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1. Introduction  

1.1. General  

Cross laminated timber (CLT), being a versatile engineered timber product, has in recent years 

become well known and of global interests. CLT presents a two dimensional plate-like 

laminated prefabricated product, in general composed of an uneven number of orthogonally 

bonded layers which are made of side by side placed boards and arranged crosswise to each 

other at an angle of 90°. Due to its crosswise orientation, CLT is capable of carrying both in- 

and out-of-plane loads and can be used for wall or floor elements as well as for linear 

members. For CLT under out-of-plane loading (e.g. floor elements) test configurations and 

strength values are well agreed upon and several design procedures are proposed in design 

handbooks and technical provisions (Brandner et al., 2016). For CLT under in- plane loading 

(e.g. wall elements or beam elements), some properties and failure modes such as in-plane 

shear strength are still under discussion, presently resulting in conservative regulations 

(Brandner et al., 2016). A major obstacle for developers, producers and designers is the 

current status of CLT in European product and standard design, since properties and design 

for CLT have been regulated via national or international European Technical Approvals 

(ETAs). A product standard for CLT, EN 16351 (2015) has recently been published, but CLT is 

still not included in the European timber design code Eurocode 5 (EC5, 2004).  

1.2. Background 

CLT elements under in-plane loading, such as CLT beams, offer several advantages over solid 

or glued laminated timber beams due to their specific layup of orthogonally bonded layers. 

This is especially emphasized in applications where tensile stresses perpendicular to the beam 

axis are critical for the load carrying capacity, e.g. notched beams or beams with holes. In such 

beams, made of glulam or sawn timber, crack initiation is followed by crack opening and 

propagation at the two corners exposed to tensile stresses perpendicular to the grain. Since 

the perpendicular to grain tensile strength is very low, this stress situation results in general 

in much lower load carrying capacity compared to the capacity of timber beams without holes 

or notches. In the case of reinforcement using screws or wood based panels, the load bearing 

capacity can be increased for the areas around a hole or a notch, but in cases when nearly the 

whole timber member needs to be reinforced their efficiency can be questionable. In that 
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going review process of Eurocode 5, regarding CLT beams in these specific applications. 

Special emphasis is on shear loading and in-plane shear behavior considering the complex 

internal structure of CLT beams. In that sense, the main contribution of the mission are the 

experimental test results obtained on a total of 20 CLT beams divided into 5 different test 

series. The results represent a considerable and valuable contribution, since except Flaig´s 

test results, they represent the only available test data considering CLT beams with holes or 

notches. Also, this mission represents a starting point for further collaboration between the 

participating institutions, a collaboration that will be based on further 3D numerical and 

analytical analysis, as well as on more extended experimental work in the near future. 

1.4. Content of this report 

The report is organized in the following way. After this short introduction, the first part is 

based on existing analytical models for the case of CLT beams without holes or notches, as 

well as for the case of beams with holes or notches. The main features of the model, including 

restrictions and background theory, are explained and critical stresses for each failure mode 

in the CLT beams are presented. The second and main part of the report contains 

experimental results, with detailed explanation of tested specimens and measuring data. In 

this part, the main results are presented including graphs, photos and stress calculations for 

failure loads obtained from testing. The third and last part contains preliminary conclusions 

based on the experimental results, comparison with Flaig´s analytical model and equations 

from standards (EC5/NA) as well as recommendations and plans for further future work. 

 

 

 

 

 

 

 

 



























16 
 

while in test series E beam span was reduced to avoid premature bending failure and instead 

provoke shear failure of the CLT beams. Test series D represents notched CLT beams. 

Table 1. Test series 
Test 

series 
Number             
of tests 

Beam size   
tgross x h               
[mm²] 

Beam 
span               

L [mm] 

Hole size    
lh x hh                 
[mm²] 

Notch size 
hef x c                
[mm²] 

Lay-up 

A 4 160 x 600 4800 300 x 300 - l-c-l-c-l 
B 4 160 x 600 3000 300 x 300 - l-c-l-c-l 
C 4 160 x 600 4800 - - l-c-l-c-l 
D 4 160 x 600 2400 - - l-c-l-c-l 
E 4 160 x 600 2400 - 300 x 200 l-c-l-c-l 

 

 

 

Figure 7. Geometry properties and test setup of test series A 

 

Figure 8. Geometry properties and test setup of test series B 

 

Figure 9. Geometry properties and test setup of test series C 
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Photos of the placement of potentiometers are shown in Figure 18. Photos of the test setups 

are shown in Figure 19. All tested beams were stabilized in the weak direction by means of 

roller supports at 1-3 locations along the beam (Fig. 19). 

