test methods — Determination of mechanical properties of wood based panels

ASTM D2915, Standard Practice for Evaluating Allowable Properties for Grades of Structural Lumber

ASTM D5456, Standard Specification for Evaluation of Structural Composite Lumber Products

© 1SO 2010 — All rights reserved
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3 Terms and definitions

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

3.1

prefabricated wood-based I-beam
structural member manufactured using sawn or structural composite lumber flanges and structural panel webs,
forming an “I” cross-sectional shape, bonded together with a structural wood adhesive that possesses the
moisture resistance suitable for the conditions specified

NOTE 1

These members are primarily used as joists in floor and roof construction.

NOTE 2
due to cons

3.2

characterigtic strength and stiffness

population
stiffness va

3.3
structural ¢

t%uction delays or other conditions of similar severity, but not permanent exposure to the weather.

uitable moisture resistance means resistance under covered conditions and possible exposure to'moi

bth percentile strength value at a 75 % confidence level or the 50th percentile] (mean) for ben
ue when determined using the test specified in this part of ISO 22389

composite

suitable for|the conditions specified and intended for structural use in dry-service conditions

NOTE 1

NOTE 2
due to const

4 Materials

4.1 Flange stock

When the flange material is structural~composite lumber, the following properties shall be determine
accordance with ASTM D5456 or EN-789:

a) modulys of elasticity;

b) tension parallel to graif;

c) comprgssion parallél to grain;

d) comprgssion\perpendicular to grain.

NOTE Netionat-stendards-orgeverning-codes-can-be-appleable-to-ai-flange-materiak

composite lumber
f wood elements bonded with a structural wood adhesive that possesses the moisture resist3
xamples of wood elements include wood strands, strips, veneer'sheets or a combination thereof.

uitable moisture resistance means resistance under covered conditions and possible exposure to moi
uction delays or other conditions of similar severity, but\not permanent exposure to the weather.

sture

Hing

nce

sture

d in

End joints in purchased flange stock are permitted, provided such joints conform to the general intent and 5.8.

4.2 Web

material

Web materials covered by this part of ISO 22389 are intended for end-use conditions specified in the Scope

(third parag

NOTE
governing co

raph) and 3.1, Note 2.

des can be applicable to web materials.

Manufacturing or performance standards of wood-based panels recognized by national standards or

© 1SO 2010 — All rights reserved
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4.3 Adhesives

Adhesives used to fabricate components as well as the finished products shall conform to ISO 20152-1.

NOTE National standards or governing codes can be applicable.

5

5.1

Pro

Product evaluation

General

juct evaluation shall be conducted for establishing the characteristic capacities of \p

wodd-based I-beams for use in building design. In addition, product evaluation shall be conducte
conmmon I-beam details since they often influence the I-beam characteristic capacities.

5.1.

1 Sample size

The|l number of specimens specified in this part of ISO 22389 is a minimum-The use of a large
san]ples may be evaluated using ASTM D2915 or an applicable International;Standard™).

5.1.

P Specimens

Materials and fabrication procedures of specimens shall be as typical of intended production
obtgined at the time of manufacturing the specimens. Specimens shall be tested at indoor ambierit laboratory

con

Itis

5.1.

ditions, which shall be reported.

B Test accuracy

Tests in accordance with this part of ISO 22389 shall be conducted in a machine or apparatus cali
errar not exceeding £2,0 %.

5.1

A Test methods

Methods generally applicable\to the full-size I-beam tests required in this part of ISO 22389 shall ¢
follgwing:

the methods are.applicable to both product evaluation and quality control;
load rate shall be as specified in the following subclauses;

delays-between load increments are not required.

5.1.6—TFest-safety

refabricated
i for certain

" number of

as can be

recommended that preliminary tests be conducted to'aid the selection of representative specimens.

brated to an

onsider the

All full-scale mechanical tests are potentially hazardous and appropriate safety precautions shall be observed
at all times. Appropriate lateral restraint shall be provided at all times during full-size I-beam tests to prevent

late

ral buckling.

1)

©IS

It is intended to develop an International Standard on the evaluation of characteristic values for structural

O 2010 — All rights reserved
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5.2 Characteristic shear capacity

5.21

part of ISO 22389.

Characteristic shear capacity shall be established from test results obtained in accordance with this

5.2.2 Web factors that influence characteristic shear capacities and include web type, thickness, orientation,
grade, web to flange joint and joint type in web (machined, butted, glued or not, reinforced), shall be tested in

accordance

5.2.21

in a proposed grouping is first established by test. Flange stiffness influences characteristic shear capacities.

with this subclause.

Each combination of these web factors shall be tested separately, unless the critical combination

5.2.2.2
shall be tes

5.2.2.3
lumber flan
beam.

