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The STSM in a nutshell 
 

Purpose of the STSM 

The aim of the STSM is to conduct fire resistance tests on glued-laminated timber beams with well-known 

materials. The beams are constantly loaded in 4-point bending and exposed to standard ISO 834 fire till 

failure. 

 

Description of the work carried out during the STSM 

During the STSM two fire resistance tests were prepared and conducted. It is planned to perform another 

four fire resistance tests on glued-laminated timber beams in the beginning of 2016.  

 

Description of the main results obtained  

The main gain of this STSM was to find a way to perform the tests in a proper way. As there are still four 

tests remaining, the experience made in this STSM is very valuable. 

 

Future collaboration with the host institution  

The four remaining tests will be performed in cooperation between SP, TUT and ETH. Further, the 

evaluation of the results and the generation of a thermal finite element model will be done in collaboration 

between ETH and TUT. 

 

Foreseen publications/articles resulting from the STSM  

As a result of this STSM and the above described further collaboration between SP, TUT and ETH, a 

joint paper is planned. 
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1 Introduction 

The aim of the STSM is to conduct fire resistance tests on glued-laminated (glulam) timber beams, which 

are performed at SP in Stockholm/ Sweden under the supervision of Alar Just. The beams will be constantly 

loaded in 4-point bending and exposed to standard ISO 834 fire. 

The material properties (e.g. strength and stiffness) of the glulam beams are estimated with the probabilistic 

model developed in the PhD thesis of Gerhard Fink (ETH Zürich). For the first time, fire tests with glulam 

beams with well-known material properties are performed. Before conducting the fire tests, further 

properties of the beams were thoroughly reported (e.g. density, moisture content, static and dynamic 

stiffness, and geometries). The tests are performed until failure of the beams occurs. During the fire test, the 

temperature will be recorded in at least one beams’ cross-section by means of thermocouple readings. After 

the fire tests, the failure mode is analysed and the residual cross-section of the beams are measured to 

determine the charring rate. 

The investigations have close interactions with my PhD project about “reliability based design of timber in 

fire” conducted at ETH Zürich under the supervision of Prof. Dr. Andrea Frangi. The objective of the project 

is the detailed analysis of the current approach for the fire design of timber members according to Eurocode 5 

and the determination of the required safety factors in case of fire based on reliability analysis. Therefore, 

an extensive numerical investigation will be performed for timber members under loading and exposed to 

fire. The results of the conducted tests at SP Stockholm will be significant for a proper modelling of the 

beams.  
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2 Principles 

2.1 Test specimen 

The fire tests are performed on a model-scale furnace with large-scale glued-laminated (glulam) timber 

beams. 6 glulam beams with well-known properties will be tested in total. The present report of the STSM 

covers the performance of 2 fire resistance tests. Table 1 shows some properties of the beams. The beams 

were cut out of some bigger glulam beams, tested by P. Stadelmann in his master thesis in 2015 at ETH 

Zürich (Stadelmann 2015). Back then, 4 point bending tests were conducted under “cold” condition till 

failure. In total, 6 GL24 and 6 GL36 beams were tested. The measured bending strength (fm,u,occ) of a beam 

is highly influenced by local weaknesses, which is why the strength values are also averaged over all tested 

beams (fm,u,exp). To estimate the expectation the distribution was assumed to be log-normal (Stadelmann 

2015). 

 

Table 1: Specimen with geometric and mechanical properties 

Nr Name l w h m ρ w Em,g fm,u,occ fm,u,exp 

  [mm] [mm] [mm] [kg] [kg/m3] [%] [MPa] [MPa] [MPa] 

1 GL24h-11m-4R 3889 157 254 67.06 432.4 12.6 10’483 29.7 31.2 

2 GL36h-11m-2R 3719 158 256 73.78 490.5 12.0 14’162 41.6 39.8 

3 GL36h-11m-4R 3882 158 255 77.68 496.7 10.9 14’563 32.3 39.8 

4 GL24h-11m-4L 3889 158 252 65.4 419.8 10.9 10’483 29.7 31.2 

5 GL36h-11m-3R 3874 157 253 78.98 513.3 10.7 13’928 38.4 39.8 

6 GL36h-11m-4L 3886 157 217 61.38 463.6 - 14’563 32.3 39.8 

With l: length of beam, w: width, h: height, m: mass, ρ: density with given moisture content, w: moisture content, Em,g: 

