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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.
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Introduction

This document was prepared in response to the growing interest in development of the strength
and stiffness of structural glued laminated timber (glulam) from the characteristic values of lumber
laminations.

Since its first introduction in 1890s, glulam has been used in timber construction for over 125 years
with excellent track record of performance. Many countries around the world, which have experience in
glulam construction, have various glulam production capabilities that are supported by methodologies
or ana]yt' al models for dt:lvp]npmpnf of g]n]:\m cfrpngfh and stiffness from the characteristic values
of lumber| laminations. This document reviews methodologies from Europe, the USA, AustraliafNew
Zealand, 4nd Canada that have successfully demonstrated their acceptance through years of ppractice
and end ukes.

This document does not cover all methodologies around the world and is not intended to-eXclude other
methodolpgies that can demonstrate their capabilities of correlating the analyticakresults with the
actual prqduct performance. This document will be updated with those additionalanethodologies when
their docymentation becomes available in the future.

This dOCleent promotes the understanding of the differences between méthodologies as a first step
toward an international harmonization in the process of assigning glulam characteristic values frpm
laminate properties.

vi © IS0 2019 - All rights reserved
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Timber structures — Glued laminated timber —
Assignment of glued laminated timber characteristic
values from laminate properties

1
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is document reviews the methodologies or analytical models that have been used to.d¢

umber laminations. The review is limited to the methodologies used in Europe,.the USA, |
w Zealand, and Canada as they represent different fundamental philosophies+ini these a
ult, the methodologies are not intended to be combined unless there is cleat’understand

fupdamental assumptions adopted by the respective methodologies.
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TE Detailed assumptions used by the respective methodologies are available from the standar
Bibliography.

Normative references

ere are no normative references in this document.

Terms and definitions

terms and definitions are listed in this document.

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

[EC Electropedia: availableat http://www.electropedia.org/

European methodelogies

14080 provides,three different routes for producer to classify the glulam and all of them a
properties in structural sizes. The glulam standard covers only properties related to nom
isture contebt-(in lamination, joint, and structural specimen tests, moisture content may b
fhout mandatory adjustments).

.1 .General

velop the

ength and stiffness of structural glued laminated timber (glulam) from the charactéristic properties

\ustralia/
reas. As a
ing of the

ds listed in

and [EC maintain terminological databases for use in standardization at the following addiresses:
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on the basis of geometrical data (e.g. cross-sectional sizes of laminations and layups) and material
properties (strength, stiffness and density properties of laminations and strength properties of

finger joints); or

from tests.

4.1.1 Timber

Timber is strength graded according to EN 14081-1.

©lI
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4.1.2 Related material properties

The characteristic strength, stiffness and density properties of glulam are verified either:

a) from classifications from layups and lamination properties (this route is a direct result of the

calculation procedure implemented in 4.3);

b) from calculations taking into account the cross-sectional layup and documented properties
boards and finger joints according to 4.3, or

c) from full scale tests according to 4.4.

of

The chardcteristic strength, stiffness and density properties may be declared by reference to a streng
class accdrding to Table 3 or 4 or to a manufacturer’s specific strength class. For glulam having
asymmetftical layup, “ca” should be added to the class name, e.g. GL28 ca. The class name_of resaj
glulam is marked by “s”, e.g. GL24 cs.

The charqcteristic bending strength should be valid for glulam with a depth h of\600 mm anc
laminatioh thickness of t = 40 mm. If the lamination thickness is less than 40 mm, the bending streng
may be mfiltiplied by k as given in Formula (1). For lamination thicknesses 40 mm'< ¢ < 45 mm, it is 1
necessary| to take any strength modification into account.

ﬂ 0,1
k=min t

1,05

where tis|the lamination thickness, in mm.

The chargcteristic tensile strength parallel to the grain should be valid for glulam with depth h
600 mm 1‘ width b of 600 mm.

The characteristic tensile strength perpendicularto the grain should be valid for glulam with a stress
volume 0f]0,01 m3.

The 5 %-ffactile of a shear modulus or a medulus of elasticity should be estimated from the mean va
by applying the ratio of Gy /Gy mean =.3¢6 and Eq 4 1/Eq g mean = 5/6, respectively.

For glulam members made of at(east 10 laminations the product (E,y Gg)) may be increased b
factor k =[1,40.

For rectafgular glued laminated timber with depths in bending or widths in tension less than 600 nj
the charagteristic valugs for f;, . and f, , , may be increased by the factor k;, given by

@ 0,1
kj, =min |\ A

rth
an
vn

| a
rth
hot

(1)

of

ed

ue

 a

1,1

where h is the depth for bending members or width for tensile members, in mm.

4.2 Verification from classification of standardised beam lay-ups and lamination
properties of glued laminated timber

4.2.1 Properties of the boards

The requirements of the boards given in Table 1 should be fulfilled. The essential material propert

ies

needed for the EN 14080 model are tension strength, modulus of elasticity, and density of the unjointed

laminations and further finger joint tension or bending strength (see Table 1). Laminations up

to

T-class T18 can be graded visually according to several European grading standards and then assigned

2 © IS0 2019 - All rights reserved
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to T-classes, provided the respective classification reports on the basis of EN 384 exist. (issue of flatwise
and edgewise bending needs to be addressed).

In case no information exists, the effort to group laminations based on tension tests according to
EN 408 into a certain T-class (similar as for C class) is

— 40 specimens from 5 growth areas: no reduction in evaluation, based on mean of the 5 % quantiles
of all 5 samples or 1,2 times of the sample with the lowest 5 % quantile (the lesser value is relevant)

— 40 specimens from 3 growth areas; penalization by factor of 0,89

—| 40 specimens from 1 growth area; penalization by 0,77
Table 1 — Characteristic strength and stiffness properties for T-classes in N/mm?and densities
in kg/m3 for boards or planks for glued laminated timber,
T-class of boards? fro1k E¢ 0.1 mean PLk
T8 (C14) 8 7 000 290
T9 9 7 500 300
T10 (C16) 10 8000 310
T11 (C18) 11 9000 320
T12 (C20) 12 9500 330
T13 (C22) 13 10 000 340
T14 (C24) 14 11 000 350
T14,5 14,5 11 000 350
T15 15 11 500 360
T16 (C27) 16 11 500 370
T18 (C30) 18 12 000 380
T21 (C35) 21 13 000 390
T22 22 13000 390
T24 (C40) 24 13500 400
T26 26 14 000 410
T27 (C45) 27 15000 410
T28 28 15000 420
‘F30 (C50) 30 15500 430
a2  The C-classes according to EN 338:2009 meet at least the required values of the respective T-classeq.
4.2.2 Strength of finger joints
Thie declared or necessary finger joint strength values depend on the different glulam clasification
approaches.

— For classification approach (A), fixed values need to be met.

— Forclassification/verification approach (B),i.e. the calculation method, valuesin a certain bandwidth
can be declared.

The required characteristic values of the flatwise bending strength of finger joints f, ; , in laminations
for glulam classification approach (A) should be taken from Table 2 or 3. If the finger joints are tested in
tension the required characteristic value of the tensile strength of finger joints should be taken as

frojk =fmjx /1.4 (3)

© IS0 2019 - All rights reserved 3
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4.2.3 Beam lay-up and strength class

Provided the beam lay-up is in accordance with Table 2 or 3, the glulam fulfils the requirements of a
strength class given in Table 4 or 5.

The zones of the cross section are defined in Figure 1.

Key

outer zone of laminations

possible intermediate zone
of laminations

inner zone of laminations

possible intermedidte zone
of laminations

outer zone oflaminations

Figure 1 — Example of a beam lay-up of combined glulam

— For cpmbined glulam, the outer zones of lamination grades (see Figure 1) should be at least the
propdrtion given in Table 2, but atdeast two laminations for glulam with more than 10 laminatigns
and af least one lamination for glulam with up to 10 laminations.