5.2.2.4
lumber flan

5.2.3 For
each criticq

102 mm dg¢pth increments in between. If the installation of spetific reinforcement, as defined in

manufactur
a series of
which does

5.2.4 Spegcimen length shall be that which usually produi¢és failures in shear and shall not extend past §

bearing suq
instead of
horizontal d
NOTE T

525 On
the face of

5.26 The

loads of equial distance from.the centre span. Load pads shall have a sufficient length to prevent local failu

If a range of flange sizes is intended to be used with a given combination of web factors, all's
ed unless all values are intended to be based on tests with the least stiff flange.

When it is intended to group a range of species or grades of either sawn or structural compg

I-beams with structural composite lumber flanges shall be tested separately from joists with s
jes.

each web factor combination identified in 5.2.2, a minimum of\d0 specimens shall be testeq
| joist depth. Critical joist depths are minimum and maximum/product depths with approxin

br's handbook, is required at a certain depth to maintainkproduct performance in the progressid

depths within a combination, the product shall be tested at this depth plus the adjacent dg
not require specific reinforcement.

port by more than 6,4 mm. The bearing length shall be adequate to usually produce shear fa
a bearing failure, but shall not exceed“102 mm, unless justified. There shall be a minin
istance of 1 1/2 times the joist depth.between the face of the support and the edge of the load

[ypical I-beam failure modes are shown'in Annex B.

he support or half the distahce between the support and the load pad.

load shall be applied’/to the top flange either as a single-point load at centre span or as two-

zZes

site

jes, preliminary tests shall be conducted to determine which is critical to the performance of the I-

awn

for
hate
the
n of
pth,

ach
lure
hum
bad.

one end of the specimen, a vertical web joint, if used, shall be located approximately 305 mm from

oint
re.

5.2.7 The load shall be-applied at a uniform rate, such that anticipated failure occurs in not less than 1 min.
5.2.8 Any required web reinforcements shall be installed at supports. When required to prevent failure [at a
load point, pdditional reinforcement shall be installed, provided such reinforcement is not wider than the |oad
pad.

5.2.9 Ultimate load and mode of failure shall be recorded in addition to product and test set-up descriptions.

If any specimen fails in bending, the data shall be excluded. However, for purposes of evaluating
characteristic shear capacities, bearing failure may be considered a mode of shear failure.

5.2.10 The dead load of the specimen shall be included in the ultimate load calculation, when specified by
the producer.

5.2.11 Mean ultimate shear capacities of an I-beam series or selected grouping of series shall show a linear
increase with increasing I-beam depth. A linear regression analysis of the mean values shall have a
coefficient of determination, 2, of at least 0,9, or the specified tests of 5.2.3 shall be repeated. If the second
test set fails to meet the criteria, all depths which have been skipped shall also be tested.

© 1SO 2010 — All rights reserved
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5.2111 Data from joist depths where failure is web buckling shall be excluded from the
analysis, if

a)

b)

including the results causes failure to meet the criteria of 5.2.11, or

the producer determines the reduction in regression line slope to be unacceptable.

In either case, all depths greater than the shallowest excluded shall be tested.

regression

Depending on joist details and material, there is some depth where web buckling appears as a mode of failure.
Further increases in depth will result in consistent web buckling, and at some point, the ultimate shear

cap

5.2.
nec

5.2.
sarm

hcities will be reduced compared to shallower joists.

11.2 When it is intended to evaluate no more than three depths, the regression-analysis is not

bssary; nevertheless, each depth shall be tested.

12 Characteristic shear capacity of the product shall be limited to that calculatéd by taking i
ple size, test result variability and reduction factors. Data from tests at different joist depths inc

regression analysis are permitted to be combined to obtain a pooled estimate-of variability.

5.2.

12.1 When combining data, the mean shear capacity, P, for,depth, 4;, shall be calcu

hto account
uded in the

lated using

Equation (1):

P, =A+Bd; (1)
whdre 4 and B are intercept and slope of Equation (1), respectively.
5.2/12.2 Where too few depths are involved for correlation in 5.2.11, the tests fail the regressiop criteria, or
depths are excluded from the correlation, test data* shall not be combined and each such depth shall be
evaluated separately.
5.2/12.3  The coefficient of variation, €, ;, of each individual depth tested shall be calculated using
Equation (2):

S
Cy == 2
Vi Pi
whdre P and S; are thecmean and standard deviation of the data from each depth tested, respectiyely.
Thej coefficient of variation of the combined data sets, C, shall be calculated using Equation (3):
z 2
D =1 Cp 21
CV - ‘ i=1 y (3)
V D =
i=1

where

n; is the number of tests for each depth, d;, tested and included in the regression analysis;

