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2.1 COMPRESSION PERPENDICULAR TO GRAIN 
 
 
9-12-1 F Wassipaul, R Lackner 
Experiments to provide for elevated forces at the supports of wooden 
beams with particular regard to shearing stresses and long-term load-
ings  
 
Introduction  
After the preliminary examinations had been finished, which had the pur-
pose to find a method to reinforce the supports of wooden beams in order 
to improve their resistance to transversal compression loads, some ques-
tions were still unanswered. 

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

A further question was particularly the behaviour of the reinforcing el-
ements during the static long-time test. According to DIN 1052 the 
strength of wooden structural elements decreases essentially with increas-
ing duration of loading. Various explanations are given for this fact and it 
was attempted to determine the influence of long-time loading on the 
strength of reinforced wooden structural elements in comparison with un-
modified ones.  

Further on, it is known that the strength values obtained by testing de-
pend substantially on the size of the samples. Since with model tests con-
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 on, 
the so-called sample-volume (e.g. ratio of support distance to sample 
height or cross-section of sample) is influenced, it is necessary in most 
cases to carry through experiments on roughly shaped samples of com-
mercial size in order to prove the results obtained by the 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 a static long-time test 
with variations of their support areas. Finally it was to be elucidated 
whether the reinforcing elements were able to contribute to the absorption 
of the often high shearing stresses, which may occur within a beam in the 
zone of the supports. 

This effect would have to be anticipated and had been mentioned in lit-
erature. In order to prove the effect, a method described in literature was 
used. The cross-section, which is deciding for the ability to absorb shear-
ing stresses, was reduced within the zone of the highest shearing stresses; 
thus an improvement of the ability to absorb shearing stresses, caused by 
the reinforcing elements, would have had the possibility to show itself. 
 
Summary  
The low resistance of spruce wood, which is frequently used for wood 
constructions, against transversal compression loads, ůc,90,  often causes 
difficulties with rating of structural elements particularly if high main 
loads or supplementary loads (f. e. snow and wind loads) are to be consid-
ered. 

In this report which completes previous reports on the research project 
mentioned at the beginning, a method to reinforce the supports of laminat-
ed beams, developed at the Wood Research Institute, Vienna 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 
the wood of the beam in the direction of the supporting forces and which 
lead the forces impacting at the support into the core of the beam. The re-
inforcing elements were tested single and in the compound for their effec-
tiveness, particularly the transmission of forces, the size and arrangement 
of the elements in the static short-time test and with long time load were 
investigated. 

Inserting nails with special shaped shafts (special nails for wooden con-
structions) as well as inserting dowels made of those made of steel with 
coil profile results in a reduction of the indentations perpendicular to the 
grain 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 ÖNORM B 4100, 2.Part) with good timber for construc-
tional use compression stresses perpendicular to the grain up to 25 kp/cm

2
 

are permissible, provided shallow indentations are unobjectionable". If the 
indentations, caused by these stresses at the not reinforced support, are 
considered as a criterion, inserting the above-mentioned reinforcing ele-
ments results in an improvement, i.e. an increase or equal indentation. 
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23-6-1 U Korin 
Timber in compression perpendicular to grain  
 
Summary  
The compressive strength of timber perpendicular to grain was investigat-
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 sectors l/L. Upgrading experiment of bearing capacity 
of the timber by Nail-plates reinforcement was found to be unsuccessful. 
 

  

 
Discussion and Conclusions  
1  It is necessary to agree on a clear strength-bearing capacity criterion for 

timber in compression perpendicular to gain. 
2  Eurocode 5 brings a parameter Kc,90: 
 ,90, ,90 ,90,c d c c dK fs =  

Kc,90 depends upon the length of the overhangs of the loaded member. 

The following table presents a comparison between the values of Kc,90 

calculated for the loading conditions in this investigation and the exper-
imental results of this investigation. The differences between the com-
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 (d/b=2). There is a room for a much wider investigation on the 
subject. 

 
Table 2  Comparison between Kc,90 and experimental results. 

l/L Central Sector loaded End sector loaded 

Kc Experimental 
results 

Kc Experimental 
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 

 
 
27-6-1 C Lum, E Karacabeyli 
Development of the "critical bearing" design clause in CSA-086.1 
 
Abstract 
There are currently inconsistencies in the compression perpendicular-to-
grain (C-perp) design procedures in the Canadian code for Engineering 
Design In Wood, CSA-086.1-M89. For example, a single specified design 
value is given for a species group irrespective of the loading condition, or 
the lumber grade. On the other hand, different values are assigned to 
Douglas-fir lumber and Douglas-fir glulam (glued-laminated timber). The-
se inconsistencies not only make the design code confusing to designers, 
but they also hinder the introduction of appropriate C-perp strength values 
for products such as machine stress rated lumber. A research program fo-
cused on resolving these inconsistencies in the C-perp design procedures 
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for solid sawn lumber and glulam has recently been completed. The work 
consisted of short term and 2-month constant compression perpendicular-
to-grain load tests on two commercial species groups. Finite element anal-
yses of typical C-perp stress conditions were also performed to study the 
stress distributions for various C-perp applications. This work resulted in 
proposed changes to the compression perpendicular-to-grain design clause 
for the next revision of CSA-086.1. One of the significant changes pro-
posed is the addition of a separate check for compression perpendicular-to-
grain stresses produced by loads applied near beam supports. In this paper, 
the work done to develop this particular clause is presented. 
 
Code implementation 
The findings of this study were considered in the code change proposal for 
the 1994 edition of C SA-086.1. The proposed change consists of three 
major revisions: an increase in C-perp capacity for loading on the wide 
face; a check on "critical" C-perp loading as opposed to "contact" type 
loading; and revisions to the characteristic strength values for C-perp de-
sign. As part of the review of characteristic C-perp design values, a 10% 
reduction in the C-perp design value for the Douglas-fir/larch species 
group was recommended. This was judged to be sufficient to account for 
the discrepancy in the constant load performance between the Douglas-
fir/larch and spruce-pine species group tested in this study. 

The code proposal submitted to the CSA Technical Committee on En-
gineering Design in Wood is included. Highlights of the code change pro-
posal that came about as a result of this study are: 

 
ï C-perp design value increase factor of 15% for C-perp loading on the 

wide face 
ï retention of the current design code equation for "contact" type C-perp 

loading 
ï addition of the "critical" C-perp check for those cases where load is ap-

plied near the support 
ï use of a 2/3 reduction factor for "critical" loading 
ï reintroduction of a duration of load factor for C-perp to account for 

permanent type loading 
 
Some example applications of the proposed design procedure for C-perp 
are included. These examples cover some of the common C-perp applica-
tions found in engineering wood construction. Emphasis has been placed 

on glued-laminated timber and metal plate connected wood truss applica-
tions. 

The proposed code change on C-perp 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 result in a more ration-
al design procedure for C-perp design in CSA-086. I -M94. It will also al-
low the introduction of higher C-perp design values for products such as 
MSR lumber. Furthermore, the refinement to the design procedures has 
been done incrementally and without making the procedure more compli-
cated than the current procedures. 
 
 
31-6-4 L Damkilde, P Hoffmeyer, T N Pedersen 
Compression strength perpendicular to grain of structural timber and 
glulam  
 
Abstract 
The characteristic strength values for compression perpendicular to grain 
as they appear in EN 338 (structural timber) and EN 1194 (glulam) are 
currently up for discussion. The present paper provides experimental re-
sults based on EN 1193 that may assist in the correct assignment of such 
strength values. The 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 failure mode is not seen 
for structural timber. Nonetheless test results show that the levels of char-
acteristic compression strength perpendicular to grain are of the same or-
der for structural timber and glulam. The values are slightly lower than 
those appearing in 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 
ï The compression strength of 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 ft,90,mean = 2.9 MPa. The 5-percentile values for both structural timber 
and glulam is ft,90,k= 2.3 - 2.4 MPa. 

ï As a rough estimate of compression strength perpendicular to grain the 
following regression equation may be used for both average and 5-
percentile values for both structural timber and glulam: 

ï STRENGTH (MPa) = 0,006 DENSITY (kg/m
3
) 

ï For the assessment of strength, the laborious measurement of strain pre-
scribed by EN 1193 may be replaced with a measurement of the rela-
tive movements of the crossheads of the test machine. However, for the 
assessment of modulus of elasticity it is necessary to adhere to the pre-
scriptions laid down by the standard. 

ï The average modulus of elasticity across the grain is of the order 
E90,mean = 300 MPa for both structural timber and glulam. 

ï Finite element modelling proves that the inhomogeneous distribution of 
modulus of elasticity Ec,90 across a given specimen results in a compli-
cated stress distribution. 

ï The radial stresses (direction of applied force) are in compression and 
the level in the middle is higher than at the sides; the stress level in-
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. 

ï The tangential stress distribution (transverse direction) is somewhat 
more complicated and results in both compression and tension. High 
levels of tension stresses are found in many small areas, typically in the 
bonds between boards where the E-moduli change discontinuously. The 
stress level is of the order 40 % of the compression stress, which ex-
plains the fracture pattern. 

 
 
31-6-5 R H Leicester, H Fordham, H Breitinger 
Bearing strength of timber beams  
 
Abstract 
In testing timber to determine design values for bearing pressures it is nec-
essary to choose values for both strength and deformation limit states. This 
paper discusses various test configurations that may be used for in-grade 
measurements, and also discusses the question of applying a deformation 
knit in assessing strength properties. 
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The discussion is supplemented by test data from a project undertaken to 
develop an in-grade test to evaluate design bearing strengths for timber 
beams. 
 
Conclusions 
In the selection of a configuration for a standard in-grade test, both Con-
figurations 'A' and 'B', shown in Figure 3, are good candidates; the prefer-
ence is probably for Configuration 'C' because it models a very practical in 
service condition. 
 With respect to the data recorded, both the stiffness k and 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. This is be-
cause at large deformations, very rigid restraints are required to prevent- 
the test specimen from collapsing. For test configurations in which speci-
mens experience local bearing pressures from only one side, such as Con-
figuration A, the deformation limit should be 5 or 10 mm. For test config-
urations involving local bearing pressures from two sides, such as Config-
uration 'B', the limit may be doubled. 
 
 
40-6-2 M Poussa, P Tukiainen, A Ranta-Maunus 
Experimental study of compression and shear strength of spruce tim-
ber  
 
Introduction  
The European standards EN 338 and EN 384 provide a strength class sys-
tem for structural timber and strength profiles (characteristic strength val-
ues for bending, tension, compression and shear stresses) for each strength 
class. Basis of the system when placing a piece of timber to a strength 
class is bending strength supported by modulus of elasticity and density 
which are also grade determining properties. All other characteristic values 
are determined by calculation from bending strength or density. 

