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1 Introduction 

1.1 Background  
A reduction of the shear resistance was introduced with the crack factor kcr in Eurocode 5. 
The factor 0.67 corresponds to cracks that have a depth of 1/3 of the beam width, which 
rarely occurs under normal conditions. The glulam industry in Sweden has not observed 
any problems or shear failures due to cracks with previously used shear values. Hence the 
design requirements do not seem reasonable at the same time as they reduce the 
competitiveness of glulam. It is therefore of interest with more knowledge about cracks in 
glulam beams, and if there is any reason for different kcr-factors. The aim of this project is 
to obtain support for the use of a higher value of the crack factor kcr than 0.67 that is 
recommended in Eurocode 5.  

Cracks in glulam beams can reduce the strength depending on the crack depth, crack 
length, crack location, etc. The cracks can have impact on the shear strength as they 
preferably run in the direction of grain and glue lines along the beams. One important 
question is therefore the probability of cracks to occur in glulam beams and how different 
crack parameters (location, size, type, etc.) influence the development of cracks and the 
shear strength. This project includes tests of a number of glulam beams with cracks to 
determine the shear strength and the influence of different types of cracks. The issue is 
important because the effect of cracks on the shear strength is not clear. 

1.2 Previous research 
There are relatively few reports about the influence of cracks on the shear resistance of 
glulam beams. The number of cracks is normally smaller in glulam than in structural 
timber but there can be a size effect for glulam. Quite a lot of tests have been performed 
with different test methods to determine the shear resistance of glulam. Both the method in 
the standard EN 408 and methods with beams with different cross-sections and loads have 
been used. According to the harmonized standard EN 14080 the test method in the standard 
EN 408 should be used for determination of the shear resistance. Structural timber is 
though more appropriate for this test method than glulam with larger sizes.  
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Soltis and Gerhardt (1988) reviewed the state of the art in shear design of wood beams, and 
mentioned that strength is dependent on check depth when the depth is greater than 30 % 
of beam width. Theories exist but pure shear is difficult to measure and the dependence on 
beam size should be investigated. The work performed by Gerhard Schickhofer has been 
reflected in the standardization work, both in terms of EC5 and EN 14080. In a first paper 
in 1998, he presented results from tests with beams with I-sections. The beams were loaded 
with a point load at mid span. In another paper in 2001 he reported results from tests of a 
total of 96 beams. Klapp and Brüninghoff (2005) have developed a simulation model and it 
has demonstrated that there is a volume effect on the shear resistance. Steiger and Gehri 
(2011) have studied the interaction between shear stress and tension perpendicular to the 
fibers and conducted beam tests using glued bars at supports. Andersson and Odén (2009) 
determined the shear strength in different ways with both the method in EN 408 and with 
beam tests. Rectangular cross sections and I-sections were studied. Gustavsson et al (2009) 
investigated the shear strength using a variant of EN 408 with different designs. Sundström 
et al (2010) studied the effects of moisture gradients on the shear strength of beams with 
rectangular cross sections. Their tests showed that there is no effect on the shear strength 
from moisture gradients and the cracks they give. Barrett and Foschi(1980) have studied 
the shear strength of end-cracked beams. They pointed out that end-cracks can be 
positioned over the support and for that reason not constitute a risk when loaded. The glue 
lines are of course important for the behaviour of glulam beams, and delamination tests are 
regularly made during production quality control. Steiger and Gehri (2010) have proposed 
new test methods to ensure consistent and good testing of glue lines.  

2 Shear tests 

2.2 Tested beams  
The project started with tests of four types (2-5) of glulam beams prepared with different 
crack depths and locations and one type (1) without any made cracks. The beam 
dimensions were 115 mm x 315 mm x 2600 mm. The beams were standard beams taken 
from the normal production. The Swedish glulam quality CE L40c was used. Five beams of 
each type 2-5 were tested, and ten beams of type 1.  

The cracks in beam type (2-4) were created artificially in new glulam beams by sawing 
grooves at specific depths and locations along the beams. Type 2 had one groove 30 % of 
the width on one side, type 3 had one groove 15% of the width on each side, and type 4 had 
two grooves 30% of the width on one side.  