Young’s Modulus (Stadelmann 2015), fm,u,occ: Bending strength (Stadelmann 2015), fm,u,exp: Expectation of Bending 

strength based on log-normal distribution of Stadelmanns’ tests (Stadelmann 2015) 

2.2 Numerical Model 

In 2014, a probabilistic material model was developed at ETH Zürich simulating the material properties of 

glulam beams at normal temperature (Fink 2014). Stadelmann (2015) tested 12 beams in his master thesis. 

All lamellas to produce these beams were graded using the Golden-Eye 706 grading device, giving mean 

values of the dynamic modulus of elasticity for each board as well as a knot-indicator in sections of 1 cm. 

Having those information, material properties like tensile strength (see Fig. 1) or tensile stiffness are 

calculated using the model by Fink (2014). From these beams with well estimated material properties six 

segments (less effected by the 4-point bending tests at ETH Zürich) were taken and shall be tested in 4-point 

bending exposed on three sides to standard ISO 834 fire, see Fig. 1. 

In Fig. 1, the tensile strength in sections is given of beam GL24h-11m-4 as an example. Beam number 4 

(yellow) and beam number 1 (green) are both part of this beam. Like all the other beams, they were subjected 
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to compressive loading in the cold tests in 2014. Therefore, the stress history may influence the results of 

the experiments. 

 

 

 

2.3 Fire Resistance Prediction 

As some problems occurred prior and during the experiments (see Chapter 0), just one beam was tested till 

failure during the STSM period, namely beam Nr 1. To illustrate the prediction of fire resistance, the 

calculation is made for the one beam anyway. It is made on the basis of Eurocode 5 (EN 1995-1-2, 2004) 

using the reduced cross-section method (4.2.2). With this method the geometry of the residual cross-section 

is reduced using an additional zero strength layer d0 instead of reducing the mechanical properties due to 

elevated temperatures in the residual cross section. 

𝑑𝑒𝑓(𝑡) = 𝑑𝑐ℎ𝑎𝑟,𝑛(𝑡) + 𝑘0 ∗ 𝑑0 = 𝛽𝑛 ∗ 𝑡 + 𝑘0 ∗ 𝑑0 

 

With:   𝛽𝑛: 𝑛𝑜𝑡𝑖𝑜𝑛𝑎𝑙 𝑐ℎ𝑎𝑟𝑟𝑖𝑛𝑔 𝑟𝑎𝑡𝑒 

  𝑘0: 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 (EN 1995-1-2, 2004, Tab 4.1, see also Fig. 2) 

  𝑑0: 7𝑚𝑚 (see Fig. 2) 

  𝑑𝑐ℎ𝑎𝑟,𝑛: 𝑛𝑜𝑡𝑖𝑜𝑛𝑎𝑙 𝑐ℎ𝑎𝑟𝑟𝑖𝑛𝑔 𝑑𝑒𝑝𝑡ℎ (see Fig. 2) 

 

Fig. 1: Estimated tensile strength of GL24h-11m-4 (Stadelmann, 2015) 

GL24h-11m-4L GL24h-11m-4R 
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Key: 

1 Initial surface of member 

2 Border of residual cross-section 

3 Border of effective cross-section 

 

dchar,n notional charring depth 

d0  zero strength layer: d0 = 7mm 

k0  k0 = 1.0  for t ≥ 20 minutes;  

 k0 = t/20 for t < 20 minutes 

t  time of fire exposure 

def  effective charring depth 

 

Fig. 2: Definition of ideal residual cross-section (EN 1995-1-2, 2004) 

The fire resistance time can be estimated by comparing the actual bending stress, which depends on the 

residual cross-section values at a given time: 

𝐼𝑦,𝑒𝑓(𝑡) =
(ℎ − 𝑑𝑒𝑓(𝑡))3 ∗ (𝑏 − 2 ∗ 𝑑𝑒𝑓(𝑡))

12
 

𝜎𝐸𝑑 =
𝑀𝐸𝑑

𝐼𝑦,𝑒𝑓(𝑡)
∗

(ℎ − 𝑑𝑒𝑓(𝑡))