J is the number of depths included in the regression analysis.
Also, the summation is from i =1 to J.
© 1SO 2010 — All rights reserved 5
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52124

Py =P,

where

K
an

The characteristic shear capacity, Pg, shall be calculated using Equation (4):

—KxCp X Py

applicable International Standard™)];

400

5.7
is
evi
5.2.12.5

criteria of 5
capacity, P

where the f

5.3 Char

5.3.1 Gen

5.3.1.1
prefabricatsg

characterisfic bearing capacity evaluation procedures meeting the intent of this part of ISO 22389. If reqy

by national
requiremen

NOTE T
Clause 4. Ng

5.3.1.2
(type, orien
and grade),

5.3.1.21
critical com

-1 2.2,
the coefficient of variation of combined data from Equation (3) or Equation (2), when any'dep

hluated alone.

J
When data are combined, the factor, K, shall be based on a sample size N:Zni —J . When
i=1
.2.11 are not met and for depths excluded from the regression analysis, the characteristic s
, shall be computed separately for each such depth using Equation (5).

i —KXCV,iXI_’i)
hctor K shall be based on a sample size of ;.

acteristic bearing capacity

eral

This subclause provides procedures./for establishing the characteristic bearing capacitie
d wood-based I-beams. This subgclause does not preclude the development of alternd

standards or governing codes, documentation showing equivalency to each of the evalug
s in this subclause shall be provided.

[his subclause was developed in the light of manufactured products, produced from materials defing
w materials can require-new or revised procedures to provide comparable levels of safety and performan

Factors that dnfluence characteristic I-beam bearing capacities, including bearing length,
ation, thicknéssand grade), rout geometry, adhesive type, joist depth, flange (type, size, spe
and web stiffeners (see 5.3.7), shall be tested in accordance with this subclause.

Eacheombination of these factors shall be tested separately according to 5.3.1.4, unless
binpation is first established by test.

(4)

is the factor for 5th percentile with 75 % confidence for a normal distribution [from ASTM D2915 or

is the ultimate mean shear capacity from Equation (1) or the mean of any depth in accordance with

his

the

near

()

b

5 of
tive
ired
tion

d in
Ce.

web
cies

the

5.3.1.2.2
joists with s

5.3.1.3

5.3.1.4

Joists with structural composite lumber flanges shall be tested and analysed separately from

awn lumber flanges.

Testing for both end and intermediate bearing capacities shall be undertaken and analysed as
independent test programmes.

The minimum sample size for either an end or intermediate bearing capacity evaluation

programme shall be 40 for a series of I-beams with the same materials except for the joist depth. The test
specimens shall be evenly divided into groups which represent the extremes of bearing length and joist depth
for evaluation. Extrapolation beyond the tested extremes of bearing length and joist depth shall not be
permitted. Bearing lengths less than 38 mm are not recommended due to concerns regarding construction
tolerances and building code requirements.

© 1SO 2010 — All rights reserved
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5.3.1.5 End and intermediate bearing capacity evaluations shall follow either the “default” or
“regression-based” procedures. Any data set that does not support the minimum coefficient of determination,
2, requirement for a “regression-based” evaluation shall be re-analysed as a “default” evaluation.

5.3.1.5.1 A “default” evaluation shall be conducted by testing independent groups at the extremes of
bearing length and joist depth intended to be evaluated. Additional test groups may be added to the
programme, provided the minimum sample size in each additional group is 10 and the minimum sample size
for the entire I-beam series is 40. Each group shall be analysed independently to determine a characteristic

value using the procedures of 5.3.4.

NOTE

The following represent typical default test programmes that would meet the minimum sampli

ng criteria to

eval
a)
b)

c)

5.3.
fung
dep
eac
of
the

with

Liate a joist series Tor end or iIntermediate bearing capacities:
four test groups with n» = 10 at the extremes of bearing length and depth to evaluate a range for both vari
two test groups with n = 20, when one bearing length is evaluated for a range of depths;

one test group with n = 40, when only a single bearing length and depth are evaluated.

1.5.2 In a “regression-based” evaluation, the characteristic I-beam bearing’ capacity shall
tion of bearing length. As a minimum, the test programme shall include the shallowest and d
hs that can be evaluated. At least three evenly spaced increments of bearing length shall be e
N joist depth tested. Provided the resulting regressions maintain a minimum coefficient of deter
,9 for each joist depth, they may be reduced to a characteristic value using the procedureg
Fegressions do not comply with this requirement, a “default” evaluation shall be conducted in
5.3.4.

pical regression-based test programme to establish end.or intermediate bearing capacity shg

Aty
six

mi

5.3.

5.3.

