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1. INTRODUCTION 

The aim of the STSM was to focus on the numerical calculation of the fire resistance of timber-

concrete composite beams. According to work plan work is divided in two parts. Goal of the first 

part is to gather the review of the scientific work in field of timber concrete composite beams. 

The second phase focuses on mechanical response of timber concrete composite beam. On a 

simply supported TCC beam advanced calculation procedure is presented. The simulation was 

carried out with self-developed software COMP-FIRE which is capable of such a complex 

numerical simulations.   

The work is directly linked to WG2 (sub-fields: Timber-concrete composites) of the cost action 

FP1404. Part of the scientific report is presented at First Workshop on Fire Safety and Bio-Based 

Building Products in Berlin, which will be held 6th and 7th of October 2015. 
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2. REVIEW OF TIMBER-CONCRETE COMPOSITE BEAMS IN FIRE 
CONDITIONS 

Composite structures present very optimized and popular structural bearing system. They can be 

found in construction of new buildings and bridges as well as in the rehabilitation or 

strengthening of existing ones, where the unsound material, damaged due to various reasons is 

replaced by new one or, for any reason, strengthened to increase initial bearing capacity and/or 

ductility. Usually composite structures are composed of two different materials in such way that 

each off the material can be fully exploited, for instance timber-concrete composite systems 

combine the high compressive load capacity of the concrete and tension capacity, low weight and 

also lower environmental impact of timber (Fig 1). Timber-concrete-composite systems (TCC 

systems) became popular for restoration of historical buildings. Main reason is in increased floor 

capacity, shallower floor depth and reduction in floor weight, and improved acoustic 

performance. 

 

  

Figure 1: Conventional timber-concrete composite system 

(source: http://www.spillner-ssb.de/sfs/sfs-advantages.php) 

Figure 2: Timber-concrete floor 

system [2]. 

Additional advantages compared to a concrete slab are found in the relatively rapid erection of 

the system due to the use of the timber element as formwork, and reduced carbon dioxide 

emissions [1]. Recently somewhat unnatural TCC systems emerged, where timber beam is 

positioned above the concrete slab (Fig 2). In comparison with concrete floor is lighter and has 

better acoustical properties than a lightweight timber floor. As stated in [2] the system also 

significantly improves the possibilities to integrate mechanical installations, the connection to 

timber structural systems, and has higher fire resistance. It’s worth mentioning that this system is 

not totally unknown since fire tests on these systems were carried out in the 90’s of the previous 

century [3], yet up to now its usage has been limited. The most vital parts of the composite 

systems are undoubtedly the connectors/fasteners. The connection between the two materials 

must be stiff enough to ensure composite action and the materials must be strong enough to resist 

tensile/compression stresses due to the loading. In engineering the rigid connection is most often 

desirable, although in many applications, like in timber-concrete composite beams, fully rigid 

connections are not possible to achieve due to the deformability of the connectors. In case of fire 

this is even more evident since connection rigidity can be lost rapidly due to the increased 

temperature. Therefore, understanding the behaviour of connectors in fire situation is crucial for 
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more realistic description of composite beam exposed to fire and for performance based approach 

almost necessary.  

2.1 Review of the research in field of timber-concrete composite systems 

Experimental work of the TCC systems exposed to fire is not extensive as in case of the room 

temperature. Preview of the research on many aspects and components of TCC systems at 

ambient conditions can be found in [4]. Here, short review of the research work of the TCC 

systems in fire conditions carried out in recent years is presented.  

 

Frangi and Fontana [5] investigated two TCC systems exposed to standard ISO 834 fire. First 

system was a solid timber decking composed of nailed planks or glue laminated beams with 

concrete layer cast on top. The second system was a sawn timber beam system consisting of 

inclined self-drilling screws for the connection system implanted into a concrete slab cast on 

plywood sheathing. Two full scale furnace tests were conducted and both systems exceeded 60 

minutes of ISO fire exposure without structural collapse. It was found out that the form of 

connection is important, as the integrity of the connection during the fire is governed by the 

behaviour of its weakest element, which can sometimes be difficult to predict. Interesting 

observation was also that the performance of their screw connectors was a linear function of the 

temperature of the surrounding timber. As presented in [6] simplified design method for timber-

concrete composite floors based on the effective cross section method from Eurocode 5 [7] gave 

good results when compared with full scale fire tests. 

 

O'Neill [8] investigated the failure behaviour of timber-concrete composite floors exposed to 

standard ISO 834 design fire. Beams were made from Laminated Veneer Lumber (LVL).  Two 

different types of connections between concrete slab and LVL beam were used in each test 

specimen. First type of connection was notched connection with steel screws and second type 

was a plate solution connection (i.e. toothed steel plate). Overall two tests with different beam 

heights (300 mm and 400 mm) were carried out. Main conclusions from the tests were: (i) the 

LVL beams with the steel plate connection system exhibited stiffer performance and lower 

deflections when compared with the notched connection beams, (ii) failure of the TCC systems 

was governed by the charring rate of the timber, (iii) the charring rate on the sides of the LVL 

beams was found to be 0.58 mm/min on average which is lower than reported values of 0.72 

mm/min for plain LVL beams (iv) separation of the double LVL members during the latter stages 

of burning was noticed, which increased the charring of the LVL beam, (v) the charring rate on 

the underside of the beams was on average four times as large as the charring rate from either 

side of the beams, (vi) concrete spalling in the slab was noticed for the lower quality concrete 

mix. Beside full scale test also series of small scale test to investigate the failure strength and 

behaviour of the LVL at different temperatures were carried out. 