Table 2 — Beam lay-up of combined glued laminated timber and minimum values for bending
strength of finger joints in laminations in N/mm?

Glued Outer zones,of laminations Intermediate zones of lamina- Inner zone of laminations
laminategl tions
timber
Strength| | Strength | Propor- Strength | Propor- Strength | Propor-
class class tion Sk class tion Sk class? tion Sk
[%] [N/mm?] [%] [N/mm?] [%] [N/mmf]
GL 20c T13 2x33 21 — — — T8 34 18
GL 22c T13 2x33 26 — — — T8 34 18
GL 24c T14 2x33 31 — — — T9 34 19
GL 26c¢ T16 2x33 34 — — — T11 34 22
GL 28c T18 2x25 37 — — — T14 50 28
GL 28c T21 2x17 36 — — — T14 66 26
GL 28c¢ T21 2x17 38 — — — T13 66 25
GL 28c T21 2x25 35 — — — T11 50 22
GL 28c T21 2x20 35 T14 2x20 28 T11 20 22
GL 28c T22 2x20 35 — — — T13 60 25

4 © IS0 2019 - All rights reserved
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Glued Outer zones of laminations Intermediate zones of lamina- Inner zone of laminations
laminated tions
timber
Strength | Strength | Propor- Strength | Propor- Strength | Propor-
class class tion Sk class tion Sk class? tion Sk
[%] [N/mm?] [%] [N/mm?] [%] [N/mm?]
GL 30c T22 2x17 40 — — — T15 66 27
GL 30c T22 2x17 41 — — — T14 66 28
GL 30c T22 2x20 40 T14 2x20 30 T11 20 22
GL 30c T22 2x17 42 T14 2x23 31 T11 20 22
GL 32c T24 2x17 44 — — — T18 66 31
GL 32c T26 2x17 45 — — — T14 66 26
GL 32c T26 2x10 48 T18 2x20 32 T11 40 22

Table 3 — Beam lay-up of homogeneous glued laminated timber and minimum valdes for
bending strength of finger joints in lamination§ in N/mm?2

Strength class glued laminated timber Strength cldss laminations Sinik
GL 20h T10 25
GL 20h T11 22
GL 22h T13 25
GL 24h T14 30
GL 26h T16 33
GL 28h T18 36
GL 30h T21 38
GL 30h T22 37
GL 32h T24 41
GL 32h T26 38

Tdble 4 — Characteristic strength and stiffness properties in N/mm? and densities in Kg/m3 for
combined glulam

Glulam strength class
Property? Symbol | GL20c | GL22c | GL24c | GL26c | GL28c | GL30c|| GL 32c
Bgnding strength Sin,gk 20 22 24 26 28 30 32
Tensile strength ft,O,g,k 15 16 17 19 19,5 19,5 19,5
ft,90,g,k 0'5
Cqmpression strength fuoak 185 | 20 | 215 | 235 | 24 | 245 |[ 245
T30k 5
Shear strength_ f 3,5
(shear and torsion) v.gk
Rolling shear strength frak 1,2
Modulus of elasticity Ej o mean 10400 | 10400 | 11000 | 12000 | 12500 | 13000 | 13500
Ey o 05 8600 8600 9100 10 000 | 10400 | 10800 | 11200
E90,g,mean 300
E90,,05 250

b Calculated as the weighted mean of the densities of the different lamination zones.

a  Properties given in this table have been calculated on the basis of the layups given in Table 2. If different layups for a
certain strength class lead to different characteristic values the lowest values are given here.

© IS0 2019 - All rights reserved
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Table 4 (continued)
Glulam strength class
Property? Symbol | GL20c | GL22c | GL24c | GL26¢ | GL28c | GL30c | GL32¢
Shear-modulus Gg mean 650
Gy 05 540

Rolling shear modulus Gr.o mean 65

Gr,g,OS 54
Densityb Dy 1 355 355 365 385 390 390 400

Pg mean 390 390 400 420 420 430 440
a  Properfties given in this table have been calculated on the basis of the layups given in Table 2. If different layups fofr a
certain str¢gngth class lead to different characteristic values the lowest values are given here.
b Calculdted as the weighted mean of the densities of the different lamination zones.

Table 5 + Characteristic strength and stiffness properties in N/mm? and densities in kg/m3 for
homogeneous glulam

Glulam strengthclass

Property Symbol | GL 20h | GL 22h | GL 24h | GL 26h*%| GL 28h | GL 30h | GL 32h
Bending sfrength Sogk 20 22 24 26 28 30 32
Tensile stitength ft,o,g,k 16 17,6 19,2 20,8 22,3 24 25,6

fro0,6k 0,5
Compresson strength fiok 20 | 22 | 24| 26 | 28 | 30 | 32
fc,90,g,k 2'5
Shear stregngth
(shear and torsion) fugx 3,5
Rolling shpar strength frok 1,2
Modulus df elasticity E( o mean 8400110500 | 11500 | 12100 | 12600 | 13600 | 14200
Eo o 05 7000 8800 9600 | 10100 | 10500 | 11300 | 11800
E9O,g,mean 300
E90,g,05 250
Shear modulus Go medn 650
Gs0s 540
Rolling shear modulus Gy o mean 65
Gr'g’os 54’
Density Pgk 340 370 385 405 425 430 440
Pg mean 370 410 420 445 460 480 490

4.3 Classification, verification according to method B from cross sectional layup and
properties of boards and finger joints

4.3.1 Properties of the boards

If the boards comply with one of the relevant strength classes, the strength, stiffness and density
properties may be taken from Table 1.

If the boards or planks do not comply with Table 1, the characteristic values of the tensile strength
parallel to the grain f, y,,, the mean modulus of elasticity parallel to the grain E ;) .., and the
characteristic density p; , should be derived from tests according to EN 408 and calculated in accordance
with EN 384 as outlined in 4.2.1 (there also specimen numbers are given).

6 © IS0 2019 - All rights reserved
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4.3.2
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Strength of finger joints

:2019(E)

The characteristic flat wise bending strength or tensile strength of the finger joints should be declared
by the glulam manufacturer. The declared strength of finger joints should be verified by tests in
accordance with Annex E of ISO 10983:2014 (30 specimens per species, grade, strength class) and
evaluation according to EN 14358.

4.3.3 Determination of characteristic values for glued laminated timber

The strength and stiffness properties of homogeneous glulam should be determined from the strength

an

Th
thg
de

gly

Fo
wi

I STiffiess properties of the faminations usSing the formuiae given i Tabie 6.

" combined glulam, the outer zones of lamination grades should be at least two laminations
th more than 10 laminations and at least one lamination for glulam withwup to 10 laminatigns.

Thie strength verification should be made at all relevant points of the'crvoss section.

T

\ble 6 — Characteristic strength and stiffness propertiesin N/mm?2 and densities in

homogeneous glued laminated timber

e characteristic bending strength, the characteristic tensile and compression strengths parallel to
 grain, the mean modulus of elasticity and the characteristic density of a combined-glulam
rfermined from the respective values of the different lamination zones considefed’ as honjogeneous
lam by means of the elastic composite beam theory.

should be

for glulam

kg/m3 of

Property

Characteristic values

B
(N

nding strength
mm?2)

fm,g,k

The characteristic bending strength should be calculated using the
expression.

f 0,65
0,75 m,j,k
fm,g,k =_2,2+2'5ft,0,1,k +1;5£ 1 4 _ft,O,l,k +6]

’

The expression should only be used for a characteristic flat wise befding

strefigth of the finger joint in the range:
LA f o1k Sfmjks L4 fopk+ 12

The formula is also applicable to glulam without finger joints provid edfois

taken as:
Sk =14 fro et 12

following

Tel
(N

nsile strength
mm?2)

ft,O,g,k

The characteristic tensile strength should be taken as 80 % of the character-

istic values of the bending strength f . .

ft,90,g,k

0,5

Cd

mpressionstrength f o,

The characteristic compression strength should be taken as f ,

inN/

(N/mm?%) mm? where f, . \ is the characteristic bending strength of the glugd lami-
nated timber.
£ 2.0
J¢,90,g, K il
Shear strength fogk 3,5
5 8
(N/mm?) fiok 12
Modulus of elasticity  Ej; nean | The mean modulus of elasticity should be taken as Eq ; ean = 1,05 Ey o) mean-
N 2
( /mm ) E90,g,mean 300
Shear modulus Ggmean |050
) .
(N/mm ) Gr,g,mean 65
Density (kg/m®)  pg  |Llpy
Pgmean _|Plmean
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Glulam may have an asymmetrical layup. In that case, the verification of the bending strength in the
outer compressive zone may be disregarded if the followings conditions are met:

— the difference in nominal bending strength between the outer compressive zone and the adjacent
zone of laminations (see Figure 1) does not exceed 8 N/mm?;

— theratio of the moduli of elasticity E , ., 0f the outer tensile and compressive zone of laminations,
respectively, does not exceed 1,25.

