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21 COMPRESSION PERPENDICULAR TO GRAIN This effect would have tbe anticipated and had been ti@med in Ii-

erature. In order to provedheffect, a methodedcribed in literature was
used The crosssection, which is deciding for théiéity to absorb shea
9121 F WassipayR Lackner ing streses, was reduced within the zone of the highest shearing stresses;

Experiments to provide for elevated forces at the supports of woodentus an improvement of the ability to absorb shearingseisegaused by
beams with particular regard to sheasimgsses and lonterm loa- the reinforcing elements, would have had the possibility to show itself.
ings
Summary
The low resistance of spruce wood, which is frequently used for wood
constructions, against transversal compression Jdaels often causes
difficulties with rating of structural elements particularly if high main
loads or supplementary loads€. snow and wind loads) are to be cdnsi
ered.

In this report which comples previous reports on theearch project
mentioned at the beginning, a methoddimforce the supports of lamina
ed beams, developed at the Wood Researchutesi¥ienna is described.

For reinforcing, elements being able to absorb the forces initially, are
used, chiefly nails, dowels made of steel and wood, which are arranged in
thewood of the beam in thergiction of the supporting forces and which
lead the forces impacting at the support into the core of the beame-The r
inforcing elements were tested single and in thepmmd for their effe-
tiveness, particularly the transmissiof forces, the size and arrangement
of the elements in the static shtimhe test and wh long time load were
investpgated.

Inserting nails with special shapedfis Epecial nails for wooden ne
structions) as well as inserting dowels made of those=robsteel wih
coil profile results in a @uction of the indentations perpendicular to the

ndrain at the supports of laminated beams made of wood.
" A statement on beams made of solid wood cannot be made due to too
low a number of samples.

According to ONOR B 4100, 2.Paijtwith good timber for consti
tional use compression stresses perpendicular to the grair2Gkpdcnd
are permissible, provided shallow indentations are unobjectionable”. If the
indentations, caused by these stresses at the not rethf&uwpport, are
considered as a criterion, inserting the\aamentioned reinforcing el
ments results in an improvement, i.e. an increase or equal indentation.

Introduction

After the preliminary examinations had been finished, which had the pu
pose to find a method to reinforce the supports of wooden beams in order
to improve their resistance to transversal compression loads, gos-

tions were still unanswered.

These examinations didn't show undoubtedly, which arraeges and
numbers of the reinforcing elements were the best to reduce indentation.
For this reason, two testrges were carried through in order to complete
the preliminary examinations.

A further question was particularly the behaviour of the reinfording e
ements during the static lottigne test. According to DIN 1052 the
strength of wooden structural elements decreases essentially witlsincrea
ing duration of bading. Various explanations are given for this fact and it
was attempted to determine the influence of fonge loading on the
strength of reinforced wooden strueal elements in comparison with-u
modified ones.

Further on, it is known that the strehgtalues obtained by testing-d
pend substantially on the size of the samples. Since with model tasts co
ditions may be caused by optimum choice of the wood and by optimum
machining, as they as a rule cannot be achieved in practice, and further o
the secalled samplesolume (e.g. ratio of support distance to sample
height or crossection of sample) is influenced, it is necessary intmos
cases to carry through expaents on roughly shaped samples afieo
mercial size in order to prove the results obtainethb model tests. For
this purpose, 5 straight laminated beams made of wood, 16 cm wide, 80
cm high and 350 cm long were for their behaviour in csang-time test
with variations of their support areas. Finally it was to be eltetta
whether the ri@forcing elanents were able to contribute to the absorption
of the often high shearing stresses, which may occur witheam in the
zone of the supports.

CIB-W18 Timber Structures A review of meeting 43 2 MATERIAL PROPERTIES page 20



236-1 U Korin
Timber in compression perpendicular to grain

Summary

The compressive stretigof timber perpendicular to grain was investiga
ed. The study reports tests conducted on whitewood specimens 40 mm X
90 mm x 180 mm in size in central loading or end loading for varying
lengths of loading sectol4.. Upgrading experiment of bearing caja

of the timber by Naiplates reinforcement was found to be unsuccessful.

Discussion and Conclusions

1 Itis necessaryotagree on a clear strengdibkaring capacity criterion for
timber in compression perpendicular to gain.

2 Eurocode 5 brings a paramekgfoo:
Sc90d = Ke,00f ¢ 904
Kco0 depends upon the length of the overhangs of the loaded member.

CIB-W18 Timber Structures A review of meeting 43

The following tablepresents a comparison between the valués af
calculated for the loading conditions in this invgastion and the expe
imental results of this investigation. The differences between the co
pared values are very large and should be further studied.

3 The investigation covered so far only one kind of timber and one cross
section @/b=2). There is a roorfor a much wider investigation on the
subject.

Table 2 Comparison betweepdsand experimental results.

I/L Central Sector loaded End sector loaded
Kc Experimental K. Experimental
results results
1 1 1 1 1
0.875 1 1.063 1 1.063
0.75 1.006 1.188 1 1.156
0.625 1.025 1.375 1 1.281
0.50 1.061 1.625 1 1.438
0.375 1.124 1.969 1 1.625
0.25 1.237 2.344 1 1.875
0.125 1.478 2.781 1 2.156

276-1 C LUumE Karacabeyli
Development of the “critical bearing" design clauS&&086.1

Abstract

There are currently inconsistencies in the compression perpendizular
grain (Gperp) design procedures in the Canadian code for Engineering
Design In Wood, CSA86.:M89. For example, a single specified design
value is given for a species group irrespecof the loading condition, or
the lumber grade. On the other hand, different values are assigned to
Douglasfir lumber and Dougla$ir glulam (gluedlaminated timber). Téx-

se inconsistencies not only make the design code confusing to designers,
but theyalso hinder the introduction of appropriatg€rp strength values
for products such as machine stress rated lumber. A research program f
cused on resolving these inconsistencies in tpel® design procedures

2 MATERIAL PROPERTIES page 210



for solid sawn lumber and glulam has recebtdn completed. The work
consisted of short term anen2onth constant compression perpendicular
to-grain load tests on two commercial species groups. Finite elemént ana
yses of typical €erp stress conditions were also performed to study the
stress distbutions for various €perp applications. This work resulted in
proposed changes to the compression perpenditmdtaain design clause

for the next revision of CSA86.1. One of the significant changes-pr
posed is the addition of a separate check forpression perpendiculdo-

on gluedlaminated timber and metal plate connected wood truss applic
tions.

The proposedode change on-@erp design has been submitted and
has been voted on by members of the Canadian technical committee on
engineering design in wood. However, ballot results and comments have
yet to be released. If accepted, this proposal would resuliore ratio-
al design procedure for-@erp design in CSA86. 1-M94. It will also &
low the introduction of higher @erp design values for products such as

grain stresses produced by loads applied near beam supports. In this papeMSR lumber. Furthermore, the refinement to the design procedures has

the work done to develop this particular clause is presented.

Code implementation
The findings of this study were considered in the code change préposal
the 1994 edition of C SA86.1. The proposed change consists of three
major revisions: an increase in@@rp capacity for loading on the wide
face; a check on “critical" @erp loading as opposed to "contact” type
loading; and revisions to the charagic strength values for-gerp a-
sign. As part of the review of characteristip€rp design values, a 10%
reduction in the erp design value for the Douglfiglarch species
group was recommended. This was judged to be sufficient to account for
thediscrepancy in the constant load performance between the Douglas
fir/larch and spruc@ine species group tested in this study.

The code proposal submitted to the CSA Technical Comnuitté-
gineering Designn Wood is includedHighlights of the codehange po-
posal that came about as a result of this study are:

i C-perp design value increase factor of 15% fepeZp loading on the
wide face

i retention of the current design code equation for "contact" typerg
loading

i addition of the "critical" Gerpcheck for those cases where loadgs a
plied near the support

i use of a 2/3 reduction factor for "critical" loading

i reintroduction of a duration of load factor forp@rp to account for
permanent type loading

Some example applications of the propodesign procedure for-gerp

are included. These examples cover some of the comnpanCapplia-
tions found in engineering wood construction. Emphasis has been placed
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been done incrementally andthut making the procedure more compl
cated than the current procedures.

3164 L Damkilde, P Hoffmey&m Pedersen
Compression strength perpendicular to grain of structural timber and
glulam

Abstract

The characteristic strength values for compresperpendicular to grain

as they appear in EN 338 (structural timber) and EN 1194 (glulam) are
currently up for discussion. The present paper provides experimental r
sults based on EN 1193 that may assist in the correct assignment of such
strength valuesThe dominant failure mode of glulam specimens is shown
to be fundamentally different from that of structural timber specimens.
Glulam specimens often show tension perpendicular to grain failure before
the compression strength value is reached. Such failade is not seen

for structural timber. Nonetheless test results show that the levelsrof cha
acteristic compression strength perpendicular to grain are of the same o
der for structural timber and glulam. The values are slightly lower than
those appearingp EN 1194 and less than half of those appearing in EN
338. The paper presents a numerical analysis to prove the significant role
of tension perpendicular to grain stresses in the failure mode of the glulam
specimens.

Conclusions

I The compression strengbh structural timber and glulam of Nordic
origin and tested according to EN 1193 lies within the limits from 2.0
MPa to 4.0 MPa. The mean value for both structural timber and glulam
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is i 90.mear= 2.9 MPa. The fpercentile values for both structural tinnbe P

and glulam i ¢0,= 2.3- 2.4 MPa. J

i As arough estimate of compression strength perpendicular to grain the e taamg b
following regression equation may be used for both average-and 5 T .
percentile values for both structural timber and glulam: ‘ o kewe

i STRENGTH (MPa) = 0,00BENSITY (kg/r) R s

I For the assessment of strength, the laborious measurement of srain pr ~ o ///{_1/7

scribed by EN 1193 may be replaced with a measurement of #lae rel
tive movements of the crossheads of the test machine. However, for the

(a) Confiquration ‘A"

assessment of modulus of elasyict is necessary to adhere to thepr p
scriptions laid down by the standard.
I The average modulus of elasticity across the grain is of the order

Ego,mean= 300 MPa for both structural timber and glulam.

i Finite element modelling proves that the inhomogeneéaisbution of _;_ - le—p—o
modulus ofelasticityE; gpacross a given specimen results in a compl e
cated stress distribution. , »
I The radial stresses (direction of applied force) are in compression and | IS s

the level in the middles higher than at the sides; the stress lavel
creases with depth towards the lower part of the specimen. This wedge
shape form of carrying stresses is a result of the annual ring orientation
of the laminations. The maximum compressive stress is about four
times that of the reference stress level.

. . ’
& folerence points for celormation measurarments

I The tangential stress distribution (transverse direction) is somewhat (b} Configuration &
more complicated and results in both compression and tension. High P
levels of tension stresses are found in many small areas, typically in the ‘
bonds between boards where thenBduli chage discontinuously. The

stress level is of the order 40 of the compression stress, which e

plains the fracture pattern. 90-»l J
s
31:65R H Leicester, H FordhdtnBreitinger [ s 4;’ f’///l/
Bearing strength of timber beams ' L

-
» reference points tor deformation measurements

Abstract

In testing timber to determine desigalues for bearing pressures it ixhe
essary to choose values for both strength and deformation limit states. This
paper discusses various test configurations that may be useejfadm
measurements, and also discusses the question of applying a dieforma
knit in assessing strength properties.

(¢} Configuration "C*
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Figure 3. Configuration for testing structural size timber.
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The discussion is supplemented by test data from a project undertaken to strength value of 3,8 MPa and COV = 0,20 for spruce from C18 to C30,

develop an irgrade test to evaluate design bearing strengths for timber
beams.

Conclusions

In the selection of a configuration for astlard ingrade test, both Gnr
figurations ‘A" and 'B', shown in Figure 3, are good candidates; the-prefe
ence is probably for Configuration 'C' because it models apragtical in
service condition.

With respect to the data recorded, both the stiffkessl 2 mm offset
stress are useful parameters for the design of serviceability limit states.
For laboratory evaluations of characteristic values for strength limit
states, it is suggested that some deformation limit be included. Thas is b

cause at largdeformations, very rigid restraints are required to prevent
the test specimen from collapsing. For test configurations in whiclt spec
mens experience local bearing pressures from only one side, such-as Co
figuration A, the deformation limit should be 510 mm. For test cordi
urations involving local bearing pressures from two sides, such agg€onfi
uration 'B’, the limit may be doubled.

406-2M Poussa, P Tukiainen, A Ravitaunus
Experimental study of compression and shear strength of spnece ti
ber

Introduction

The European standards EN 338 and EN 384 provide a strength slass sy ¢,

tem for structural timber and strength profiles (characteristic strength va

ues for bending, tension, compression and shear stresses) for each strengt

class. Basis of the stem when placing a piece of timber to a strength
class is bending strength supported by modulus of elasticity and density

on average. There are also other test results which suggest that shear
strength of timber is practittg independent of grade or is even higher for
lower grades. In this paper new results are published on shear strength of
timber when tested by the use of different test methods.