Characteristic shear strength values of EN 338 are based on the relation 

0,8
, ,0,2v k m kf f=        with max 3,8 MPa 

which indicates that shear strength increases with increasing bending 
strength until fm,k =40 MPa. Only few test results based on test method of 
EN408 are published. German experiments give characteristic shear 

strength value of 3,8 MPa and COV = 0,20 for spruce from C18 to C30, 
on average. There are also other test results which suggest that shear 
strength of timber is practically 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 are based on density of wood: 

,90, 0,007c k kf r=  

and characteristic compression strength in grain direction is given as func-
tion of bending strength 

0,45
,0, ,5c k m kf f=  

In this paper new tested compression strength values are published and 
different testing standards compared. Results are obtained in "Combi-
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) 

 
Suggestions for standardisation 
Obtained results partly support existing standards, partly suggest a revi-
sion. Main results are compiled in thr following table. 

Compression strength values parallel to grain were 30% higher than 
those given in EN338. It is suggested that higher 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 given in EN338. Comparison with ASTM 
shows an expected difference: same material which gives 5.2 MPa charac-
teristic value in ASTM test, gives 2.2 MPa in EN408 test. 

The beam tests support the suggested changes in calculation of effec-
tive area in compression perpendicular 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 given as max-
imum value in EN 338. 
 
 
41-6-3 H J Larsen, T A C M van der Put, A J M Leijten 
The design rules in Eurocode 5 for compression perpendicular to the 
grain - continuous supported beams  
 
Paper revised based on discussions at the ClB-W18 meeting. The main 
changes concern correction of an incorrect description of the rules in Eu-
rocode 5, amendment EC5/Al. 
 
Introduction  
An important task for CEN TC 124 has been drafting standards for deter-
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 sci-
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 test set-up as shown in Figure 1 has been chosen, while most 
countries use short test beams loaded in bending and shear (and compres-
sion perpendicular to the fibres). 

For compression perpendicular to the grain the two options in Figure 2 
were discussed. To the left is shown a test where a block of timber is load-
ed in uniform compression over the full surface. To the right is shown a 
situation where the test specimen (e.g. a sill) is 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 fi-
bres adjacent to the loaded area contribute in taking the load, see Figure 3. 
The first method was chosen in Europe, an argument being that it reflected 

the situation in pre-stressed 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 test results it is for a load-deformation 
curve that is not linear necessary to define a failure criterion. The defini-
tion according to EN 408 for block compression is shown in Figure 4. The 
compression strength is defined by the intersection between the test stress 
strain curve and a line parallel to the initial curve at a distance of 0,01h 
where h is the specimen height. 
 Since the result of exceeding fc,90 is not collapse but only large defor-
mations, it has been proposed, e.g. by Thelandersson and Mårtensson to 
regard this situation as violation of a Serviceability limit state. But even by 
taking advantage of the lower partial safety factors for Serviceability in-
stead of those for Ultimate limit states, many details in traditional timber 
structures, e.g. timber frame houses will no longer be acceptable. 
 

           

 

 
 

 

 
Figure 1. Shear test according 
to EN 408. The load is trans-
ferred through steel plates 
glued to the timber specimen 
that is loaded in shear at an 
angle to the grain. 

 
Figure 2. Pure block compression versus 
rail test 
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Figure 3. Load-deformation curves for 
uniform stress (lower curve) and for a rail 
situation (upper curve).  

Figure 4. Load-deformation 
curve for compression per-
pendicular to the grain, defini-
tion of compression strength 
fc,90 at 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: 
ï Van der Putôs model is the more accurate and reliable in predicting the 

bearing strength perpendicular to the grain. 
ï The less reliable results of the Eurocode 5/Al model is due to the inabil-

ity to take account of differences in beam height, load configuration 
and deformation. This causes sometimes unsafe and sometimes con-
servative results. 

ï It is suggested to replace Eurocode 5/A1 model by the model according 
to Van der Put 

 
 
43-6-1 A Jorissen, B de Leijer, A Leijten 
The Bearing Strength of Timber Beams on Discrete Supports 
 
Abstract 
The bearing strength capacity at discrete intermediate or/and end supports 
or areas of load introduction are the focus of this paper. Experimental re-
search backed up by FEM and optical techniques have been used to assess 

and quantify the strength 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 shown that for 
non-continuous supported beams loaded perpendicular to grain the disper-
sion of bearing stresses are limited to a certain area. For coniferous wood 
(Spruce) the bearing area is restricted to 35% of the beam depth with a 
maximum of 140 mm.  
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2.2 CROSS LAMINATED TIMBER 
 
37-6-5 P Fellmoser, H J Blass 
Influence of the rolling-shear 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 to the 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 1995-1 GR,mean / Gmean = 0,10 is defined for softwood. For the roll-
ing shear strength a common characteristic value of fR,k = 1,0 N/mm

2
 is 

given independent of the strength class. 
Neuhaus determined the rolling shear modulus of spruce as 48 N/mm

2
 

for a moisture content of 9 % through torsion tests. Aicher et al. analysed 
the rolling shear modulus for different annual ring orientations in the 
cross-section using the Finite Element Method. Depending on the annual 
ring orientation he found values between about 50 N/mm

2
 and 200 N/mm

2
. 

Experiments by Aicher et al. resulted in a rolling shear modulus of 50 
N/mm

2
. 

 
Summary 
The stress distribution in and the deformation behaviour of solid wood 
panels with cross layers loaded perpendicular to the plane both depend on 
shear deformation. Due to the very low rolling shear modulus, shear de-
formation increases significantly depending on the thickness of the rolling 
shear layer. 

The dynamic method of measuring the frequencies of a bending vibra-
tion was used for determining the rolling shear modulus of spruce. From 
the well known method for determining the modulus of elasticity parallel 

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 modulus 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/mrn

2
 and 80 N/mm

2
. 

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

 
 
39-12-4 R Jöbstl, T Moosbrugger, T Bogensperger, G Schickhofer 
A contribution to the design and system effect of cross laminated tim-
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 of stress-
es for the layers of a bending stressed element has to be done for each sin-
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 study has been done to evaluate an improved model of de-
sign for the homogenised product 'Cross Laminated Timber' (CLT). Start-
ing from the base material 'boards', visual graded as S10 (according to the 
German standard DIN 4074-1) which should give a strength class of C24 
(according to EN 338), tension tests have been made to get the characteris-
tic properties (tensile strength and modulus). Four series of 5-layered 
CLT-elements of different widths have been produced and tested in bend-
ing. For comparison two small series with unidirectional build-up ï quasi 
GLT ï have been made. 
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The results indicate a clear affinity between CLT and GLT. On this 
findings a design concept for CLT based on the beam model for GLT, has 
been suggested. It includes the difference of homogenisation in the vertical 
direction (laminating effect) between CLT, and GLT by defining the factor 
kcLT/GLT. Furthermore the so called 'system strength factor ksys, given in EN 
1995-1-1 (for 'equally spaced similar members) and EN 1995-2 (for timber 
deck systems working as parallel acting components) has been worked out 
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 (strength class C24 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 value (ft,0,l,mean = 26,1 N/mm

2
) but a 

high COV (39,4 %), and therefore a low 5% fractile (ft,0,l,05 = 12,5 N/rnm
2
, 

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 arranged boards in the 
outer layers) as well as into two series of GLT elements ('1u' and '4u', 
where u stands for unidirectional). All specimens have been built-up as 5-
layered elements and have been tested in bending in accordance to EN 
408. 

Three methods of calculation have been used: exact differential equa-
tion with Fourier discretisation, finite element analysis with plane stress 
discretisation, conventional beam model with rigid cross section and modi-
fied shear correction factor (r = 4,9 for a five layer element). All these 
methods have been calculated by use of three optimisation models, where-
as the stiffnesses E90 and G90 have been fixed a two parametric model to 
optimise E0 and G90,90 (rolling shear), and two one parametric models with 
additional fixed G90,90  (60,100) to optimise E0. All calculation models 
leads to comparable results. For calculation the beam model with modified 
shear correction factor is proposed. 

The bending test results suggest an affinity between the homogenised 
product CLT and GLT. Due to this situation it is comprehensible to use the 
same basis (beam model) for both products. The tests represent an increas-
ing of the 5% fractile with increasing of width of the elements. Hence a so 
called system strength factor ksys,CLT = 1,1 could be defined, if four or 

more parallel arranged boards are given. Furthermore a factor kh = 1,15 to 
consider the depth effect and the factor kCLT/GLT = 0,94 considering the dif-
ference in the homogenisation between GLT and CLT could be defined. 

If all the three factors are multiplied a factor kCLT = 1,2 (ksys, CLT kh 
kcLT/GLT) is given for a 5-layered CLT element with a thickness of 150 mm 
and a width, where four or more parallel arranged boards in the outer lay-
ers are used. 

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

The following model for GLT is expected (reference height h = 600 
mm and reference width w = 150 mm) where aGLT = 2,811 for COVt = 
0,35 (normally given for visual graded material) and COVm =0,15: 

0,82
, ,05 ,0, ,05m g GLT t lf a f=  

Based on this new beam model the following model for CLT can be ex-
pected (reference depth h = 150 mm, 5-layered element, four or more 
boards in the outer layers) with aGLT = 1,76 + 5,0 Ā COVt (acLT = 3,5 for 
COVt = 0,35 (normally given for visual graded material) and COVm = 
0,15): 

0,8
, ,05 ,0, ,05m c CLT t lf a f=  

Based on the respected results 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 verifica-
tion function can be used, when CLT is treated like a beam-like element 
(e.g. single-span beam). 

, , , , 1m c d m c dfs ¢  

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 
more (depending on the used strength classes and given COVs), where the 
DIN-concept is on the conservative side. 
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40-12-3 R A Jöbstl, G Schickhofer 
Comparative examination of creep of GTL and CLT-slabs in bending  
 
Abstract 
Cross laminated timber (CLT) is ï comparable with plywood ï build up of 
orthogonal layers. The base materials are boards or in further steps the la-
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 application lies in residential buildings. 
Because of high slenderness in case of ceilings ï span to depth ratios of 25 
to 35 ï serviceability design is generally decisive. 

As a result ï beside of short-term-deformations ï long-term-
deformations and related creep of discussed structures has to be kept in at-
tention. According the current European design requirements, long-time-
deformation has to be derived by reducing stiffness characteristic which is 
regulated by deformation factor kdef. The kdef for CLT has still to be identi-
fied. 

For that long-term four-point-bending-tests on five-layered 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 ele-
ments have been done with same testing configuration to enable direct 
comparison of test results of CLT with a well examined and known struc-
ture. By testing, loading (approx. 9 % and approx. 25 % of failure load) 
and climate (approx. SCI and SC2) have been varied. 

The results for CLT lead to about 30 -40 % higher creep value k, com-
pared to GLT, which nearly conforms the difference between unidirection-
al build up GLT and comparable to CLT orthogonal build up plywood. 