 

As reported, connections are key component of the TCC systems. It is important to know 

behaviour of the shear connections in fire conditions, especially how their stiffness and strength 
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varies with temperature. Series of tensile and shear tests of the shear connections with screws at 

±45° inclination was presented in [9]. Tests were performed on smaller timber beams with 

different heights and length of 1 m. Main results of the test are tensile and shear resistance of the 

connections as a function of the mean temperature around the screw. This data is important for 

advanced calculation methods of the TCC systems. Noticeable loss of strength and stiffness of 

the screwed connection was observed. For the fire resistance of TCC slabs simplified design 

method was developed on the basis of the known as -method and is based on reduced cross-

section method given in [7]. Method was verified with full-scale TCC tests [5]. 

 

Most recently, reports on fire testing of new TCC floor systems can be found [2, 10]. Research of 

unconventional TCC floor system with timber beams on top and concrete slab on bottom is 

reported in [2]. The shear connection between timber and concrete is achieved by mechanical 

interlocking through grooves. Full scale tests were performed with main objective of proving 60-

min of standard fire resistance (REI 60). Beside reinforcement multilayer pipe system for surface 

heating was cast in to the concrete slab. The effective fire resistance rating of the TCC system 

was proven to be 60 min which can be achieved with minimum concrete cover of 25 mm for the 

reinforcement. During the test thermal cracks appeared on the upper side of the concrete slab and 

water from the pipes leaked trough these cracks. Test showed that trapped water within the 

concrete slab presents no risk since water will eventually evaporate through thermal cracks in 

concrete. To achieve 60 min fire resistance and not to lose beam-slab connection during the fire a 

concrete cover of 50 mm is sufficient for the timber beam grooves. Beside tests a numerical 

model was developed and validated to analyze the temperature profiles for different setups and 

extensive temperature data from experiment is presented.  

 

Research on fire behaviour of timber-concrete composite slabs made of a thin beech laminated 

veneer lumber and a concrete layer on top can be found in [10]. Two full-scale tests were 

performed, first with 80 mm thick LVL plate and 120 mm of concrete layer on top and in second 

test TCC system was made from 40 mm thick LVL plate with 160 mm covering layer of 

concrete. TCC slabs were exposed to standard ISO fire. Connection between LVL plate and 

concrete deck is achieved with notched connection with depth of 15 mm into the LVL plate. To 

achieve higher fire resistance concrete slab is reinforced with upper and lower reinforcement 

mesh with covering layer of 20 mm. First TCC system, with thinner LVL plate showed a 90 min 

fire resistance and integrity while for second system 60 min fire resistance was proven. During 

the test also an explosive spalling of concrete slab was noticed after the beech veneer plywood 

either burned away or fall off due to loss of the connection with concrete slab. The complete burn 

away and fall off of the LVL plate was noticed around 60 min and delamination on contact 

surface was noticed around 50 min for both tests. 
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3. STRUCTURAL FIRE DESIGN – ADVACED CALCULCATION PROCEDURE 

3.1 Methods of proof 

Procedure to demonstrate fire safety of the structure or bearing element can be based on the use 

of advanced computational model which must be in accordance with the Eurocode standards part 

1-2 According to the Eurocode tt shall be verified for the relevant duration of fire exposure t: 

di,d,t fi,d,tR E , (1) 

where Efi,d,ti is the design effect of actions for the fire situation, determined in accordance with 

EN 1991-1-2, including effects of thermal expansions and deformations and Rfi,d,t is the 

corresponding design resistance in the fire situation. Requirement (1) can also be written in time 

domain: 

fi,d fi,requt t , (2) 

where tfi,d is the design value of the fire and tfi,requ is the required fire resistance time. 

In order to satisfy the requirements of (1) or (2) in the Eurocode standards allowed the following 

methods of design: 

 tabulated data in accordance with recognized design solutions (testing), 

 simplified calculation methods for calculation of bearing elements or parts of structures 

(given in Eurocodes part 1-2) and 

 advance calculation methods to simulate the mechanical behaviour of structural 

elements, parts of structures or entire structures during fire. Advanced calculation 

methods should enable a realistic assessment of the structural fire behaviour. Such an 

assessment is possible only if these models contain all the essential physical and chemical 

processes behaviour of the structure and its components during a fire.  

Further we will focus on advance calculation methods and what data are necessary in order to 

successfully perform the fire analysis. Material data is taken from the Eurocodes and the process 

of the fire analysis is also performed according to the Eurocodes.  