For
usu
tow
con
both
bety
pad
steq
locg
at a
bea

um joist depths that can be evaluated. The data for each depth shall be combined us

nfm
regIession to define the bearing strength as a function of bearing length at the extreme depths.

P Test methods

2.1 End bearing
end bearing, specimens shall.be tested according to either Figure 1 or 2. The test span shall b
blly produces end bearing( failures. In Figure 1, a single concentrated load shall be place
brd the test bearing. In Figure 2, the load shall be applied at the centre of the test span as eit
centrated load, as shown, or as two-point loads placed symmetrically about the centre of the te
Figures 1 and 2, the applied load shall have a clear distance of at least 1 1/2 times the jo
veen the inside face of bearing and the edge of the load pad. The load shall be applied via
at a uniform rate; such that anticipated failure does not occur in less than 1 min. Bearings shz

bbles;

be a linear
eepest joist
valuated for
mination, 2,
of 5.3.5. If
accordance

Il consist of

roups with n = 7 for each group. A minimum of three bearing lengths shall be tested at the maximum and

ng a linear

e that which
 off-centre
her a single
5t span. For
st depth, d,
h steel load
Il consist of

| blocks representing the tested end bearing length. The load pad shall be of sufficient lengt

the

setsup shown in Figure 2. Perforated knockouts (38 mm maximum diameter) shall be rand

to prevent

| failure dnder the load point. Additional reinforcement may be installed, when required, to prevent failure
load paint or non-test bearing. Such reinforcement shall not be wider than the length of the Joad pad or
ring‘surface. Load cells shall record the test bearing, but half the total applied load shall be appropriate for

ly located

within the joist specimen, as they would occur in application. Web-to-web joints may be randomly located
when characteristic shear capacity is evaluated using an independent test programme. Otherwise, a web joint
shall be positioned at the mid-point between the edge of the load and bearing plates.

NOTE Figure 1 allows for one overhang no longer than half of the test span. This set-up allows the joist to be turned
end-for-end to perform a second test, with the failed end as the overhang for the second test. Figure 2 allows for only one
test per specimen.

© 1SO 2010 — All rights reserved
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2154

AN /

a D

Key
d I-joist dgpth

F applied Ipad

a8  Test reaftion.
b Non-test| reaction.

NOTE Non-symmetric set-up allows for two end bearing tests per specimen.

Figure 1 — End bearing test set-up

F

L >154d

Key
d I-joist dgpth
F applied Ipad

a8  Test reaftion.

NOTE Symmetric set-up allows for one end bearing test per specimen.

Figure 2 — End bearing test set-up

5.3.2.2 Intermediate bearing

Specimens shall be tested according to either Figure 3 or 4. The test span(s) shall be that which usually
produces intermediate bearing failures. In Figure 3, the load shall be applied at the centre of the test span
through a steel load pad representing the tested intermediate bearing length. In Figure 4, the loads shall be
applied symmetrically about the test bearing through steel load pads of sufficient length to prevent local failure

8 © 1SO 2010 — All rights reserved
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under load points. For both Figures 3 and 4, the applied load(s) shall have a clear distance of at least 1,5
times the joist depth, d, between the inside face of bearing and the edge of the load pad. The load shall be
applied at a uniform rate such that anticipated failure does not occur in less than 1 min. Additional
reinforcement may be installed, when required, to prevent failure at a load point or non-test bearing. Such
reinforcement shall not be wider than the length of the load pad or bearing surface. Load cells shall record the
test reaction, but the sum of both reactions shall be appropriate for the set-up shown in Figure 3. Perforated
knockouts (38 mm maximum diameter) shall be randomly located within the joist specimen, as they would
occur in application. Web-to-web joints may be randomly located when the characteristic shear capacity is
evaluated using an independent test programme. Otherwise, a web joint shall be positioned at the mid-point
between the edge of the load and bearing plates.

|
|
21,54 |
|

d [-joist depth
F ppplied load

a8 [Test reaction.
b Non-test reaction.

Figure 3% Three-point intermediate bearing test set-up

1 1

21,5d

21,5d

N4 —] 4

Key
d T-joist depth
F  applied load

a8  Test reaction.
b Non-test reaction.

Figure 4 — Five-point intermediate bearing test set-up

© 1SO 2010 — All rights reserved 9
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5.3.2.3

Loads and modes of failure

Ultimate loads and modes of failure shall be recorded.

5.3.3 Data analysis

5.3.3.1

5.3.3.2

Each end and intermediate bearing evaluation data set shall be independently analysed.

Bending failures may be excluded from the data set. However, the minimum sample

provisions of 5.3.1.4 shall be maintained after any exclusion.