The density of a combined glulam should be taken as the weighted densities of the lamination zones
estimated as the densities of homogeneous glulam according to Table 6.

4.4 \Veriifications from full scale tests with glulam

4.4.1 Properties of the boards

The chargcteristic values of the tensile strength parallel to the grain f (, 4. or the bending strength
S lLdc o the mean modulus of elasticity parallel to the grain E; g 3¢ mean @nd the ch@racteristic densjity
P1dcx Of the boards should be estimated and declared by tests according to Annex E of ISO 10983:2014.

4.4.2 Sfrength of finger joints

The charjcteristic flatwise bending strength of the finger joints £y 4. should be estimated gnd
declared By tests according to Annex E of ISO 10983:2014.

The declafed characteristic flatwise bending strength of the finger joints f, ; 4.  should be not less than
1'4ﬁc,0,j,dc,<'

4.4.3 Sfrength, stiffness and density properties.ofglulam derived from testing

4.4.3.1 [Combined glulam

Combined glulam should be assigned to ene-of the strength classes given in Table 4 or to any other
manufacthrer specific strength class if the‘characteristic bending strength parallel to the grain f,} \,
the mean|modulus of elasticity parallel to the grain Ej, .., and the characteristic density derived
from full-scale tests according to_Arnnex F of ISO 10983:2014 and the characteristic tensile strength
ft,0,4,x and|the compression strength f_ , , , parallel to the grain tested according to EN 408 and deriyed
according|to EN 14358 are noflgss than the declared values. Characteristic tensile strength f; o .\ qnd
compressfon strength f , . parallel to the grain may be taken as the values for the lamination zdne
having th¢ lowest charagtéristic tensile strength parallel to the grain f, o

The other strengthtand stiffness properties of a manufacturer specific strength class should [be
calculated using the expressions given in Table 6.

4.4.3.2 Homogeneous glulam

Homogenous glulam should be assigned to one of the strength classes given in Table 5 or to any other
manufacturer specific strength class if the characteristic bending strength parallel to the grain f,, .,
the mean modulus of elasticity parallel to the grain Ej, , ..., and the characteristic density p, derived
from full scale tests according to Annex F of ISO 10983:2014 are not less than the declared values.

The other strength and stiffness properties of a manufacturer specific strength class should be
calculated using the formulae given in Table 6.

4.5 Resawn glulam
Glulam may be sawn perpendicular to the glue lines into 2 or 3 parts (resawn glulam).

Each part should have a minimum width b, of 38 mm and a maximum depth to width ratio of h/b, < 8
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5 US methodologies

The US building codes require that all glulam be trademarked as being in conformance with
ANSI A190.1, and Section 4.3.6 of ANSI A190.1 requires that grade combinations for glulam be
developed in accordance with ASTM D3737, or should be obtained by performance testing and analysis
in accordance with recognized standards, such as ASTM D7341. ANSI 117 provides many glulam lay-up
combinations that were developed based on the methodologies reviewed in this clause.

5.1 General

Sin
un
to
en
II
co
columns to supplement and confirm the work reported in Reference [24]. Fhis work was p
Reference [16] and formed the basis for the development of characteristic design stresses f
which is still used today.

ce glulam was a new product in the US, the US Forest Products Laboratory (FPL) in Mddison, WI
dertook a series of extensive tests on glulam arches beginning in 1934. These included testq of glulam
check for such factors as design formulas, working stresses and the effect on strength’ of ¢urvature,
1 joints and knots and was reported in Reference [24]. With the great demand‘during World War
for heavy timbers, the development of glulam was greatly hastened and significant res¢arch was
iducted in the areas of adhesives, lumber quality, and the testing of full-size’ laminated Heams and

lished in
or glulam

icteristics
hat forms
rluding

Thie basic premise of Reference [16] is that the strength of glulam is dependent on the knot char:
anf their distribution in the glulam member. This led to the development of the “I;;/I;” model {
the basis for ASTM D3737. This standard has undergone numexous changes over the years in

a) | incorporating provisions for using full-scale beams:tests to determine bending and horizontal

shear properties,
b)
A

adding special provisions for tension laminatiens, and

introducing the volume effect factor.

In
ma
sta
19
At
19

5.]

5.2

Sin
sty
Th

addition to being the basis for ASTMYD3737, Reference [16] was also the predecess
nufacturing and fabrication requirements for glulam used today in the US. The first man
ndard for glulam was US. Department of Commerce Commercial Standard CS 253-63 p

3 and it was subsequently revised and published as Department of Commerce Standard
the same time, it was also promulgated as ANSI A190.1-1973, which has been superseded |
B3, A190.1-1992, A190.1-2002, A190.1-2007, and ANSI A190.1-2017.

ASTM D3737

.1 General

ce ASTM D3737 is relatively complicated, this document is focused on the determination
engthsfor a glulam member loaded perpendicular to the wide face of laminations (called
e bdsic concept of ASTM D3737 is that clear wood strength properties and their expected

for

or of the
facturing
lished in
PS 56-73.
by A190.1-

f bending
X-x-axis).
variation

small clear, straight-grained specimens of green lumber based on ASTM D2555 can b

e used to

develop stress index values for the various strength properties. For example, for a bending member
loaded on the X-x-axis, the bending stress index can be determined by calculating the fifth percentile of
modulus of rupture in accordance with ASTM D2555, multiplying by an appropriate adjustment factor
and multiplying by 0,743 to adjust to a 300-mm deep, uniformly loaded simple beam with a 21:1 span-
to-depth ratio. As an alternative, results of testing and analysis of large glulam beams of Douglas Fir-
Larch, Southern Pine and Hem-Fir are also used to establish stress indexes.
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These stress indexes are then multiplied by stress modification factors developed based on the effects
of strength reducing characteristics of knots, slope of grain and density. For example, the bending stress
modification factor for knots, (SMF, \,.ts) iS given by Formula (4):

I I I
SMFpyinors =(1+3-5) (193 (1- K )
Ig Ig 21,

5.2.2 /I, analysis

”

The “Iy/I,
reducing ¢haracteristics including knot sizes and slope of grain of the individual laminations and®
distributipn within the glulam member affect the overall strength of the finished glulam. The follow{ng
definitionfs are used.

I, is the sym of the moments of inertia of the cross-sectional areas of all knots within 150im of a single
cross sectfion at the 99,5 percentile.

I, is the moment of inertia of the full of gross cross section.

Defining X-bar as the average of the sum of all knot sizes within any 300-mm-length along the piecq of
lumber, h fis the difference between the 99,5 percentile knot size and X-bar:

Thus, it i§ necessary to define the knot characteristics, X-bar and lifor all combinations of specjes
and lumber grades to apply the “I;//I;” principles. Annex A6 of ASTM/D3737 provides guidance on the
determingtion of these knot dependent values. There are 8 types.of knots that are measured and thé¢se
are shown in Figure 2. Note that there is no knot type 8 by camimittee decision. All knots of 6 mm|or
greater arje measured and the projected cross-sectional aredfor each knot type is determined.