2
≤ 𝑓𝑚,𝑢,𝑒𝑥𝑝 

The values for βn, k0 and d0 are taken from Eurocode 5 (EN 1995-1-2, 2004): 

𝛽𝑡 = 0.7
𝑚𝑚

𝑚𝑖𝑛
;   𝑘0 = 1.0;   𝑑0 = 7𝑚𝑚 

The acting moment depends on the load level mu,fi related to the bending moment resistance at normal 

temperature: 

𝐼𝑦,20 =
ℎ3 ∗ 𝑏

12
 

𝑀𝐸𝑑 = 𝑚𝑢,𝑓𝑖 ∗
2 ∗ 𝐼𝑦,20 ∗ 𝑓𝑚,𝑢,𝑒𝑥𝑝

ℎ
 

Which means the fire resistance does not depend on the bending strength but on the load level factor. 

𝑚𝑢,𝑓𝑖 ≤
(ℎ − 𝑑𝑒𝑓(𝑡))

2
∗ (𝑏 − 2 ∗ 𝑑𝑒𝑓(𝑡))

ℎ2 ∗ 𝑏
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The applied load level needs to be defined prior to the test. Thus, the time is the only unknown remaining 

in the inequality, which means it can easily be computed for each load level. Table 2 shows the resulting 

fire resistance prediction for each beam. 

 

Table 2: Predicted Fire Resistance 

Beam Nr. Unit 1 2 3 4 5 6 

t(mu,fi=0.2) [min] 66 66 66 66 66 63 

t(mu,fi=0.3) [min] 52 53 53 52 52 50 

t(mu,fi=0.4) [min] 41 41 41 41 41 38 
 

2.4 Covering 

Fig. 3 shows the specimen in the set-up before covering. In Fig. 4 it can be seen how the specimen was 

covered from the top. Thereby, the beam is exposed to fire from 3 sides with the top side protected. Light 

concrete blocks were used as well as insulation material in between to protect the specimen on the top side 

and to ensure integrity during the fire test. In a further step, the furnace itself was closed on the top side (see 

Fig. 5). Fig. 6 shows a picture from the beam inside the furnace just before the fire test was started.  

 



  6 


Fig. 3: Uncovered specimen in the set-up 


Fig. 4: Cover of the specimen (light concrete) 


Fig. 5: Cover of the oven 


Fig. 6: Covered Specimen in the set-up 

2.5 Test set-up 

 

Fig. 3 shows the beam placed on top of the furnace. It is supported on the furnace frame and loaded on both 

sides with one meter distance to the supports. The loads are applied by hydraulic actuators regulated by a 

hand pump. Two steel supports are screwed on the oven frame connected by a steel bar, which act as a 

support (see Fig. 7). 

Fig. 7: Support oft he beam 
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2.6 Static Model 

The static model with dimensions is given in Fig. 8. The fire-exposed zone is under constant bending stress 

while the shear force is zero in this area. 

 

2.7 Measurement device 

To measure the deflection at mid-span in relation to the load application points, a timber frame was built 

(see Fig. 3 and Fig. 9). The frame is supposed to be rigid with bending resistant frame corners and is supposed 

to be simply supported on the top side of the specimen. In the middle of the 3.5m long beam, a differential 

transformer (LVDT) measures the deflection at mid-span in relation to the load application points. 

 

  

Fig. 8: Static model (top) and applied bending moment (bottom) 

Fig. 9: Deflection Measurement 
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3 Fire Tests 

3.1 Fire Test Preparation 

Just two fire tests were performed during the course of this STSM. Important insights were gained on how 

to perform the fire resistance tests. Based on this knowledge and after the final evaluation of these two pre-

tests, another 4 fire resistance are planned to be conducted in the beginning of 2016. 

3.2 Fire Test number 1 – beam 2  

Table 3: Data sheet test no 1 

Data Sheet Test no 1 

Beam 2 

Date 17.11.2015 

Name GL36h-11m-2R 

Room Temperature 23 °C 

Supposed Load Level 0.3 mu,20°C 

Applied load ~ 21.2 kN 

Timetable Time Load 

Start of constant load level 17:00 21.1 kN 

Start of fire test (40°C 

furnace temperature) 

17:28 21.2 kN 

Stop of fire test 18:17 20.5 kN 

Cooling of the specimen 18:22  

Remarks 

18:05 Cooling down the specimen outside the furnace at one side (see Fig. 