Characteristic compression strength values perpendicular to grain of
EN 338 ae based on density of wood:

fC,QO,k = 0, 0[0)/4 K

and characteristic compression strength in grain direction is given@as fun
tion of bending strength

feokx =5

In this paper new tested compression strength values are published and
different testing standards compared. Results are obtained in fComb
grade" project which was intended mainly for development of strength
grading, but produced also other strength data.

Comparison of test results with EN 338 values (MPa)

Visual | Test result | EN338 Alternative test result
grade | EN408
feox C18 22,5 18
C24 26,2 21
C30 29,8 23
all 27,9
all 2,2 2,6 (C27) | 2,9 beam end, both edges loaded
3,7 middle support, both edges loaded
5,2 ASTM D 143
fox all 3,9 2,8(C27) | 7,2 I-beam

which are also grade determining properties. All other characteristic values

are determined by calculation from bending strengthreasity.
Characteristic shear strength values of EN 338 are badbe mtation

fux=0,2f2%  with max 3,8 MPa

which indicates that shear strength increases with increasing bending
strength untify, k=40 MPa. Only few test results bdsen test method of
EN408 are published. German experiments give characteristic shear
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Suggestions forstandardisation
Obtained results partly support existing standards, partly suggest a rev
sion. Main results are compiledtinr following table

Compression strength values parallel to grain were 30% higher than
those given in EN338. It is suggested thghbr values are considered
when EN338 is revised. However, it has to be kept in mind that low visual
grades were not included in compression test material.
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Compression strength perpendicular to grain when tested according to
EN408 was lower than values/gn in EN338. Comparison with ASTM
shows an expected difference: same material which gives 5.2 MPa-chara
teristic value in ASTM test, gives 2.2 MPa in EN408 test.

The beam tests support the suggested changes in calculatiorcef effe
tive area in compressigerpendicular to grain calculation of Eurocode 5.

Shear results support the idea of having one shear strength value, not
dependent on grade. This value could be taken as 3,8 MP as giver-as ma
imum value in EN 338.

41-6-3H J Larsen, T A C M van der RutM Leijten
The design rules inutocode 5 for compression perpendicular to the
grain- continuous supported beams

Paper revised bead on discussions at the CiB18 meeting. The main
changes concern correction of an incorrect description of the rukes i
rocode 5, amendment EC5/AL.

Introduction

An important task for CEN TC 124 has been drafting standards for dete
mination of the properties of timber. A point of discussion has been
whether the standards should aim at getting well defined basic material
properties or reflect typical uses. TC 124 has opted for the former {the sc
entific) approach assuming that it would then be possible to calculate the
behaviour in practical use situations, whilst US and Australia has chosen
the other (the technological)

This for example reflected in the European test method for shear (EN
408) where a testetup as shown in Figure 1 has been chosen, while most
courtries use short test beams loaded in bending and shear (and sompre
sion perpendicular to the fibres).

Forcompression perpendicular to the grain the two options in Figure 2
were discussed. To the left is shown a test where a block of timbedis loa
ed in uniform compression over the full surface. To the right is shown a
situation where the test specimen (e.gillais loaded over part of the
length corresponding to a rail on a sleeper. The latter method that is used
in and Australia gives higher strength values than the block because the f
bres adjacerto the loaded area contributetaking the load, see Rige 3.

the situation in pretressed timber decks, and it was assumed that the rail
test results could be derived from the block results.

To be able to report and compare testltesuis for a loaddeformation
curve that is not linear necessary to define a failure criterion. Tha-defin
tion according to EN 408 for block compression is shown in Figure 4. The
compression strength is defined by the intersection between the test stres
strain curve and a line parallel to the initial curve at a distance df 0,01
whereh is the specimen height.

Since the result of exceedifigois not collapse but only large defo
mations, it has been grosed, e.g. by Thelandersson anétihsson to
regard this situation as violation of a Serviceability limit state. But even by
taking advantage of the lower partial safety factors for Servicealility i
stead of those for Ultimate limit statesany details in traditional tikver
structures, e.g. timberdme houses will no longer be acceptable.

Figure 1. Shear test accortj Figure 2. Pure blockompression versus
to EN 408. The load is tran rail test

ferred through steel plates

glued to the timber specimen

that is loaded in shear at an

angle to the grain.

The first method was chosen in Europe, an argument being that it reflected
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and quantify thestrength affecting parameters. It is demonstrated that the
stress dispersion model by Van der Put is very well suited for strength
predicting associated with 10% deformation

Conclusion

Using both numerical and optical techniques, it has been showloithat
noncontinuoussupported beams loaded perpendicular to grain thereispe
sion of bearing stresses are limited wedain area. For coniferous wood
(Spruce) the bearing area is restricted to 35% of the beam depth with a

12 maximum of 140 mm.

o
[h]
=
o
(o]
—_
=

Strain [%]

Figure 3. Loaddeformation curves for  Figure 4. Loaddeformation

uniform stress (lower curve) and for a racurve for compression pe

situation (upper curve). pendicular to the grain, defin
tion of compression strength
fcooat 1 % off set.

Conclusion

On the bases of the evaluation of the model presented in the amendment of

Eurocode 5/A1 and the model by Van der Put the following conclusions

can be drawn:

I Van der Pul model is the more accurate and reliable in predicting the
bearing strength perpendicular to the grain.

i The less reliable results of the Eurocode 5/Al model is due to thé-inabi
ity to take acount of differences in beam height, load configuration
and defomation. This causes sometimes unsafe and sometimes co
servative results.

I Itis suggested to replace Eurocode 5/A1 model by the model according
to Van der Put

436-1 A Jorissen, B de Leijer, A Leijten
The Bearing Strength of Timber Beams on Discreter&upp

Abstract

The bearing strength capacity at discrete intermediate or/and end supports
or areas of load introduction are the focus of this paper. Experimental r
search backed up by FEM and optical techniques have been used to assess
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2.2 CROSS LAMINEAD TIMBER

3765 P Fellmoser, H J Blass
Influence of the rollirghear modulus on the strength and stiffness of
structural bonded timber elements

Introduction

Rolling shear is defined as shear stress leading to shear strains in a plane
perpendicular téhe grain direction. Due to the very low rolling shear
stiffness of timber significant shear deformations may occur. Fig. 1 shows
a schematic representation of rolling shear stresses.

Fig. 1: Stress due to rolling shear

In prEN 19951 Ggr mear/ Gmean= 0,10 is defined for softwood. For thelrol
ing shear strength a common characteristic valdgaf 1,0 N/mnf is
given independent of the strength class.

Neuhaus determined the rolling shear modulus of spruce as 48°N/mm
for a moisture content of % through torsion tests. Aicher et al. analysed
the rolling shear modulus for different annual ring orientations in the
crosssection using the Finite Element Method. Depending on the annual
ring orientation he found values between about 50 N/amd 200N/mn¥.
Expt;::rl:éments by Aicher et al. resulted in a rolling shear modulus of 50
N/mm’.

Summary
The stress distribution in and the deformation behaviour of solid wood

to the grain, a method to determine the modulus of elasticity perpendicular
to the grain and the rolling shear modulus was derived. Rolling shear
modulus and mdulus of elasticity perpendicular to the grain both depend
on annual ring orientation. Common values for the rolling shear modulus
of spruce are between 40 N/reand 80 N/mr.

The load bearing performance of solid wood panels with cross layers
loaded pgrendicular to the plane was analysed using the shear analogy
method. Shear influence was determined for different fupklof solid
wood panels depending on the type of stress and span to depth ratio. For
decreasing span to depth ratios, shear deformmitweases significantly
due to the very low rolling shear modulus. Significant shear influence was
observed for span to depth ratios smaller than 30 for bending penpendic
lar to the plane and parallel to the grain direction of outer skins and for
span tadepth ratios smaller than 20 for bending perpendicular to the plane
and perpendicular to the grain direction of outer skins.

39124 R Jobstl, T Moosbrugger, T Bogensperger, G Schickhofer
A contribution to the design and system effect of cross lamiimated
ber (CLT)

Abstract
The design code of Germany DIN 1052:2004 is the first national code
where the verification process for the engineered building product 'Cross
Laminated Timber' (CLT) is defined. In this code the calculation ofsstres
es for the layey of a bending stressed element has to be done for @ach si
gle layer as a combination of the tensile stress in the centre line and the
bending stress, as a difference between the centre line stress and the edge
stress of the applied layer.

The present stydhas been done to evaluate an improved modet-of d
sign for the homogenised product 'Cross Laminated Timber' (CLT}- Star
ing from the base material 'boards’, visual graded as S10 (according to the

panels with cross layers loaded perpendicular to the plane both depend onGerman standard DIN 4074 which should give a strengthask of C24

shear deformatiarDue to the very low rolling shear modulus, shear d
formation increases significantly depending on the thickness of the rolling
shear layer.

The dynamic method of measuring the frequencies of a bendirag vibr
tion was used for determining the rolling sheerdulus of spruce. From
the well known method for determining the modulus of elasticity parallel
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(according to EN 338), tension tests have been made to get the characteri
tic properties (tensile strength and modulus). Four seriedayfebed
CLT-elements of different widths have been produced and testeddn ben
ing. For comparison two smaleries with unidirectional buddpi quasi

GLT i have been made.
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The results indicate a clear affinity between CLT and GLT. On this

more parallel arranged boards are given. Furthermore a faetdr,15 to

findings a design concept for CLT based on the beam model for GLT, has consider the depth effect and the fadt@f,c .= 0,94 considering the fdi

been suggested. It includes the difference of h@nisgtion in the vertical
direction (laminating effect) between CLT, and GLT by defining the factor
Keurieur Furthermore the so called 'system strength fdgjgrgiven in EN
19951-1 (for ‘equally spaced similar members) and EN 1®%or timber

ference in the homogenisation between GLT and CLT could be defined.
If all the threefactors are multiplied a factée r = 1,2 Ksys, cLkn

keLt/aLT) IS given for a Bayered CLT element with a thickness of 150 mm

and a width, where four or more parallel arranged boards in the opter la

decksystems working as parallel acting components) has been worked outers are used.

for CLT to describe the load bearing behaviour in the horizontal direction.

Summary

In the presented project the base material 'boards’' visual graded in the
grading class S10 (strength3aC24 respectively) has been tested to get
the tensile properties.

The tensile MOE achieves the required value of about 11000 N/mm'.
The tensile strength shows a low mean valug fea= 26,1 N/mnd) but a
high COV (39,4 %), and therefore a low 5%cfike (f,o;05= 12,5 N/,
lognormal distributed).

Based on the above mentioned starting material CLT elements have
been produced in four series (‘1c', "2c', '4c' and '8c', where the number in
the notation stands for the number of the parallel arcabgards in the
outer layers) as well as into two series of GLT elements ('1u’ and '4u’,
where u stands for unidirectional). All specimens have beenujds 5
layered elements and have been tested in bending in accordance to EN
408.

Three methods of tzulation have been used: exact differentialeequ
tion with Fourier discretisation, finite element analysis with plane stress
discretisation, conventional beam model with rigid cross section and mod
fied shear correction factor € 4,9 for a five layer eleent). All these
methods have been calculated by use of three optimisation models; wher
as the stiffnessdsyp andGgp have been fixed a two parametric model to
optimiseEy and Gy go(rolling shear), and two one parametric models with
additional fixedGg 90 (60,100) to optimis&,. All calculation models

New research works at the InstituteTamber Engineering and Wood
Technology clearly showed that it is of importance to consider the COVt
(tensile strength) for the boards and the G@énding strength) of GLT
when defining a new beam model.

The following model for GLT is expected (referenweighth = 600
mm and reference widthr= 150 mm) whereg, = 2,811 for COVt =
0,35 (normally given for visual graded material) and COVm =0,15:

_ 0,82
fm g0s =acLTh 6105

Based on this new beam model the following model for CLT caxbe e
pected (refererecdepthh = 150 mm, Sayered element, four or more

boards in the outer layers) withy t= 1, 76 + d=B5fAr COVt
COVt = 0,35 (normally given for visual graded material) and COVm =
0,15):

_ 08
fmcos =acLtfi¢) o5

Based on the respectaskults and on the verification concept for GLT it is
proposed to use a comparable concept for CLT. Instead of splitting the
edge normal stress and strength respectively the following simple &erific
tion function can be used, when CLT is treated like arbldee element

(e.g. singlespan beam).

The difference between the design concept according to DIN 1052:2004
and the presented concept in this paper is in the range of about 50% and

leads to comparable results. For calculation the beam model with modified more (depending on the used strength classigigan COVs), where the

shear correction factor is proposed.
The bending test results suggest an affinity between the homogenised
product CLT and GLTDue to this situation it is comprehensible to use the

DIN-concept is on the conservative side.

same basis (beam model) for both products. The tests represent asrincrea
ing of the 5% fractile with increasing of width of the elements. Hence a so
called system strength facteysc .t = 1,1 could belefined, if four or
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40123 R A Jobstl, G Schickhofer
Comparative examination of creep of GTL andl&hsin bending

Abstract

Cross laminated timber (CLT) iscomparable with plywood build up of
orthogonal layers. The base materials are boards or in further stegs the |
mella, which match the requirements of glued laminated timber (GLT).
Concerning standardisation, CLT is only regulated nationally in DIN 1052
and SIA 265. The main current applicatilies in residential buildings.
Because of high slenderness in case of ceilirgfgan to depth ratios of 25

to 351 serviceability design is generally decisive.