Any linear regression routine that determines the parameters of the regression line and the value of the
99,5 percé¢ntile can be used to emulate the procedurégfplotting the sum of knots cumulative frequency
data on afithmetical probability paper and drawing a straight line through the data, which was the
method uged in Reference [16]. The underlyingassumption for using this procedure is that an analysis,
which harndles the knot data as normally distfibuted, is satisfactory.

—

Type't Type 2

Type 3 Type 4

g -

Type 5 Type 6

Type 7 Type 9

Figure 2 — Knot types for used in I/I, model

The following steps summarize the provisions of Annex A4 of ASTM D3737 to determine the bending
strength (F},) for horizontally laminated beams assuming the use of several zones based on different
grades and or species of laminating lumber throughout depth of the member. This can be used for
symmetric layups or for unsymmetrical layups such as shown in Figure 3. The grade combination in
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Figure 3 for a six-zone beam also shows that different species as well as different lumber grades can be

intermixed.
‘ 1-L1 DF | 6 |
'
4-12 DF 5
Ty 10,26
9,26
4 5,26
8-L3 DF
20
o T ‘ N
3 2,74
7,74
5.2 DF 2 9,74
Y
2-L1DF i

1y

Figure 3 — Grade combinatief¥and transformed section

The location of the neutral axis of the transformed section is determined using Formul
the distance from the neutral axis to the edges of each grade zone in the beam is determ

Formulae (6) and (7).

IR

a (5), and

ned using

y-L (5)
Ty
2LE (v o))
j=1
where
¥ is the distance from bottom of beam to neutral axis;
E;  isthe long span modulus of elasticity for jth zone;
y;j  isthedistance from bottom of beam to top of jth zone;
Y(j-1) is the distance from bottom of beam to bottom of jth zone;
n;  isthe total number of zones in beam.
v, =(v,-7) ©)
Ny =¥y =) (7)
11
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where

N; is the distance from neutral axis to upper edge of jth zone;

N(j_y) isthe distance from neutral axis to lower edge of jth zone.

2) The transformed moment of inertia for each zone about the neutral axis is calculated using
Formula (8), and the moment of inertia of the transformed section is calculated using Formula (9).

E; ( ?_NS'*U)
(E_j—g 8)

T

~

where
I;  isthe transformed moment of inertia of jth lam about neutral axis;
E; is the modulus of elasticity of transformed section;

b isthe un-transformed width of laminations.

~
+

Il
~

j (9)
wherg¢ I transformed moment of inertia of the section:
3) The noment of inertia of the un-transformed (gress) section is calculated using Formula (10).

~ pD?

|- (o)
12

wher

D

Il isthe gross mement of inertia of the section;

I is the depth.of the section.

4) An Ig[I; ratio is calculated for each zone using Formula (11).

2[[—]()} S\ £ | (n)

I i=1 J i=1 j
I, ; 2d;
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x; isthe average knot size, expressed in decimal fraction of width, for the grade of lamina-
tion in the jth zone;

h; is the difference between the 99,5 percentile and average knot size, expressed in decimal
fraction of the width, for the grade of lamination in the jth zone;

d; isthe distance between the outermost edge of the jth zone and the neutral axis.

5)| The stress modification factor for knots, SMF),, ., is calculated for each zone using Formula (12).

3
I I I
SMFyy s =| 1+3 I_k 1- I_k 1- ﬁ > SRy min | (12)
9j 9j 9j

6) | The stress modification factor for slope of grain, SMF,, ¢ » is determined for each zong based on
tabulated data for slope of grain values from 1:4 to 1:20 given in Table 4 of ASTM D3737.

7)| The stress modification factor for each zone is determined using Formula (13).

SMF,, ; = min{ SMF,

x knots j ’

SMFbXSOGj} (13)

8)| The maximum stress permitted on each zone, F,, 3, 1s calculated using Formula (14).

Foax,; =K (BSI; )(SMF,, ;) (14)
where

Frnax,j  is the maxim@um stress allowed at outer edge of jth zone;

BSI; is the bending strength index of laminations in jth zone;

SMF,,; is thestrength ratio for bending = Min(SRy, ynotss SRy s06);
K =71,4 for flexural compression;

= 1,0 for flexural tension.

9) |_The apparent outer fibre stress on the beam corresponding to F,_ .. ; for each zone is ¢alculated

using Formula (15).

pf2 | E; | Iy
O-apparent, i = Fmax,j T - - (15)

10) The allowable flexural design stress (F,) is determined using Formula (16).

Fbx = min{o-apparent,j }(TL) (16)
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where
TL is the tension lamination factor;

= 1,0 if tension laminations meeting the requirements of section 4.3 of ASTM D3737
are used;

= 0,85 if tension laminations meeting the requirements of section 4.3 of ASTM D3737 are
not used and d < 380 mm;

Q.70 €4 H ] 3 i 4t 4] 2 i £ Vi 4.2 AC 77
= U,/ J 11 LCLISIVUIT IdITIIIIAdtIUIlS lllCCLlllE LIIC I Cblull CIIITIILS UL STLLIVIT 7.0 Ul NJ 97 re

not used and d > 380 mm.

11) The rpquired strength ratio of the tension lamination (SRy;) is calculated using Forxmula (17), and
the tgnsion lamination grading requirements of section 4.3 of ASTM D3737 are determined, if a
tensign lamination factor of 1,0 is used in Formula (14).

2dy | Eq Ig
Fbx -
D E. Iy
SRy, = 17)

BSI,,

wher

D

dr;  isthe distance from neutral axis to the puter edge of the TL;
Hr  isthe long-span modulus of elasticity*of the lumber in the outermost tension zone;
BSIy,  is the bending stress index of the lumber in the outermost tension zone.

Since thiqd analysis is calculation intensive, computer software programs have been developed|to
facilitate galculations. By knowing the Knot characteristics of X-bar and h, any combination of grades
and specips can be input into the cemputer model and the resulting design properties for that grdde
combinatjon are generated. It is important to note that this calculation methodology, although dating
back to the 1950s, has been verified by thousands of full-size beam tests by the industry, government
research laboratory, and universities. While more sophisticated probabilistic models have also bgen
developed over the yearsithey yield essentially the same results as ASTM D3737 and require much
more corr]zlicated matefial property inputs and thus did not achieve widespread acceptance in the US.
i

[tis also inportanttonote that countries exporting glulam into the US need to complete this analysiq to
develop their claimed design properties before the glulam can be accepted under the US building codges.

5.3 Tension laminations

As noted in steps 10 and 11 in 5.2.2, the term “tension lamination” has been introduced. The results of
full-size beam tests reported in References [13] and [14] yielded an empirical relationship between the
size of knots in the tension zone and bending strength that was adopted into ASTM D3737 in the early
1980s. This relationship dictates that special grading considerations be applied to the laminations
used in the outer 10 % of the beam depth on the tension side. This tension side may exist on the top or
bottom of the beam, or both, depending upon loading and support conditions. If horizontally laminated
timbers are manufactured without applying these special tension lamination-grading considerations,
the bending strength should be reduced by multiplying the calculated strength by 0,85 if the beam
depth is 380 mm or less or by 0,75 if the beam depth exceeds 380 mm.

The special grading provisions for maximum permissible knot characteristics in tension laminations
based on the SR, calculated in accordance with Formula (17) depend on the location in the beam depth
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(i.e. the outer 5 % of the beam depth and the next inner 5 % of the depth), and the actual beam depth
(i.e. 4 laminations to 125 mm, 125 mm to 380 c¢m, and greater than 380 mm).