11) 

18:17 Early failure (most probably due to problems of the set-up) 

18:22 Specimen extinguished 

 

The beam load was supposed to be approximately 21.2kN during the test. At failure, the load was a bit lower 

with 20.5kN. After 15 minutes of fire exposure, the LVDT measuring the deflection showed a small error, 

which did not influence the overall deflection measurement.  
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Fig. 11: Smoke leaking (17:49) 

 

Fig. 12: Specimen after system failure (18:19) 

 

Fig. 13: Lifting the burning specimen (18:21) 

 

Fig. 14: Actuator (18:13) and buckled threaded rod 

 

The system failed after 49 minutes. Most likely, buckling of the threaded rod which connects the actuator 

with a lengthening steel beam caused sudden drop of the load (see Fig. 14). Due to this reason, the test was 

stopped and thus structural failure of the specimen could not be reached.  

Fig. 10: Load and Deformation over time during fire test 
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3.3 Fire Test number 2 – beam 1  

Table 4: Data sheet test nr 2 

Data Sheet Test Nr 2 

Beam 1  

Date 18.11.2015  

Name GL24h-11m-4R  

Room temperature 17 °C  

Supposed load level 0.3 mu,20°C  

Supposed force on each 

actuator 

~ 16.5 kN  

Timetable Time Force 

Start of constant load level 12:45 16.6 kN 

Start of fire test (40°C 

furnace temperature) 

13:04 16.4 kN 

Failure of the system 13:55 16.3 kN 

Cooling of the specimen 14:00  

Remarks 

13:04-

13:12 

Furnace temperature too high (due to an electrical contact error) 

13:14 Furnace temperature close to ISO 834 again 

13:55 Failure of the beam 

14:00 Specimen extinguished 

 

To prevent buckling of the threaded rod, both actuators were supported by a steel construction (see Fig. 15 

and Fig. 16). The main effect of the horizontal support is the reduction of the buckling length. Further, a 

GL24h-beam is taken to get the same load level with smaller loads. The additional support columns are just 

a temporary solution for test number 2. For the further tests, especially for GL36h beams, a new and secure 

solution will be developed to prevent this problem. 

In the first eight minutes of the test a connection error caused some problems with the furnace temperature. 

It raised too fast and achieved 850 °C after a few minutes already. After approximately 8 minutes testing 

the temperature was close to the supposed ISO 834 standard fire again, as the problem was detected and 

solved very fast. In a first step of evaluation, the incidents influence for charring rate and fire resistance is 

supposed to be negligible, whereby it should be noticed and compared to the future tests. 

The beam failed after about 52 minutes, which is exactly the predicted fire resistance (see chapter 2.3) 
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Fig. 15: Smoke leaking (17:49) 

 

Fig. 16: Specimen after system failure (18:19) 

  

 

3.4 Fire Test number 3 to 6 

As described before, another 4 fire resistance tests will be performed in beginning of 2016. The experience 

gained in the first two tests performed within this STSM is very valuable for the remaining tests. 

  

Fig. 17: Supposed Temperature according ISO 834 (dashed line) and actual furnace temperature measured 

(drawn through line) 
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4 Results 

As only one test was performed in the STSM with structural failure of the beam, it is not possible to do a 

comprehensive evaluation at this point. Instead the given test data has to be thoroughly analysed to define 

the constraints of the next test series and improve the test procedure. 

4.1 Static Young’s Modulus 

To determine the static E-Modulus, the beam had been loaded in 4-point bending at normal temperature 

using the same test set-up as later used in the fire test (see Fig. 8, chapter 2.6). The load-deformation curve 

is shown in Fig. 18 for the two investigated beams, respectively. The measured mid-span is related to the 

loading points (see Fig. 9, chapter 2.7). 