 

 

  

  

  

Figure 18. Photos of the potentiometers from test series A (top left), test series D (top right), test series B 
(middle left - front face, middle right - back face), test series C (bottom left) and test series E (bottom right) 
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Figure 19. Photos of the test setups used for test series A (top left), test series B (top right), test series C (middle 
left - front face, middle right - back face), test series D (bottom left) and test series E (bottom right) 
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B1 B2 B3 B4 

    
Figure 21. Dimensions of cross sections of four tested specimens form test series B (dimensions in mm) 

C1 C2 C3 C4 

    
Figure 22. Dimensions of cross sections of four tested specimens form test series C (dimensions in mm) 

D1 = E1 D2 = E2 D3 = E3 D4 = E4 

    
Figure 23. Dimensions of cross sections of four tested specimens form test series D and E (dimensions in mm) 
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Figure 25.  Photos of fractured specimens from test series A 
(top left A1, top right A2, bottom left A3 and bottom right A4)  

  

  

Figure 26.  Photos of fractured specimens from test series B 
(top left B1, top right B2, bottom left B3 and bottom right B4)  
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Figure 27.  Photos of fractured specimens from test series C                                                                                                         
(top left C1, top right C2, bottom left C3 and bottom right C4)  

  

  

Figure 28.  Photos of fractured specimens from test series D 
(top left D1, top right D2, bottom left D3 and bottom right D4)  
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Figure 29.  Photos of fractured specimens from test series E 
(top left E1, top right E2, bottom left E3 and bottom right E4)  

 

The force F is plotted vs the deformation d in Figures 30 to 32 for test series A and B with 

holes and test series D with notches. Positions and labels of potentiometers are shown in 

Figures 12 to 15 for each of the test series. In case of test series A and B, deformations were 

measured around the holes from both faces of the beam and in case of test series D from 

both faces at the notch of the beam. For test specimen A3 and B5, measurements were 

performed only from the back side of the beam (potentiometer 4 and potentiometer 5) since 

on the front side a DIC-measuring system was used. Since these data are not processed yet, 

they are omitted in this report but will be included in future publications. In figures 30 to 31, 

blue lines represent deformations measured on top tensile corners and red lines on bottom 

tensile corners. In figure 32, blue lines represent potentiometer closer to the notch and red 

lines further from the notch. The solid lines represent measurement from the front side of 

the beam and dotted lines from the back side of the beam.  
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Figure 30. Diagrams of force F vs deformation d for test series A 

 

  

  

Figure 31. Diagrams of force F vs deformation d for test series B 
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lamellae of (equal) height of 150 mm which equals to the nominal height of 600 mm. Also the 

height of the transversal lamellae was assumed as 150 mm. Since Flaig´s equations, reviewed 

above, are based on equal widths of longitudinal and transversal lamellae, a width of 150 mm 

was used as an average value for all lamellae of each tested beam.  

  

Figure 33. Nominal notations and dimensions of cross section of CLT beam (dimensions in mm) 

Table 4. Predicted failure load Fmax in [kN] based on nominal cross section of CLT beam  
Failure mode Test series A Test series B Test series C Test series D Test series E 

Bending 280 1260 336 420 480 
Bending at 
hole/notch 

210 551 - 630 - 

Tension perp. 
to the beam 

axis 
525 905 - 323 - 

FM I 320 480 640 320 640 
FM II 237 356 400 217 400 

FM III-A 247 371 463 - 463 
FM III-B 265 420 - 306 - 

 