5.3.3.3
coefficient g

5.3.34
individual tqg
outlined in
which shall

NOTE [
minimum co
capacities ar

5.3.4 Spegific analysis provisions for a default evaluation

5.3.4.1
“default” ev

size

The mean, Pi, and standard deviation, S;, shall be calculated for each individual test group:
f variation, C;, for each group is defined in Equation (2).

The analysis of data from either a default or regression-based evaluation require‘the C, {
st groups to be combined into a single C, as part of the characteristic value derjvation proces
b.3.4 and 5.3.5, respectively. No combined C;, shall be less than the minimum-permitted, C;
be equal to 0,10 for an end bearing evaluation and 0,08 for an intermediate bearing evaluation

ue to the limited evaluation samples and lack of ongoing quality assurance~requirements, the sped
bfficients of variation, CV’
d were established based on industry data.

The combined coefficient of variation for an end or intermediate bearing evaluation data set
pluation, Cy, 4, shall be computed using Equation (6):

Jd
> i =1 Gy

i=1
Jq

Zni—Jd

i=1

= CV,min

is the sample size within-an individual test group;
is the coefficient(efvariation, Cy, for an individual test group;

is the minimum combined C) permitted (Cj p,, = 0,10 for end bearing, Cy in = 0,08
intermediate bearing);

is the(total number of groups tested in a default evaluation.

The

rom
5 as

min’

ified

min: are intended to provide a rational coefficient of variation for I-beam bearing

ina

for

5.34.2
computed u

Pg =P
where

P.

The characteristic bearing capacity Tor each tested group, Pg, In Klonewtons, shall be maivigually

sing Equation (7):

_KXCVvd Xf)i

is the mean bearing capacity within a tested group, in kilonewtons;

Cy 4is the combined C), for the default test programme from 5.3.4.1;

10

@)
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K is the factor for 5th percentile with 75 % confidence for a normal distribution based on the sample
size for the individual test group being analysed, »;. Values for this factor are given in ASTM D2915
(K'=2,104 for n; = 10) or may be specified by an applicable International Standard").

5.3.4.3 Characteristic bearing capacity for bearing lengths and joist depths between the tested groups
may be linearly interpolated. Extrapolation beyond the tested extremes of bearing length and joist depth shall
not be permitted.

5.3.5 Specific analysis provisions for a regression-based evaluation

5.3.5.1 Shear fajlures may be excluded from the data set provided the characteristic T-beam shear
cappcity is evaluated using a separate test programme and the sample size provisions ©0f,|5.3.1.4 are
maiptained.

5.3.5.2 Data sets that show different characteristic bearing capacities for different joist depth$ shall have
indgpendent linear regressions developed for each of the tested depths. Data sets that do not shpw different
chafacteristic bearing capacities for different joist depths shall have the data from-all of the tegted depths
combined into a single regression that covers the full range of depths included imthe evaluation.

5.3.p.3 Linear regressions shall be developed to define the relationship, between bearing length and the
chafacteristic bearing capacity using Equation (8):

Py, =A+Bxb, (8)
whgre
P, is the predicted ultimate mean bearing capacity;if’ kilonewtons;

is the bearing length, in millimetres;
A is the intercept of the best fit line fitting)the test data, in kilonewtons;
B is the slope of the best fit line fitting the test data, in kilonewtons per millimetre.

5.3.p.4 A combined coefficient of variation, C), shall be computed for each regressign equation
devgeloped using Equation (9):

‘]I'
> -E7,% ]

CV,r: i1 D = Cy,min 9)

Zi’li—]r

i=1

whdre

is the sample size within an individual test group;
Cyi is the C), for an individual test group;

Cymin is the minimum combined C; permitted (Cj i, =0,10 for end bearing, Cy i, =0,08 for
intermediate bearing);

is the number of tested bearing lengths combined into a single regression.
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5.3.5.5 Each regression from 5.3.5.4 shall be reduced to a regression using Equation (10):
Pg =P —KXCp X Py
where

Pg is the characteristic bearing capacity, in kilonewtons;

P

e

is the predicted mean ultimate bearing capacity (regression developed in 5.3.5.3), in kilonewtons;

Cy,is

K is

SiZ

(K

Standard?).