5.4 Volume factor

Traditionally, the design properties generated in accordance with ASTM D3737 for bending stress
were further adjusted by a size factor, Cr = (12/d)'/9, which is similar to the European requirements
for establishing flexural design properties for a depth of 300 mm and adjusting them for other depths.
However, research involving full-size beams with a large range in sizes conducted by the US glulam
industry in the late 1980s and reported in reference 15 led to the adoption of the volume effect factor,
Cy|{in ASTM D3737 in the early 1990s. This was also adopted by the US codes as a required design
adfustment factor for glulam.

Thiis research demonstrated that the flexural strength of glulam beams is not only affected by|the depth
of the member but also by its width and length. Therefore, for horizontally laminated bendingmembers,
th¢ bending stress determined in accordance with ASTM D3737 needs to be adjusted for sizgs greater
than the standard size beam (as defined in Formula (18)) by multiplying by the volume effect{factor, Cy,
sh¢own in Formula (18):

1 1 1
¢, = (0% 38yx (220 x <10 (18)
w d L

wlhere

d isthe beam depth, in mm;

w is the beam width, in mm;

L  isthelength of beam between pointsef'zero moment, in mm;

x is the exponent determined by, procedures outlined in Annex A8 of ASTM D3737.

Thee standard beam is assumed to/eé-uniformly loaded and is defined as having a depth of 305 mm, a
wifth of 130 mm and a length of 6 400 mm. It is noted that for Western species in the US, thel exponent

“«_ )

x| is 10 and for Southern pine\the exponent is 20. For other species, including imported species, the

exponent “x” is used to establish and to publish flexural design properties in accordanc¢ with US
bujlding codes.

5.5 Other glulam properties

Thie procedurés—discussed in 5.2 to 5.4 address the bending strength when the load s applied
perpendicularf to the wide face of laminations (X-x-axis). The glulam modulus of elasticity in this
orfentatiensis determined from a transformed-section analysis based on the long-span [E of each
larhinating lumber within the glulam cross section and further multiplied by a factor ¢f 0,95 to
ac¢ount for shear deformation. On the other hand, when the glulam in loaded parallel to the|wide face
of tarmimations { Y-y-axis); tie giutanT modutus of efasticity i this ortentation s determirmed from the
average long-span E of each laminating lumber within the glulam cross section and further multiplied
by a factor of 0,95 to account for shear deformation. The glulam axial modulus of elasticity is calculated
in the same manner as the glulam modulus of elasticity in the Y-y-axis except that the 0,95 factor does

not apply.

The other glulam properties can also be determined from the properties of laminating lumber. For
example, the glulam horizontal shear and compression perpendicular to grain properties in the X-X
direction is assigned based on the shear strength of the core laminations and the compressive strength
perpendicular to grain of the outermost lamination, respectively. On the other hand, the glulam tensile
strength parallel to grain is conservatively determined based on the lowest tensile strength of all
laminating lumber grades within the glulam cross section. The tensile strength of each laminating
lumber grade is assumed to be 5/8 of the bending strength of the lumber grade. However, full-scale tests
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are always permitted as an alternative to the analytical approach mentioned in 5.2.2, provided that the
full-scale tests are conducted in accordance with a recognized national or international standard.

5.6 ANSIA190.1

While ASTM D3737 focuses on the lumber properties as they influence design properties, it is
acknowledged that an equally important consideration is the strength of the end joints, particularly
in highly stressed tension zones of members. ANSI A190.1 requires that all end joints be qualified
using a full-size tension test with a gauge length of 600 mm. The requirement is that the 5 % tolerance
limit with 75 % confidence should exceed 1,67 times the qualification stress level (QSL) using 2 x 6
lumber. For bending members, the QSL is defined as the characteristic bending strength of the glulam
combinatjon divided by 2,1 based on normal duration of loading and dry service conditions.

As an example, for a glulam bending member having a characteristic bending strength of 34,8.MPa, the
characterfstic end joint qualification in tension is 34,8/2,1 x 1,67 = 27,6 MPa. The difference betwgen
the beam|bending strength of 34,8 MPa and the end joint tensile strength of 27,6 MPg; i.e. the ratio
of 1,67/2 [l is due to the difference between the relatively low tensile strength, and the relatively
high bending strength of wood, and the laminating effect (i.e. defect dispersién) of end joints if a
glulam bgam. For a member with a characteristic bending strength of 43,4 MRa, the requirement is
43,4/2,1 § 1,67 = 34,5 MPa. Qualification tests are required for all combindtions of species, adhesiyes
and treatents used by any manufacturer. ANSI A190.1 also sets for the réquirements for daily full-sjze
tension tests to confirm the quality of the end joints.

The premiise for the 1,67 factor is based on full-scale beam test with the end joint strength belng
equivalenf to the tension lamination quality. In other words, it\is expected that the end joints are|as
strong as|the lumber with which the end joints are manufactired. Thus, in a test of 100 beams, it is
hypothesized that 50 would fail at an end joint and 50 would<4ail due to some lumber strength-reducing
characterfstic and this has been generally confirmed by the large magnitude of full-scale beam tepts
conducted in the US. The factor of 2,1 is a ratio between the characteristic bending or tensile strength
and the allowable bending or tensile stress used in the US.

5.7 Pernfformance-based standard

As previofpisly noted, a provision was added’to ANSI A190.1 to permit the development of characterigtic
values fof grade combinations using.performance testing as an alternate to the provisions| of
ASTM D3y37. Similarly, Table 2 of (ASTM D3737 provides bending stress index values based on full-
size beam| tests. The values in Table 2 of ASTM D3737 are based on beams designed using these val:ﬂes
and testefl in accordance with ASTM D198 yielding bending strength values such that the lower $th
percentilg will exceed the characteristic bending strength with 75 % confidence. Analysis of test data
assumed fa lognormal distribution but there were no definitive sample preparation and sampling
requirements.

To provide a perfermance-based method, ASTM D7341, was developed. Guidelines are given for:

a) testing individual structural glued laminated timber layups (with no modelling),

b) testing Tdividtrat g]uicuu COTDITTations (vviih Hrmited uludcniug), arrHfor
c) validating models used to predict characteristic values.

The sample size to be evaluated is based on which of these conditions are being evaluated. ASTM D7341
is limited to procedures for establishing characteristic bending properties (modulus of rupture and
modulus of elasticity) although some of the principles for sampling and analysis presented may be
applicable to other properties. The characteristic value is defined as a test statistic from which design
values can be derived by the application of appropriate adjustment factors. For glulam bending strength,
this characteristic value is typically a 5th percentile estimate with 75 % confidence. For deformation-
based properties, such as modulus of elasticity, this value is represented by the average value.
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6 Australian/New Zealand methodologies

Under recently developed AS/NZS methodologies, the structural characteristics of glulam in bending
can be determined by computational methods or by full-scale testing in 4-point bending according to
AS/NZS 4063.1 and evaluation to AS/NZS 4063.2. These standards are practically identical to ISO 8375
and ISO 12122-1. Two computational procedures are provided:

a) a direct method based on an extension of failure theories developed by Weibull (1939) and
extended by Bohannan (1966) that is appropriate for balanced homogeneous glulam and balanced
composite glulam,

b)| Monte Carlo simulation that deals with balanced (homogeneous and composite) andipbalanced
composite glulam.

Both computational methods envision a glulam beam made up as an assemblagé’of bonded, finger
joipted lamination pairs (see Figure 4) and utilize their tension strength as the strength pargmeter for
determination of glulam beam strength. The reason for pursuing this approach is'as follows.

—| It requires no specific to a strength class system such as followed in“EN 14080 while, af the same
time, can reference one.

—| It can be manufacturer specific or industry broad if manufacturers conform to prescriptive
requirements related to location of finger joints relative to krots.