As a result beside of shofterm-deformationg long-term:
deformations and related creefpdiscussed structures has to be keptin a
tention. According the current European design requirementsiiloeg
deformation has to be derived by reducing stiffness characteristic which is
regulated by deformation factkger Thekgesfor CLT has still b be ident
fied.

For that longterm fourpoint-bendingtests on fivdayered CLT slab
elements acc. EN 408 have been carried out at the Graz University of
Technology. To reduce the sample size, parallel tests on GLT slab el
ments have been done with sam&ting configuration to enable direct
comparison of test results of CLT with a well examined and knowao-stru
ture. By testing, loading (approx. 9 % and approx. 25 % of failure load)
and climate (approx. SCl and SC2) have been varied.

The results for CLT ledito about 3040 % higher creep valde cam-
pared to GLT, which nearly conforms the difference between unidinectio
al build up GLT and comparable to CLT orthogonal build up plywood.

Data gained from total deformation demonstrate smeared creep value
ke.cLtss, Over the fivelayered cross section. Furthermore, based on these
results and by some additional assumptions creep kadu for rolling
shearGggoghas been derived. This has enabled calculation of CLT
elements with various number of layers, whildmonstrate relative low
difference to fivelayered build up. By application of this method acpra
tice relevant and smeared creep value for the whole strucag@ossible
for other layered woadtructures like plywood and OSBcan be derived
by the egineer.

Summary
At Graz University of Technology comparable creep tests oAdiyered
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cross laminated timbeand glued lanmated timbeelements have been
accomplished. After about one year of loading, increase of detiont
CLT compared to GLT reached around 39 % to 47 %. By assumption of
similar creegfunctions for both exained products over cross section
smeared deformation factdig: c rfor two climates have been derived.
By application of simple engineering@oach a deformation factor for
layers perpendiculdgetgogohas been realculated for the rolling shear
modulusGgogo (the modulus of elasticity perpendicular to the g&jnhas
been assumed with 0) and henceabaded for over cross section smeared
deformation factor&qes c rfor alternative cross section build

Presented deformation factors for number of layers with 3 to 19 show
converging function with increasing number of layers. In that wayiealc
lated deformation factors are comparable with plgsvace. EN 1993-
1:2004. Based on these results it is proposed to consider the product CLT
concerning longerm-behaviour within the group of plywood, whereby for
number of layers lower or equal 7 the deformation factor has to be |
creased by 10 %.

41-123 R A Joébstl, T Bogensperger, G Schickhofer
In-plane shear strength of cross laminated timber

Introduction

The mass product Cross Laminated Timber (CL@¥neral of spruce

(picea Abies karstl) is build up of an uneven number of layers of boards.
Each layer is oriented 90° to the two adjacent ones. All layers are tonnec
ed stiff by adhesive. The boards of each layer can be positioned with or
without gaps. If gaps are used, their clearance is ugafs= 6 mm. In

case of no gaps, lateral adhesaté¢he narrow sides of the boards ckn a
ford additional stiffness.

CLT is a largesized derived timber product. Due to transportatsen i
sues each element has a length of approx. 13 m and a width of approx. 3
m. Thickness of a CLT plate depends on the nurobkyers (3, 5, 7 or 9
but up to 21 layers for bridge decks) and the range of application. When
dealing with CLT for wall elements, it starts usually with 60 mm and ends
up with an overall thickness of 400 mm, when used as asldY element
e.g. with 2 layer for a timber bridge.

Regardless the main focus of applications lies in building constructions,
which can easily also be recognized by the typical size of a CLT plate,
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which has been already mentioned above. CLT plates act as wall, slab andand calculations on agorey building has resulted in the conclusion that

roof elanents, carrying loads in and out of plane (e.g. shear walls).

Summary

The determination of the shear strength for CLT in plane is not possible
with the procedure acc. to ETA 03.04/06. The technical shear stretgth va
ues supply significantly higher valutgean established in EN 338. A shear
failure was detected in all 20 tests with an optimized test configuration.
The mean value has been identified with 12,8 N7mnu the COV value
with 11,3 %. Depending on the statistical distribution function, a 5%-qua
tile value betweefy o gocLt = 10,3 N/mni and 10,6 N/mrhcan de @-

rived. Comparable shear strength values of softwood plywood plates are
about 50% higher than the strength value on basis of these 20 tests. Ge
metric parameters like thedt relation or tle gap between two boards in

one layer have to be further studied in future research.

42122 C Sandhaas, J W G van de Kuilen, L Boukes, A Ceccotti,
Analysis of X AMpaneito-panel connections under monotonic and
cyclic loading

Abstract
Crosslaminatedtimber panels (dam) are more and more used aB-co
struction material for buildings. For a sound and reliable structuraj-anal
sis in both static and cyclic loading situations, the behaviour of cenne
tions between wall panels has to be evaluated. As Hlaepanels are
very rigid, these connections are determining significantly the mechanical
performance of Xam buildings.

A typical in-plane walito-wall connection makes use of an LVL strip
that is mounted as an nlay along the edges of two notched padéls

in-plane wallto-wall panel conneatns are an important factor in the
structural behaviour of Xam buildings, especially under dynamic loading
such as earthquakes. Design procedures dealing with EC5 and iiC8 co
cerning this connection type are discussed and their applicability iseval
ated

Conclusions

The loadcarrying capacity of this connection type loaded cyclically can be
calculated with the Johansen equations defined in EC 5 and the total load
carrying capacity of a whole joint can be established wgth @. No df-
ference could bebserved between specimens with 3 or 5 layers. fihe e
ergy dissipation capacity of the connection type is high as can be seen in
Table 3 where the equivalent viscous damping is calculated. Energy diss
pation capacity is an important concept for seismigydesccording to

EC8. Furthermore, the

impairment of strength in different cycles at one load step is not higher
than 20%.

As for the testing procedure, the problem of rotational movements
when carrying out connection tests should be resolved and preeageor
restraining scheme should be developed and applied by researchers in o
der to keep results comparable and applicable. Furthermore, the limit of
30mm of testing protocols may be not sufficient, especially for large d
ameter dowels. The tested conimts$ could support a displacement of
45mm without rupture which allows good seismic design.

The system values in terms of leearrying capacity and stiffness
found by the tests and calculations can be used for further modelling pu
poses of this importambnnection type in seismic design.

connected to these two panels by single shear fasteners, for instance self 42124 R Steiger, A Gulzow

drilling screws. As a consequence, the static and dynamic behaviour of

Validity of bending tests on stapaped specimens to derive bending

this connection type differs from panels that are directly connected to each strength and stiffness properties of crawinated solid timber

other due to the LVL stripnd the subsequent double row of single shear
fasteners. The LViinlay joints have to be modelled as a serial system of
single shear fastener springs. Therefore, monotonic and cyclic tests on
such connections have been undertaken in order to get inpmgtars

for subsequent design models. Bending angles of fasteners have been
measured. A comparison of the test results with dynamic measurements
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Abstract

Crosslaminated solid timber (CLT) isanelshaped engineered wood
product, assembled of cregsse oriented layers of lamellas (mostlytsof
wood). In contrast to other parghaped engineered wood products, CLT
is not only used as component of structural elements, but rather for load
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bearing fpates and shear panels itself. The application of CLT used as

rived from tests on strighaped specimens cut off the CLT panels. One

load-bearing plates requires information on strength properties, the design, part of the tests additionally focused on bending strength and failure

however, is often governed by serviceability criterions like maxireal d
flection and vibration susceptibility. Heng@edicting the respectiveeb
haviour of such panels requires accurate information about their bending
and shear strength as well as their elastic properties.

Regulations regarding the derivation of performance characteristics,
evaluation of conformity andCE-) marking of wooebased panels for use
in construction are given in EN 13986. According to this standard bending

strength and stiffness of CLT have to be assessed following the procedure

in EN 789. The latter requirespbint bending tests of stAghaged spet
mens with a width of 300 mm, cut off the CLT panels. The span has to be
taken as 300 mm + 32t being the nominal thickness of the CLT panel.
By comparing results of bending tests on s$tiygped specimens and
on full panels it is shown, that leer strength nor stiffness properties d

rived by testing strishaped panels are appropriate to assess the respective

properties of the original panels. The analysis of the test data covers ben
ing strength, bending MOE parallel and perpendicular to rihie girec-

tion of the face layers as well as shear moduli. Rolling shear failines
frequently occurred when testing stepaped speémens could not bebe
served in destructive tests of whole CLT panebidifionally a verifia-

tion bycarrying out static bending tests (deflection measurements) under
different loading situations showed, that the overall stiffness properties
(elastic parameters of the stiffness matrix) can, adtiely to EN 789

tests or estimations with the compounddty, be derived directly by a
modal analysisf full-size CLT panels.

Summary and conclusions

Strength properties can best be assigned to CLT by means ofthe co
pound theory. However, the mechanical propefsagngth and stiffness)

of the layers have to be known which means that the raw material has to

be strength graded. Deriving stiffness properties of whole CLT panels with i

modal analysiss a good Hernative toestimating them on base of them
chanical properties of the singly layers by means of the compound theory.
Especially in cases where the raw material is not strength graded or its
mechanical properties are not known with sufficient precision, the modal
andysis can help in assigning correct stiffness properties to CLT. After
having proven the correctness of the method by static proof lgalag

panel prperties were compared to bending MOE and shear moeluli d
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2 MATERIAL PROPERTIES

modes.

The following conclusions could be drawn:

Bending strength and stiffness of CLT panels can vary quite strongly
within one single pael. For both parameters differences between the
strength and stiffness of stripshaped specimens cut off the panels of up
to 100% have been found. Hence it is not possible to derive strength
and stiffness properties of CLT panels from bending tests obfesm-

gle stripshaped specimens.

The accuracy of the test results when performing bending tests ef strip
shaped specimens according to EN 789 is increased with increasing
sample size. Mean values of at leastéspecimens better describe the
actual benohg stiffness of the panels. Average differences then amount
to 10% (E11) and 6% (E22) but can still reach 20%. As asked for in EN
789, characteristic values of strength and stiffness properties of CLT
have to be derived on samples which fulfil the craterdfi EN 14358.

The variation of the stiffness properties depends on the degree of h
mogenisation of the actual CLT panel product. The smaller thea@omp
nents (lamellas) are and the less the variation in mechanical properties
is (which can be reached by adatg strength grading of the raw eat

rial), the better it can be concluded from tests on-stigped spe&c

mens to the bending strength and stiffness properties of the whole CLT
panel.

Compared to gross CLT panels, local fmmmogeneities and faults

(knots pitch pockets, deviated grain, not adhesively bonded contacts,
cuts, grooves, cracks) take more influence on the mechanical properties
of the stripshaped specimens. The smaller the width of such specimens
is, the more their loatlearing behaviour is af€ted by local defects

and norhomogeneities due to faults in the raw material or due to way
of producing the panels.

The distances between middle layer parts not adhesively bonded at their
lateral sides and the number of cuts and grooves, which are aimed
reducing the deformations of the CLT panel in case of changingr moi
ture, take a big influence on the shear moduli. When deriving respective
values on base of testing stshaped specimens this possible variation
has to be taken into account by usingoeroal relationships.

When testing strigzhaped specimens, shear and rolling shear failures
occur quite frequently, whereas such failure modes could ndi-be o

page 20



served when testing whole CLT panels to failure. There bending failure
was dominating. Punchingpwever, should be regarded, especially

with thin panels and products with grooves and layers not adhesively
bonded at their lateral sides.

I Single tests on striphaped specimens may serve as an instrument of
production control especially regarding the Igyaf bonding. They
should, however not be used to derive mechanical properties of CLT
panels. In scientific studies testing of stsipaped cut offs of CLT
should only be carried out on big samples. Geometrical dimensions
should not be taken smaller thasked by the standards and geneaaliz
tion of conclusions in most cases is not possible (e.g. type of failure).
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2.3 ENVIRONMENTAL CONDITIONS

20181 A Martenssgs Thelandersson
Woodmaterials undecombinedmechanical antlygralloading

Introduction
The influence of environment on the performance of wood or wood based
materials is significant in many applications. The mechanical properties of
wooden materials depend on moisture content and dimensional changes
induced by moisture variation often leaddisplacements which are grea
er than those caused by mechanical loading. Moreover, interaction of
moisture changes with mechanical loading can lead to excessive defo
mation of wooden structures.

In composite structures like stressed skin panels, corsduesims and
layered wooden products, differential swelling or shrinkage produoees i

Ds; =£ B (1)

where E is the modulus of elasticity andesis the shrinkage strain that
would occur if the element were free to shrink.

