
 
 

STSM Report COST FP1404 

Vincent Scherer, from ETH Zurich to Centre Scientifique et Technique du Bâtiment 

(CSTB) (19th to 30th of march) 

Summary for the Homepage 

 

The purpose of this STSM was to analyse fire test reports summarising two fire tests 
with timber-concrete composite (TCC) slabs conducted by CSTB in France in 2017. 
The data was carefully evaluated and subsequently used to develop the future fire 
design model for TCC systems. Additionally, a spreadsheet for the design of TCC 
structures at ambient temperature according to the 3rd draft of the technical 
specification for TCC systems was developed.  

The reports contain in total the description of six configurations of TCC structures for 
residential buildings and two for office buildings, which were in a first step analytically 
verified by the CSTB. Subsequently, one floor for residential buildings (REI90) and one 
for office buildings (REI60) were tested in a fire resistance test. Both tests passed the 
intended REI criteria. The test reports contain detailed information about specimen 
assembly, measurement equipment and test procedure. Therefore, the data is 
certainly useful to check the (to be) developed fire design model in the end. The current 



 
 

state of the art on timber-concrete composite structures in fire was expanded by those 
tests. 

According to current standards such as EN 1995-1-2:2004, strength and stiffness of 
the materials timber, concrete and connector must not be reduced in the case of fire. 
Looking at the temperature data of the tests, a reduction due to heat (such as in 
formulae proposed by Frangi, 2001) would be reasonable for the future fire design 
model of TCC structures. 

Both CSTB and ETH Zürich will contribute to the development of new Eurocodes 
considering fire design. Therefore, future collaborations between both partners are 
planned. 

With regard to foreseen publications, one will definitely be the master’s thesis of which 
the STSM and the present report is part of and presumably an additional part to the 
current 3rd draft of the technical specification for TCC structures for the new Eurocode 5 
released in a few years.  

The confirmation by the host institution of the successful execution of the STSM is 
attached (annex 1).  
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Introduction 

In contrast to simple structures, composite structures consist of two different materials 

which are combined in a way to better exploit each of the materials. Concrete is known 

to have high compressive load capacity, whereas timber possesses good tensile 

resistance at low weight and low environmental impact. In timber-concrete composite 

(TCC) systems these advantages are combined in one single structure. Compared to 

traditional timber floor systems, TCC structures have an increased load-carrying 

capacity, reduced floor depth and improved acoustic behaviour. Further, the floor 

weight decreases in comparison to pure reinforced concrete. 

Since the strength and stiffness of timber, concrete and connection deteriorate under 

high temperatures, they have to be reduced in case of fire. Moreover, timber chars in 

fire, therefore its cross-section has to be reduced as well. These processes cause a 

change of the position of the neutral axis, which must be considered in the design of 

TCC structures in fire. 

Hozjan et al. [1] recently collected and summarized in a literature review existing 

research work concerning TCC structures in fire. During this Short-Term Scientific 

Mission (STSM), the created database was enlarged with fire resistance tests that 

results are not yet published. These additional data is important to further develop the 

fire design model for TCC structures that will be implemented in the new EN 1995-1-

2. 

This STSM is realised in the framework of the master’s thesis in civil engineering of 

Vincent Scherer, master student at ETH Zurich. The aim of the present master’s thesis 

is to develop the new fire design model for the future EN 1995-1-2 which should be 

based on the current 3rd draft of the technical specification [2] for the design of TCC 

structures at ambient temperature. 

A manufacturer of the French construction industry charged the CSTB with the 

verification of its own prefabricated TCC floors for the fire case. Out of eight possible 

configurations, one for residential buildings (REI90) and one for office buildings 

(REI60) has been chosen to be tested at large scale. The CSTB tested the specimen 

last year and completed the reports earlier this year. 
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Overview of Performed Work 

During this STSM, the focus was on the following two main tasks: 

1) development of a fire design model for the new Eurocode 5 

2) reports of the fire tests conducted at CTSB were analysed with respect to the 

data which could be used for validating the future fire design model.  