 
Table 1. Glulam beams 
Beam  
type 

Crack depth 

1 No cracks 
2 34,5 mm, 30 % of width, one side 
3 17,2 mm, 15 % of width, both sides 
4 34,5 mm,  30 % of width, two cracks one side 
5 ”Natural” cracks, CT-scanned 

 2               3                4 
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Beam type 5 was treated on one side with humidification with “rain” (5 hours) and drying 
with heating lamps (19 hours) in the SP Wood Tecnology laboratory in Skellefteå to 
generate "natural" cracks in the wood. During the treatment the moisture content and 
temperature was measured inside the beams near the treated surface. After humidification, 
the temperature was about 13.4°C and after heating, the temperature was about 24°C. The 
beam surface temperature on the warm side was about 48°C to 50-55°C. Measured 
moisture content was about 10.8 % - 12.9 %. After 28 days of vaying climate the beams 
were CT-scanned at LTU (Luleå University of Technology) to document the cracks. 
Dimensions and moisture contents (about 12 %) of all beams were also documented before 
the shear tests.  

2.1 Test method 
Three-point bending method was used for the shear tests. The test method for determining 
shear strength of wood and glued laminated timber in EN 408 is difficult to use for glulam, 
and beam tests were furthermore chosen because bending is the most realistic load case. 
The stress distribution around a crack in bending can be different than in the shear test of 
EN 408. Different effects such as compression of the fibers from bending will influence the 
shear strength. A risk with bending tests is however that bending failure can occur rather 
than shear failure. 

The three-point bending is shown in Figure 1. Roller bearings were used at both ends to 
prevent horizontal forces that can influence the shear test results. 300 mm long steel plates 
were placed under load and at supports, but a small indentation in the top of the beams was 
obtained under the load. Loading was rather slow, it was chosen to about 4-6 mm/min. 

 

 

 

 

 
Figure 1. Point load on beam 

3 Shear resistance 
A summary of the results from the tests is shown in table 2. 

 

Table 2. Results of testing 
Beam 
type 

Failure type Mean shear 
strength (MPa) 
 

Char. shear 
strength (MPa) 
 

Relation to  
beam type 1 

Char. shear 
strength (MPa)  
(b= 80,5 mm) 

1 2 Shear, 8 Bending* 4.44 3.50 1 - 
2 5 Shear 3.41 2.24 0.64 3.20 
3 4 Shear, 1 Bending* 3.86 3.18 0.90 4.54 
4 5 Shear 3.52 2.81 0.80 4.01 
5 4 Shear, 1 Bending* 4.78 3.80 1.08 - 

* Bending failure means that the shear strength is at least the calculated value, all values are included in the mean and the 
characteristic values. 

787,5 1487,5 

P 
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3.1 Shear resistance of beams with no cracks (type 1) 
The beams of type 1 with no cracks got mostly bending failures and only two beams got a 
real shear failure. The characteristic shear strength of all beams was estimated to be at least 
3.5 MPa, but was probably higher because of the bending failures. Bending failures started 
at knots or finger joints in the lower lamella.  

3.2 Shear resistance of beams with sawn grooves (type 2-4) 
For beam types with sawn grooves the characteristic values were estimated 2.24-3.18 MPa 
when the shear resistance was calculated from the entire cross section 115 mm x 315 mm. 
If instead a reduced cross section 80.5 mm x 315 mm was used, the shear strength was 
3.20-4.54 MPa.  This implies that a reduced cross section should be used for beams with 
cut grooves. In the beam type 2 one beam failed at much lower load and an explanation for 
this could be that the width of the annual rings in the cracked lamella was very large and 
differed from the other lamellas. One of the type 3 beams experienced shear failure, 
however the shear failure occurred in the lamella below the lamella with the groove. The 
shear failures followed most often the annual rings where the grooves ended, only at some 
points it continued to an adjacent lamella or the failure occurred entirely in an adjacent 
lamella. Shear failure occured at the interface between earlywood and latewood. Narrow 
growth rings gave higher shear strength. Lamella orientations in the beam determine 
together with the curvature of annual rings the size of shear area. The sawn grooves go 
through the annual rings and cut the wood fibers, which is unrealistic for real cracks. 
 

                                           
Type 2                             Type 3                Type 4         Type 4 

Figure 2. Shear failuresin beam types 2-4 

3.2 Shear resistance of beams with “natural” cracks (type 4) 
For the beam type with the "natural" cracks, four out of five beams got shear failures. This 
was more compared to the beams without cracks and could mean that the cracks had some 
impact on the shear resistance. The characteristic shear strength of the beams was estimated 
to be at least 3.8 MPa.  

The largest crack depths were approximately 20-30 mm, with a length of a few decimetres, 
located at various positions in height and lengthwise. The largest natural cracks occurred 
mainly on tangential surfaces of lamellas with pith in the middle but these cracks did not 
cause shear failure. The fracture takes the shortest (most direct) way across the width. A 
number of cracks were also formed in the wood close to a glueline, especially if there were 
no lamellas in the cross-section with tangential surfaces. The location depended on the 
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Figure 4. 
Simulated 
beam 

orientation of the lamellas. These cracks caused sometimes failure. End-cracking occurred, 
and stretched at most about 70 mm from the end. 