TO[H

€(t)=0

Drying

alt)
Fig. 1. Drying wood element under full restraint.

ternal stresses, which can cause degradation as well as distortion of shapeUsing representative values fBesin moisture class 1 and design values

Such effects may accumulate as a result of repeated moisture cyeling du
ing the lifetime of thestructure, and may contribute significantly to reduce
its durability.

In codes for wooden structures, e. g. Eurocode 5, design values of
strength and stiffness parameters are made dependent on moisture class
and loadduration class. This means that theeeffof moisture conditions
on basic material properties during the lifetime of the structure isczonsi
ered in a simple way suitable for practical design. Due to the complexity
of the underlying physical problems, however, a rational basis for pescri
tion and quantification of these effects is still lacking. Clearly, there is a
need for further research in this area, in order to establish a more reliable
knowledge base for code specifications.

In addition, environmental effects should enter structural deggm-
ly on the "capacity"” side, but also on the "loading" side. Moisture and
temperature induced deformations are referred to as indirect actions to be
considered along with and in combination with other types of loading. It is
not quite evident, thoughow such actions should be considered in the
analysis of wood structures. For instance, if stresses due to restrained
shrinkage or swelling are calculated by normal engineering methoeés, unr
alistically high values are usually obtained.

Consider, as a singexample, a wooden element which is drying with
the shrinkage fully restrained, Fig. 1. According to linear theory sf ela
ticity, the stress chandges; due to restrained shrinkage is given by
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for E it is found thatDs; calculated from Eq (1) may be as high as 50% of
the design value of the tensile strength for wood (parallel to the grain) and
wood based produgtlt should be noted that the design valuE &f spe-

ified in codes under the assumption that a low valugisfunfavourable.
WhenE is used to calculate restraint stresses the opposite is valig; impl
ing that a consistent choice of design parameterdd give still higher

values ofDs; .

Stresses due to imposed deformations may be neglected whenrihey co
tribute to 'ductile’ types of failure as for wood in compression. But for
‘brittle types of failure as for wood or adhesj@mts in tension and shear,
such stresses can be expected to contribute significantly. Accordingly, it is
of importance in many situations to be able to predict stresses induced by
moisture variations in an accurate way. A main purpose with the present
paper is to contribute to the solution of this problem.

Concluding remarks
The following main conclusions can be drawn from the present ingestig
tion:

1) Tests on hardboard show that the effect of moisture variationson te
sile creep is surprisingly smalh view of the very significant mecano
sorptive effects observed for other wooden materials.

2 MATERIAL PROPERTIES page 22



2) The mechansorptive effects in the tested hardboard was found to be
much greater in relaxation tests under moisture variations. Typically,
the initial stres was reduced to 1/3 at the end of the first full moisture
cycle.

3) The increase in tensile stress due to restrained shrinkage in woaden m
terials can be expected to be very moderate and only a fraction of that
predicted by linear elastic theory.

4) When a full drying/wetting cycle has been completed, there will be a
significant stress change in the opposite direction.

5) A simple constitutive model taking into account meclsanptivebe-
haviorwas found to give good agreement with creep type expetsn
when calibrated against these.

6) When the model was checked against relaxation type experiments (u

ing the same material parameters), however, it showed poor agreement.

Based on published experimental evidence, Grossman has given a number

of requiements for a model which exhibits mechawoptive behaviour.

To this list can be added that the model shall be able to predicteboth r
laxation and creep behaviour under varying moisture conditions. Tests of
relaxation type are almost nexistent in theiterature, and it would be of
great interest if experimentalists could perform such tests for different
wooden materials and for different loading modes. For instance, fooedic
of drying stresses and cracking in timber requires sdomation for

wood under tension in the radial and tangential directions.

22111 K Erler

for instancé in the Polish Timber Construction Code; however, only a
limited number of media is being mentioned and no tdigm factors are
being referred to.
The aim of the studies and investigations described ladteins to
clarify carrosion processes and rates with timber components for the rel
vant aggressive media Conclusions may be drawn concerning reductions
for the design. It is particularly important from the natiee@nomic
point of view to deermine and check with whichfinences an insigni
cant corrosion is occurring.
The determination of the influence of chemically aggressive media on
the loadbearing capacity of timber structures with long serlifgeper-
ods and different conditions of ugtion shall be supportdyy docume-
tary evidence.
The objectives consist in
i enabling a statical check of old structures with regard to the-corr
spording degree of damage done to them, and
i taking into consideration in the case of new planning and desigir activ
ties (projects) theeduction of the loadbearing capacity by mean$
scientifically ensured adggtion factors.

In this connection, relevant influences such as air humidity, kind of the
acting medium and cros®ctional dimensions of the timber components
concerned must beonsidered and applied when determining the adapt

tion factors.

Summary
The corrosion of timber components when exposed to a chéynig-

Corrosion and adaptation factors for chemically aggressive media witbressive influence is being described with the evaluation of new results

timber structures

Objective
The calculation of the loaldearing capacity of new timber structures or
the chek of that of old timber structures will be accomplished a few years

and findings of studies, tests angi@stgations. In general, timber as
building material is more resistant to the majority of chemical agents than
steel and concrete. The significant parameters for the intensity ofrthe co
rosion with timber are indicated. The destroyed lolauy zone of the

width d which is assumed to be no longer able to support load is dete

hence in all European countries by adopting the limit states method. In thismined subject to the duration of action (period of occupation of the-buil

connection, the most important outside influences are being taken into
corsideration by applying adaptatiorctars, e.g. the kind and duration of
the stress and strain (loading or action), the moisture of timber as well as
adaptation factors for cheaallly aggressive media The lasentionedm-
fluence is itluded hitherto only in a few regulations (specificasipliket
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ings concerned), to the kind of medium and to the air humidity. Based on
the description, the depths of penetratbthe agents and the reduced
strengths can be determined. Subsequent to the testing of specimens sa
pled from the timber structure concerrieel.g. test corek it is possible to
exactly déermine the boundary zone being no more able to support load or
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to draw an approximate value for same from a graph (diagram). THe resi

ual loadbearing capacity of existing, structures or components can be

checked and verified by means of the timber cross sections reduded by
In the draft of the new GDR Code "Timb@onstruction Load

bearing Systems" adopting the method of limit states, for timber the most

significant agents have been assigned tgearfgrades) of aggressivity,

and stress degrees have bedimdd accordingly. Subject to the stress d

gree and tahe crosssectional dimension of the timber component-co

cerned, adaptation factors for the influence of aggressive media have been

fixed.

29111 P GalimardP Morlier
Load duration effect on structural beams under varying climate infl
ence of size armshape

Abstract

The Duration of Load effect has been of increasing interesiothithe
understanding of wood or wood products in long term behaviour and for
the determination of safety factors for engineering purposes. Many kinds
of testing, mainly in bnding, have been made but the large amount of

which has been septo getexperimental data on DOL of LVL andugl
lam straight, notched and curved sized beams.

Conclusion

i We have shown, on straight LVL beams that opposite conclusions can
appear from the same data depending on the way of presentirg the r
sults.

i However, be influence of the general changing of the climate was

more important than the absolute moisture content.

I The strength reduction estimation has roughly given the same results
from the two tested methods; so #50% beams can be accurately used.

I The short tan strength has been influencing the results in a large scale,
because of the moisture content reference and of the definition of the
stress level.

i The duration of load effect is fairly depending on the tested shape: it is
more important on straight beanmah on notched beams.

i The EC5 krnod factor, for LVL beams, seems to be optimistic for EC5
Service Class 2 and conservative for EC5 Service Class 3.

A protocol of Duration of Load test and analysis is still needed because of
the numerous testingpnfigurations, the variability of the result analysis,

configurations has always been reduced to few moisture contents and loadand the influence of the analysis on the conclusions that can be contradi

histories. However, it is still not easy to compare all the results for ¢the pr
tocol of testing and presenting the results is not wtamadard.

Different attempts of evaluating the stress level have been done and
their accuracy depends on what is wanted to be shown. The methods are
applied on 2 meter LVL beams subjected to bending in natural eaviro
ment. Forty beams are stepwise loadedr open shed in the Laboratoire
de Rhéologie du Bois de Bordeaux in order to have a failure of 80% of the
beams within two months. The step levels are from 50% to 90% o¥the a
erage short term strength. Two beam depths (100 & 150 mm) are tested.
The bears can be sealed or unsealed. The curvature, thedifiadure
and the climatic conditions are monitored.

A ranking method is used to show the main trends of the duration of
load results: the timeo-failure are not affected by daily or short timeivar
ations of hygrothermal conditions, but by the two month mean variation of
the moisture content.

The long term strength reductions are evaluated and finally compared
to standard (EC5) ones. This work is a part of a EuropearPidict
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tory.

30111 R H Leicester, C H Wang, M N NgGy€rfoliente
Probabilistic design models for the durability of timbestwartions

Introduction

The theory of structural engineering for timber construction is now suff
ciently well defined that computational design procedures can bé deve
oped and even codified. By contrast, design for durability is still very
much of an artwith design solutions varying from person to person. More
usually, design for durability is omitted and the control of performance is
undertaken by complying with 'good building practice'.

The key to developing a design procedure is first to have predict
models for durability. Because of the uncertainties associated with these
models, they will of necessity have to be probabilistic models. Once such
models are available computational design procedures can be developed
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and codified; optimised strategifs asset management involving design,
maintenance and replacement can be derived; optimised procedures may

3312-1 J JonssonS Svensson
Internal stresses in the cregrin direction of wood induced by cl

be used to develop 'good building practice'. Perhaps most importantly, the mate variation

availability of predictive models will enable innovative designs torbe u
dertaken with confidence, and without the necessity of relying on yast e
perience.

The purpose of this paper is to introduce a major investigatiomsn ti
ber durability being undertaken in Australia. It is a three year profect, i
volving 5 research orgarasons at a cost of about one million dollars per
year. An ambitious and key aspect of this project is to develop a probabi
istic model for predicting the durability of any type of timber construction
located anywhere in Australia.

The following describethe general concept of a probabilistic model,
together with some of the practical aspects involved in developing such a
model.

Concluding comment

The project to develop prediction models has had a slow start, laegely b
cause of unanticipated difficultiés formulating suitable attack megh

nisms. However, once this has been accomplished, the next phase will be
to develop design procedures and/or software that are user friendly. The
complex effects of climate may need to be reduced to simple index-para
etess, or failing this, to regional parameters; similarly it may be effective to
reduce the complex features of building construction to index parameters
or at least to idealised building types. However, in general it will be-desi
able as far as possible, fall aspects of the prediction model to be gleba

ly applicable.

Furthermore, it would be expected that the predictions on durability
would be associated with a high degree of variability. As a result, the use
of refined models and accurate parameter estisnate not warranted. For
this reason alone, within the Australian project the use of sophisticated

Abstract

A method to determine the internal stress state across the grain of glue
laminated wood (glulam) is described in this paper. An exeeriah
equipment for cutting specimens and measuring released deformation is
used. The internal stress state can be calculated from the observed releasec
deformations. For evaluation purpose a small and-eeflhed test series

was carried out for specimewith different climate treatment prior to

teding. Results for seasoned specimens show that internal stresses exist in
glulam without the presence of moisture gradients. Results for specimens
with induced moisture gradient show that the stresses becoyee \fghen
moistening from a specific climate A to another climate B than when dr

ing from B to A. The largest mean stress level found in the test was about
0,7 MPa, which is higher than the characteristic value of tensile strength
perpendicular to the grali

Conclusions

In the experimental part of this study a contact free measuring technique
was used. It turned out to be a fast and easy way measure the defo
mations. The speed of measuring is important since small test specimens
are used, a changembisture content is not tolerable. The accuracygis a
ceptable (1/70 mm), but can be improved by using a camera with a higher
resolution. A dynamic test method was used to determine the modulus of
elasticity, mainly for two reasons, the speed of measuridglee fact that

the slices were not suitable for a customary tensile test. The relationship
between Es and Ed for different moisture content and varying annual ring
pattern can be treated as linear.

methods will be avoided and emphasis will be placed on the use of simple The following conclusions can be drawn from this study.

methods both for analysis and for estimating the required model @aram
ters.
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i There is little difference between the values of modulus of elasticity for
the four outermost slices. As expected the modulus of elasteity i
creases with increasing amount of radial wood.

i The influence of moisture content on the modulus of elasticityorst
dominant on the slices in the middle part of the specimen.

i The modulus of elasticity for the middle part of the specimer-s b
tween 22,5 times the outermost part.
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I In seasoned specimens i.e. uniform dried and moistened specimens, part of the glulam cross section exceeds the characteristic strength of 0,5

there were internakiesses! MPa during a period adpproximately 80 days.
I The maximum tension and compression stress for seasoned specimens
was approximately 0,4 and 0,2 MPa. Conclusions
I The stress level between the two groups of gradient specimens differs The stress values given below refer to average stresses along sliees disr
with approximately a factor 2. garding end effects. The maximum stress levels in the cross section are
I Results for specimens with induced moisturadgent shows that the significantly higher. A preliminary estimate is that the stresses may be
stresses become larger for moistening from a specific climate RH 40% about 30 % larger than the values quoted below. The following goncl
to another climate RH 80% than drying from RH 80% to RH 40%. sions can be drawn from the tests.
I The largest mean stress level was about 0,7 MPa, which is larger than 7 Significant internal stresses were found in seasoned specimens with
the characteristic value of telesstrength perpendicular to the grain! uniform moisture content.