Table 5. Assumed mean strength values of timber class C24 in MPa 

Bending 
strength 

fm 

Compression 
parallel to 
the grain 

fc,0 

Tension 
parallel to 
the grain 

ft,0 

Shear 
strength 

parallel to 
the grain                 

fv,lam 

Shear 
strength 

perpendicular 
to the grain              

fv,lam,90 

Torsional 
shear 

strength 
(FM III) 

fv,tor 

Rolling 
shear 

strength 
(FM III)      

fR 
35.0 30.0 35.0 5.00 12.5 3.50 1.50 

 

In table 6 to 10, calculated critical stresses from maximum obtained load Fmax for each of 

tested specimen are presented. Critical stresses that caused failure of the specimen are set in 
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4. Conclusions 

Some comments and general conclusions on the test results concerning each tested series 

are listed below.  

Test series A  

All test specimens from test series A failed in bending. Two of them failed in bending at the 

hole and the other two in bending at midspan. It seems like the proposed model 

underestimates shear capacities of CLT beams with a hole regarding shear failure mode FM II 

and FM III. Possible reasons can be the used stress concentration factors. Another possible 

reason can be the assumed mean values of the lamellae strengths being too low. 

Test series B 

All test specimens from test series B failed in shear failure mode FM III-B within crossing areas 

around the two tensile corners of the hole. According to the analytical predictions, the critical 

failure mode should be FM II or FM III-A which indicates that the FM II shear capacity of the 

CLT beams is underestimated. The analytical model underestimations could be caused by too 

high stress concentration factors or too low mean value of shear strength perpendicular to 

the grain fv,lam,90.  

However, characterization of the critical failures as failure mode FM III-B is based solely on 

general observations during testing and analysis of the behavior of the load vs deflection 

relationship, since initiation of failure was inside the beam and no obvious cracking could be 

seen from the outside until the final stage. DIC measuring equipment was used for one tested 

specimen and the results will be evaluated and presented in future publications. 

Test series C 

All test specimens from test series C failed in bending at midspan. For this test series, the 

coefficient of variation was the highest (10.2 %) among all test series. Local and global MOE 

were also measured according to the standard EN 408. In future publications, these results 

will be evaluated and presented. 
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Test series D 

All test specimens from test series D failed in shear failure mode FM III at the notch of the 

beam. Initiation of failure started inside the beam in crossing areas indicating FM III-B as 

critical failure mode. However, final failure was characterized as combination of failure mode 

FM III-B and FM I, meaning gross shear failure in the part of the beam above the notch. Also, 

interesting behavior in terms of considerable   load bearing capacity after reaching maximum 

load was found for some of the tests (see Fig. 24). Since only four specimens were tested, it 

is not possible to make any general conclusions with respect to the width of the first 

transversal lamellae near the notch. In the tested beams, that dimension varied from 40 mm 

to 146 mm without any major difference in behavior of the beam. 

Test series E 

Test series E was designed in order to test the shear strength and the shear stiffness of the 

CLT beams, using a test configuration according to proposal by Gehri, 2003. However, for all 

tested specimens the final failure was caused by bending. Still, from the presented graphs it 

seems like at least some partial shear failure occurred in some of tested beams since the 

stiffness seems to decrease at load levels of about 400 kN and since large sliding between 

longitudinal boards was visible during testing. Furthermore, three out of the four tests show 

significant load bearing capacity after reaching maximum load and before the final stage of 

failure. Like in the previous test series, underestimation of shear capacities related to FM II 

and FM III is again emphasized. 
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6. Appendix 
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COST FP1402 - Confirmation regarding STSM  
Mr Mario Jele�þ has, during a stay at Lund University, Div. of Structural Mechanics, 
successfully accomplished a short term scientific mission (STSM). The STSM has 
been performed during the period 2016-08-31 �± 2016-10-14.  
 
During his stay, Mr. Jele�þ has been supervised by Dr. Henrik Danielsson and myself. 
The work performed has contributed in general to our knowledge about CLT, and in 
particular to our knowledge about the use, testing and modelling of CLT beams. Mr. 
Jelec has shown excellent collaboration skills, skills in experimental and numerical 
methods and has shown a great engagement in his work. We look forward to a contin-
ued and fruitful collaboration in the future. 
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