Wegibull provided the risks of rupture of rectangular prigmatic elements loaded in uniforjm tension
anfl bending moment with the notion that failure ultimately requires tension rupture. For the present
purposes, the tension data are taken as applicable to a’bonded lamination pair of length a, pbreadth b,
anfl thickness 2t, where t is the lamination thicknéss used to form a glulam assembly. Bohannan
extended the original Weibull bending formula so‘that it applied to the form of bending moment that
is fised as a standard in ISO for determining beam strengths. This undertaken as 4-point bending over
lerlgth L = 3a = 18Nt, where a retains the bonded tension test length definition and N is the pumber of
larhinations in the glulam beam assembly,

P/2 P/2
| a

| |
f f

N

"4
VN

AN AN

Typical bonded pair subject to tension test

L

Figure 4 — Model used for deriving characteristic glulam strength from bonded pair tension tests

6.1 Direct method

6.1.1 Tension tests of bonded lamination pairs

The bonded pair tension test subjects the specimen to uniform tension so that, according to Weibull

(1939), the risk of rupture, B, at tension stress ftﬁbp is given by

B=kvff, (19)
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v=_2abt (20)

where k is a material strength parameter determined on the basis of volume v = 2abt.

The 5th percentile tension strength is given by

)1/ﬁ

frspios =(~In(1-0,05)/kv) " =(0,051 29/kv) VP 21

6.1.2 Major axis bending strength of glulam assemblies

Bohannar] (1996) extended an earlier analysis by Weibull (1939) that gave the risk of rupture foria sqlid
homogengous timber beam loaded as shown in Figure 4 as

B:_(Lbd)kz (1+3B]f£ax :%Lmkz(lﬂﬁ)fn@ax (22)
2(8+1) L 2(B+1) L

where

fmax |is the extreme fibre stress;
L is the overall beam length;

Vpeam|iS the volume of glulam assembly.

It is evidént in both Weibull and Bohannan papers thatcconsiderable difficulty exists in assigning
a value tq the material parameter, k, and separating if\from the volume effect, v, ,,,, since the two
quantitieq appear as a product and are commonly replaced by f, (=1/kv) but even the determinatjon
of f, presents problems. Herein, glulam is treated as an assembly of bonded lamination pairs having
tension sfirengths as measured in the tension test, and 2abtk is treated as an equivalent f;,. Peterdon
and Nozigka (1973) noted that, while bonded-tension pairs had sharply higher tension strengths
relative t¢ single laminations, no further inerease in strengths were observed for bonded triples and
greater cqmbinations so that bonded pairsprovide a good assessment of tension strengths in the oufer
laminatiohs. Bonded pairs within a glulam assembly are not strictly in uniform tension approaching
such a copdition which suggests_replacing f ., with fp or the stress at the first bondline from the
extreme fension fibre. This pointis referred to as P. With (LBd) replaced by (3abNt) and L/a 5 3,

Formula (£2) becomes:

N|2abt )k
4(B+1)° alp~ L 4(B+1) 3
The 5th percentilestrength expressed in terms of the stress at the point P becomes
la  aN\2 \1/ﬁ
_ ‘l‘kpﬂ'l) l/ﬁ
= ——— 0,051 29 24
JhL05.p [3Nkv(1+/3/3)J 4

Corresponding to this stress, there exists a higher stress, f}, ;; 5, on extreme tension fibre given by

Jv,6L,05 =Sb,GL,05,p (Nt/2/(Nt/2—-t))= Jb,6L,05,p (N/(N-2)) (25)
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Formula (25) can be written in terms of the extreme fibre stress as

/B

2
N_|_4(B+1) 0,051 29%/B (26)

N—-2| 3Nkv(1+/3)

Op,GLO5 =

The implications of this replacement are dealt with later in 6.1.4, but it makes little difference for
standard depth beams (300 mm for AS/NZS and US, and 600 mm for EN) and even shallow beams are
nof substantially alfected by what might seem to be an artilice.

6.1.3 Ratio of glulam beam bending to bonded lamination pair tension strength

Thie ratio of the glulam beam assembly strength in bending to the tension strength.of the bongled pair is
giyen in Formula (27).

—

/B

fb,6L05 _( N ] 4(ﬁ+1)2 (27)

feppos \N-2 ) 3N(1+pB/3)

6.1.4 Comparison of glulam assembly bending strength‘between EN 14080 and
Formula (27) values

6.1.4.1 EN 14080 values

EN 14080 contains data that allow glulam assembl§xbending strengths to be linked to single lamination
terpsion strengths, f, o, using EN 14080 notation:The tension data embeds the effects of knotapd sloping
grain reinforcement built into bonded pair testdata so that the ratio 0}, ;; o5/0¢ 5,05 Predictiop given by
Formula (27) can only be compared with the EN 14080 ratios for higher grade material that is|relatively
knpt and sloping grain free. For GL20h-to GL30h, the higher ratios reflect a larger reinforcemgent levels.
It iis assumed that the use of T26 lamintations to make GL 32h is the closest approach to the bgnded pair
teqt data and produces a ratio of 1,23. See Table 7. It is noted that EN 14080 takes a standajrd glulam
beam as having a depth of 600mm and a lamination thickness in the range 40 mm < t < 45 mm fixing
the number of laminations at "= 15 - 40 mm x 15 = 600 mm.

[Fable 7 — EN14080(ratio of glulam assembly bending strength values to lamination fension
strengths at 5th percentile level

GL Grade 20h 20h 22h 24h 26h 28h 30h 30h 32h 32h
fb 6L os (MPa) 20 20 22 24 26 28 30 30 32 32
f, ¢& (MPa) 10 11 13 14 16 18 21 22 24 26
Sb 6105 2,00 1,82 1,69 1,71 1,63 1,56 1,43 1,36 1,33 1,23
ft,OS

6.1.4.2 Formula (27) values

Assembled glulam members have a coefficient of variation that approximates 0,15 corresponding to
a Weibull distribution 8 parameter of 0,128 (8 = 0,989 5V1077 6), Two tables are constructed, Tables 8
and 9. In Table 8, lamination thickness is 40 mm and so that the ratio of 1,25 according to Formula (27)
should be compared with 1,23 for Table 7. Table 9 reflects the AS/NZS standard depth of 300 mm made
up of 10 x 300 mm laminations where a higher factor of 1,43 is applicable. Table 7 applies to a standard
depth of 320 mm and a 40 mm lamination thickness gives a ratio of 1,57.
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Table 8 — Values of ratio f}, ;; o5/f, 05 for a range of coefficient of variation values from

Formula (27) (Depth = N x 40 mm)

N v 0,10 | 0,15 | 0,20
Depth Ratio 0, 1,05/0¢bp,05
4 160 2,45 2,57 2,67
8 320 1,54 1,57 1,57
15 600 1,26 1,25 1,22
32 1280 1,10 1,05 0,99
Table 9 — Estimates of ratio f} ;; o5/f; p, 05 based on Formula (27) (Depth = N x 30 mm)
N v 0,10 | 0,15 | 0520
Depth Ratio 0}, ;; 05/0: 105
4 120 2,45 2,57 2,67
10 300 1,42 1,43 1,42
20 600 1,19 1,16 1,12
32 960 1,10 1,05 0,99
6.1.5 Dppth and volume effects

The effect

significanf parameter given that it is not involved in cascading forms of failure, where rupture ove

small zon
load cond
laminatio
variables
arbitrary

foe

of beam size is based on Formula (24). According to.Bohannan and others, breadth is ng

e, immediately leads to rupture elsewhere without’any assignable cause. Under the standg
tion, a = L/3 = 6d = 6Nt with t, §, k all identical so that both a and d depend on the numbef
s and lamination thickness. Depth and length'size effects are taken to depend on these t
only with b being identical or simply not involved. A ratio is formed of the prediction at
depth and at the standard depth that results in most terms cancelling.

foaL,

Taking a §

10, but with (USA/Europe), 40 mm4amination thickness N4 is 15 for a 600 mm reference depth beg

The term
V=010s
range of
by multip
stated as

vol

L,05,p — aStd dStd
ad

1/ﬁ_ g 1/8 ds_td 1/8 b 1/B
| q d b

tandard lamination thickness as 30 mm (AS/NZS) and a standard depth as 300 mm N

D5,p,std

1/p is in the range-0;128 (V = 0,15) to 0,175 (V = 0,20), but it is noted that 1/ = 0,082 8
p that the index is\sénsitive in the range V = 0,10 to 0,15 and any real-life test data can fj
values and appeart plausible. The probability for failure to be simultaneously possible is giy
ying the individual probabilities so that the effect of volume change on beam strength can

7 (Vbeam,std /Vbeam

)0,128

ta
I a
rd
of
VO
an

28)

is
m.
for
ta
en
be

29)

6.1.6 Minor axis properties in bending also known as vertical glulam

The rupture of glulam in bending about its minor axis involves a different mechanism to its rupture
about the major axis. Major failure involves the outer laminations being predominantly stressed in
tension, whereas about the minor axis, all laminations are stressed in bending to approximately the
same stress or, more accurately, the same deformation with stiffer laminations restricting the more
flexible and presumably weaker ones. AS/NZS 1328 refers to a factor provided in AS 1720.1 known
commonly as the parallel support factor and designated by the symbol kq given in Table 10.