Data gained from total deformation demonstrate smeared creep value 
kc,CLT,5s, over the five-layered cross section. Furthermore, based on these 
results and by some additional assumptions creep value kc,9090 for rolling 
shear G9090 has been derived. This has enabled calculation of CLT-
elements with various number of layers, which demonstrate relative low 
difference to five-layered build up. By application of this method a prac-
tice relevant and smeared creep value for the whole structure ï as possible 
for other layered wood-structures like plywood and OSB ï can be derived 
by the engineer. 
 
Summary 
At Graz University of Technology comparable creep tests on five-layered 

cross laminated timber- and glued laminated timber-elements have been 
accomplished. After about one year of loading, increase of deformation of 
CLT compared to GLT reached around 39 % to 47 %. By assumption of 
similar creep-functions for both examined products over cross section 
smeared deformation factors kdef,CLT for two climates have been derived. 
By application of simple engineering approach a deformation factor for 
layers perpendicular kdef,9090 has been re-calculated for the rolling shear 
modulus G9090 (the modulus of elasticity perpendicular to the grain E90 has 
been assumed with 0) and hence concluded for over cross section smeared 
deformation factors kdef,CLT for 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 way calcu-
lated deformation factors are comparable with plywood ace. EN 1995-1-
1:2004. Based on these results it is proposed to consider the product CLT 
concerning long-term-behaviour within the group of plywood, whereby for 
number of layers lower or equal 7 the deformation factor has to be in-
creased by 10 %. 

 
 
41-12-3 R A Jöbstl, T Bogensperger, G Schickhofer 
In-plane shear strength of cross laminated timber  
 
Introduction  
The mass product Cross Laminated Timber (CLT) ï general of spruce 
(picea Abies karst.) ï is build up of an uneven number of layers of boards. 
Each layer is oriented 90° to the two adjacent ones. All layers are connect-
ed stiff by adhesive. The boards of each layer can be positioned with or 
without gaps. If gaps are used, their clearance is up to wgap = 6 mm. In 
case of no gaps, lateral adhesive at the narrow sides of the boards can af-
ford additional stiffness. 

CLT is a large-sized derived timber product. Due to transportation is-
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 number of layers (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 a CLT-slab element 
e.g. with 21 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 and 
roof elements, 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 strength val-
ues supply significantly higher values than 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 N/mm

2
 and the COV value 

with 11,3 %. Depending on the statistical distribution function, a 5% quan-
tile value between fv,0,90,CLT,k = 10,3 N/mm

2
 and 10,6 N/mm

2
 can de de-

rived. Comparable shear strength values of softwood plywood plates are 
about 50% higher than the strength value on basis of these 20 tests. Geo-
metric parameters like the a/t relation or the gap between two boards in 
one layer have to be further studied in future research. 
 
 
42-12-2 C Sandhaas, J W G van de Kuilen, L Boukes, A Ceccotti, 
Analysis of X-LAM panel-to-panel connections under monotonic and 
cyclic loading  
 
Abstract 
Cross-laminated timber panels (X-lam) are more and more used as con-
struction material for buildings. For a sound and reliable structural analy-
sis in both static and cyclic loading situations, the behaviour of connec-
tions between wall panels has to be evaluated. As the X-lam panels are 
very rigid, these connections are determining significantly the mechanical 
performance of X-lam buildings. 

A typical in-plane wall-to-wall connection makes use of an LVL strip 
that is mounted as an nlay along the edges of two notched panels and is 
connected to these two panels by single shear fasteners, for instance self-
drilling screws. As a consequence, the static and dynamic behaviour of 
this connection type differs from panels that are directly connected to each 
other due to the LVL strip and the subsequent double row of single shear 
fasteners. The LVL-inlay 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 input parameters 
for subsequent design models. Bending angles of fasteners have been 
measured. A comparison of the test results with dynamic measurements 

and calculations on a 3-storey building has resulted in the conclusion that 
in-plane wall-to-wall panel connections are an important factor in the 
structural behaviour of X-lam buildings, especially under dynamic loading 
such as earthquakes. Design procedures dealing with EC5 and EC8 con-
cerning this connection type are discussed and their applicability is evalu-
ated. 
 
Conclusions 
The load-carrying 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 with nef = 1. No dif-
ference could be observed between specimens with 3 or 5 layers. The en-
ergy dissipation capacity of the connection type is high as can be seen in 
Table 3 where the equivalent viscous damping is calculated. Energy dissi-
pation capacity is an important concept for seismic design according 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 praxis oriented 
restraining scheme should be developed and applied by researchers in or-
der to keep results comparable and applicable. Furthermore, the limit of 
30mm of testing protocols may be not sufficient, especially for large di-
ameter dowels. The tested connections could support a displacement of 
45mm without rupture which allows good seismic design. 

The system values in terms of load-carrying capacity and stiffness 
found by the tests and calculations can be used for further modelling pur-
poses of this important connection type in seismic design. 
 
 
42-12-4 R Steiger, A Gülzow 
Validity of bending tests on strip-shaped specimens to derive bending 
strength and stiffness properties of cross-laminated solid timber  
 
Abstract 
Cross-laminated solid timber (CLT) is a panel-shaped engineered wood 
product, assembled of cross-wise oriented layers of lamellas (mostly soft-
wood). In contrast to other panel-shaped engineered wood products, CLT 
is not only used as component of structural elements, but rather for load 
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bearing plates and shear panels itself. The application of CLT used as 
load-bearing plates requires information on strength properties, the design, 
however, is often governed by serviceability criterions like maximal de-
flection and vibration susceptibility. Hence, predicting the respective be-
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 and (CE-) marking of wood-based 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 requires 4-point bending tests of strip-shaped speci-
mens with a width of 300 mm, cut off the CLT panels. The span has to be 
taken as 300 mm + 32 t, t being the nominal thickness of the CLT panel. 

By comparing results of bending tests on strip-shaped specimens and 
on full panels it is shown, that neither strength nor stiffness properties de-
rived by testing strip-shaped panels are appropriate to assess the respective 
properties of the original panels. The analysis of the test data covers bend-
ing strength, bending MOE parallel and perpendicular to the grain direc-
tion of the face layers as well as shear moduli. Rolling shear failures which 
frequently occurred when testing strip-shaped specimens could not be ob-
served in destructive tests of whole CLT panels. Additionally a verifica-
tion by carrying out static bending tests (deflection measurements) under 
different loading situations showed, that the overall stiffness properties 
(elastic parameters of the stiffness matrix) can, alternatively to EN 789 
tests or estimations with the compound theory, be derived directly by a 
modal analysis of full-size CLT panels. 
 
Summary and conclusions 
Strength properties can best be assigned to CLT by means of the com-
pound theory. However, the mechanical properties (strength 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 
modal analysis is a good alternative to estimating them on base of the me-
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 
analysis can help in assigning correct stiffness properties to CLT. After 
having proven the correctness of the method by static proof loading, the 
panel properties were compared to bending MOE and shear moduli de-

rived from tests on strip-shaped specimens cut off the CLT panels. One 
part of the tests additionally focused on bending strength and failure 
modes.  

The following conclusions could be drawn: 
ï Bending strength and stiffness of CLT panels can vary quite strongly 

within one single panel. 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 of few or sin-
gle strip-shaped specimens. 

ï The accuracy of the test results when performing bending tests of strip-
shaped specimens according to EN 789 is increased with increasing 
sample size. Mean values of at least 5 ï 6 specimens better describe the 
actual bending 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 criteria of EN 14358. 

ï The variation of the stiffness properties depends on the degree of ho-
mogenisation of the actual CLT panel product. The smaller the compo-
nents (lamellas) are and the less the variation in mechanical properties 
is (which can be reached by adequate strength grading of the raw mate-
rial), the better it can be concluded from tests on strip-shaped speci-
mens to the bending strength and stiffness properties of the whole CLT 
panel. 

ï Compared to gross CLT panels, local non-homogeneities and faults 
(knots, pitch pockets, deviated grain, not adhesively bonded contacts, 
cuts, grooves, cracks) take more influence on the mechanical properties 
of the strip-shaped specimens. The smaller the width of such specimens 
is, the more their load-bearing behaviour is affected by local defects 
and non-homogeneities due to faults in the raw material or due to way 
of producing the panels. 

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

ï When testing strip-shaped specimens, shear and rolling shear failures 
occur quite frequently, whereas such failure modes could not be ob-



 
CIB-W18 Timber Structures ï A review of meeting 1-43 2 MATERIAL PROPERTIES page 2.21 
 

served when testing whole CLT panels to failure. There bending failure 
was dominating. Punching, however, should be regarded, especially 
with thin panels and products with grooves and layers not adhesively 
bonded at their lateral sides. 

ï Single tests on strip-shaped specimens may serve as an instrument of 
production control especially regarding the quality of bonding. They 
should, however not be used to derive mechanical properties of CLT 
panels. In scientific studies testing of strip-shaped cut offs of CLT 
should only be carried out on big samples. Geometrical dimensions 
should not be taken smaller than asked by the standards and generaliza-
tion of conclusions in most cases is not possible (e.g. type of failure). 
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2.3 ENVIRONMENTAL CONDITIONS 
 
20-18-1 A Mårtensson, S Thelandersson  
Wood materials under combined mechanical and hygral loading  
 
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 lead to displacements which are great-
er than those caused by mechanical loading. Moreover, interaction of 
moisture changes with mechanical loading can lead to excessive defor-
mation of wooden structures. 

In composite structures like stressed skin panels, composite beams and 
layered wooden products, differential swelling or shrinkage produces in-
ternal stresses, which can cause degradation as well as distortion of shape. 
Such effects may accumulate as a result of repeated moisture cycling dur-
ing the lifetime of the structure, 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 load-duration class. This means that the effect of moisture conditions 
on basic material properties during the lifetime of the structure is consid-
ered in a simple way suitable for practical design. Due to the complexity 
of the underlying physical problems, however, a rational basis for descrip-
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 design not on-
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, though, how 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 methods, unre-
alistically high values are usually obtained. 

Consider, as a simple example, a wooden element which is drying with 
the shrinkage fully restrained, Fig. 1. According to linear theory of elas-
ticity, the stress change isD due to restrained shrinkage is given by 

i sEs eD = D (1) 

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

 
Fig. 1. Drying wood element under full restraint. 
 
Using representative values for seD in moisture class 1 and design values 
for E it is found that isD 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 products. It should be noted that the design value of E is spec-
ified in codes under the assumption that a low value of E is unfavourable. 
When E is used to calculate restraint stresses the opposite is valid, imply-
ing that a consistent choice of design parameters would give still higher 
values of isD . 
 