5.3.5.6

for bearing
joist depth,
programme
regressions
tested. Extr

5.3.6 Con
The compr
capacity de
and edge e

The compr

bearing capacity of the I-beam. Cansideration of the support material's compressive capacity as a fa

limiting cha

5.3.7 Web stiffeners

If a manufa
the samplin
of that for ¢
with fasteng
equivalent

he combined C, Tor the regression rrom 9.5.9.4;

the factor for 5th percentile with 75 % confidence for a normal distribution based on the’sar
‘]I'
e for the regression being analysed (Zni —J, ). Values for this factor are given(n’ASTM DZ2
i=1
Jl‘
=1,952 for Z”i -J, =18) or may be otherwise specified in an~applicable Internati
=1

lengths between those tested. In test programmes where tHe' bearing capacity does not vary
the single regression developed shall be applied to the fullkrange of depths tested. For those
s where bearing capacity is also found to be a function*of’joist depth, linear interpolation betw

may be used to determine the characteristic bearing capacity for joist depths between th
bpolation beyond the extreme bearing lengths and joist depths tested shall not be permitted.

npression perpendicular to grain

pssion perpendicular to grain capacity-of the flange material can limit characteristic beg
termined in accordance with 5.3.4.2.;:and 5.3.5.5 and shall be analysed separately. Lumber w
bsing of flange material shall be considered in the analysis.

racteristic bearing capacity should be accounted for in end-use applications.

cturer wishés-to establish characteristic bearing capacities with web stiffeners, testing shall fg
g, test méthods, and data analysis detailed above. Data analysis shall be conducted independe
haracteristic bearing capacities without web stiffeners. Web stiffener material and dimension, a
r size'and number, shall be clearly identified. Web stiffener details permitted in application sha
p‘those which were evaluated.

hple

915

bnal

The regressions developed in 5.3.5.5 shall be used to develop-the characteristic bearing capacity

with
test
een
ose

ring
ane

bssion perpendicular to grain.'capacity of the supporting material can also limit charactefistic

ctor

llow
ntly
ong
| be

5.4 Characteristic bending capacity

Characteristic bending capacity shall be determined either empirically from the results of full-scale I-beam
bending tests or analytically from the characteristic properties of flange materials.

NOTE
capacity, pro

12

vided the analytical bending capacity is confirmed by full-scale bending tests in accordance with 5.4.4.

Annex A contains an acceptable analytical method that can be used to determine the characteristic bending
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5.41 Test procedure

Bending tests shall be conducted on a span of 17 times to 21 times the joist depth, as shown in Figure 5.
Two-point loads shall be placed symmetrically about the centre and the spacing between such load points
shall be a minimum of one-third of the span. Joists shall be reinforced under the load points when necessary
to prevent local failure. Load rate shall be adjusted to produce failure in not less than 1 min. Maximum
bending capacity (moment) and the location of failure shall be recorded.

F/2 F/2

L/3 L/3 L/3

maximum permissible web hole
web stiffeners

bearing plate

oading plate

[-joist depth
fotal applied load
fest span

I NN C RN

Figure 5 — Third-point bending test set-up

5.4.2 Specimens

Specimens shallbe typical of intended production. I-beams made with different flange material, grade,
dimgnsion and,'species, combined with each web type, thickness and grade, shall be tested. When flanges
conjain endjoints, such joints shall be evaluated in accordance with 5.8, and all bending test spegimens shall
incliide atleast one joint in the tension flange located between the load points. When holes are allowed in the
wel] in-aecordance with 5.6.2, the maximum permitted hole shall be located approximately at the gentre of the
spah Sufficient hnnring Inngfh or reinforcement,or both shall be Inrn\/irlnri at supporis to previent bearing

failures.

5.4.3 Sample size and analysis for empirical test method
5.4.31 For empirical test method, a minimum of 28 specimens shall be required for each tested depth.

5.4.3.2 Testing shall be at joist depth intervals no greater than 76 mm, with a minimum of four depths
tested, including the minimum and maximum joist depths.

5.4.3.3 The mean I-beam bending capacity shall show a linear increase with increasing I-beam depth

squared. A linear regression analysis of the mean values shall have a coefficient of determination, 72, of at
least 0,9.
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5.4.3.4 If the manufacturer produces fewer than four depths, 53 specimens of each depth shall be tested,
but the requirement for a coefficient of determination shall not apply.

5.4.3.5 Characteristic I-beam bending capacity shall be based on the lower 5th percentile with 75 %
confidence.
5.4.3.6 Joist depths not tested shall be assigned characteristic I-beam bending capacity based on a

linear increase of the depth squared between values assigned at the nearest depths tested to either side of
the I-beam depth.

5.4.4 Sample size and analysis for analytical method

5.4.41 A minimum of 10 I-beam specimens shall be tested at each of the extremes of flange size,\flgnge
characterisfic tensile strength and joist depth.

NOTE This testing is considered necessary for any new product to confirm the overall performance-of the assenibled
components| This testing is also necessary to satisfy the requirements of 5.6.

5.4.4.2 Test set-up and procedures shall conform to the requirements of 5.4.1, excépt that loading nay
simulate urfiform load with load points spaced no greater than 610 mm on centre;.In’addition, the maximum
permitted web hole specified in 5.4.2 is optional.