Further, Dr. Dhionis Dhima provided the master’s thesis of Cécile Sergent [3], which 

deals with the modelling of fire behaviour of TCC structures. This thesis was evaluated 

and interesting findings summarised.  

The subsequent chapters explain the performed work in detail. 

Spreadsheet for Design of Timber-Concrete Composite Structures 

As already mentioned above, a spreadsheet is being developed for TCC floor systems, 

which implements the calculations and verifications needed at ambient temperature 

according to the current 3rd draft of the technical specification for TCC structures [2]. It 

was decided that the new fire design model should base on this draft. 

For the beginning, beam-type TCC systems with dowel-type connectors are 

implemented only. As soon as this is done, the aim would be to extend the simplified 

model to as much connection types as possible (depending on available data and 

literature). In a next step, the spreadsheet should include the design of solid timber 

slab types. 

Analysis of Tests conducted at CSTB 

To get permission for use in construction, new products have to be verified by either 

available calculation methods or by means of large-scale fire tests. The manufacturer 

whished eight different configurations of beam-type TCC floors (six for residential 

buildings, two for office buildings) to be verified whether they satisfy French regulations 

with respect to their fire resistance (REI60 or REI90, respectively).  
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Figure 1: One of six configurations for residential buildings (REI60). 

These different configurations mainly vary in terms of timber beam dimensions, 

concrete slab thickness and floor construction (installation of track-supporting layers). 

Since it is not possible to conduct large-scale tests on every configuration due to 

economic reasons and reasons of time, one configuration for residential buildings and 

one for office buildings was chosen – preferably the most critical ones – to undergo a 

large-scale fire test. However, every configuration is checked analytically using 

spreadsheets. 

Analytical Verifications 

The calculations were only performed for a short-term analysis in fire conditions and 

are based on the reduced cross section method according to EN 1995-1-2:2004 [4], 

para. 4.2.2. The slip modulus and resistance of the connection used in the 

spreadsheets was given by the manufacturer, which in turn had charged an 

engineering office earlier in 2017 to verify structural safety at ambient temperatures. 

From the provided results of the latter analysis, the values for the slip modulus and the 

resistance were taken over for the fire case. 

Description of the Specimen 

Two different configurations were chosen to be tested under fire action. The CSTB 

composed elaborate reports of each test, which are summarised in this section.  

Each floor type consisted of two almost identical modules. The modules were 

prefabricated in a factory, transported separately (due to size limitations) and 

connected on-site (photo of the module connecting point in figure 2), hence a cover 

cord was placed in the joint between the central timber beams of each module to 
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ensure impermeability in fire (criterion E). Figure 3 shows the mentioned joint from 

below. 

  

Figure 2: Module connecting point of the TCC floor used in 
office buildings. 

Figure 3: Joint between modules 
from below. 

 

Therefore, a 30 mm wide and 8 mm deep notch along the central beam was finished 

in one of the modules. Since this notch is present in one module only, the modules are 

slightly different. Table 1 gives an overview of the corresponding reports, plans and 

nomenclature. 

Table 1: Overview of tested specimens and corresponding reports and plans. 

Nr. Target Use Report Plans 
Name of Module 

with 
notch 

without 
notch 

1 residential buildings RS17-074/B [5] PL1, PL2 D E 

2 office buildings RS17-074/A [6] PL3, PL4 G * 

 

Figure 4 and figure 5 illustrate the cross sections of both floor types, respectively. A 

detail of the screw connection is shown in figure 6 whereas figure 7 presents the screw 

dimensions. 
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Figure 4: Cross section of the TCC floor used in office buildings [6]. The left half of the cross section 
corresponds to the module G (with notch) and the right half to the module * (without notch). 

 

Figure 5: Cross section of the TCC floor used in residential buildings [5]. The left half of the cross 
section corresponds to the module D (with notch) and the right half to the module E (without 
notch). 

  

Figure 6: Detail of the screwed connection [6]. Figure 7: Dimensions of the screw [6]. 
 

Both TCC floor types are described and compared in table 2. The tests were performed 

according to the ISO834-1:1999 [7] fire test standards.  
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Table 2: Comparison of the two timber-concrete composite floor types. 