Stresses due to imposed deformations may be neglected when they con-
tribute to 'ductile' types of failure as for wood in compression. But for 
'brittle' types of failure as for wood or adhesive joints 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 investiga-
tion: 
 
1)  Tests on hardboard show that the effect of moisture variations on ten-

sile creep is surprisingly small, in view of the very significant mecano-
sorptive effects observed for other wooden materials. 
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2)  The mechano-sorptive effects in the tested hardboard was found to be 
much greater in relaxation tests under moisture variations. Typically, 
the initial stress 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 wooden ma-
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 mechanosorptive be-
havior was found to give good agreement with creep type experiments 
when calibrated against these. 

6)  When the model was checked against relaxation type experiments (us-
ing the same material parameters), however, it showed poor agreement. 

 
Based on published experimental evidence, Grossman has given a number 
of requirements for a model which exhibits mechano-sorptive behaviour. 
To this list can be added that the model shall be able to predict both re-
laxation and creep behaviour under varying moisture conditions. Tests of 
relaxation type are almost nonexistent in the literature, and it would be of 
great interest if experimentalists could perform such tests for different 
wooden materials and for different loading modes. For instance, prediction 
of drying stresses and cracking in timber requires such information for 
wood under tension in the radial and tangential directions. 
 
 
22-11-1 K Erler 
Corrosion and adaptation factors for chemically aggressive media with 
timber structures  
 
Objective 
The calculation of the load-bearing capacity of new timber structures or 
the check of that of old timber structures will be accomplished a few years 
hence in all European countries by adopting the limit states method. In this 
connection, the most important outside influences are being taken into 
consideration by applying adaptation factors, e.g. the kind and duration of 
the stress and strain (loading or action), the moisture of timber as well as 
adaptation factors for chemically aggressive media The last-mentioned in-
fluence is included hitherto only in a few regulations (specifications) like ï 

for instance ï in the Polish Timber Construction Code; however, only a 
limited number of media is being mentioned and no adaptation factors are 
being referred to. 

The aim of the studies and investigations described hereinafter is to 
clarify corrosion processes and rates with timber components for the rele-
vant aggressive media Conclusions may be drawn concerning reductions 
for the design. It is particularly important from the national-economic 
point of view to determine and check with which influences an insignifi-
cant corrosion is occurring. 

The determination of the influence of chemically aggressive media on 
the load-bearing capacity of timber structures with long service-life peri-
ods and different conditions of utilization shall be supported by documen-
tary evidence. 

The objectives consist in 
ï enabling a statical check of old structures with regard to the corre-

sponding degree of damage done to them, and 
ï taking into consideration in the case of new planning and design activi-

ties (projects) the reduction of the load-bearing capacity by means of 
scientifically ensured adaptation factors.  

 
In this connection, relevant influences such as air humidity, kind of the 
acting medium and cross-sectional dimensions of the timber components 
concerned must be considered and applied when determining the adapta-
tion factors. 
 
Summary 
The corrosion of timber components when exposed to a chemically ag-
gressive influence is being described with the evaluation of new results 
and findings of studies, tests and investigations. 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 of the cor-
rosion with timber are indicated. The destroyed boundary zone of the 
width d which is assumed to be no longer able to support load is deter-
mined subject to the duration of action (period of occupation of the build-
ings concerned), to the kind of medium and to the air humidity. Based on 
the description, the depths of penetration of the agents and the reduced 
strengths can be determined. Subsequent to the testing of specimens sam-
pled from the timber structure concerned ï e.g. test cores ï it is possible to 
exactly determine 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 resid-
ual load-bearing capacity of existing, structures or components can be 
checked and verified by means of the timber cross sections reduced by d. 

In the draft of the new GDR Code "Timber Construction - Load-
bearing Systems" adopting the method of limit states, for timber the most 
significant agents have been assigned to ranges (grades) of aggressivity, 
and stress degrees have been defined accordingly. Subject to the stress de-
gree and to the cross-sectional dimension of the timber component con-
cerned, adaptation factors for the influence of aggressive media have been 
fixed. 

 
 
29-11-1 P Galimard, P Morlier 
Load duration effect on structural beams under varying climate influ-
ence of size and shape  
 
Abstract 
The Duration of Load effect has been of increasing interest for both the 
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 bending, have been made but the large amount of 
configurations has always been reduced to few moisture contents and load 
histories. However, it is still not easy to compare all the results for the pro-
tocol of testing and presenting the results is not yet a standard. 

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 environ-
ment. Forty beams are stepwise loaded in an 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% of the av-
erage short term strength. Two beam depths (100 & 150 mm) are tested. 
The beams can be sealed or unsealed. The curvature, the time-to-failure 
and the climatic conditions are monitored. 

A ranking method is used to show the main trends of the duration of 
load results: the time-to-failure are not affected by daily or short time vari-
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 European AIR-Project 

which has been set up to get experimental data on DOL of LVL and glu-
lam straight, notched and curved sized beams. 
 
Conclusion 
ï We have shown, on straight LVL beams that opposite conclusions can 

appear from the same data depending on the way of presenting the re-
sults. 

ï However, the influence of the general changing of the climate was 
more important than the absolute moisture content. 

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

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

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

ï 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 testing configurations, the variability of the result analysis, 
and the influence of the analysis on the conclusions that can be contradic-
tory. 
 
 
30-11-1 R H Leicester, C H Wang, M N Nguyen, G C Foliente 
Probabilistic design models for the durability of timber constructions  
 
Introduction  
The theory of structural engineering for timber construction is now suffi-
ciently well defined that computational design procedures can be devel-
oped and even codified. By contrast, design for durability is still very 
much of an art, with 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 predictive 
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 



 
CIB-W18 Timber Structures ï A review of meeting 1-43 2 MATERIAL PROPERTIES page 2.25 
 

and codified; optimised strategies for asset management involving design, 
maintenance and replacement can be derived; optimised procedures may 
be used to develop 'good building practice'. Perhaps most importantly, the 
availability of predictive models will enable innovative designs to be un-
dertaken with confidence, and without the necessity of relying on past ex-
perience. 

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

The following describes the 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, largely be-
cause of unanticipated difficulties in formulating suitable attack mecha-
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 param-
eters, 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 desir-
able as far as possible, for all aspects of the prediction model to be global-
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 estimates are not warranted. For 
this reason alone, within the Australian project the use of sophisticated 
methods will be avoided and emphasis will be placed on the use of simple 
methods both for analysis and for estimating the required model parame-
ters. 

 
 

33-12-1 J Jönsson, S Svensson 
Internal stresses in the cross-grain direction of wood induced by cli-
mate variation  
 
Abstract 
A method to determine the internal stress state across the grain of glue 
laminated wood (glulam) is described in this paper. An experimental 
equipment for cutting specimens and measuring released deformation is 
used. The internal stress state can be calculated from the observed released 
deformations. For evaluation purpose a small and well-defined test series 
was carried out for specimens with different climate treatment prior to 
testing. 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 become larger when 
moistening from a specific climate A to another climate B than when dry-
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 grain! 
 
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 defor-
mations. The speed of measuring is important since small test specimens 
are used, a change of moisture content is not tolerable. The accuracy is ac-
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 measuring and the 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. 
 
The following conclusions can be drawn from this study. 
ï There is little difference between the values of modulus of elasticity for 

the four outermost slices. As expected the modulus of elasticity in-
creases with increasing amount of radial wood. 

ï The influence of moisture content on the modulus of elasticity is most 
dominant on the slices in the middle part of the specimen. 

ï The modulus of elasticity for the middle part of the specimen is be-
tween 2-2,5 times the outermost part. 
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ï In seasoned specimens i.e. uniform dried and moistened specimens, 
there were internal stresses! 

ï The maximum tension and compression stress for seasoned specimens 
was approximately 0,4 and 0,2 MPa. 

ï The stress level between the two groups of gradient specimens differs 
with approximately a factor 2. 

ï Results for specimens with induced moisture gradient shows that the 
stresses become larger for moistening from a specific climate RH 40% 
to another climate RH 80% than drying from RH 80% to RH 40%. 

ï The largest mean stress level was about 0,7 MPa, which is larger than 
the characteristic value of tensile strength perpendicular to the grain! 

 
 
34-12-4 J Jönsson 
Moisture induced stresses in glulam cross-sections  
 
Abstract 
Preliminary results from an experimental investigation to determine the in-
ternal stress state perpendicular to grain in glulam were presented at the 
CIB meeting in Paper 33-12-1. Further results from this research are pre-
sented in this paper together with improvements of the experimental meth-
odology. The modifications concern digital camera equipment for strain 
measurements with better optics, fixtures for holding the camera, the 
method of releasing the deformation and the technique to moisture seal 
specimens. Altogether the changes in methodology has made the testing 
more rational and increased the reliability of the measurements. However, 
repetition of tests made' before these improvements have confirmed the re-
sults presented in the previous paper. 

Three categories of tests are presented where strain and stress distribu-
tion in the cross grain direction are determined. The different categories 
are specimens seasoned in constant humidity, specimens exposed to an ar-
tificial single climate change and specimens exposed to natural climate 
outdoors under shelter. 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 be-
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 in the tests 
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 

part of the glulam cross section exceeds the characteristic strength of 0,5 
MPa during a period of approximately 80 days. 

 
Conclusions 
The stress values given below refer to average stresses along slices disre-
garding end effects. The maximum stress levels in the cross section are 
significantly higher. A preliminary estimate is that the stresses may be 
about 30 % larger than the values quoted below. The following conclu-
sions can be drawn from the tests. 
ï Significant internal stresses were found in seasoned specimens with 

uniform moisture content. 
ï The maximum tension and compression stress for seasoned specimens 

is of the order 0,2 MPa. 
ï For specimens with induced moisture gradient, the stresses become 

larger for moistening from a specific climate RH 40% to another cli-
mate RH 80% than for drying from RH 80% to RH 40%. 

ï The tensile stresses are twice as high and the compressive stresses are 
three times 
higher under moistening between RH 40 % and 80 % than under drying 
or vice versa. 

ï The largest tension stress level observed was about 0,6 MPa, which is 
larger than the characteristic tensile strength perpendicular to the grain. 

ï Specimens exposed to natural climate outdoors under shelter show a 
large fluctuation in released strains and internal stresses during a 160-
day period from November to April. 

ï The stress level varied in the outer part of the cross section from -0,65 
to 0,32 MPa and from 0 to 0,85 MPa in the middle part. 

ï The tensile stresses exceeded 0,5 MPa during a period of 80 days, out 
of a total testing period of 160 days. 

ï The main conclusion is that moisture induced stresses must always be 
taken into account in one way or another for failure modes involving 
tension perpendicular to grain. 
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36-11-1 R H Leicester, C H Wang, M N Nguyen, G C Foliente, C McKen-
zie 
Structural durability of timber in ground contact  
 
Abstract 
This paper describes the development of a model to predict the strength of 
timber poles and rectangular sawn sections subjected to in-ground attack 
by decay fungi. The models are based on data obtained from extensive in-
ground stake tests that were monitored over a period of 30 years and a lim-
ited number of full size pole and rectangular sawn sections. The model 
takes into account timber species, preservative treatment, maintenance 
practice and local climate. The model predictions are in quantified form, 
and hence can be used to make cost-optimised decisions for asset man-
agement purposes. 
 