I The maximum tension and compression stress for seaspaeiinens
is of the order 0,2 MPa.

34124 J Jonsson i For specimens with induced moisture gradient, the stresses become

Moisturanducedstresses irglulamcrosssections larger for moistening from a specific climate RH 40% to another cl
mate RH 80% than for drying from RH 80% to RH 40%.

Abstract I The tensile stresses are twice astagd the compressive stresses are

Preliminary results from an experimental investigation to determinethe i three times

ternal stress state perpendicular to grain in glulam wessepted at the higher under moistening between RH 40 % and 80 % than under drying

CIB meeting inPaper 33-12-1. Further results from this research are-pr or vice versa.

sented in this paper together with improvements of the experimental met 1 The largest tension stress level observed was about 0,6 MPa, which is

odology. The modifications concern digital camera equipment for strain larger than the characteristic tensile strength perpeladito the grain.

measurements with betteptecs, fixtures for holding the camera, the I Specimens exposed to natural climate outdoors under shelter show a

method of releasing the deformation and the technique to moisture seal large fluctuation in released strains and internal stresses during a 160

specimens. Altogether the changes in methodology has made the testing day period from November to April.
more rational and increased the reliability of the measurements. HQweve i The stress level varied in the outer part of the cross sdobion0,65
repetition of tests made' before these improvements have confirmed ther  to 0,32 MPa and from 0 to 0,85 MPa in the middle part.

sults presented in the previous paper. i The tensile stresses exceeded 0,5 MPa during a period of 80 days, out
Three categories of tests are presented where strain and stress-distrib of a total testing period of 160 days.

tion in the cross grain direction are determined. The different ma¢sg i The main conclusion is that moisture induced stresses must always be

are specimens seasoned in constant humidity, specimens exposed-to an a taken intoaccount in one way or another for failure modes involving

tificial single climate change and specimens exposed to natural climate tension perpendicular to grain.

outdoors under shelter. Results for seasoned specimens show that internal
stresses exist in glulam withaile presence of moisture gradients. Results
for specimens with induced moisture gradient show that the stresses b
come larger when moistening from a specific climate A to another climate
B than when drying from B to A. The largest stress level found itesie

was about 0,6 MPa. The last category of test (natural climate) shows a
large variation in strains and stresses. The tensile stress level in the outer
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36111 R H Leicester, C H Wang, M N Nguyen, G C FolientenC McKe811-1 R H Leicester:l€Wang, M Nguyen, G C Foliente
zie Design specifications for the durability of timber
Structural durability of timber in ground contact

Abstract
Abstract In the development of prediction models for the durabilitiiraber can-
This paper describes the devatognt of a model to predict the strength of  struction, data was obtained from several sources. These include basic
timber poles and rectangular sawn sections subjecteegroumd attack physics and biology, field tests on small clear wood and steel specimens,
by decay fungi. The models are based on data obtained from extenrsive in field tests on full size structures;service structures and expert opinion.
ground stake tests that were monitored over a period of 30 yeaadiand This paper provides @iscussion on the role played by these various

ited number of full size pole and rectangular sawn sections. The model  sources of information, and also procedures for drafting rules for enginee
takes into account timber species, preservative treatment, maintenance ing design codes.
practice and local climate. The model predictions are in quantified form,

and hence can be used to make-opsimised decisions for asset ma Conclusion

agement purposes. There are several reasons as to why the formal application of Bayesian
procedures is not suitable for@igation to the durability model. Oneae

Concluding comments son is that the models are highly nonlinear and complex. Another reason is

Using the completed model, it is now possible to compute the deteriorationthat the irservice data required for use in such a procedure is usually not
over the years of the load capacity of structural elements constructed with completely defined.
timber in ground contact. The mel is directly applicable to about 80esp The current procedure is to use an "evigemased" approach, i.e. to
cies of timber, CCA and creosote treatments and a variety of maintenance ensure that the models comply with all the data sources mentionedinclu
procedures. Through use of a climate index (based on rainfall@and te ing that of expert opinion. Another possibility is to develop models that
perture parameters) the procedure is applicable to all locations inaAus focus on high risk performance rather than mean values.
ia, from temperate to hot tropical regions and from rainforest to desert ar The suitable choiceof&rl i abi | ity index b to
as. With slight modifications, it should be possible to apply this model to  an interesting topic for investigation.
any structure, fabricated from any species and located anywhere in the
world.

Current progress is laed to calibrating and modifying the modet a 38112 M H&aglund, S Thelandersson
cording to the experience of experts. In addition, it is necessary to find a Consideration of moisture exposure of timber structures as an action
procedure for taking into account the deterioration due to mechang:al de

radation that occurs in the and regions of Australia. Introduction

Possbly the most important aspect of the engineering model described Moisture exposure is a very significant fackor serviceability as well as
is that it provides a unified framework within which can be placed all load bearing capacity of structural timber elements and systems. Not only
types of knowledge, such as knowledge obtained from laboratory data,  the moisture content level but also the variation of the moisture content is
field data, expert opinion and accepted good practt can also be used of great importance for the performance of timber structures and enginee
to assess the monetary value of new knowledge. ing, wood products. One critical factor is varying relative humidity in the

ambient air, and thus namiform moisture content in wood crosese

tions. External and internal restraint of hygngpansion will then create
stresses mainly perpendicular to greuch stresses may cause craaks, r
ducing the load bearing capacity of the individual timber element and thus
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the whole structure. Experiments performed on glulam subject to natural
sheltered outdoor climate conditions have shown that climate variations
can induce significantly high stresses (in addition to stresses from applied
loads) in the range of two thirds of the characteristic strength value.
Determination of moisture content profiles due to natural moisture co
tent variations is hence importantarder to better understand and quiant
fy how these variations affect timber. Today's design codes use service
classes to account for moisture induced effects, but since the class sele
tion is only based on anticipated equilibrium levels, the nature betim
exposed to moisture is not fully reflected. In order to improve design

Discussion and conclusions

The results presented in this paper are paahaingoing research, which

has the goal to characterize moisture as an action on timber structures. The
results so far indicate that it is possible to make statistical estimates of
moisture effects in terms of annual extremes, from given input of recorded
meteorological data. This is consistent with modern safety concepts. A

time series methodology has been employed, by which synthetic sequen

es of temperature and relative humidity can be generated. Simwated s
guences may be used for probabilistic invegtans of the response of

timber structures to varying climate, for refined definitions of service cla

codes, it has been proposed that instead of using strength reduction factorses and for calibration of climate related factors in timber design codes.
induced moisture stresses may be treated as an ordinary design load to be The following conclusions can be made from the research so far

combined with effects from ber loads (for example snow and wind load).
For this purpose, a moisture exposure model that reflects the nature of the
variationsi the dynamicg of moisture in the ambient air is desired. The
model should also include temperature, since this is neededriversion

of outdoor moisture levels to corresponding indoor levels. Moisture
transport in wood can be modelled as a diffusion process to describe how
penetration effects depend on temporal variation in relative humidity, RH.
For example, Arfvidsson shwved that the penetration depth (here defined
as the depth where RH differs 1%) in the tangential direction for a semi
infinite solid spruce element exposed to diurnal, rectangular cyating b
tween 50% and 95% RH is about 10 mm, whereas an annual cyeling i
creased the penetration depth approximately ten times. The exact figures
are of course highly dependent on what moisture transport model being

i Extreme valuesf relative humidity indoors (service class 1) seem to be
more severe than is usually anticipated, which means that the risk for
adverse effects of moisture exposure can be significantly higher than
normally conceived in design.

i The moisture content variah (difference between maximum andmmi
imum MC, defined as 5 year return value) is of the same ordergf ma
nitude for indoor conditions and for outdoor conditions.

i Very low humidity levels with high shrinkage can cause problems from
the point of view of sericeability, especially for wood products and
panels with small cross dimensions. This problem is seldom recognized
in design.

i The stochastic process model developed can be used to simulate clima
ic exposure as sequences of daily averages. The predictonhis

used and its related parameters, but it demonstrates the transient properties model of extreme values with return periods of the order 5 years seems

of wood. In reality, however, thelative humidity varies irregularly with
occasional large differences in magnitude from day to day.

In this paper, a general and possible approach to describe mojsture e
posure based on real recorded data is proposed. Specifically, thelmetho
ology is appled for climate data at two locations in Sweden, Stockholm
and Sturup in southern Sweden. Moisture distributions in both time and
space are calculated with &X2finite element program. Selected results on
the response of timber subject to naturally varyilmate at different

to be reliable. For lower probabilities the values produced by the pr
cess model are uncertain.

i Considering moisture exposure on timber structures with nomial d
mensions, howeer, extreme values of daily average humidity will be
damped out by the slow moisture transfer in wood. The stochastic pr
cess model can be expected to give reasonable results in such cases.

i For timber structures with larger dimensions, swift changesat th
boundary are damped out fast and leave the inner parts of a @oss se

matic locations are presented. The obtained results may be used as a basis tion unaffected, whereas slow changes, as annual variations, affect the

for code specification of moisture effects with targeted reliability levels.
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whole beam. Timber performs as a lpass filter, allowing low -
guencies to pass but filter out higher ones.
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For handling of moisture effects in design of timber structures iis pr

isation will maximise the inteational usefulness of@erformance dat

posed that guidelines and principles are developed to determine consistentbase. Monitoring is discussed in reference to the GNS Science GeoNet

design values for

i Expected variation between maximum and minimum moisture content
averaged over cross sectsaio be able to determine moisture reov
ments with adequate reliability.

I Expected spatial variation of moisture content within cross sections to
predict strength reduction due to moisture induced eigenstresses for
failure modes perpendicular to grain.

43201 HW Morris, RUma, K Gledhill, P Omenzettevydth
The long term instrumentation of a timber buildiNglson w Za-
land- the need for standardisation

Introduction

High quality data on building performance is needed as timber is gacrea
ingly used for medium and large commercial, industrial and multi
residential structures in New Zealand and around the world. Timber buil
ings 6 to 9 storeys high have been constructed in Germany, England, Ca
ada and Sweden. In New Zealand we expect ar8ygbost tensioned
building in Nelson will be the trailblazer for taller structures here. Perfo

network and the Nelson Marlborough Institute of Technology (NMIT)
timber building inNelson and is used to pose the challenge as to how to
developa standard approach faider application.

Discussion and Conclusions

More data on real building responses to earthquake and strong wind events
will meanbetter verification of design assumptions. The impacts, effects
and costs of measured higvel seviceability events would significantly
contribute to better performance basegign. This requires a number of
buildings to be available to collect useful data. Gd¢t&nce have exper

ence with modern installations and a comprehensive but modegoplan

New Zealand wide installations. A compatible international programme
would significantly strengthen such a database, particularly for timber
structures 4 storeys bargher.

At the time of writing instrumentation is is only partly installed in the
NMIT buildings. Theimescale for design and installation has been very
tight and has had to fit around thealities of construction project schédu
ing. The project has considerable complexityvall as design parameters
to be determined. At the University Atickland it became cledinat a set
of guidelines and standards would have made for better early decisions. In

mance based standards require an understanding of building response at ahelonger term such standards would mean direct comparability between

range of serviceability levels as well as for life safety.

Large scale earthquake shalible experiments, such as those unde
taken in the USA, Italand Japan, provide very good initial response data
for timber structures. Mulstorey timber structures in seismic regions are
designedor structural ductility with the response analysis blase -
sumptions for damping whidh be different from the laboratory to fully
fitted out buildings. It is important thatonitoring is used to collectsitu
performance data, particularly in seismic areapreoide a solid basis for
standards for eange of fully finished structures.

For long span structures the timber deformation is a significant servic
ability designparameter so the long term deformations need to be predic
able. Monitoring provideanderstanding of the reliability of these design
values.

Instrumentation of buildings takes considerable effort and standardis
tion is necessary tmaximise the comparability of data. Timber has a
smaller research base than the majarctural materials so early standiar
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projects.
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2.4 FRACTURE MECHANICS

196-3 KWright and M Fonselius
Fracture toughness of woeklflode |

Abstract

Mode | fracture toughness of wood can be detemined witisg&€imens,
as proposed in the AST¥tandard. In the different orthotropic systems
the value of fracture toughneg was 200- 360 kNm™ for pine and
200-340 kNm™**for spruce. The coefficients of variation were about 10
%. The values fit well with those presented in the literature.

Because of the great nonlinearity, for plywood), khe value is not a
valid material parameter. For the comparigép;values were calculated
of the maximum load to be 13B00 kNm*? The coefficient of variation
was about 10 % for the Faystems. Lathe checks weaken the TR and RT
systems.