Comparative Aspect 
Timber-Concrete Composite Floor for 

Office Buildings Residential Buildings 

fire resistance REI60 REI90 

span 7.14 m 7.18 m 

surface loading 3.00 kN/m2 2.25 kN/m2 

external dimensions of floor 7420 x 2900 x 670 mm 7420 x 2900 x 666 mm 

edge timber beams  GL 28h 140 x 266 mm GL 28h 140 x 311 mm 

double central timber beams 1) GL 28h 140 x 266 mm GL 28h 165 x 311 mm 

concrete type C 40/50 

concrete slab thickness 80 mm 100 mm 

screw type SBB 26/170 (�24 mm) S275 

screw spacing 250…450 mm 250…500 mm 

embedment depth into concrete 62 mm 

embedment depth into timber 130 mm 

spacing between modules 5 mm 

impermeability in fire cord �20 mm in notch along central beams 

isolator on top none mineral wool sheet of 
20 mm thickness 

isolator underneath none mineral wool sheet of 
50 mm thickness 

facing on top none 2 gypsum fibre boards 
of 12.5 mm thickness 

facing underneath none gypsum board of 
12.5 mm thickness 

1) the central beams are connected by steel plates (see also figure 2). 
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Observations during the Fire Tests 

The test reports describe the course of action in detail for the parts facing and averting 

the fire. The sequences can be summarized as shown in table 3: 

Table 3: Summary of observations during the test. 

Time 
sequence 
[min] 

Timber-Concrete Composite Floor for 

Office Buildings Residential Buildings 

exposed side non-exposed 
side exposed side non-exposed 

side 

0 – 16 blackening, 
charring of timber 

beams 

smoke emission 
around poles 

blackening, 
burning of facing, 
charring of timber 

beams 

smoke emission 
around poles and 

in parts of joint 
between modules 

16 – 18 gypsum boards 
begin to fall off 

18 – 32 
charred timber 
pieces getting 

bigger and falling 
off 

cracking of the 
concrete slab from 
borders to center, 
smoke emission 
through cracks, 

water condensates 
on surface 

gypsum boards 
completely fell off, 

whitening of 
isolation surface, 
charred timber 
pieces getting 

bigger and falling 
off 

32 – 39 
formwork wedges 

getting visible 

longitudinal bowing 
of concrete slab, 
outcropping near 

joint between 
modules 

deep folds in 
ceiling framework 

and scalloping 

39 – 62 parts of ceiling 
framework fell off 
central support 

darkening of visible 
parts of poles 

62 test stopped for safety reasons 
yellowish colouring 

of facing around 
smoking parts 

62 – 99 
 

big charred timber 
pieces falling off, 

isolator joints 
opening up, a lot of 

combustion 

darkening of 
smoking parts 

107 test stopped for safety reasons 

 

Analysis of the Test Data 

Mainly temperature and deformation data were recorded at several locations. Figure 8 

and figure 9 illustrate where the instruments were placed on the prototype for office 

buildings, as an example. The situation is very similar for the second prototype. The 

slip between the concrete slab and the timber beam has not been measured. 
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Figure 8: Location of instruments on the non-
exposed side of TCC floor for office 
buildings. Red: thermocouples, pink: 
deformation measuring device. 

Figure 9: Location of thermocouples inside the 
materials of the TCC floor for office 
buildings. 

 

The remaining cross sections were measured after the test as well. Thermocouples 

were placed on the non-exposed surface of the floor and inside cross sections of the 

central and edge timber beams, the concrete slab and the isolator (where available). 

Thermocouples inside the timber beams were installed by boring holes from the side 

non-exposed to fire to minimize the influence of the hole. As an example, figure 10 
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shows the measured temperatures over time in a central timber beam whereas figure 

11 explains where the thermocouples were installed and how they are labelled. 

  

Figure 10: Maximum temperatures over time in the 
central timber beam of module D of the floor 
for residential buildings [5]. Thermocouple 
DR2 is out of order (HS = hors-service). 

Figure 11: Cross section of the double 
central beam with marked and 
labelled thermocouples [5]. 