                                     
15 mm depth                   20 mm depth                    end cracks    

Figure 3. CT-imageas of beams of type 5 with typical cracks,  

4 FEM simulations 
Tested beam types 2-4 were moreover simulated in the commercial 
finite-element analysis program ABAQUS CAE version 6.10. In the 
simulation, the crack propagation was based on theoretical fracture 
criteria. Assumptions in the simulations were: local cylindrical 
coordinate system of each lamella, the pith location of each lamella is in 
the middle of the bottom edge; all lamellas has the same properties; 
density of all beams is the same; moisture content and temperature is 
constant and do not influence the beam strength; glue lines between the 
lamellas were not modeled; failure criterion of the wood material is 
based on energy considerations as derived by Griffith (1920) and linear 
elastic fracture mechanics; mode III (tearing) critical energy release rate 
is chosen very high in order to avoid crack propagation in that mode and 
only have mode I (opening) and mode II (sliding), maximum stress was 
set to a constant material property of 4 MPa. 

The simulation model was modified and improved based on the experimental feedback. 
Beam type 1 was not modelled because it did not include any cracks. In the simulation of 
beam type 3, no crack propagation was obtained. The comparison between the simulations 
and experiments was mean shear strength 2.98 MPa from simulation and 3.32 MPa from 
experiment for type 2 and 3.63 MPa from simulation and 3.43 MPa from experiment for 
type 4. The results of the simulations are in accordance with tests, and show that sawn 
grooves results in a reduced shear strength, but that the shallow grooves in the type 3 have less 
effect. Beam type 5 with several natural cracks in different locations, different directions, 
with different crack lengths and depths are of course more complicated to simulate, but this 
is now in progress. 

5 Natural cracks in wood 
It has not been easy to produce cracks in the glulam beams, which are large enough to have 
influence on the shear strength. From studies of drying of boards (Söderström, 1985) we 
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know that the density has the greatest effect on the cracking and of course the drying 
process. The parameters that can influence are also moisture content, proportion of 
heartwood, pith location, annual ring width and knots. The probability for cracks to 
develop is physically explaned that some surface energy is released. 

5.1 Field tests  
Another project about cracks in wooden structures and weathering and simulations includes 
an outdoor experiment in Bygdsiljum outside Skellefteå in the north of Sweden. There are 
about hundred glulam beams and posts in order to study how cracks in the wooden 
structures develop over time and how moisture affect the cracking and the risk of rot. 
Cracks in the glulam beams have been measured every summer during 4 years both 
manually and by photos. There are some difficulties in measuring crack lengths and 
especially widths in the beams, but it is obvious that the cracks grow over time due to 
shrinkage and swelling. Depth varies along the cracks but is difficult to measure in the 
field, and also crack widths on the surface vary with the weather during the day. 

The crack quantities differ in the south and north sides of the beams. Overall the south 
sides have more cracks than the north. Length and width is larger for the south side except 
for white-painted beams. Beams of impregnated pine treated with oil have the most cracks. 
Maximum length of cracks in the large beams 140 mm x 450 mm x 9000 mm was last year 
299-9000 mm and the maximum depth was 15-45 mm. The beams are not loaded. They 
will not be tested with destructive methods until the end of the project in the future. 

5.2 Solid timber beams  
Solid timber beams from the renovation of an old bridge, Lejonströmsbron in Skellefteå, 
were studied and shear tested. The beams were divided into pieces with cross-sections 
about 120 mm x 250 mm. Some beam pieces had a big crack in half the height that ran 
through almost the whole width. CT-images showed that inside the crack, there were still 
wood fibers that went across the crack. In the images, only about 21 % of the beam width 
in the middle crack was “crack surface”, the rest was wood. This means that even with 
large cracks there are a lot of wood that can take care of the shear force. Eight beams were 
tested and the mean shear strength was estimated to 3.48 MPa and mean MOE was 5740 
MPa. 