Concluding comments 
Using the completed model, it is now possible to compute the deterioration 
over the years of the load capacity of structural elements constructed with 
timber in ground contact. The model is directly applicable to about 80 spe-
cies of timber, CCA and creosote treatments and a variety of maintenance 
procedures. Through use of a climate index (based on rainfall and tem-
perature parameters) the procedure is applicable to all locations in Austral-
ia, from temperate to hot tropical regions and from rainforest to desert are-
as. With slight modifications, it should be possible to apply this model to 
any structure, fabricated from any species and located anywhere in the 
world. 

Current progress is related to calibrating and modifying the model ac-
cording to the experience of experts. In addition, it is necessary to find a 
procedure for taking into account the deterioration due to mechanical deg-
radation that occurs in the and regions of Australia. 

Possibly the most important aspect of the engineering model described 
is that it provides a unified framework within which can be placed all 
types of knowledge, such as knowledge obtained from laboratory data, 
field data, expert opinion and accepted good practice. It can also be used 
to assess the monetary value of new knowledge. 
 
 
 

38-11-1 R H Leicester, C-H Wang, M Nguyen, G C Foliente 
Design specifications for the durability of timber  
 
Abstract 
In the development of prediction models for the durability of timber con-
struction, data was obtained from several sources. These include basic 
physics and biology, field tests on small clear wood and steel specimens, 
field tests on full size structures, in-service structures and expert opinion. 
This paper provides a discussion on the role played by these various 
sources of information, and also procedures for drafting rules for engineer-
ing design codes. 
 
Conclusion 
There are several reasons as to why the formal application of Bayesian 
procedures is not suitable for application to the durability model. One rea-
son is that the models are highly nonlinear and complex. Another reason is 
that the in-service data required for use in such a procedure is usually not 
completely defined. 

The current procedure is to use an "evidence-based" approach, i.e. to 
ensure that the models comply with all the data sources mentioned includ-
ing that of expert opinion. Another possibility is to develop models that 
focus on high risk performance rather than mean values. 

The suitable choice of a reliability index ɓ to be used in equation (2 ) is 
an interesting topic for investigation. 
 
 
38-11-2 M Häglund, S Thelandersson 
Consideration of moisture exposure of timber structures as an action  
 
Introduction  
Moisture exposure is a very significant factor for serviceability as well as 
load bearing capacity of structural timber elements and systems. Not only 
the moisture content level but also the variation of the moisture content is 
of great importance for the performance of timber structures and engineer-
ing, wood products. One critical factor is varying relative humidity in the 
ambient air, and thus non-uniform moisture content in wood cross sec-
tions. External and internal restraint of hygro-expansion will then create 
stresses mainly perpendicular to grain. Such stresses may cause cracks, re-
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 con-
tent variations is hence important in order to better understand and quanti-
fy how these variations affect timber. Today's design codes use service 
classes to account for moisture induced effects, but since the class selec-
tion is only based on anticipated equilibrium levels, the nature of timber 
exposed to moisture is not fully reflected. In order to improve design 
codes, it has been proposed that instead of using strength reduction factors, 
induced moisture stresses may be treated as an ordinary design load to be 
combined with effects from other loads (for example snow and wind load). 
For this purpose, a moisture exposure model that reflects the nature of the 
variations ï the dynamics ï of moisture in the ambient air is desired. The 
model should also include temperature, since this is needed for conversion 
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 showed 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 cycling be-
tween 50% and 95% RH is about 10 mm, whereas an annual cycling in-
creased the penetration depth approximately ten times. The exact figures 
are of course highly dependent on what moisture transport model being 
used and its related parameters, but it demonstrates the transient properties 
of wood. In reality, however, the relative humidity varies irregularly with 
occasional large differences in magnitude from day to day. 

In this paper, a general and possible approach to describe moisture ex-
posure based on real recorded data is proposed. Specifically, the method-
ology is applied for climate data at two locations in Sweden, Stockholm 
and Sturup in southern Sweden. Moisture distributions in both time and 
space are calculated with a 2-D finite element program. Selected results on 
the response of timber subject to naturally varying climate at different cli-
matic locations are presented. The obtained results may be used as a basis 
for code specification of moisture effects with targeted reliability levels. 
 
 
 

Discussion and conclusions 
The results presented in this paper are part of an ongoing 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 sequenc-
es of temperature and relative humidity can be generated. Simulated se-
quences may be used for probabilistic investigations of the response of 
timber structures to varying climate, for refined definitions of service clas-
ses and for calibration of climate related factors in timber design codes. 

The following conclusions can be made from the research so far 
ï Extreme values of 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. 

ï The moisture content variation (difference between maximum and min-
imum MC, defined as 5 year return value) is of the same order of mag-
nitude for indoor conditions and for outdoor conditions. 

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

ï The stochastic process model developed can be used to simulate climat-
ic exposure as sequences of daily averages. The prediction from this 
model of extreme values with return periods of the order 5 years seems 
to be reliable. For lower probabilities the values produced by the pro-
cess model are uncertain. 

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

ï For timber structures with larger dimensions, swift changes at the 
boundary are damped out fast and leave the inner parts of a cross sec-
tion unaffected, whereas slow changes, as annual variations, affect the 
whole beam. Timber performs as a low-pass filter, allowing low fre-
quencies to pass but filter out higher ones. 
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For handling of moisture effects in design of timber structures it is pro-
posed that guidelines and principles are developed to determine consistent 
design values for 
ï Expected variation between maximum and minimum moisture content 

averaged over cross sections to be able to determine moisture move-
ments with adequate reliability. 

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

 
 
43-20-1 H W Morris, S R Uma, K Gledhill, P Omenzetter, M Worth 
The long term instrumentation of a timber building in Nelson New Zea-
land - the need for standardisation 
 
Introduction  
High quality data on building performance is needed as timber is increas-
ingly used for medium and large commercial, industrial and multi-
residential structures in New Zealand and around the world. Timber build-
ings 6 to 9 storeys high have been constructed in Germany, England, Can-
ada and Sweden. In New Zealand we expect a 3 storey post tensioned 
building in Nelson will be the trailblazer for taller structures here. Perfor-
mance based standards require an understanding of building response at a 
range of serviceability levels as well as for life safety. 

Large scale earthquake shake table experiments, such as those under-
taken in the USA, Italy and Japan, provide very good initial response data 
for timber structures. Multi-storey timber structures in seismic regions are 
designed for structural ductility with the response analysis based on as-
sumptions for damping which ill be different from the laboratory to fully 
fitted out buildings. It is important that monitoring is used to collect in-situ 
performance data, particularly in seismic areas, to provide a solid basis for 
standards for a range of fully finished structures. 

For long span structures the timber deformation is a significant service-
ability design parameter so the long term deformations need to be predict-
able. Monitoring provides understanding of the reliability of these design 
values.  

Instrumentation of buildings takes considerable effort and standardisa-
tion is necessary to maximise the comparability of data. Timber has a 
smaller research base than the major structural materials so early standard-

isation will maximise the international usefulness of a performance data-
base. Monitoring is discussed in reference to the GNS Science GeoNet 
network and the Nelson Marlborough Institute of Technology (NMIT) 
timber building in Nelson and is used to pose the challenge as to how to 
develop a standard approach for wider application. 
 
Discussion and Conclusions  
More data on real building responses to earthquake and strong wind events 
will mean better verification of design assumptions. The impacts, effects 
and costs of measured high level serviceability events would significantly 
contribute to better performance based design. This requires a number of 
buildings to be available to collect useful data. GNS Science have experi-
ence with modern installations and a comprehensive but modest plan for 
New Zealand wide installations. A compatible international programme 
would significantly strengthen such a database, particularly for timber 
structures 4 storeys or higher. 

At the time of writing instrumentation is is only partly installed in the 
NMIT buildings. The timescale for design and installation has been very 
tight and has had to fit around the realities of construction project schedul-
ing. The project has considerable complexity as well as design parameters 
to be determined. At the University of Auckland it became clear that a set 
of guidelines and standards would have made for better early decisions. In 
the longer term such standards would mean direct comparability between 
projects.  
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2.4 FRACTURE MECHANICS 
 
19-6-3 K Wright and M Fonselius 
Fracture toughness of wood - Mode I 
 
Abstract 
Mode I fracture toughness of wood can be detemined with CT-specimens, 
as proposed in the ASTM-standard. In the different orthotropic systems 
the value of fracture toughness KIC was 200 - 360 kNm 

-3/2
 for pine and 

200-340 kNm 
-3/2 

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), the K IC value is not a 
valid material parameter. For the comparison, K I -values were calculated 
of the maximum load to be 130 - 300 kNm

-3/2
. The coefficient of variation 

was about 10 % for the TL-systems. Lathe checks weaken the TR and RT 
systems. 

If the fracture toughness is considered to be proportional to the density, 
the correlation for pine and spruce is R

2
 = 0.6. The numerical value of 

fracture toughness in kNm
-3/2

 is roughly the same as the density in kg/m
3
. 

If fracture toughness is considered to be a linear combination of the 
square of density and other variables, somewhat better correlations are 
achieved: for pine and spruce R

2
 = 0.8. 

 
Discussion 
The different emphasis in the Fonselius and Wrights works complicates 
the comparison of the values. However, because the density of spruce is 
lower than that of pine, the fracture toughness also is lower, as expected. 
Accordingly, the K-fracture toughness for plywood is about the same as 
for spruce, but the nonlinearity is larger: therefore plywood will show a 
larger J-value. 

The CT-specimen seems to give reliable fracture toughness values. The 
isotropic polynomial solution is near the values calculated by the means of 
compliance measured in the J-test. 

Compared with the results found in the literature (Wright and Leppavu-
ori 1984), the following can be stated. 
ï The relations between the orthotropic fracture systems are not species 

independent. For Douglas Fir, the TR and RT systems are much strong-
er than for our materials, but the TL-system is somewhat weaker than 
found for pine. A possible reason for this is the different amount of rays 

in these species. The size of the tree used to make specimens out of, al-
so may influence. In our cases the annual rings had a visible curvature. 
Douglas Fir stems are usually larger, so the specimens have likely been 
more ideal. 

ï Density is the most important parameter indicating the TL-RL fracture 
toughness, besides of the angle of the fracture plane. Roughly, the nu-
merical value of-KIC fracture toughness in kNm-3/2 is the same as  the 
density in kg/m3 

ï 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 clear tendency is found. 

ï The influences of size and loading rate are negligible when common 
short-term loading is used. 

ï The PLV-results show clearly the difference between rotary-peeled and 
sawed plies; they give more uniform K Ic values for the different frac-
ture systems. 