If the fractue toughness is considered to be proportional to the density,
the correlation for pine and spruceRs= 0.6. The numerical value of
fracture toughness in kNi? is roughly the same as the density irnky

If fracture toughness is considered to be aalir@mbination of the
square of density and other variables, somewhat better correlations are
achieved: for pine and spruBé= 0.8.

Discussion

The different emphasis in the Fonselius and Wrights works complicates
the comparison of the values. Howevercluse the density of spruce is
lower than that of pine, the fracture toughness also is lower, as expected.
Accordingly, theK-fracture toughness for plywood is about the same

for spruce, but the nonlinearity is larger: therefore plywood will show a
larger J-value.

The CTFspecimen seems to give reliable fracture toughness values. The
isotropic polynomial solution is near the values calculated by the means of
compliance measured in tdest.

Compared with the results found in the literature (Wrightlaempaw-
ori 1984), the following can be stated.

i The relations between the orthotropic fracture systems are not species .

independent. For Douglas Fir, the TR and RT systems are mucg-stron
er than for our materials, but the -Blystem is somewhat weaker than
found for pine. A possible reason for this is the different amount of rays
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in these species. The size of the tree used to make specimens but of, a
so may influence. In our cases the ammimgs had a visible curvature.
Douglas Fir stems are usually larger, so the specimens have likely been
more ideal.

i Density is the most important parameter indicating theRLLfracture

toughness, besides of the angle of the fracture plane. Roughly-the n
merical value oKIC fracture toughness in kNt®/2 is the same as the
density in kg/m3
The effect of moisture is not satisfactory clarified. Our results point to
an insensitivity to moisture, but sensitivity to moisture gradients. In the
literature, no kear tendency is found.

i The influences of size and loading rate are negligible when common
shortterm loading is used.
The PL\tresults show clearly the difference between rotsgled and
sawed plies; they give more uniform K Ic values for the diffefract
ture systems.

196-4 K Wright
Fracture toughness of pindode I

Abstract
Mode Il fracture toughness has been studied by means of beam specimens.
The material used was of the same lot of Pinus Silvestris as in the previous
mode | tests. In shotérm tests, the value & ¢ fracture toughness was
found to be 1760 kN2

Fracture toughness is best predicted by density and the quarterief dens
ty. Moisture content, annual ring angle or other variables had no effect.
Correlations were mostly poarhich may depend on the relatively large
fracture toughness of the wood from northern Finland comparesiden-
sity.

In the longterm tests, the deflection growth was proportional to the
bending stress and the 1/3th power of time. The 90 % stress derel ¢
sponded to a median life time of 5 h.

Conclusions

The fracture toughness values calculated by different methods do not
markedly deviate from each other. Stress intensity depends linearly on,
the crack length.
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I The shorterm tests had a mean moistuoatent of 14 % and density
of 420 kg/m3. Fracture toughness was 1760 K&t This is 5.4 times
mode | TL fracture toughness, which fits well the literature study.
iln regression analysis, significant variables were density } and
the correlation wakw, R = 0.54.
i The longterm tests gave fracture only by 90 % stress level; median
life-time was 5 h. The stress level 45 % proved to be too low.
i Deflection increase rate was for the thin specimens twice that for thick
specimens. The deflection increaagerwas proportional to t1/3
i Crack growth could not be studied due to the rapid fracture process.
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2.5 GLULAM STRENGTH

19121 J Ehlbeck and F Colling
Strength of glued laminated timber

Introduction

Strength and stiffness values of glued laminated timbedependent of

the design of glulam beams, i.e. the properties of the outer and inrner lam
nations as well as the quality of the finger joints. On principle, the outer
laminations are of better or at least the same quality as the inneatamin
tions. The eteme sixth of the depth or at least two laminations on either
side of the beam are defined as outer laminations. It is necessaryto diffe
entiate in that way because the outer laminations decide essentially the
bending strength of the glulam beam, whetbagension perpendicular to

grain and the shear strengths are in most cases controlled by the properties

of the inner laminations.

19124 F Zaupa
Timedependent behaviour of gldadhinated beams

Abstract
The longterm deformation and failure offlacted gluedaminated spruce
beams subjected to various levels of stress were studied over a three ye
period.

For the beams subjected to lower stress (30% of the-tgnortultimate
load), after three years the total viscous deformation was foundepuiae
to 55% of the initial elastic deformation; however, the phenomenon had
not yet ceased. The beams subjected to greater stress (60% of the short
term ultimate load), failed after between 8 and 28 months. The time
dependent deformation developed upht® onset of failure was, after eight
months, 30%, and after twengyght months, 55% of the initial elastied
formation.

The study revealed the dependence of the creep strain on theniével a
duration of loading. Obsertians on the mechanisms of the dnskthe
selfaccelerating process of failure were formulated.
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Conclusions
The results of the experiments carried out so far in this first, direct analysis
make it possible to draw some conclusions.

The rheological behaviour of gludéaminated beam, sudigted to long
term bending loads appears to fit the linear vislasticity of solids.

The time dependent delayed elastic deformation which, in the case of
beam 4, was also measured in the unloaded and reloaded phases, was well
evident: of the order of 17%f the initial elastic deformation, which repr
sents about 65% of the total time dependent deformation. It reacimed co
pletion in a period of some months.

There is, then, at least in the presence of high stresses, also&n appr
ciable degree of irreversibtgeep, which indicates a viscoplastic defo
mation component. These values of delayed plastic strain are, however, of
the order of 10% of the initial elastic deformation and 50% of the delayed
elastic deformation.

In many ways, behaviour of this type apfeeonparable to that of
concrete, and confirms the pdsility of producing interesting mixed
structures of glued laminated wood and reinforced concrete, even if the
various initialelastic, delayed elastic andrenoverable strain components
have diffeent impacts on the total deformation in these materials. The
substatial differences seem to be reducible to the critical phases in the
lifespan of the two materials. For corete the first phasis critical -

cause of the iprovement with age of its rbgical characteristics and its
mechanical properties. With wood, because it has no analogous-age d

ar pendent characteristics, later phases of its lifespan are critical: after a ce

tain period of time a process of accelerating progressive failure may be
marifested, if the permanent loads exceed about 50% of thetshoril-
timate load.

The latter phenomenon comes about suddenly, without appaeent pr
monitory signs, following a loss ofsitance to tensile stress in the
outermost fibres. The failure of theember, however, reaches completion
after a period long enough to allow corrective measures, if the situation is
recognized immediately. The site of the first fracturing corresponds-to d
fects in the structural member, such as knots, weak joints, even sligh
damage to the fibres, and other types of local dishomogeneity, to which
the wood proves to be rather sensitive.

Regarding this particular aspect, it is evident that, because oifrthe i
ited degree of heterogeneity that characterizes accurately manufactured
composite laminated elements, chosen on the basis of high quality control
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criteria, they may offer decisively more favourable conditions than the
corresponding solid wood elements.

To the extraordingrease of manufacture, transgadion and instadl-
tion of these elements there Esponds a high vulnerability, to errors and
carelessness that should not be underestimated.

21-121 K KomatsuN Kawamoto
Modulus of rupture of glulam. beaomposed of arbitrary laminae

Abstract

An equation is derived for predicting the modulus of rupture (MOR) of
glued laminated beafglulam) composed of lamaewith arbitrary grade,
arbitrary size and arbitrary arrangement at the most critical seottbe i
beam. Numerical experiments based on the Monte Carlo matbep-
plied to compare the theory with the experimental results obtained on the
full-size Douglas fir glulam beams. Comparisons between numexical e
periments and fulkize experiments indicate that the MORs of glulam
beams can be predicted if the distributions of MTS (maximum tensile
strength) and MOR of laminae as well as thealations between MTS
and MOE(modulus of elasticity) and MOR and MOE of laminae are
known. Sze effect (depth effect) can be also explained well by tha-equ
tion proposed in this study.

Conclusion

21-12-3J EhlbeckF Colling
The strength of glued laminated timber (glulam): influence &-lamin
tion qualities and strength of finger joints

Preface

In annex 2 of the draft of EUROCODE 5 "Common unified rules for ti

ber structures” published by the Commission of the European Commun
ties in October 1987 to seek comments by the member states a proposal
for requirements of laminations and godhting for glued laminated tn-

ber grades is given with appertaining characteristic strength valueg{or th
se grades. It is the intention of this paper to explain the background ideas
which led to this proposal and to challenge any comments on this glulam
strength systenirhis glulam grade system is mainly based on the bending
strength whereas other strength properties, i.e. tensile and compressive
strength perpadicular to grain as well as shear strength values, are est
mated data based on experience at the present time

23121 J EhlbeckF Colling
Bending strength of glulam beades design proposal

The scope of a current research project’ is the investigation of the bending
strength of glulam beams aiming at the development of design proposals.
The 'Karlsruhe caldation model™ a finite element model calculating the
strength of glulam beams by means of Monte Carlo simulatioas

Modulus of rupture (maximum bending moment of beam/ section modulus thought to achieve this purpose.

of beam ) of any glulam beam will be able to be predicted by applying the

The simulations showed, however, that the strength of glulam beams is

multi-layer composite beam concept as described in this report, if the MTS a very complex field and thdtis very difficult to describe the influence of

(maximum tensile strength) and MOR (flatse maximum bending
strength) of laminae and other information for cross section of the beam
are known.

In order to complete this approach more e@meral, research involving
the longitudinal variation of material properties would be required.
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one single parameter. The "Karlsruhe calculation model" takesanto a
count every possible tendency, but the problem was to describe these
tendencies mathematically.

Therefore, a statistical model (Collin§90) was developed, whiclid
vides the totality of glulam beams into two groups: beams with wobd fai
ure (knots) and beams failing due to finger joints. On the basis of the
"true" strength distributions of these two groups, it is possible to calculate
the d¢rength characteristics of the resultant glulam beams.

According to this model, the strength distribution of the final product
glulam orientates itself very strongly by the lower of these two strength
distributions and the characteristic bending strength of glulam beams is
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governed by the lower 5tpercentileof this group (“weaker material™).
In fig. 1 the characteristic bending strength {Bércentile) depending

percentile. This tendency even increases with increasing beam dimensions,
because size effects are more pronounced in caserolyeéh finger

on KAR, ovendry den5|ty and MOE of the Iamlnatlons Is shown for beams joint failure thanin case of beams with wood failure. This may ke e

with flnger joint failure (x ;) and wood failure X,,,,q)- The index *
indicates, that the strength values are valid for a standard beam with a
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fig. I: Characteristic bending strength of glulam beams with finger

joint failure (x5 5) and wood failure (x5 )

depth of 300 mm. Based on these calculation results, beams with finger
joint failure were found to be the "weaker material” having the I®@trer
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plained by the higher variability ofreingth data in case of beams with
failure due to finger joints.

Conclusion

Based on the characteristic bending streniﬂmof a standard beam under
constant loading, the characteristic bending strefagtbf any glulam

beam may bealculated as

.015
a L : 0
&9y
8400 3002 "FImk

where

L andH arelength and depth of the beam in mm,

ke is aload configuration factor (% in case of a single span beam with
uniformly distributed load).

The finger joints in the beam have to meet the followaguirement:
fmk 2 1,150,

It is essential to point out that in case of beams, systematically built up
with laminations having significantly different MOGElues, the ultimate
bending stress (in the outermost lamination) must be calculateddaty

to the theory of transformed sections.