 

Table 4 lists the most important results and compares both floor types to each other. 

  

 Annexe n° 34 
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Table 4: Comparison of the test results of each floor type. 

Test Data 
Timber-Concrete Composite Floor for 

Office Buildings Residential 
Buildings 

temperature of 
non-exposed 
surface 

near joint 
between 
modules 

120 °C 
≤ 24 °C 

remaining 
surface area ≤ 50 °C 

temperature of 
concrete slab at 
midspan 

near exposed 
surface 340 °C 74 °C 

minimum inside 
cross section 150 °C 58 °C 

temperature of 
concrete slab 
above timber 
beams 

near timber 
contact surface 80 °C 38 °C 

minimum inside 
cross section 50 °C 28 °C 

temperature 
inside isolators 

before drop of 
gypsum boards 

no isolator 

60 °C – 80 °C 
(depending on 

depth) 

after drop of 
gypsum boards 

≤ 870 °C near 
exposed surface, 

deeper inside 
300 °C – 400 °C 

temperature 
inside timber 
beams 

in charred layer 
central beams: 

≤ 630 °C 
edge beams: 450 °C 

800 °C – 900 °C 

beneath charred 
layer 100 °C 100 °C – 200 °C 

deformations at 
midspan 

until 10th minute negligible deformations 

from 10th minute 
on 

bowing of concrete 
slab up to 15 mm in 
the centre, ≤ 5 mm 

at the borders 

at more or less 
constant speed up 
to 10 mm (at end of 

test) 

effective charring 
rate 1) 

central beams 0.7…0.8 mm/min 0.8 mm/min 

edge beams 0.6 mm/min 0.6…0.7 mm/min 

overall average 0.67 mm/min 0.71 mm/min 
1) The effective charring rate is the charring rate which was calculated using the 
 remaining cross section after the test. 
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Master’s Thesis of Sergent 

Within this thesis, a thermal finite element model using the software SAFIR [8] was 

developed, which was validated by tests conducted at the CSTB facilities. Additionally, 

spreadsheets were created, based on the results obtained by the SAFIR model. They 

are meant to adapt existing calculation methods at ambient temperatures for the case 

of fire (using temperature-dependent reduction factors kT for timber and concrete cross 

sections, as well as the slip modulus of the connection). The conclusion is that they 

work fine if a reduced cross section of the timber member alone is considered. 

However, if both the cross section of the timber and the concrete member are reduced 

due to high temperatures, the results cannot be validated for the test without formwork. 

Uncertainties in the thermo-physical characteristics of the model and unprecise test 

results are assumed to be the cause. 

Further, not only the widely known J-method was implemented for the calculation of 

the stresses, but also the Girhammar method [12]. In contrast to the J-method, the 

method of Girhammar can be applied to other systems than simple beams as well. 

Sergent states that the effective bending stiffness is identical with both methods, 

because the Girhammar method is actually based on the J-method (but adapted for 

different circumstances). However, the normal and shear stresses in the timber beam 

are slightly higher according to the Girhammar method, but the force acting on the 

connector is identical. Concerning the stresses in the concrete slab, the methods differ 

from each other, too. 
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Results and Discussions 

Spreadsheet for Design of Timber-Concrete Composite Structures 

The spreadsheet for the design of TCC structures at ambient temperatures must 

consider the different creep behaviours of the individual materials (timber, concrete, 

connection). According to the 3rd draft of the technical specification for TCC systems 

[2], in general, ultimate limit state verifications at three different time periods have to 

be conducted: t = 0, t = 3…7 a, t = f. As a result, the effective bending stiffness EIeff 

has to be calculated for each and every time period. This has been done using the J-

method according to appendix B of EN 1995-1-1:2004 [1] and the formulae 4.4 to 4.8 

(moduli) and table 7.1 (modification factors \ for creep coefficients) of the 3rd draft of 

the TCC standard [2]. Further, paragraph 4.2 of the draft [2] prescribes that long-term 

stresses should be calculated by superimposing the stresses due to the quasi-

permanent combination of actions {Fp} (using Econc, Etimb and Ku at t = f) and the 

stresses due to the difference between the fundamental combination and the quasi-

permanent combination of actions {Fu - Fp} (using Econc, Etimb and Ku at t = 0). However, 

the draft does not explain how the stresses at t = 3…7 a should be determined. 