5.4.4.3 The reason for failures below the calculated characteristic J<beam bending capacity shall be
carefully evpluated and further tests conducted.

NOTE Any specimen falling below the calculated characteristic I-beamJbending capacity indicates the possibility of
errors in manjufacturing, material selection or calculation.

5.5 Characteristic bending stiffness and creep

5.5.1 Test procedures

The tests df 5.4.4 or the first 10 tests at the-extremes of depth in accordance with 5.4.3 shall be use{d to
confirm cHaracteristic bending stiffness and evaluate creep characteristics. Centre span deflegtion
measuremgnts shall be recorded at a minimum of four increments to 0,7 times the characteristic I-bgam
bending capacity. Deflection measurements shall consider the potential crushing at the bearing.

5.5.2 Bending stiffness

Any equatipn that accurately-predicts the effects of both bending and shear deformation may be used. [The
equation shall be adjusted\when the mean of the ratios of test deflections at 0,47 times the characteffistic
I-beam bending capacity-load (determined from a least square line fitted through the data points), to preditted
deflection is more thah 1,0 + S/(N'2), where S is the standard deviation of the ratios of test to predifted
deflections pnd N-is\the total number of deflection tests conducted.

NOTE Theterm of S/(N'72) is used to account for test uncertainty by allowing for the upper confidence bound of the
mean. Usually, a required adjustment is applied only to the flange modulus of elasticity used in the equation. For stiffness-
limited applications of I-beams, the largest percentage of deflection is typically attributed to bending, and because of the
section geometry, the principal elastic modulus is that of the flange material. Therefore, the emphasis is placed on the
flange modulus of elasticity.

5.5.3 Creep

Two of the I-beam specimens shall be loaded to 0,1 times the characteristic I-beam bending capacity and
centre-span deflection readings shall be taken. For the purposes of this test, this loading is assumed to be
typical basic dead load (BDL). The specimen shall then be loaded to 0,7 times the characteristic I-beam
bending capacity for 1 h and deflection readings taken. The specimen shall be unloaded to BDL and deflection
readings shall be taken after 15 min. The specimens shall recover an average of 90 % of the total deflection
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from BDL to the end of the 1 h load period. Failure to meet this requirement is an indication of excessive
residual creep deflection that shall be considered in the product use recommendation.

5.5.4 Elastic properties
Mean values of the I-beam stiffness shall be used for the deflection calculations.
5.5.4.1 When flange modulus of elasticity cannot be obtained from tables of recognized values, it shall be

obtained from tests of the flange material used to establish characteristic I-beam bending capacity in
accordance with 5.4.4.

5.5.|4.2 When characteristic I-beam bending strength is determined in accordance with 5.4:3, the flange
modulus of elasticity shall be obtained from tables of recognized values or tests of the flangematetial.

5.5.4.3 Elastic properties of the web material, such as edgewise modulus of elasticity’and shear rigidity,
shall be obtained from an appropriate national standard.

5.6 Web openings and other considerations

5.6.1 General

Web openings, which affect I-beam performance, shall be evaluated\by testing.

5.6. Web openings

5.6.2.1 Holes which remove a significant portion of the web reduce characteristic I-beam she¢ar capacity
at that section of I-beam. Tests shall be conducted to* define such reductions for varying size|and shape
opehings. A minimum of five specimens of at leastithree depths encompassing the product ranjge shall be
tested for each depth/opening combination. Testispecimens and set-up may be the same as spegified in 5.2
withl an opening located between support and lead points and centred on a web joint, when web jqgints exist in
the product.

5.6.R.2 Maximum hole size, which can be located anywhere in the web, and spacing of myltiple holes,
whgn permitted, shall be tested using the test specimen and set-up similar to 5.2.

5.7 Flange tension tests

5.71 For flange materials that do not have characteristic values published by a national standard, tension
tests parallel to graib-shall be conducted on a gauge length (distance between grips), to which national
starjdards or goverhing codes can be applicable.

5.7.2 Whenflanges utilize sawn lumber or structural composite lumber of a length shorter than the standard
length recegnized by national standards or governing codes, the characteristic end joint spa¢ing for the
sanpleshall be documented for quality control purposes.

NOTE Foradditiomatmformatiomr o the characteristicend ot spacimy;See ArmeE X A

5.7.3 Testing speed shall be such that the sample target failure load would be achieved in approximately
1 min.

Failure load should not be reached in less than 10 s nor more than 10 min.
5.7.4 The minimum sample size shall be 53. The characteristic tensile strength shall be determined in

accordance with ASTM D2915 or other applicable International Standard!). The flange material variability
(coefficient of variation) and tension gauge length shall be reported.
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5.8 End joint tension tests
5.8.1 Adhesives used in end joints shall conform to the requirements of 4.3.