23123 H Riberholt
Glulam beam&ending strength relation to the bending strength of
the finger joint

Scope

The scope of this paper is to illustrate the relation between the bending
strength of glulanibbeams and that of the finger joints. It is written as a
contribution similar to that in Ehlbeck & Colin@#&per 2312-1)which d-

so deals with this subject. But this paper employs another experimental
source.
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Conclusion 2412-1F Colling, J EhlbecR Gorlacher

The relation between the bendirtgesgth of glulam and that of the finger Contribution to the determirmatiof the bending strength of glulam
joints seenstodepend on several factors. Among these are partly the size beams

of the finger joints represmtedfor example by the thickness of the laanin

tion, partly the relation between the stréngf the finger jointand that of Introduction

the rest of the lamination. This could be explained byab&that the This paper intends to summarize the results of the extensive research work
weak finger joint is brittle and the surrounding wood is in the lineag stat done in Karlsruhe (Germany) on the bending strength of glulam beams.
sostress redistribution will not take place. Above all it is the aim of this essay to develop desiges for glulam

beams under bending.
The bending strength of glulam beams is primarily governed by two

23124 H Riberholt] Ehlbeck, A Fewell properties:

Contribution to the determination of the bending strength of glulam i the quality of the laminations used;

beams i the strength of the finger joints

Preface and explanation This is repeatedly demonstrated and proved by numerous telfeiant

In thedraft it has been necessary to introduce 2 tables of strength cla countries. In order to make the problem easier to understand how the
sespne Pbr glulam with a homogeneous cresection and one for glulam berding strength of glulam beams is influenced by mixing these two-pro
wheredifferentlamination grades have been combined in the €ross erties, it seems useful to consider first of all both effects separately.
section. The laghertioned is frequently employed in practise and it could

be preferable tstandardis¢his set of strength classes. Conclusion

Anotherpossibility would be to have more classes so that homogsneo It can besummarized that for aiming at certain glulam strength classes the
andcomhined grades could be included in the same table of classes. But minimum requirements for the laminations and the fifgets, as given
this solution would give some problem with the setting of the strength va  in Table 8, may be used.
ues foraxialtension and compression. These would have to be sehat a r

ther low levelin order to catefor the combined grade dam with the low Table 8: Requirements to comply with some glulam strength classes
quality inner lamiations. This would penalise homogeneous glulam. Glulamstrengthclass LH25 | LH30 | LH35 | LH 40
Introduction Strength clasef thelaminations | C 18 c24 C 30 C 37
A strength class system enables combinations of grade and species havingRequirements dut finger joints:

similar strength properties to be classified together vaittommon set of } > none 390 440 510
strengthproperties. Such a system simplifies the process of marketing MOE > none | 9000 | 12000 | 15000

structural timbeby reducing the number of options at the speaific

tion/supply interface } = mean density in kg/M{moisture content = 12%). MOE = mean

lengthwise MOE in Nthnv
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25121 E Gehri Recommendations
Determination of characteristic bending values of glued laminated ti The requirements in EN TC124.207 must be changéirecommended

ber. ENapproach and reality that:

Il ntroduction A a- Requirements concerning end joint strength (for beam dept®00
The loading models for bending of glulam dedined in EN TC 124.207. mm)

This model is based on a proposal of Riberholt/Ehlbeck/Fewell [1 ]. The based on tensile strength: fikj 2 0.85fmkg

characteristic bending moment of the beam is derived as: based on bending strength fmkj 2 1.4fmkg

f =(2.7 -0.04f f
mkg = vk N eok; b- Requirements concerning wosttength (for beam depth= 600

fmk g = Karm mm) based on teile strength: fnkg= 12 +foxs N/mn?
frok1

for a beam with a reference depthhef 300 mm Moreover |t is estd- 26121 E AasheimK Solli

lished that:

Norwegian bending tests with glued laminated beamparative

the mechanical properties of glued laminated timber are derived by mult calculations with the "Karlsruhe Calculation Model"

plying the laminate properties bykamfactor which make allowance for:

Introduction

In 1990 and 1991 extensive and systematic studies on the strength of glued
laminated beams (glulam beams) have been carried out at the "Norwegian
Institute of Wood Technology" in Oslo/Norway (Falk, Solli, Azem

1992). It was aimed to obtagiven strength values by variation of the
properties of the laminations (density and modulus of elasticity).

The investigations described in this paper were performed to estimate
and to predict the bending strengths of these glulam test beams with the
"Karlsruhe calculation model" (Colling, Ehlbeck, Gorlacher). The caicul
tions were based on the informations made available and described in se
tion 2. The test results (bending strength and modulus of elastibity) o

a the test methods used for single laminations, which may be less co
strained than when laminatioase bonded together in a single member;

b differences due to the dispersion of laminate low strength and Idw stif
ness areas throughout the volume of a glued laminated member;

c differences between the coefficients of variation of single laminates and
laminated members.

The above statements are valid only for wood laminations without end
joints. If end joints are present the bending strength for the splice nhust fu
fill the following condtions

fmki> fmkg tained in Oslo were unknown before finatigithe calculations and pu

The latter condition was adopted on Hessis of a proposon of Riberholt lishing the results.

The more comprehensive and better founded tigagtons of Ehlbeck / Altogether, three different combinations of different buiit have been
Colling lead to more severe conditions concerning the splice strength. For studied. In all cases the beam depth was 300 mm with nine laminations of
the reference depth of= 300 mm, the required condition is: 33,3 mm nominal thickness. The three beam combinations ane $ho

fnie> 1,156 kg Fig. 1. The test satp is illustrated in Fig. 2.

The coefficient 1.15 is, in my opinion, a value that is too low. Based on Summary

the work of Colling’ Ehlbeck/ Gorlachera coefficient of 1.4 may be just In 1990 and 1991 extensive and systematic studies on the strength of glued
fied as will be explaned later. | aminated beams have been carried
Wood Technology" in Oslo. For this purpose thechanical properties of
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the laminations were determined and classified according to CEN draft
standards of that time (C3®E and C3714E). Glued laminated test

beams following different strength classes (LH 35, LH40 and LC38) were
constructed and test@ustrength and stiffness.

At the same time strength and stiffness values of these beams Wwere ca
culated independently by means of the Karlsruhe calculation maéel. |
formation about the properties of the laminations i.e. the statisticat distr
bution of desity and modulus of elasticity of the boards used for the three
different combinations, about the fingeints, and about the builtp of
the beams were known from the Norwegiantaests. The results of the
beam tests were kept secret until the preddat@lculations were avai

ble.

The strength of all beam combinations (mean value grer&entile)
were proved to be in very good agreement with the calculated values

1.80 m 1.80 m i 180m

"I‘f‘ ' Fagh Strass Regran “f

 S—

6.00 m

Fig. 2 Beam testonfiguration.
26122 R Hernandez, R H Falk

(within 4 % deviation). By this study it became once more evident that the Simulation analysis ofddwegian spruce gluddminated timber

Karlsruhe calalation model is suitable to predict the strength of glued

laminated beams. It is on that account an appropriate aid for the evaluationAbstract
of standards on strength classes for glulam based on the relevant propertie& computer analysis model, referred to as PROLAM, was used to simulate

assigned to the laminations and the firgénts.

C30-12€
| C30-12E |
I
C30-12E |
| €30-12€
| C30-12E
| C30-12E
|
| C30-12E |
C30-12E |

C30-12E |

LH35

Fig. 1 Beam combinations tested
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the performance of gluddminated (glulam) timber beams manufactured
from Norwegian spruce lumber. Mechanical properties of tested lumber
and finger joints were analyzed to determime input properties required

by the model, and Monte Carlo simulation procedures were usecto co
pile and characterize bending strength and stiffness distributions of the
glulam beams. Simulated glulam beam results compared reasonably well
with actual reslis. Sensitivity analyses were also conducted to observe
both the effects of redistribution of stresses within a glulam beam, and the
influence of fingetjoint tensile strength on glulam beam bending strength.

Conclusion

In summary, the lumber and finggint data from Falk et al. (1992) were
analyzed to develop input properties required by a glulam beam simulation
model developed by Hernandez et al. (1991). When the input lamination
property values were used to simalgtulam beam performancsnulat-
edresults compared well with the test results.

Sensitivity analyses indicated that when the tensile strength of all the
laminations were held constant and only the core laminations eere r
duced in stiffness, the decrease in bending strength was lesspgéan 4
cent. However, when the same stiffness configurations medeled
while considering the reduction in lamination tensile strength corrdspon
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ing to the reduced stiffness of the core laminations, the reduction in glulam

bending strength was approximatély percent. This implies that thd-di

ference between outer and core lamination stiffness be kept to a minimum i

of 15 percent to minimize the reduction in glulam bending strength to
within 10 percent.

The second sensitivity analysis involved studying thiei@mfce of fin-
gerjoint tensile strength on the performance of the glulam beams in this
study. Comparing simulated results without the influence of finger joints
to simulated results with the influence of finger joints were only within 4
percent at both th&0th and 5th percentiles of glulam MOR. This sugges
ed that for the glulam layups evaluated in this study, finger joints played a
marginal role in the overall bending strength performance of the beams.
This observation was supported by the actual restittse tested glulam
combinations.

26123 F Colling, R H Falk
Investigation of laminating effects in gladinated timber

Abstract

In this study, existing lamination and beam test results were analytically
reviewed in an attempt to quantify the laaiing effect for glued

laminated (glulam) timber. Laminating effect is defined as the increase in
strength of lumber laminations when bonded in a glulam beam compared
to their strength when tested by standard test procedures. In this study,
fundamental cocepts are presented to describe the laminating eftect, e
timates are made of the various physical factors that make up the effect,
and a relationship is presented to quantify the magnitude of the effect.

Concluding Remarks
Although the analysis of reselrdata showed a great deal of variability in
measures of laminating factors, the following qualitative tendencies were
apparent:
I Lamination effects were more pronounced at the characteristic strength
level than at the mean strength level. This may beamegud by the
higher coefficient of variation of the lamination tensile strength-co
pared with glulam bending strength data.

(caused by smaller knots) and less influence of testing procedure
(caused by more homogeneous material propertiasigher grade).
Factors that contribute to the lamination effect were interrelated, ma
ing it difficult to accurately quantify them separately.

26124 F Rouger
Comparing design resufr glulam beams according to Eurocode 5
and to the Fench workingtress design code (cb71)

Abstract

The publication of the EN TC12207 standard draft about strength classes
of gluedlaminated timber gave rise to many questions from glued lam
nated timber design offices as from industrials. Those questions svere e
pedally about the characteristic values of the glued laminated tirsber i

sued from that of solid wood. However, we have to bear in mind that these
characteristic strengths are used in the design methods via partial security
coefficients defined as well astine Eurocode 5 as in the CB 71 regul

tion. In order to have a significant idea of the changes due to the European
regulation, it is necessary to compare practical cases of design. The aim of
this paper is to explain Eurocode 5 options and to compare th€l 71
regulation, and also to quantify the differences between those twa+egul
tions. An example of bending under self weight + snow load will kg stu

ied. The case of solid wood will also be investigated as a bass to that of
gluedlaminated timber.

Condusion

In the case of solid wood, Eurocode 5 design results are between CB 71
normal actions and extreme actions design results, which is in agreement
with soft calibration concepts. In the case of glulam, Eurocode 5 design r
sults are always more penatigithan CB 71 design results. For thia-re

son, the French glulam industry is concerned about its future and raised
the question during the CEN 124 meetings. A possible answer could be to
enable the use of Annex A as a normative Annex and to increasd-the va
ues by 15%, which would place the glulam in the same position as solid
wood. Of course, this would imply an increase of quality control inrthe i
dustry. This option was already discussed in previous CEN and CIB mee

I Lamination effects decreased with increasing quality and strength of theings. It needs to be a compromise betwaescientific reality and an ec

laminations. This may be explained by a lower reinforcement effect
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nomic reality.
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2F12-3E SerrangH J Larsen
Influence of weak zones on stress distribution in glulam beams

Background
When analyzing a beam with ntiomogenous crossection, a commonly
made asumption is that, plane ctions normal to the beam axis remain

plane and normal when the beam is loaded. This assumptlon according to ing adjusting factor of (158)%2

traditional beartheory leads to the well known fact, of piecewise linear
stress distribution over the cressaction of a glulam beam of lamellagiw
different modulus of elasticity. A zone with lower stiffness would, atcor
ing to these assumptisnbe subjected to stressesresponding to thesr
duction of stiffness. It is often claimed that a, "weak" zone (i.e. a knot or
finger joint) with lowerstiffness and strength than adjacent material would
be subjected to stresses of less magnitude and therefore not have-such s
vere effect, on global beam strength. The present analysis shows that a
low-stiffness zone not, necessarily is relaxed in the atdeseribed way.

Conclusions
The analyss suggests that the simple assumption that a local andrpropo
tional reduction of stiffness and strength has minor influence on beam

strength is not valid for small zones, i.e. knots and finger joints. The stress

redwction in a small zone is far from proportional to the stiffness reduction
and therefore the stress is closer to the strength of the material in a small
weak zone, than one would expect by intuition.

28121 E Gehri
Determination of characteristic benditrgngth of glued laminated
timber

Introduction

The situation up to 2 has been described by GehrPaper 2512-1
where also the requirements for the firg®ent based on the tensile
strength are given. Meanwhile new research by Falk / Solli / Amashe

(1992) and Coiling (1994) allow a better understanding of the behaviour of

glued laminated beams in reference to the lamination strength. The last
draft of prEN 1194 (September 1994) takes partly in account the new fin
ings.
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It has to be recalled hereat the strength model for bending is now
based on a depth bf= 600 mm and a beam length of 16 to 18 times the
depth.

The width of the beam had not been considered in the bending strength
model till now, although in allEuropean” strength models the $éda
strength of the laminations has to be referred to a width- G650 mm, 8-

. This seems not logical.

The strength model used in the USA takes in account for bothpfor te
sile strength of the lamination and for bending strength oglttdarn
beam,a width factor (see AITC 11-B3: Design Standard Speciitions
for Structural Glued Laminated Timber). This has to be reminded when
analysing and comparing the results ofeliént research works.

Conclusions

Based on the approach given in section 4, the requirement in prEN 1194

should be changed. It is recommended the following:

(&) Requirements concerning wood strength (for homogeneous sections
and depth h = 600 mm) based tensile strength of lamination:
fngk= 4 + 0.75 050 N/mn?
for machine graded laminations with coefficient of variation for the
tensile strength smaller than 0.3.

(b) Requirements concerning end joint strength (for homogeneous se
tions and depth = 600 mm) based on tensile strength of fingpént:
fngk= 1.18f N/mn?