Fortunately, in case of fire, only a short-term analysis has to be conducted, naturally. 

This will simplify the work once the dimensioning at ambient temperature is finished. 

Tests conducted at CSTB 

Analytical Verifications 

Every verification according to the current EN 1995-1-2:2004 [1] is fulfilled. It is worth 

mentioning that 5 percentile-values have been chosen as characteristic values of 

material properties, while the standards allow 20 percentile-values for the case of fire. 

Since the verifications could be fulfilled, this is not of great importance, because 

5 percentile-values are on the safe side compared to 20 percentile-values. 

In comparison to design at ambient temperature, the partial safety factors for material 

properties and resistances according to EN 1995-1-1:2004 [9], table 2.3 are reduced 

to 1.0 (accidential combination). However, neither the slip modulus of the connection, 
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nor the strength or stiffness of the concrete slab was reduced due to fire. This is actually 

correct according to current standards, but probably not on the safe side. Especially 

directly exposed concrete slabs – such as in the prototype for office buildings – 

experience high temperatures, which reduce the strength and stiffness of the concrete. 

Depending on the thickness of the protecting timber layer, dowel-type fasteners could 

heat up, too. Because of the excellent thermal conductivity of steel, hot connectors 

could heat up the structure from inside the cross sections. Further, steel loses its 

stiffness at higher temperatures, which would weaken the connection. 

Test Reports 

The tests conducted at CSTB were finally stopped due to safety reasons some minutes 

after their required fire resistance. Therefore, no failures of the supporting structure 

occurred (R) and the criteria for integrity (E) as well as thermal isolation (I) could be 

fulfilled (table 5).  

Table 5: Final test results. 

Criterion 
Timber-Concrete Composite Floor for 

Office Buildings Residential Buildings 

test stopped at 62 min 
(no failure) 

107 min 
(no failure) 

load-bearing capacity (R) 62 min 107 min 

integrity (E) 62 min 107 min 

thermal isolation (I) 62 min 107 min 

 

Required REI60 REI90 

 

Some isolated thermocouples showed unexpected devolution over time but did not 

show a general trend and can therefore be neglected. Besides, some instruments 

failed to measure, but since this concerns only a few thermocouples, it does not affect 

the results and their interpretation. 

Unfortunately, no thermocouples were placed in the joint between the modules. It 

would have been interesting to know how much the temperature rises in spite of the 
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impermeability cord installed in the notch. The thermocouples inside the central beams 

near the joint (named C5) give only limited information about the conditions inside the 

joint. Mostly, temperatures are rather low (DC5 ≤ 80 °C, GC5 ≤ 60 °C), apart from one 

thermocouple (EC5 | 840 °C). Moreover, thermocouple *C5 was out of order. The 

temperature of the non-exposed surface reached up to 120°C near the joint of the TCC 

floor for office buildings (see also table 4). However, this phenomenon did not show up 

for the other floor type. Further, the heating of the non-exposed surface acts within the 

limits prescribed by ISO834-1:1999 [7] for the criterion of thermal isolation (I). In the 

reports, there is no description about the charring development inside the joint either. 

However, a short visual inspection of the specimen after the test showed that the 

impermeability cord works fine since the timber did not char above it (figure 12). 

 

Figure 12: Close-up of the impermeability cord in the joint between the modules of the TCC floor for 
residential buildings. 

The charring rates determined by means of the measured reduced cross sections 

(table 4) correspond well to those listed in table 3.1 of EN 1995-1-2:2004 [4]. 
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The development of the slip between the timber beams and the concrete slab during 

the test would have been interesting to know for an estimation of the reduction of the 

slip modulus of the connection due to elevated temperatures. 

Master’s Thesis of Sergent 

On the one hand, using temperature-dependent reduction factors for timber and 

concrete cross sections is rather unfavourable because the temperature inside the 

cross sections is quite difficult to estimate. On the other hand, the determined reduction 

factors do not work for TCC systems without formwork. 