 
 
19-6-4 K Wright 
Fracture toughness of pine - Mode II  
 
Abstract 
Mode II 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 I tests. In short term tests, the value of KIIC fracture toughness was 
found to be 1760 kNm

-3/2
. 

Fracture toughness is best predicted by density and the quarter of densi-
ty. Moisture content, annual ring angle or other variables had no effect. 
Correlations were mostly poor, which may depend on the relatively large 
fracture toughness of the wood from northern Finland compared to its den-
sity. 

In the long-term tests, the deflection growth was proportional to the 
bending stress and the 1/3th power of time. The 90 % stress level corre-
sponded to a median life time of 5 h. 
 
Conclusions 
ï The fracture toughness values calculated by different methods do not 

markedly deviate from each other. Stress intensity depends linearly on, 
the crack length. 



 
CIB-W18 Timber Structures ï A review of meeting 1-43 2 MATERIAL PROPERTIES page 2.31 
 

ï The short-term tests had a mean moisture content of 14 % and density 
of 420 kg/m3. Fracture toughness was 1760 kNm-3/2. This is 5.4 times 
mode I TL fracture toughness, which fits well the literature study. 

ï In regression analysis, significant variables were density ɟ and ɟ2, but 
the correlation was low, R = 0.54. 

ï The long-term tests gave fracture only by 90 % stress level; median 
life-time was 5 h. The stress level 45 % proved to be too low. 

ï Deflection increase rate was for the thin specimens twice that for thick 
specimens. The deflection increase rate was proportional to t1/3 

ï Crack growth could not be studied due to the rapid fracture process. 
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2.5 GLULAM STRENGTH 
 
 
19-12-1 J Ehlbeck and F Colling 
Strength of glued laminated timber  
 
Introduction  
Strength and stiffness values of glued laminated timber are dependent of 
the design of glulam beams, i.e. the properties of the outer and inner lami-
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 inner lamina-
tions. The extreme sixth of the depth or at least two laminations on either 
side of the beam are defined as outer laminations. It is necessary to differ-
entiate in that way because the outer laminations decide essentially the 
bending strength of the glulam beam, whereas the tension perpendicular to 
grain and the shear strengths are in most cases controlled by the properties 
of the inner laminations. 
 
 
19-12-4 F Zaupa 
Time-dependent behaviour of glued-laminated beams  
 
Abstract  
The long-term deformation and failure of inflected glued-laminated spruce 
beams subjected to various levels of stress were studied over a three year 
period. 

For the beams subjected to lower stress (30% of the short-term ultimate 
load), after three years the total viscous deformation was found to be equal 
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 up to the onset of failure was, after eight 
months, 30%, and after twenty-eight months, 55% of the initial elastic de-
formation. 

The study revealed the dependence of the creep strain on the level and 
duration of loading. Observations on the mechanisms of the onset of the 
self-accelerating process of failure were formulated. 
 
 

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 glued-laminated beam, subjected to long-
term bending loads appears to fit the linear visco-elasticity 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% of the initial elastic deformation, which repre-
sents about 65% of the total time dependent deformation. It reached com-
pletion in a period of some months. 

There is, then, at least in the presence of high stresses, also an appre-
ciable degree of irreversible creep, which indicates a viscoplastic defor-
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 appears comparable to that of 
concrete, and confirms the possibility of producing interesting mixed 
structures of glued laminated wood and reinforced concrete, even if the 
various initial elastic, delayed elastic and unrecoverable strain components 
have different impacts on the total deformation in these materials. The 
substantial differences seem to be reducible to the critical phases in the 
lifespan of the two materials. For concrete the first phase is critical be-
cause of the improvement with age of its rheological characteristics and its 
mechanical properties. With wood, because it has no analogous age de-
pendent characteristics, later phases of its lifespan are critical: after a cer-
tain period of time a process of accelerating progressive failure may be 
manifested, if the permanent loads exceed about 50% of the short-term ul-
timate load. 

The latter phenomenon comes about suddenly, without apparent pre-
monitory signs, following a loss of resistance to tensile stress in the 
outermost fibres. The failure of the member, 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 de-
fects in the structural member, such as knots, weak joints, even slight 
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 of the lim-
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 extraordinary ease of manufacture, transportation and installa-
tion of these elements there corresponds a high vulnerability, to errors and 
carelessness that should not be underestimated. 
 
 
21-12-1 K Komatsu, N Kawamoto 
Modulus of rupture of glulam. beam composed of arbitrary laminae  
 
Abstract 
An equation is derived for predicting the modulus of rupture (MOR) of 
glued laminated beam (glulam) composed of laminae with arbitrary grade, 
arbitrary size and arbitrary arrangement at the most critical section in the 
beam. Numerical experiments based on the Monte Carlo method are ap-
plied to compare the theory with the experimental results obtained on the 
full -size Douglas fir glulam beams. Comparisons between numerical ex-
periments and full-size 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 the co-relations between MTS 
and MOE(modulus of elasticity) and MOR and MOE of laminae are 
known. Size effect (depth effect) can be also explained well by the equa-
tion proposed in this study. 
 
Conclusion 
Modulus of rupture (maximum bending moment of beam/ section modulus 
of beam ) of any glulam beam will be able to be predicted by applying the 
multi-layer composite beam concept as described in this report, if the MTS 
(maximum tensile strength) and MOR (flat-wise maximum bending 
strength) of laminae and other information for cross section of the beam 
are known. 

In order to complete this approach more in general, research involving 
the longitudinal variation of material properties would be required. 
 
 
 
 

21-12-3 J Ehlbeck, F Colling 
The strength of glued laminated timber (glulam): influence of lamina-
tion qualities and strength of finger joints  
 
Preface 
In annex 2 of the draft of EUROCODE 5 "Common unified rules for tim-
ber structures" published by the Commission of the European Communi-
ties in October 1987 to seek comments by the member states a proposal 
for requirements of laminations and end-jointing for glued laminated tim-
ber grades is given with appertaining characteristic strength values for the-
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 system. This glulam grade system is mainly based on the bending 
strength whereas other strength properties, i.e. tensile and compressive 
strength perpendicular to grain as well as shear strength values, are esti-
mated data based on experience at the present time. 
 
 
23-12-1 J Ehlbeck, F Colling 
Bending strength of glulam beams ð a 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 calculation model" - a finite element model calculating the 
strength of glulam beams by means of Monte Carlo simulations - was 
thought to achieve this purpose. 

The simulations showed, however, that the strength of glulam beams is 
a very complex field and that it is very difficult to describe the influence of 
one single parameter. The "Karlsruhe calculation model" takes into ac-
count every possible tendency, but the problem was to describe these 
tendencies mathematically. 

Therefore, a statistical model (Colling 1990) was developed, which di-
vides the totality of glulam beams into two groups: beams with wood fail-
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 strength 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 5th-percentile of this group ("weaker material"). 
In fig. 1 the characteristic bending strength (5th-percentile) depending 

on KAR, ovendry density and MOE of the laminations is shown for beams 
with finger joint failure ( 0

5, fix ) and wood failure (0
5,woodx ). The index "

0
" 

indicates, that the strength values are valid for a standard beam with a 

 
depth of 300 mm. Based on these calculation results, beams with finger 
joint failure were found to be the "weaker material" having the lower 5th-

percentile. This tendency even increases with increasing beam dimensions, 
because size effects are more pronounced in case of beams with finger 
joint failure than in case of beams with wood failure. This may be ex-
plained by the higher variability of strength data in case of beams with 
failure due to finger joints. 
 
Conclusion 
Based on the characteristic bending strength 0

,m kf of a standard beam under 
constant loading, the characteristic bending strength fm,k of any glulam 
beam may be calculated as 

0,15

0
, ,

5400 300
m k F m k

L H
f k f

-
å õ
= Öæ ö
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where 
L and H are length and depth of the beam in mm, 
kF is a load configuration factor (= 1 in case of a single span beam with 
uniformly distributed load). 
 
The finger joints in the beam have to meet the following requirement: 

0
, , ,1,15m k fj m kf f²  

It is essential to point out that in case of beams, systematically built up 
with laminations having significantly different MOE-values, the ultimate 
bending stress (in the outermost lamination) must be calculated according 
to the theory of transformed sections. 
 
 
23-12-3 H Riberholt 
Glulam beams. bending strength in 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 glulam beams and that of the finger joints. It is written as a 
contribution similar to that in Ehlbeck & Coling (Paper 23-12-1)which al-
so deals with this subject. But this paper employs another experimental 
source. 
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Conclusion 
The relation between the bending strength of glulam and that of the finger 
joints seemsto depend on several factors. Among these are partly the size 
of the finger joints represented for example by the thickness of the lamina-
tion, partly the relation between the strength of the finger joint and that of 
the rest of the lamination. This could be explained by the fact that the 
weak finger joint is brittle and the surrounding wood is in the linear state 
so stress redistribution will not take place. 
 
 
23-12-4 H Riberholt, J Ehlbeck, A Fewell 
Contribution to the determination of the bending strength of glulam 
beams  
 
Preface and explanation 
In the draft it has been necessary to introduce 2 tables of strength clas-
ses,one for glulam with a homogeneous cross-section and one for glulam 
where different lamination grades have been combined in the cross-
section. The last mentioned is frequently employed in practise and it could 
be preferable to standardise this set of strength classes. 

Another possibility would be to have more classes so that homogeneous 
and combined grades could be included in the same table of classes. But 
this solution would give some problem with the setting of the strength val-
ues for axial tension and compression. These would have to be set at a ra-
ther low level in order to cater for the combined grade glulam with the low 
quality inner laminations. This would penalise homogeneous glulam. 
 
Introduction  
A strength class system enables combinations of grade and species having 
similar strength properties to be classified together with a common set of 
strength properties. Such a system simplifies the process of marketing 
structural timber by reducing the number of options at the specifica-
tion/supply interface. 
 
 
 
 
 

24-12-1 F Colling, J Ehlbeck, R Görlacher 
Contribution to the determination of the bending strength of glulam 
beams  
 
Introduction  
This paper intends to summarize the results of the extensive research work 
done in Karlsruhe (Germany) on the bending strength of glulam beams. 
Above all it is the aim of this essay to develop design rules for glulam 
beams under bending. 

The bending strength of glulam beams is primarily governed by two 
properties: 
ï the quality of the laminations used; 
ï the strength of the finger joints 
 
This is repeatedly demonstrated and proved by numerous tests in different 
countries. In order to make the problem easier to understand how the 
bending strength of glulam beams is influenced by mixing these two prop-
erties, it seems useful to consider first of all both effects separately. 
 
Conclusion 
It can be summarized that for aiming at certain glulam strength classes the 
minimum requirements for the laminations and the finger-joints, as given 
in Table 8, may be used. 
 