The above requirements are valid for beam and lamination widitkr of
150 mm. For other widths use an adjusting factor of /()86

For combined sectiay with outer laminations of depth h/6 and med
lus of elasticity E, the following adjusting factor has to be used on both
requirements:

BN 3~°
‘? a2

@,
e BT

E, ¢
&

1
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29121 G Schickhofer
Development of efficient glued laminated timber

Abstract

Within most of the European countries the grading of timber as well as its
classification results from visual obvious characteristics of quality. e i
accuracy of such visual grading, as far as strength and stiffness of timber
are concerned, causes an insudntiutilisation of the material timber i

self. Special mechanical grading methods working by means of accurate

established and reported. Theseu@ycombinations are being recognized
by the evaluation service agers@f the major building codes in the tni
ed States.

Results obtained from this study suggested that relationship between
the characteristic tensile strength of the LVL tension laminatiggs &nd
the characteristic flexural strength of the glulamrbeg, g is likely to
depend upon not only the LVL, batsothe glulam manufacturers. It was
noticed that the relationship betwefes) x andfy, g kdid not necessarily fo
low the American National Standards Institute (ANSI) A190.1, American

grading parameters to determine stiffness are a basic requirementito class NationalStandard for Wood Pductsi Structural Glued Laminated

fy the respective strength of boantsed for the production of Gamtim-

ber. We give you a survey of the results from mechanical grading relating
to the particular grading classes and point out which characteristicg const
tute mechanically graded boards. Finally we define the efficiencyeef m
chanically graded boards withihe fidd of Glulam members, consideg

also the quality of finger joints respectively interdependent grading scales
and qualities of prducts and their effects on Gdm timber quality.

34121B Yeh, T G Williamson
Highstrength Joist compable gulam manufactured with L¥énsion
laminations

Abstract
In recent years, the growing popularity gbists in residential consteu
tion has spawned strong demands for +stgength structural glued lam
nated timber (glulam) with-jbist compatible (IJC) depths in North Ame
ica. Using the model prescribed in ASTM D3737, Standard practicefor e
tablishing stresses for structural glued laminated timber, A& Engr
neered Wood Association has developedagiulayup combinations using
full-length (without end joints) laminated veneer lumber (LVL) as tension
laminations to satisfy the market needs. These-&igdngth [JC glulam
products have a characteristic flexural strenftly § of 43 MPa (6300
psi) ard a mean modulus of elastiCitiyg mea) Of 14.5 GPa (2.1 x f@si),
which represent the highest performance level that has ever achieved by
the commodity glulam used in North America.

This paper describes the details of thedgycombinations and thre-
sults of fullscale glulam beam confirmation tests. For quality assurance
purposes, the required control values for the LVL tension laminations are
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ber. Therefore, the requirég, value for QA purposes should beneo

firmed by LVL tension and fulscale glulam beam tests. Without the-co

firmation data, thé o« should be assigned thensa value as:fg

Conclusions

The following conclusions are supported by the results obtained from this
study:

I LVL could be used as tension laminations for kififength glulams up
to, but not limited to, afi, gxvalue of 43 MPa (6300 psi) and
Eogmeavalue of 14.5 GPa (2.1 x 4@si).

i The layup combinations could meet the values given above provided
that the LVL tension laminations are properly quationtrolled.

i Itis also important to recognize that relationship betviggrandfy g
is likely to depend upon not only the LVL, balso the glulanmaru-
facturers. Therefore, the requirkg x value for QA purposes should be
confirmed by LVL tension and fulicale glulam beam tests. Without
the confirmation datd; o)« should be asghed the same value &gy«

34122B Yeh, T G Williamson
Evaluation of glulam shear strength using &izél fouspoint test
method

Abstract

The shear strengths of structural glued laminated timber (glulam) have
been traditionally evaluated in thinited States based on the procedures

set forth in ASTM Standards D3737 and D2555 using small block shear
values of clear wood specimens. For most glulam products, the design
shear stresses so derived are conservative. In recent years, the demand to
optimize the design shear stress has been increased due to a higher design
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shear stress offered by competing structural wood composites, such as
laminated veneer lumber (LVL) and parallel strand lumber (PSL).

Since 1997, APA has conducted a series ofdzié iear tests on gt
lam manufactured with Douglas fir, Southern pine, and SpruceFir. A
four-point load method with a clear distance between the edge of the rea

tion bearing plate to the edge of the nearest curved load bearing block of at
least 2 timeshte specimen depth was used to test all specimens. Based on 1

this experience, the fullize shear test method has been adopted in ASTM
D3737 as a standard test method for determining the horizontal shear
strength of glulam. This paper provides detailed dgisons of the test
methods, experimental results, and data analyses.

The test results obtained from this study indicate that the characteristic
shear strength values based on-$igle shear tests are approximately 70%
of the values determined from smidlibck shear tests. However, tHe a
lowable horizontal shear stress could be increased by a factor of at least
L25, including a 10% reduction to allow for occasional seasoning checks.
This increase can be attributed in part to the difference in the prosedure
used to derive the design value between thesfaé# and small block shear
tests.

Limitations on use of results

It is very important to realize that these new allowable shear vaties o
tained from this study are intended to be limited to prismatic rgluhem-

bers subjected to typical dead, live, snow, wind, and earthquake loads o
ly. The allowable shear stresses for impact or cyclic loading, such as may
occur in bridges or crane rail applications, have not been evaluated. Ne
ther have the effects of thelsigher shear stresses been accounted for in
the design of noprismatic members which are typically subjected to an

used by other researchers in the United States for evaluating glulam
shar strength of ponderosa pine with equally satisfactory results.
T The width effect on the characteristic shear strength was determined to
be negligible
for DF and SP glulam members and assumed to be negligible for all
other species.
The characteristic sheairength and allowable shear stress for tlee sp
cies other than DF, SP, and SPF can be established by multiplying the
small block shear value by the procedural calibration factor of 0.70 and
1.25, respectively. The allowable shear stress derived usingy tioes
dural calibration factor includes a 10% allowance for checking.
i Results obtained from this study have been accepted by the major
building code agencies in the U.S. and the new allowable shear values
are being used by the wood engineering community.

34126 G Schickhofer
Determination afhear strength values for GlSing visual and a3
chine graded spruce laminations

Abstract

The aim of this research project was to conduct tests to determine load
based shear strength values for GLT componentsdubjéending load.

In order to achieve this objective it was necessary to develop a suitable test
setup for glued laminated timber. Although extensive research oftthe li
erature revealed that such tests have been conducted for solid timber, the
lack of gandardised test seps is equally a problem in this area. Recent
analyses have been performed by B. Yeh, T.G. Williamson and GkSchic

interaction of shear stresses with other stresses. For these applications, théofer and B. Obermayr on glued laminated timber. On the basis ahpreli

previously published shear values, which have been prowzuatk
through years of experience, should be retained for design use.

Conclusions
The following conclusions are based on the results obtained from this
study:

inary tests on 24 glulam beamsc(bss sectionmectangular cross section
with reinforced edge zonds= 320 mmh = 608 mm) and finite element
analyses aimed to optimise the load introduction area and the cross
sectional form, further tests were based on-am$s section. Visually and
machine gradethminations were used to build the gs®ction of the test
pieces (S10, S13, M®, MS13 and MS17 in accordance with ON DIN

I The setup used in this study can be used to evaluate the shear strength 4074). A total of 75 test glulam pieces were analysed (5 series with diffe

of full-size glulam. ASM D3737 adopted this test method in October
2000 as an alternative standard test method for determining ihe hor
zontal shear strength of glulam. Since then, this test method has been
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ent glulam strength classes) taking into account thiengged thregpoint
loading test setip with central load introduction (singgpan, thregoint
loading test setup), 5 pieces taking into account an overlap on both sides of
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500 mm, and 10 pieces taking into account aspan, fivepoint loading from a single Bort span bending shear test. Many specimens will not fail

test satip. With the aid of the results it was not possible to confirm the in shear, but a sufficient number can be obtained for derivation ofa cha
formal correlation between shear strength of glued laminated tier acteristic value.

and the tensile strength of the laminati@pgin accordance with EN For lower grades of LVL, bending failures are more likely to occex, b
1194/1999. Rather, in contrast to the ndiagarising shear strength lva cause the material has insufficidr@nding capacity to mobilise a shear
ues with increasing glulam strength classes, a reduction in shear strengthsfailure. Use the high grade strength.

was displayed. It would seem appropriate to discuss the EN correlation. A two span bending test programme showed that large deformations

rendered standard formulae invalid and bearing performance could govern
formwork design.

36121 H Bier

Problems withlsear and bearing strength of Lihighly loded Bearing

structures Very limited datasuggest that it may be possible to derive a more rigorous
value for the onset of permanent bearing deformation to cover a range of

Abstract typical bearing widths used in concrete formwork practice.

In most timber engineering design, neither shear nor bearing stremgth go Currently used stress of 12 MPa for bearing in formwork is viesec

erns the design of bending elements such as beams and joists. However, to the values obtained for a 50 mm wide bearing.

when the structure carries very high loads over short spans, code values The total deformation of bearing members is significant relative to the 2

for sheatbegin to limit the design. Field experience suggests that for these mm and 3 mm limits imposed in the design of formwork structures. Total

structures, characteristic stresses based on codified test methodsland eva deformation includes surface indentation and compresgisiongh the

uation of bearing and shear are simply, not realistic. The low variability of depth of the beam.

LVL means these effects can be séadin detail. Further study and cyclic testing of formwork models is recommended
A test programme was undertaken to evaluate shear strength of LVL in to ensure serviceable formwork components in engineered wood.

single span and two span tests, on beams with and without bolt holes. As

expected, shear failures were only observed in the very strongest LVL.

The very high deformationsbeerved showed that for concrete formwork 39123BYeh, T G Williamson, Z A Martin

elements, bearing deformation in the LVL support structure could become Effect of checking and nglued edge joints on tlskear strength of

critical before shear, and standard engineering shear formulae may give structural glued laminated timber beams

misleading results.

An alternative bearing test was developed and tsedsess bearing Abstract
for beams where deformation control is critical. This test is based on ide  Shear strength of structural glued laminated timber (glulam) beams may be
tifying the onset of visible permanent set after repetitive loading, amd li affected by the iservice conditions or manufacturing processes. While
iting the design bearing stress accordingly. The information can be used toglulam is typically manufactured with kiddry lumber and therefore less
assist inthe preparation of span tables for radiata pine LVL usedgo su susceptible to checking and splitting, glulam beams still check or split,
port concrete in formwork structures, and the concept could be used for  usually at the first or second gHiee and at the beam ends, as they gain
other species. or lose moisture in response to direct exposure to water, changingerelativ

humidity and temperature in the surrounding environment.

Conclusions Literature is available for determining the effect of checks or splits on
Shear the horizontal shear strength of glulam beams based on consergative a

The shear strength of LVL can be determined for the very highest grades sumptions. It is not uncommon for the architect, drrilor homeowner to
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be alarmed when a significant check or split is found on a glulam beam. In ner laminations of JAS glulam beams. Further research on a more realistic
many instances, however, the check or split may have limited influence on strength reduction factor due to nglued edge joints is recommended.

the horizontal shear strength of a glulam beam and the structural integrity

of the glum beam is not compromised. In order to define the boundaries

of checks or splits, upon which the influence of such checks or splits can

be safely ignored, APAThe Engineered Wood Association (APANeo

ducted a series of fulicale glulam beam tests basgrthe most common

configurations and locations of checks or splits.

The glulam manufacturing processes may also affect the horizontal
shear strength of a glulam beam. For example, the U.S. design code redu
es the horizontal shear strength of a glulamrbedien manufactured with
nonglued edge joints using multiple pieces of dijeside lumber and
loaded in the direction parallel to the wide face of the laminatippsX-

IS). The shear strength reduction is not required when such a glulam beam
is loadedn the direction perpendicular to the wide face of the laminations
(x-x axis). However, there is only limited data available to substantiate
these cases. In support of a revision to the Japanese Agricultural Standard
(JAS) for Structural Glued Laminatednilber, APA conducted a series of
full-scale glulam beam tests to evaluate the effect ofghoed edge joints

in multiple-piece layups on the horizontal shear strength of glulam beams.
This paper describes the test results and findings from the checking and
nonglued edge joint studies.

Conclusion

Based on the test results, the presence of unbonded areas betwean lamin
tions, as could be caused by seasoning checks, does not affect the perfo
mance of glulam beams. A new publication on this subject, Owneide Gu

to Understanding Checks in Glued Laminated Timber was developed and
released by APA in March 2006. Figure 9 shows a flow chart included in
the Guide, which provides simple guidance for evaluating glulam checks.
Note that an engineering analysis isl sétjuired when a check exceeds

the limitations specified in the Guide.

For the norglued edge joints, the glulam shear strength is not affected
by the norglued edge joints in thex orientation based on the test results
reported above. The effect ofmglued edge joints on the glulam shear
strength in the 3y orientation can be conservatively estimated in atcor
ance with the methodology currently adopted by the glulam industry in the
U.S. These results have been used to support the revision of tliguIAS
lam standard to permit the use of redige glued joints in the core amd i
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