20
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Table 10 — Values of kg extracted from AS 1720.1

Number of 10 or
laminations 1 2 3 4 5 6 7 8 9
more
(N)
ko 1,00 1,14 1,20 1,24 1,26 1,28 1,30 1,31 1,32 1,33

6.1.7 Tension strength

Tension strengths in AS/NZS 1328 are set for both standard and custom glulam equal to the tension
stifength of the bonded pair. This approach 1s consistent with the Peter and Noziska (1973]0fservation
that tension strengths at the 5th percentile level of bonded pairs are substantially highey than the
tenpsion strengths of single laminations, but that no further increases are seen with 3-or’more bonded
larhinations. This principle is supported by the provisions of AS 1720.1 that does mot.Suppofrt the use
of kg modification factor in computing tension capacities although presumably it.could do so for up to a
fadtor of 1,14 if only two pieces were bonded.

6.1.8 Shear strength

Shear strengths are associated with the lamination grade that is u$ed in the inner parts of a glulam
member. For standard GL strength classes made from two différent lamination grades, the simple
expedient has been adopted of reducing the values by one stress-grade. This simplification [is applied
only in the case of softwoods as there is insufficient scope in(the choice of available strength|grades to
apply the principle to hardwood glulam.

6.1.9 Framework of AS/NZS 1328

ASYNZS 1328 is an omnibus standard in which the basic requirements are contained in the fain body
of the document, and technical details and test methods are outlined in appendices (annekes in ISO
tejminology).

6.2 AS/NZS 1328
6.2.1 Standard lamination requirements

6.2.1.1 Feedstock for standard laminations

Standard laminationféedstock is required to be chosen as stated in Table 7 and thus|meet the
requirements for-the stress grades of sawn timber given in AS 1720.1 or NZS 3603. In the case of
stgndard laminatiens, this is achieved by compliance with one of the following:

a) [ AS/NZS 1748 for machine graded wood (MGP grades),
b)| A8 2082 for visually graded hardwood,

Qo c H 11 dod £1 |
JUTUT VISUdIly g1 dutu SUITwWUUUY,

@ p}
[\ ]

c) “&

d) AS 3519 for proof graded softwood and hardwood.

Wood-based laminating materials not listed in Table 7, such as laminated veneer lumber or other
unspecified timber grades not covered by an AS, AS/NZS or NZS standard are deemed to be custom
laminations. This allows a manufacturer to use in-house grading methods. See 6.2.2 for more details.

6.2.1.2 Lamination tension strengths, finger joint strength in bending and finger joint location

The lamination tension strengths cited in Table 11 are based on the testing of bonded pairs containing
finger joints and they exceed the tension strengths cited for the strength class of sawn timber cited
in AS 1720.1. The values of tension strength given in Table 11 are valid only if the corresponding
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characteristic finger joint strength in bending, o, 5 in bending are met. These strengths have been
predetermined but under manufacturing conditions in which the finger joints are no closer than three
knot diameters from any knot. See Figure 5. The finger joint strength is later used as an indicator
property for factory production control. Failure to meet either condition means that a manufacturer is
using custom laminations where other constraints apply.

3d d

=

Table 11 — Standard lamination grade designations, Lx, the stress grade of laminating
feedstock, lamination tension strengths, /', ., elastic modulus, E, ., and required finger joi
strength in bending, ', 5, after testing and evaluation to Appendix Bof AS/NZS 1328:2017

=

Figure 5 — Location of finger joints relative to knots

nt

Laminatjon | Stress grade Lamination Mean elastic | Chatacteristic Joint strength
grade laminating bonded pair modulus finger joint group
stock tension strength bending strength
fotan (MP2) | Eppean (MPa) 55 f,; (MPa)
L8 SG8 (NZ only) 13,5 8000 24 JD5
L10 MGP10 15,0 10 000 25 ]D4
L12 MGP12 18,0 12’500 34 ]D4
L13 F17 21,0 13300 41 D4
L15 MGP15 24,0 15200 45 JD4
L17 Al17 28,0 16 000 50 JD3
L18 F27 32,0 18 500 56 JD2
6.2.1.3 [Determining lamination-tension strengths of bonded pairs and recent test data

The procgdure for obtaining-the tension strengths is defined in AS/NZS 1328:2017, Appendix A. It i

discussed|in detail in in 6.2.2.3. Some test data observed in a recent series of tests are given in Tables|12

and 13. Np bonded pair‘tension data are available for L8, L13 and L18. The E values were measut

ultrasonidally.

Tlable 12-— Test data for bonded pairs of finger jointed laminations L10 and L12

Radiata Pine MGP10/L10 Radiata Pine MGP12/L12
Test length 3 200 3 200 2600 3 200 3 200 2600
(mm)
Size 65 x 40 65 x 40 65 x 80 66 x 42 66 x 42 65 x 83
(mm x mm)
Finger joint No 2 minimum 2 per lam No 2 minimum 2 per lam
Number test 31 30 30 48 50 50
pieces
CoV 0,43 0,19 0,14 0,45 0,35 0,19
ftbp,0s (MPa) 13,8 13,5 19,4 12,7 13,7 19,0
E (MPa) 12100 12 300 12 200 12700 12700 12800
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Table 13 — Test data for bonded pairs of finger jointed laminations L15 and L17

Slash Pine MGP15/L15 Vic Ash A17/L17
Test length 3200 3200 2600 3200 3200 2600
(mm)
Size 66 x 32 66 x 32 65 x 63 66 x 32 66 x 32 65 x 33
(mm x mm)
Finger joint No 2 minimum 2 per lam No 2 minimum 2 per lam
Number test 49 48 49 49 47 50
pl ocpg
Cqv 0,3 0,28 0,20 0,30 0,28 0,19
fe Ap,05 (MPa) 229 21,1 26,3 28,3 21,2 339
E (MPa) 17 500 17 700 17 700 17 600 17 600 17 800

6.2.2 Custom lamination requirements

6.2.2.1 Feedstock for custom laminations

Thie feedstock for custom laminations must come from feedstock for'which a full suite of chafacteristic
properties is available by the same processes required of stréss graded sawn timber used under
AS|1720.1 or NZS 3603. This is not an easy pathway in that the.standard strength classes havg been the
subject of industry wide initial type testing and are the basicfoundation for AS 1720.1 and NZS 3603.
Any manufacturer deciding to operate outside that system heeds to establish a stress gradipg system
anfl then to undertake the bonded pair tension testing.as a further exercise in addition to setting the
finger joint strengths necessary to achieve the tensiowstrengths. For laminations composed ¢f visually
graded softwood or laminated veneer lumber characteristic properties may be taken from pne of the
folJowing, but the bonded pair tension testing is;ah additional requirement:

a) [ AS 2858 for visually graded softwoods;

b) | laminated veneer lumber that hasbeen assigned characteristic properties by use of AS/NZS 4357.3
and AS/NZS 4357.4.