Table 8: Requirements to comply with some glulam strength classes 
Glulam strength class LH 25 LH 30 LH 35 LH 40 

Strength class of the laminations C 18 C 24 C 30 C 37 

Requirements due to finger joints: 
  ɟ > 
  MOE > 

 
none 
none 

 
390 
9000 

 
440 

12000 

 
510 

15000 

ɟ = mean density in kg/m
3
 (moisture content u = 12%). MOE = mean 

lengthwise MOE in N/mm
2
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25-12-1 E Gehri 
Determination of characteristic bending values of glued laminated tim-
ber. EN-approach and reality 
 
Introduction Å 
The loading models for bending of glulam  are defined in EN TC 124.207. 
This model is based on a proposal of Riberholt/Ehlbeck/Fewell [1 ]. The 
characteristic bending moment of the beam is derived as: 

, , ,0, ,1 ,0, ,1

, ,

,0, ,1

(2.7 0.04 ) m k g t k t k

m k g
lam

t k

f f f

f
k

f

= -

=
 

for a beam with a reference depth of h = 300 mm. Moreover, it is estab-
lished that: 
the mechanical properties of glued laminated timber are derived by multi-
plying the laminate properties by a k1am factor which make allowance for: 
 
a the test methods used for single laminations, which may be less con-

strained than when laminations are bonded together in a single member; 
b differences due to the dispersion of laminate low strength and low stiff-

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 must ful-
fill the following conditions: 

 fm,k,j > fm,k,g 

The latter condition was adopted on the basis of a proposition of Riberholt. 
The more comprehensive and better founded investigations of Ehlbeck / 
Colling lead to more severe conditions concerning the splice strength. For 
the reference depth of h = 300 mm, the required condition is: 

 fm,k,j > 1,15fm,k,g 

The coefficient 1.15 is, in my opinion, a value that is too low. Based on 
the work of Colling / Ehlbeck / GörIacher a coefficient of 1.4 may be justi-
fied as will be explaned later. 
 

Recommendations 
The requirements in EN TC124.207 must be changed. It is recommended 
that: 
 
a - Requirements concerning end joint strength (for beam depth h = 600 

mm) 
based on tensile strength:               ft,k,j  ² 0.85 fm,k,g 

based on bending strength:            fm,k,j  ² 1.4 fm,k,g 

 
b - Requirements concerning wood strength (for beam depth h = 600 

mm) based on tensile strength:               fm,k,g = 12 + ft,0,k,l  N/mm
2
 

 
 
26-12-1 E Aasheim, K Solli 
Norwegian bending tests with glued laminated beams-comparative 
calculations with the "Karlsruhe Calculation Model"  
 
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, Aas-heim 
1992). It was aimed to obtain given 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, Görlacher). The calcula-
tions were based on the informations made available and described in sec-
tion 2. The test results (bending strength and modulus of elasticity) ob-
tained in Oslo were unknown before finalizing the calculations and pub-
lishing the results. 

Altogether, three different combinations of different built-up have been 
studied. In all cases the beam depth was 300 mm with nine laminations of 
33,3 mm nominal thickness. The three beam combinations are shown in 
Fig. 1. The test set-up is illustrated in Fig. 2. 
 
Summary 
In 1990 and 1991 extensive and systematic studies on the strength of glued 
laminated beams have been carried out at the òNorwegian Institute of 
Wood Technology" in Oslo. For this purpose the mechanical properties of 
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the laminations were determined and classified according to CEN draft 
standards of that time (C30-12E and C37-14E). Glued laminated test 
beams following different strength classes (LH 35, LH40 and LC38) were 
constructed and tested in strength and stiffness. 

At the same time strength and stiffness values of these beams were cal-
culated independently by means of the Karlsruhe calculation model. In-
formation about the properties of the laminations i.e. the statistical distri-
bution of density and modulus of elasticity of the boards used for the three 
different combinations, about the finger-joints, and about the built-up of 
the beams were known from the Norwegian pre-tests. The results of the 
beam tests were kept secret until the predictive calculations were availa-
ble. 

The strength of all beam combinations (mean value and 5-percentile) 
were proved to be in very good agreement with the calculated values 
(within 4 % deviation). By this study it became once more evident that the 
Karlsruhe calculation model is suitable to predict the strength of glued 
laminated beams. It is on that account an appropriate aid for the evaluation 
of standards on strength classes for glulam based on the relevant properties 
assigned to the laminations and the finger-joints. 

 
Fig. 1 Beam combinations tested. 

 

 

Fig. 2 Beam test configuration. 

26-12-2 R Hernandez, R H Falk 
Simulation analysis of Norwegian spruce glued-laminated timber  
 
Abstract 
A computer analysis model, referred to as PROLAM, was used to simulate 
the performance of glued-laminated (glulam) timber beams manufactured 
from Norwegian spruce lumber. Mechanical properties of tested lumber 
and finger joints were analyzed to determine the input properties required 
by the model, and Monte Carlo simulation procedures were used to com-
pile and characterize bending strength and stiffness distributions of the 
glulam beams. Simulated glulam beam results compared reasonably well 
with actual results. Sensitivity analyses were also conducted to observe 
both the effects of redistribution of stresses within a glulam beam, and the 
influence of finger-joint tensile strength on glulam beam bending strength. 
 
Conclusion 
In summary, the lumber and finger-joint 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 simulate glulam beam performance, simulat-
ed results 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 were re-
duced in stiffness, the decrease in bending strength was less than 4 per-
cent. However, when the same stiffness configurations were modeled 
while considering the reduction in lamination tensile strength correspond-
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ing to the reduced stiffness of the core laminations, the reduction in glulam 
bending strength was approximately 15 percent. This implies that the dif-
ference between outer and core lamination stiffness be kept to a minimum 
of 15 percent to minimize the reduction in glulam bending strength to 
within 10 percent. 

The second sensitivity analysis involved studying the influence of fin-
ger-joint 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 the 50th and 5th percentiles of glulam MOR. This suggest-
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 results of the tested glulam 
combinations. 
 
 
26-12-3 F Colling, R H Falk 
Investigation of laminating effects in glued-laminated timber  
 
Abstract 
In this study, existing lamination and beam test results were analytically 
reviewed in an attempt to quantify the laminating 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 concepts are presented to describe the laminating effect, es-
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 research data showed a great deal of variability in 
measures of laminating factors, the following qualitative tendencies were 
apparent: 
ï Lamination effects were more pronounced at the characteristic strength 

level than at the mean strength level. This may be explained by the 
higher coefficient of variation of the lamination tensile strength com-
pared with glulam bending strength data. 

ï Lamination effects decreased with increasing quality and strength of the 
laminations. This may be explained by a lower reinforcement effect 

(caused by smaller knots) and less influence of testing procedure 
(caused by more homogeneous material properties in a higher grade). 

ï Factors that contribute to the lamination effect were interrelated, mak-
ing it difficult to accurately quantify them separately. 

 
 
26-12-4 F Rouger 
Comparing design results for glulam beams according to Eurocode 5 
and to the French working stress design code (cb71)  
 
Abstract 
The publication of the EN TC124-207 standard draft about strength classes 
of glued-laminated timber gave rise to many questions from glued lami-
nated timber design offices as from industrials. Those questions were es-
pecially about the characteristic values of the glued laminated timber is-
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 as in the Eurocode 5 as in the CB 71 regula-
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 them to CB 71 
regulation, and also to quantify the differences between those two regula-
tions. An example of bending under self weight + snow load will be stud-
ied. The case of solid wood will also be investigated as a bass to that of 
glued-laminated timber. 
 
Conclusion 
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 re-
sults are always more penalizing than CB 71 design results. For this rea-
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 increase the val-
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 in the in-
dustry. This option was already discussed in previous CEN and CIB meet-
ings. It needs to be a compromise between a scientific reality and an eco-
nomic reality. 
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27-12-3 E Serrano, H J Larsen 
Influence of weak zones on stress distribution in glulam beams  
 
Background 
When analyzing a beam with non-homogenous cross-section, a commonly 
made assumption is that, plane sections normal to the beam axis remain 
plane and normal when the beam is loaded. This assumption according to 
traditional beam-theory leads to the well known fact, of piecewise linear 
stress distribution over the cross-section of a glulam beam of lamellas with 
different modulus of elasticity. A zone with lower stiffness would, accord-
ing to these assumptions, be subjected to stresses corresponding to the re-
duction of stiffness. It is often claimed that a, "weak" zone (i.e. a knot or 
finger joint) with lower stiffness and strength than adjacent material would 
be subjected to stresses of less magnitude and therefore not have such se-
vere effect, on global beam strength. The present analysis shows that a 
low-stiffness zone not, necessarily is relaxed in the above described way. 
 
Conclusions 
The analysis suggests that the simple assumption that a local and propor-
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 
reduction 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. 
 
 
28-12-1 E Gehri 
Determination of characteristic bending strength of glued laminated 
timber 
 
Introduction  
The situation up to 1992 has been described by Gehri in Paper 25-12-1 
where also the requirements for the finger-joint based on the tensile 
strength are given. Meanwhile new research by Falk / Solli / Aasheim 
(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 find-
ings. 

It has to be recalled here that the strength model for bending is now 
based on a depth of h = 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 all "European" strength models the tensile 
strength of the laminations has to be referred to a width of t = 150 mm, us-
ing adjusting factor of (150/b)

0,2
. This seems not logical. 

The strength model used in the USA takes in account for both, for ten-
sile strength of the lamination and for bending strength of the glularn 
beam, a width factor (see AITC 117 -93: Design Standard Specifications 
for Structural Glued Laminated Timber). This has to be reminded when 
analysing and comparing the results of different research works. 
 
Conclusions 
Based on the approach given in section 4, the requirement in prEN 1194 
should be changed. It is recommended the following: 
(a)  Requirements concerning wood strength (for homogeneous sections 

and depth h = 600 mm) based on tensile strength of lamination: 
 fm,g,k = 4 + 0.75 ft,0,l,50   N/mm

2
  

for machine graded laminations with coefficient of variation for the 
tensile strength smaller than 0.3. 

(b)  Requirements concerning end joint strength (for homogeneous sec-
tions and depth h = 600 mm) based on tensile strength of finger-joint: 
 fm,g,k = 1.18 ft,j,k  N/mm

2
 

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

0-1
. 

 For combined sections, with outer laminations of depth h/6 and modu-
lus of elasticity E2 , the following adjusting factor has to be used on both 
requirements: 
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29-12-1 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. The in-
accuracy of such visual grading, as far as strength and stiffness of timber 
are concerned, causes an insufficient utilisation of the material timber it-
self. Special mechanical grading methods working by means of accurate 
grading parameters to determine stiffness are a basic requirement to classi-
fy the respective strength of boards used for the production of Glulam tim-
ber. We give you a survey of the results from mechanical grading relating 
to the particular grading classes and point out which characteristics consti-
tute mechanically graded boards. Finally we define the efficiency of me-
chanically graded boards within the field of Glulam members, considering 
also the quality of finger joints respectively interdependent grading scales 
and qualities of products and their effects on Glulam timber quality. 
 