Besides, the method of Girhammar could be taken into account for the new fire design 

model to evaluate whether this or the J-method suits better the requirements of the 

Eurocode users. But since the draft for TCC structures [2] implements the J-method, 

which is also already part of the current EN 1995-1-1:2004 [1] (annex B), it would make 

sense to adopt it for the future fire design model. 
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Conclusions 

From the point of view of the manufacturer, the tests were successful, and they got the 

licence for the use of both floor types in construction, but under similar conditions only 

(bending moment and shear forces must not exceed the ones acting during the test). 

From the research point of view, the state of the art of TCC structures has been 

enriched by two more large-scale tests, which, in general, confirm today’s current stage 

of research. The summarizing table 1 in [1] could be enlarged by the following entry: 

Reference Year No. and type of 
tests Material type Connection 

type 
Type of 

Modelling 
Avenel and 
Malara [6], 

[5] 
2018 2 large-scale tests at 

fire temperature 
Glulam beam, 
concrete slab 

Screwed 
connections 

Simplified 
model 

(spreadsheet) 
 

Looking at the temperature difference inside the charred layer of timber beams and 

beneath (table 4), one can see that the char protects the timber cross section in a very 

efficient way. The widely accepted reduced cross section method for fire design of 

timber structures makes absolutely sense and should be applied in the future fire 

design model for TCC structures as well. 

For concrete slabs directly exposed to fire action, a reduction of strength and stiffness 

due to heat should be considered, since the temperature inside the slab rises above 

300 °C (table 4) if it is not covered (or not sufficiently covered, respectively) by isolators 

and/or gypsum boards. Nežerka proposes a method in her bachelor’s thesis [10] with 

reduced effective widths of subdividing layers in the concrete part of the composite 

slab (figure 13). This method could be adopted into the future fire design model for 

unprotected (or not sufficiently protected, respectively) concrete slabs in TCC 

structures. Unfortunately, the proposed formulae for the reduction factors kc,T for 

concrete strength and modulus of elasticity are a function of the concrete temperature, 

which is difficult to determine analytically by means of a simplified model. Maybe a 

different approach with geometrical prescriptions – such as minimal thickness of the 

concrete slab or isolators – is more convenient for the designer. 
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Figure 13: Effective TCC cross section in fire as considered in [10]. 

Further, the reduction of the slip modulus due to fire should be considered too because 

timber loses its withdrawal and embedment strength at elevated temperatures. Frangi 

[11] proposes simple formulae for the modification factor kmod,fi to reduce the slip 

modulus of connections depending on the thickness of the protecting timber cover and 

the fire duration time. This way, the temperature in the timber cross section does not 

need to be determined, making the calculation of the reduced material properties of 

the connection in fire much easier for the designer. However, those formulae have 

been determined for thin and inclined screws. One should check if they can be applied 

to thick and perpendicular screws as used in the present tests, too. 

The obtained results and data of the tests conducted at the CSTB can be used – thanks 

to elaborate information of floor systems – for validating the future fire design model 

for TCC structures, which is in development right now.  

The master’s thesis of Sergent [3] proves that a numerical modelling approach can be 

used to derive and/or validate formulae for reduction factors. For the designer indeed, 

it would be easier to determine reduced properties by means of geometrical 

parameters and the fire duration time, similar to the formulae listed in [11]. Due to the 

fact that the widely known J-method is already implemented in the EN 1995-1-1:2004 

[9], annex B and in the draft for the TCC standard [2], it would make sense to take it 

over for the future fire design model, because it should be based on the design 

procedure at ambient temperature.  

Both CSTB and ETH Zürich will contribute to the development of new Eurocodes 
considering fire design. Therefore, future collaborations between both partners are 
planned. 
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With regard to foreseen publications, one will definitely be the master’s thesis of which 
the STSM and the present report is part of and presumably an additional part to the 
current 3rd draft of the technical specification for TCC structures for the new Eurocode 5 
released in a few years.  
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