6.2.2.2 Finger joint strength'in bending about the minor axis in custom laminations

As|stated in 6.2.2.1, custont laminations containing finger joints need to have a finger joinf strength
that does not adversely affect the characteristic lamination tension strength. An appendix ig available
that sets out the test-hiethodology used to establish the required value.

6.2.2.3 Determining lamination tension strengths of bonded pairs

Thie methodology for determining the tension strengths of the bonded pairs is detailed in Appendix A
of AS/NZS 1328 and is undertaken over a test length of 1 800 mm, this being one-third of the span
dopted in
4364 and
[SO 8375 is 18d = 18 x 300 mm = 5 400 mm. The elastic modulus is established by ultrasonic methods
so that it can be correlated with a tension strength value. The procedure leads to the following values:

a) characteristic (mean) elastic modulus, E

mean» and its coefficient of variation, Vg,

b) characteristic tension strength, f'; ;,,,, and its coefficient of variation, Vg,
c) the Pearson correlation coefficient between, f, ., and E.

The Pearson correlation coefficient is not specifically required unless the manufacturer chooses to
use correlated values in a Monte Carlo simulation as described in AS/NZS 1328:2017, Section 4. In any
event, the correlation between f, ;,,, and E is negligible within a strength class in spite of the fact that it
forms the basis for machine stress grading. It is a simple statistical fact that narrowing the range of E
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values to sort pieces does not correspondingly narrow the range of strengths observed. Procedures are
available to correlate, if desired.

6.2.3 Standard glulam and glued structural timber

6.2.3.1 Characteristic strength and stiffness

Standard glulam of depth 300 mm and glued structural timber that is derived from standard laminations
and with known minimum finger joint strengths can have glulam properties assigned to it as follows.

a) When

charafteristic properties equal those given in Table 15.

b) When
chara|
NZS 1

The purpq
Typically,
beam. Sed
p3 = (Eoute
p=0,83s
2 outers [
affected. ]

a) Test
with

b) Direc

c¢) A Mo
unbal

Table 14

composed of the lay-up details prescribed in Table 14, they may be deemed to have the sef

composed of lay-up details other than those prescribed in Table 14, they may .Have f{
cteristic properties equal to those given in Table 15, subject to verification aceording to 4
328:2017, Appendix B.

in New Zealand, L12 laminations are combined with L8 laminations teproduce a GL10 glul
Reference [25]. The proportion of inner to outer laminations is determined by the form
s — EcLorade)/(Eouters = Einners) and taking the specific case p3 = (42,7~ 10)/(12,7 - 8) = 0,57
b that, f%)r a beam with 20 laminations, 20 x 0,83 =16 of the 20 {aminations can be L8 and 1
12. But this results in a lowering of tension and shear strengths; the bending strength is 1
'he verification is carried out by one of the three followidg methods.

SO 8375.
I method outlined in 6.3.2 and 6.3.3 for balanced homogeneous and composite glulam.

nte Carlo simulation outlined in 6.3.2 and¥6.3.4 for balanced and composite glulam and

of

he
\S/

se of b) is to allow a manufacturer to use a mixture of strength classes to-achieve an end restlt.

him
1la
or
he
hot

f the assembled glulam beam at the standard depth’in bending and tension in accordaince

for

anced glulam.
— Lamination grade (Lx) for standard glulam grade (GLy) with laminations randomlly
distributed throughout the member cross-section
Standard GL grade Lamination Lamination grade
(GLy) derivative grade (Lx)
GL8 SG8 (NZ only) L8
GL10 MGP10 L10
GL12 MGP12 L12
GL13 F17 L13
GL15 MGP15 L15
GL17 A17 L17
GL18 F27 L18

Table 15 — Characteristic properties of standard glulam grades at depth 300 mm

Pr

Glulam stress grade

operty

Symbol GLS8 GL10 GL12 GL13 GL15 GL17 GL18

Bending strength (MPa) |  f} ;105 19 22 25 33 36 40 45

h = homogeneous grades, c = composite grades
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Table 15 (continued)

Glulam stress grade
Property
Symbol | GL8 | GL10 | GL12 | GL13 | GL15 | GL17 | GL18
fr6L05
. h 12 13 18 21 24 28 32
Tensile strength (MPa)
c 12 12 13 18 21 24 —
ft90,61,05 0,5
Compression strength £t os 19 20 27 | 31 | 36 | 40 45
MP
(MPa) Je0,61,05 2,5
Shear strength (MPa) fs,GL,05 3,7 3,7 3,7 4,1 4,1 45 5,0
1(\/11V S%lus of elasticity E con 8000 | 10000 | 12500 | 13300 | 15200~ -16700 | 18500
Jolnt grou The joint strength group should correspond to the laminatjon’having the mlinimum
group tension strength given in Table 9.
h 3 homogeneous grades, c = composite grades
6.2.4 Custom glulam and glued structural timber

6.2

Cu
de

4.1 Characteristic structural strength and stiffness

Table 16 — Custom glulam grade characteristic values

stom glulam of depth 300 mm and glued structural\timber can be deemed to have properties
fermined in accordance with the details set out in Table 16.

Property Symbol Manufacturer’s product description
Bgnding strength (MPa) f Testing and evaluation according to AS/NZS 4063.1 and
bGLOS | AS/NZS 4063.2 (Method 1) or by computation (Method 2); sge 6.3.1.
Tepsile strength fteLog ;tTesting and evaluation according to AS/NZS 4063.1 and
(MPa) AS/NZS 4063.2 (Method 1) or by computation (Method 2); s¢e 6.3.2
and 6.3.3,or 6.3.2 and 6.3.4
,5 or establish custom properties
fed0,61,05 10,5 blish '
Cgmpression strength fecLos |Equal to bending strength
MPa ,5 or establish custom properties
(MPa) 906,05 | 1> blish '
ear strengt ual to shear strength of inner laminations determined acqording to
Sh gth Equal to sh gth of 1 d d ding
(MPa) fs6Los |AS/NZS 4063.1 and AS/NZS 4063.2
M¢dulus oflelasticity Testing and evaluation according to AS/NZS 4063.1 and
(MPa) Ernean  |AS/NZS 4063.2 (Method 1) or by computation (Method 2)
Joint-group JDx As specified by the manufacturer or determined by AS 1649
NOTE For verification of this requirement refer to AS/NZS 1328.

6.3 AS/NZS1328:2017, Appendix B

6.3.1 Determination of glulam major axis bending strength by computation

This section provides the general principles for determining glulam bending strength and stiffness of
standard and custom glulam. The direct method can be based on a simple spreadsheet computation but
access to suitable software is required for Monte Carlo simulation.
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6.3.2 Beam bending stiffness (E]),
Both methods require the computation of composite beam bending stiffness values (see Figure 6).

a) transformed axial stiffness

N
(EA), =Dt YE;
i=1

b) transformed first moment of area relative to the lower tension face

al 1
FQ). =bt Y E; (i——}t
i=1 2

¢) neutrpl axis position, y, relative to the lower tension face

~

=(EQ), /(EA),

=1

d) transformed bending stiffness

N 1 2 1 N
Fl), =bt Y E; || i—— |t | +—bt> > E; —(EA) ¥
i=1 2 . i=1

wher¢

—~

. is the elastic modulus of the ith lamination;

¥ is the number of laminations.

Compression face

o[ fu
= [ro]eo)s
y

I N N [N

Tension face

Figure 6— Parameters used to determine section stiffness in bending using transformed
section theory

6.3.3 Direct method for major axis bending and effective stiffness

a) Computation of the value of (EI),and y as described in 5.3.2.

b) Computation of the elastic modulus in bending as
3
E=12(EI)_/b(Nt)
c¢) Computation of the characteristic bending strength as
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