 
34-12-1 B Yeh, T G Williamson 
High-strength I-joist compatible glulam manufactured with LVL tension 
laminations  
 
Abstract 
In recent years, the growing popularity of I-joists in residential construc-
tion has spawned strong demands for high-strength structural glued lami-
nated timber (glulam) with I-joist compatible (IJC) depths in North Amer-
ica. Using the model prescribed in ASTM D3737, Standard practice for es-
tablishing stresses for structural glued laminated timber, APA -The Engi-
neered Wood Association has developed glulam layup combinations using 
full -length (without end joints) laminated veneer lumber (LVL) as tension 
laminations to satisfy the market needs. These high-strength IJC glulam 
products have a characteristic flexural strength (fm,g,k) of 43 MPa (6300 
psi) and a mean modulus of elasticity (E0,g,mean) of 14.5 GPa (2.1 x 10

6 
psi), 

which represent the highest performance level that has ever achieved by 
the commodity glulam used in North America. 

This paper describes the details of the lay-up combinations and the re-
sults of full-scale glulam beam confirmation tests. For quality assurance 
purposes, the required control values for the LVL tension laminations are 

established and reported. These lay-up combinations are being recognized 
by the evaluation service agencies of the major building codes in the Unit-
ed States. 

Results obtained from this study suggested that relationship between 
the characteristic tensile strength of the LVL tension laminations (ft,0,l,k and 
the characteristic flexural strength of the glulam beams (fm,g,k) is likely to 
depend upon not only the LVL, but also the glulam manufacturers. It was 
noticed that the relationship between ft,0,l,k and fm,g,k did not necessarily fol-
low the American National Standards Institute (ANSI) A190.1, American 
National Standard for Wood Products ï Structural Glued Laminated Tim-
ber. Therefore, the required ft,0,l,value for QA purposes should be con-
firmed by LVL tension and full-scale glulam beam tests. Without the con-
firmation data, the ft,0,l,k should be assigned the same value as fm,g,k. 
Conclusions 
The following conclusions are supported by the results obtained from this 

study: 
ï LVL could be used as tension laminations for high-strength glulams up 

to, but not limited to, an fm,g,k value of 43 MPa (6300 psi) and 
E0,g,meanvalue of 14.5 GPa (2.1 x 10

6
 psi). 

ï The lay-up combinations could meet the values given above provided 
that the LVL tension laminations are properly quality-controlled. 

ï It is also important to recognize that relationship between ft,0,l,k and fm,g,k 

is likely to depend upon not only the LVL, but also the glulam manu-
facturers. Therefore, the required ft,0,l,k value for QA purposes should be 
confirmed by LVL tension and full-scale glulam beam tests. Without 
the confirmation data, ft,0,l,k should be assigned the same value as fm,g,k 

 
 
34-12-2 B Yeh, T G Williamson 
Evaluation of glulam shear strength using a full-size four-point test 
method 
 
Abstract 
The shear strengths of structural glued laminated timber (glulam) have 
been traditionally evaluated in the United 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 of full-size shear tests on glu-
lam manufactured with Douglas fir, Southern pine, and Spruce-Pine-Fir. A 
four-point load method with a clear distance between the edge of the reac-
tion bearing plate to the edge of the nearest curved load bearing block of at 
least 2 times the specimen depth was used to test all specimens. Based on 
this experience, the full-size 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 descriptions 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 full-size shear tests are approximately 70% 
of the values determined from small block shear tests. However, the al-
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 procedures 
used to derive the design value between the full-size and small block shear 
tests. 
 
Limitations on use of results 
It is very important to realize that these new allowable shear values ob-
tained from this study are intended to be limited to prismatic glulam mem-
bers subjected to typical dead, live, snow, wind, and earthquake loads on-
ly. The allowable shear stresses for impact or cyclic loading, such as may 
occur in bridges or crane rail applications, have not been evaluated. Nei-
ther have the effects of these higher shear stresses been accounted for in 
the design of non-prismatic members which are typically subjected to an 
interaction of shear stresses with other stresses. For these applications, the 
previously published shear values, which have been proven adequate 
through years of experience, should be retained for design use. 
 
Conclusions 
The following conclusions are based on the results obtained from this 

study: 
ï The setup used in this study can be used to evaluate the shear strength 

of full-size glulam. ASTM D3737 adopted this test method in October 
2000 as an alternative standard test method for determining the hori-
zontal shear strength of glulam. Since then, this test method has been 

used by other researchers in the United States for evaluating glulam 
shear strength of ponderosa pine with equally satisfactory results. 

ï 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. 

ï The characteristic shear strength and allowable shear stress for the spe-
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 using this proce-
dural calibration factor includes a 10% allowance for checking. 

ï 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. 

 
 
34-12-6 G Schickhofer 
Determination of shear strength values for GLT using visual and ma-
chine graded spruce laminations  
 
Abstract 
The aim of this research project was to conduct tests to determine load-
based shear strength values for GLT components subject to bending load. 
In order to achieve this objective it was necessary to develop a suitable test 
set-up for glued laminated timber. Although extensive research of the lit-
erature revealed that such tests have been conducted for solid timber, the 
lack of standardised test set-ups is equally a problem in this area. Recent 
analyses have been performed by B. Yeh, T.G. Williamson and G. Schick-
hofer and B. Obermayr on glued laminated timber. On the basis of prelim-
inary tests on 24 glulam beams (I-cross section, rectangular cross section 
with reinforced edge zones, h = 320 mm, h = 608 mm) and finite element 
analyses aimed to optimise the load introduction area and the cross-
sectional form, further tests were based on an I-cross section. Visually and 
machine graded laminations were used to build the cross-section of the test 
pieces (S10, S13, MS10, MS13 and MS17 in accordance with ON DIN 
4074). A total of 75 test glulam pieces were analysed (5 series with differ-
ent glulam strength classes) taking into account the optimised three-point 
loading test set-up with central load introduction (single-span, three-point 
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 a two-span, five-point loading 
test setup. With the aid of the results it was not possible to confirm the 
formal correlation between shear strength of glued laminated timber fv,g 
and the tensile strength of the laminations ft,0,l in accordance with EN 
1194/1999. Rather, in contrast to the normative rising shear strength val-
ues with increasing glulam strength classes, a reduction in shear strengths 
was displayed. It would seem appropriate to discuss the EN correlation. 
 
 
36-12-1 H Bier 
Problems with shear and bearing strength of LVL in highly loaded 
structures  
 
Abstract 
In most timber engineering design, neither shear nor bearing strength gov-
erns the design of bending elements such as beams and joists. However, 
when the structure carries very high loads over short spans, code values 
for shear begin to limit the design. Field experience suggests that for these 
structures, characteristic stresses based on codified test methods and eval-
uation of bearing and shear are simply, not realistic. The low variability of 
LVL means these effects can be studied in detail. 

A test programme was undertaken to evaluate shear strength of LVL in 
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 deformations observed showed that for concrete formwork 
elements, bearing deformation in the LVL support structure could become 
critical before shear, and standard engineering shear formulae may give 
misleading results. 

An alternative bearing test was developed and used to assess bearing 
for beams where deformation control is critical. This test is based on iden-
tifying the onset of visible permanent set after repetitive loading, and lim-
iting the design bearing stress accordingly. The information can be used to 
assist in the preparation of span tables for radiata pine LVL used to sup-
port concrete in formwork structures, and the concept could be used for 
other species. 
 
Conclusions 
Shear 
The shear strength of LVL can be determined for the very highest grades 

from a single short span bending shear test. Many specimens will not fail 
in shear, but a sufficient number can be obtained for derivation of a char-
acteristic value. 

For lower grades of LVL, bending failures are more likely to occur, be-
cause the material has insufficient bending capacity to mobilise a shear 
failure. Use the high grade strength. 

A two span bending test programme showed that large deformations 
rendered standard formulae invalid and bearing performance could govern 
formwork design. 
 
Bearing 
Very limited data suggest that it may be possible to derive a more rigorous 
value for the onset of permanent bearing deformation to cover a range of 
typical bearing widths used in concrete formwork practice. 

Currently used stress of 12 MPa for bearing in formwork is very close 
to the values obtained for a 50 mm wide bearing. 

The total deformation of bearing members is significant relative to the 2 
mm and 3 mm limits imposed in the design of formwork structures. Total 
deformation includes surface indentation and compression through the 
depth of the beam. 

Further study and cyclic testing of formwork models is recommended 
to ensure serviceable formwork components in engineered wood. 
 
 
39-12-3 B Yeh, T G Williamson, Z A Martin 
Effect of checking and non-glued edge joints on the shear strength of 
structural glued laminated timber beams  
 
Abstract 
Shear strength of structural glued laminated timber (glulam) beams may be 
affected by the in-service conditions or manufacturing processes. While 
glulam is typically manufactured with kiln-dry lumber and therefore less 
susceptible to checking and splitting, glulam beams still check or split, 
usually at the first or second glue-line and at the beam ends, as they gain 
or lose moisture in response to direct exposure to water, changing relative 
humidity and temperature in the surrounding environment. 

Literature is available for determining the effect of checks or splits on 
the horizontal shear strength of glulam beams based on conservative as-
sumptions. It is not uncommon for the architect, builder or homeowner to 
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be alarmed when a significant check or split is found on a glulam beam. In 
many instances, however, the check or split may have limited influence on 
the horizontal shear strength of a glulam beam and the structural integrity 
of the glulam 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, APA - The Engineered Wood Association (APA) con-
ducted a series of full-scale glulam beam tests based on the 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 reduc-
es the horizontal shear strength of a glulam beam when manufactured with 
non-glued edge joints using multiple pieces of side-by-side lumber and 
loaded in the direction parallel to the wide face of the laminations (y-y ax-
is). The shear strength reduction is not required when such a glulam beam 
is loaded in 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 Laminated Timber, APA conducted a series of 
full -scale glulam beam tests to evaluate the effect of non-glued 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 
non-glued edge joint studies. 
 
Conclusion 
Based on the test results, the presence of unbonded areas between lamina-
tions, as could be caused by seasoning checks, does not affect the perfor-
mance of glulam beams. A new publication on this subject, Owner's Guide 
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 is still required when a check exceeds 
the limitations specified in the Guide.  

For the non-glued edge joints, the glulam shear strength is not affected 
by the non-glued edge joints in the x-x orientation based on the test results 
reported above. The effect of non-glued edge joints on the glulam shear 
strength in the y-y orientation can be conservatively estimated in accord-
ance with the methodology currently adopted by the glulam industry in the 
U.S. These results have been used to support the revision of the JAS glu-
lam standard to permit the use of non-edge glued joints in the core and in-

ner laminations of JAS glulam beams. Further research on a more realistic 
strength reduction factor due to non-glued edge joints is recommended. 

  
 
 




















































































































































