 

 

Fig. 18: Load – Deformation Diagram 

 

Assuming a constant change of the cross-section over the specimen’s length and neglecting the shear 

modulus, the global static young’s modulus can be computed with structural analysis as follows: 

𝐸(𝑢) =
𝛥𝐹

24𝐼𝑦𝛥𝑢
(8𝑙𝑐

3 + 12𝑙𝑓𝑙𝑐
2 + 3𝑙𝑓

2𝑙𝑐) 

Where lc and lf define the length of the cantilever (1m) and of the field (1.52m), respectively. In Fig. 18, it 

can be seen that the behaviour was in both cases almost perfectly linear. According to prEN384 (2013), 

Young’s Moduli can be converted to a moister content of 12% as follows: 

𝐸(12%) = 𝐸(𝑢) ∗ (1 + 0.01 ∗ (𝑢 − 12)) 
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With the two formulas given above the static Young’s Modulus at normal temperature and 12% moisture 

content can be computed. The results are compared to P. Stadelmann values, however they are not computed 

to 12% moisture content. 

 

Table 5: Computed Young’s Modulus  

 Beam 2 (GL36) Beam 1 (GL24) 

Stockholm (S. Wynistorf) 13’750 N/mm2 11’403 N/mm2 

ETH (P. Stadelmann) 14’162 N/mm2 10’483 N/mm2 

 

4.2 Residual Cross-Section and Charring Rate 

As time was short during the STSM, it was not possible to measure the residual cross-section in a given 

grid. However, the dimensions of the residual cross-section was measured at some points for a first 

estimation for beam number 1. The smallest height measured was 219mm and the smallest width 72mm. 

For 52 minutes, this gives a charring rate of 0.67mm/min and 0.82mm/min, respectively. As it was measured 

just with a calliper rule and not cut into pieces yet, it is just a first measure (see Fig. 19). The big difference 

in the measure direction amplify the necessity of a closer look at the residual cross-section. It has also to be 

mentioned that just one point, where also failure occurred, was that narrow. In general, the residual cross-

section has a width of more than 80mm, which gives a more reasonable value for the charring rate. It should 

be mentioned that the beam will be cut in small pieces to measure the residual cross-section as accurate as 

possible and to get information on the charring behaviour along the beams length. Further, the information 

on the charring behaviour will be connected to the material properties obtained from the grading process. It 

seems that a heat transfer analysis should also include a probabilistic approach for the charring of the beam 

in order to account for the huge difference in the residual cross section dimensions at the end of the fire test. 
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Fig. 19: Residual cross-section measured with a 

calliper rule 

 

Fig. 20: Failure of beam 1 

4.3 Failure Mode 

In Fig. 20, the failed beam 1 is shown. It can be seen that in tension, the bottom lamella of the residual cross- 

section broke completely. Also the compression side failed. Further investigation (e.g. with a closer look on 

the given matrices of the probabilistic model by Fink (2014)) on this is needed to describe the failure mode 

more precisely.  
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5 Outlook 

5.1 Measurement 

As the results of chapter 4.1 shows big differences in the performed fire tests, it is necessary to measure 

more than just one deformation to eliminate possible errors, even for evaluating the static E-Modulus. 

Further, during the fire resistance tests the evaluation is hardly possible with the limited amount of LVDT 

devices. Therefore, a plan will be made to measure more deflections, e.g. separate deflection of the field as 

well as both loading points, always in relation to the supports. 

5.2 Actuator 

To prevent failure of the test set-up, it is essential to focus on the stabilisation of the actuators. The solutions 

presented in chapter 3.3 are just temporary. If the same construction will be made it should be verified in 

advance that it is sufficient for GL36 beams as well. 

5.3 Tests of the remaining beams 

The remaining beams will be tested in spring 2016 at SP Technical Research Institute in Stockholm. 

Afterwards a proper evaluation of the test can be made as well as modelling. 

5.4 Residual Cross Section 

As time was short during the STSM, there was no time to measure the residual cross-section in a given grid. 

This should be done after all tests are performed with every specimen by cutting them at a given interval. 

5.5 Simulation and Analysis 

After the tests had been conducted and the specimen were thoroughly investigated, a comparison with 

simulations will be performed using the probabilistic model by Fink (2014) to estimate the material 

properties. Fire resistance tests with glued-laminated timber beams with that good estimated properties have 

never been done before. Therefore, it is important to take the time it needs to prepare and perform the tests 

in a proper way, which makes this STSM very valuable for the whole project. 
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