5.8.2 Tension tests parallel to grain on full-section joints shall be conducted on a standard gauge length
(distance between grips), to which national standards or governing codes can be applicable.

5.8.3 Testing speed shall be such that the sample target failure load would be achieved in approximately
1 min.

Failure load_should not be reached in less than 10 s nor more than 10 min.

5.8.4 The minimum sample size shall be 53. The characteristic tensile strength shall be determined ]rom
tests conducted on a gauge length (distance between grips) to which national standards or govefning cqdes
can be applicable. End joint coefficient of variation shall be reported.
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Annex A
(informative)

Analytical method for I-beam bending capacities

-1:2010(E)

A.1 Flange materials

Flange materials fall into one of the following three categories.

a) |Flanges utilizing a standard length of sawn lumber of a standard grade permitted by, the governing code
and lumber grading rules. The tabulated tensile strength parallel to grain value)F;, is asspmed to be
based on a gauge length published by a national standard for the country of-end use. End joints, when
used, shall be evaluated in accordance with 5.8.

b) |Flanges utilizing a standard length of sawn lumber or structural compesite lumber, but failing [to meet the
standard grade criteria of item a). Evaluation testing and analysis shall be in accordance wjth 5.7. End
joints, when used, shall be evaluated in accordance with 5.8.

c) |Flanges utilizing structural composite lumber or sawn lumber.in lengths shorter than a standard length
before end jointing. Evaluation testing and analysis shall:be\in accordance with 5.7. Specimens shall be
used to establish a characteristic (that is, average) joint.spacing as noted in Equation (A.1). Average joint
spacing in individual flanges in the evaluation sample "shall be not less than 75 % of the |established
characteristic joint spacing. The characteristic sjéint spacing, Lj in millimetres, establighed during
evaluation, shall be maintained in subsequent preduction:

L

whgre
/. is the total length of flange-in the gauge length for the evaluation sample, in millimetres;

NV is the total number-oftjeints in the gauge length for the evaluation sample.

NOTE It is possible-that'items b) and c) are not applicable for all countries.

A.2 Length adjustment

Thel length adjustment factor, K, is the lesser of 1,0 or the value computed using Equation (A.2):

Ly, .
Kp=Ks(—) <10 (A.2)
L

where

K, is the stress distribution adjustment factor [adjusts characteristic flange axial strength, F,, from

full-length constant stress (such as a tension test) to the reference bending stress condition,

Ky =1,15];

is the gauge length in millimetres. For A.1 a) utilizing flange strength, L, = standard lengt
by the governing code and lumber grading rules. For A.1 b) utilizing flange strength, L,
between tension tester grips. For A.1 ¢) utilizing flange strength, L, = distance between te

h published
= distance
nsion tester

grips. For A.1 a) and b) utilizing end joint strength, L, = minimum end joint spacing allowed in the I-

beam;
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L is the joist span = 18 times the joist depth, in millimetres;
z is the exponent for Equation (A.2) in accordance with Table A.1.

NOTE K| is not intended for use as an adjustment factor for specific application lengths. It is a modifier for
determining characteristic I-oeam bending capacity by depth [see Equation (A.4)].

Table A.1 — Exponent, Z, for Equation (A.2)?

CyP z
%
<10 0,06
15 0,09
20 0,12
25 0,15
> 30 0,19
@  Interpolation between tabular values is permitted.
b Coefficient of variation of the full data set based on a normal distributién, taken as not
less than the higher C), attained from the tensile strength of flange material or.end joints.

A.3 Chanacteristic compressive strength

The charagteristic compressive strength, F;, of the flange shall"be established by either using recognjzed
characterisfic compressive strength, testing the material in compression or testing the material in tension{and

assigning alvalue in compression in accordance with Equation (A.3):
F
F,=H;—< A3
ci ti Ft ( )

where

F; is [he published characteristic\tehsile strength for same species and size as tested pieces;

F, is [he published charagteristic value in compression for same grade, species and size as Fy;

Fy; is [he characteristiCtensile strength as determined in accordance with 5.7.
NOTE The publishedcharacteristic values are those established by the governing national standard or code.
A4 Anal|ytical I-beam bending capacities
In this method, the I-beam characteristic bending strength, M, shall be determined using Equation (A.4):

Mg =K Fg Anet y (A.4)

where
K, is the length adjustment factor, computed in accordance with Equation (A.2). The factor adjusts
flange material, F,, as a function of joist span and stress. Joist depth, tension test gauge length,
finger joint spacing and material or joint variability are utilized in determining X ;

Anet i the net area of one flange (excluding areas of all web material and rout);
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