 
Figure 3. Timber beam, CT-image with vertical section close to the surface 

5.3 New tests  
Further testing will provide more data and include more parameters. Interesting parameters 
could be crack size, crack method, beam dimensions, lamella type and location in the beam 
(center pieces with pith or not), load position.  
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New tests will include beams with cracks produced by humidification and drying to low 
moisture contents corresponding to very dry indoor climate, to meet the actual conditions 
that may occur during construction. The new glulam beams will have the same dimensions 
115 mm x 315 mm x 2600 mm, and will also be complemented with beams with surface 
treatment, and also a group of wider beams 165 mm x 315 mm x 2600 mm. Surface 
treatment will affect the crack development. The beams will be measured and documented, 
moisture contents will be measured, and CT-scanning of the beams will be performed 
before shear tests. To induce cracks in the beams has proven to be difficult, the beams will 
not crack in the first place. It takes quite a tough treatment to produce any major cracks. To 
relate crack amount and location to shear strength the CT images will be used. 

6 Discussion and conclusions 
If we compare all test specimens, it can be seen that the beam type 1 with no cracks had an 
expected shear stress capacity. However, for more reliable results more tests are needed in 
order to avoid bending failure of the beams. There were only five beams of each type. For 
the beam type 2 the shear capacity decreased compared to beam type 1. Furthermore, the 
number of the annual rings at the crack location influences the shear strength. The beam 
type 3 had better shear capacity than beam type 2 and beam type 4. The main reason behind 
this was according to FEM simulations that the shear stresses were symmetrically 
distributed in the beam, and in consequence not enough stress concentration occurred that 
initiated propagation around the crack location, compared to the beams type 2 and 4. Beam 
type 4 showed similar mechanical properties to beam type 2, but the shear resistance was 
slightly higher due to the cracks were located at a distance from the beam center. 

It was difficult to create cracks in the glulam beams to get test specimens, and of course 
this is because the material is made to not crack. Glulam beams can get many small cracks, 
but large cracks are the most dangerous. Production control, and especially of the glue lines 
is important for high-quality material. But also the wood quality and the orientation of 
lamellas can affect the shear strength. Lamellas with pith usually get more cracks on the 
surface, but these are less dangerous for the shear resistance because the fracture surface 
gets a long way around the pith. But of course these surface cracks should be avoided both 
from an aesthetic point of view and for durability reasons in outdoor use because they can 
bring water into the beam. 

Crack patterns as seen from the old wooden beams with large cracks show that it is not 
easy to do calculations on how the beams with cracks behave. It is easier with a well-
defined crack, groove or hole. With many small cracks that occur naturally in the material, 
FEM simulations are the most suitable if the material properties are well known. The 
question is how much cracks that generally occur in glulam beams, and where and how 
they arise. It is natural with some cracks in wood materials, and this should preferably be 
part of the material properties. If the material is handled improperly so that it gets large 
cracks this should not be included in the general design requirements.  Cut outs and holes 
of various shapes should of course be considered according to design rules. 

The tests showed that the influence of natural cracks on the shear strength was not great. If 
glulam beams are manufactured in the best way it has proved very difficult to develop 
cracks, and this means the material does not normally get cracks that may affect the 
strength. If the material is exposed to severe weathering or highly variable moisture 
conditions this should be considered as construction errors. Cracking can occur in glulam 
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beams because of several reasons. Dry indoor climate can lead to rapid drying and 
shrinkage of the outer parts of glulam cross sections. Humidification during the 
construction so that the wood surfaces swell will give cracks during the drying process. 
Free outdoor exposure so that free water can moisten the surface and solar heating then 
give severe drying out and the glulam exposed in this way will crack over time. Problems 
with cracks in glulam beams are mainly about inappropriate design of notches, holes and 
mechanical joints and sometimes in the glue lines. Cracks in the wood occur, but mainly in 
higher beams. Possibly there may be a certain size factor to be considered. This should be 
investigated further. 

Shear stresses for beams are greatest near the supports, where at the same time compressive 
forces perpendicular to the grain have a positive impact. Load position and location of 
cracks should also be investigated further. 

A controlled production is important. The amount of cracks that should be allowed in 
glulam beams can be compared to delamination tests. For glue line integrity according to 
EN 386 the total delamination percentage of each cross-sectional specimen shall be less 
than 8-10 % depending on test methods. For a beam width of 115 mm this means that all 
glue lines can delaminate about 9-11 mm. For strength results from block shear tests of 
cross-sectional specimens the requirements are that the shear strength of each glue line 
shall be at least 6.0 N/mm2, or for Coniferous wood shear strength of 4.0 N/mm2 is 
acceptable if the wood failure is 100%. 

Although there is a possibility for a national choice in Eurocode 5, the large reduction in 
shear for glulam has given problems for the glulam industry in Sweden. The projects aim to 
ascertain how glulam beams crack and how it affects the properties so that the full capacity 
of the material can be used.  
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