3.2 Structural fire design procedure 

The advanced calculation method allows us to analyse the behaviour of the structure and its part 

during the fire. The analysis is divided in tree separated phases 

 In the first phase the development of temperatures with time in the fire room is 

determined.  

 In the second phase the temperature state of timber beam is analysed. 

 Third phase is the calculation of the mechanical behaviour of the structure exposed to fire. 

Below above mentioned steps are presented to some detail. As it can be seen before the thermal 

analysis, we must first determine the appropriate fire scenario. 
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3.3 Design fire scenarios and corresponding design fires (1st phase) 

Fire scenario represents a qualitative description of the course of fire, with time relevant key 

events that indicate a fire and distinguish it from other possible fires. The increase of gas 

temperature in the fire compartment depends on many parameters and is therefore both a complex 

and difficult task to do. That is why convenient, yet very much simplified parametric 

temperature–time curves for a number of typical situations have been introduced in engineering 

design practice long ago, which define explicit relationships between gas temperature in a 

compartment and time. Therefore in our analysis standard fire curve ISO 834 (1999) is 

considered. The temperature development of the Cellulosic fire curve (ISO-834) is described by 

the following equation:  

)18(log34520 10g  tT , (3) 

where Tg is the temperature of the gas (air) in °C and t is time in minutes. Once the variation of 

the gas temperature in the compartment with time has been defined, we can progress into the 

second phase of the fire analysis. 

3.4 Temperature analysis (2nd phase) 

To determine time dependent temperature in cross section of timber element all three ways of 

heat transfer are considered: convection, radiation and conduction. Heat conduction over cross-

section is described with Fourier partial differential equation:  

ij

j i

0, ( , ) ( , )
T T

k Q c i j y z
x x t


   

       
    

, (4) 

 

Heat transfer through outer surface of the beam due to convection and radiation is considered 

with appropriate boundary conditions. These are: 

s

q ij i

j

: ,
T

S q k n
x


  


 s

T : ,S T T  0: ( 0) .S T t T   (5) 

In equations (4) and (5) S denotes cross section of beam, Sq is a part of cross-section where 

specific surface heat flux q
s
 is prescribed, ST represents a part of cross-section where temperature 

TS is prescribed, t is time, kij constitutes the symmetric thermal conductivity tensor, ∂T/∂xj is the 

partial derivate of temperature over coordinate xj, ni is a component of the unit vector 

perpendicular to the cross-section, Q is the internal heat source, ρ the density of material, c 

specific heat and T0 is the initial temperature at any point of the cross section. Specific surface 

heat flux consists of the share represented by the exchange of heat between the body and the 

surrounding area by convection (qc), the share of the radiation (qr) and from other sources (q0). 
s

c r 0.q q q q    (6) 

Heat flux due to convection qc depends on the temperature of gases in the vicinity of the fire 

exposed element Ts, the surface temperature of the element T and coefficient of heat transfer by 

convection αc. Heat flux due to radiation qr depends on the emissivity of the surface of the 
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element εm, Stefan-Boltzman constant σ and the difference between the effective radiative fire 

temperature Tr and the surface temperature of the element T. 

)( scc TTq  ,  44
rmr TTq   . (7) 

System of equations (4)-(7) is solved numerically by the finite element method in the Matlab 

environment. 

Important input parameter of the temperature analysis are thermal properties of the material.  

3.4.1 Thermal properties of concrete according to EN 1992-1-2 

On Fig. 3–5 temperature dependence of the specific heat, density thermal conductivity for 

concrete in accordance with standard EN 1992-1-2 (2005) are depicted. Equations are given in 

appendix. 

 

 

Figure 3:Specific heat as a function of temperature at 3 different moisture contents (u). 

Temperature dependence of the density of the concrete as a result of water evaporationis 

presented on Fig for initial density of the concrete at 20°C being c = 2400 kg/m
3
. 

 

Figure 4:Density of concrete as a function of temperature (EN 1992-1-2). 
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Following the recommendations of the EN 1992-1-2 the lower limit of the thermal conductivity 

of concrete gives more realistic temperatures than the upper thermal conductivity limit (Fig. 5).  

 

Figure 5:Upper and lower limit of conductivity of concrete (EN 1992-1-2). 

 

In process of determining the temperature field of the beam we don’t make a big mistake if we 

assume that the temperature of the entire fire area, or at least part of the area along the beam, is 

uniform, which significantly simplifies thermal analysis. In this case, we only need to determine 

the temperature field in the characteristic cross-section of the beam. In the case of the normal rate 

of reinforcement (up to 4% of the area of the cross-section) according to EN 1992-1-2 influence 

the reinforcement on the time and space distribution of the temperature is minor and the 

temperature of the reinforcement bars can be determined based on the temperature of the concrete 

at the position of the reinforcing bars. 

3.4.2 Thermal parameters for timber according to EN 1995-1-2 

Temperature dependence of the specific heat of timber, density ratio for softwood and thermal 

conductivity for timber in accordance with standard EN 1995-1-2 (2005) are shown on Figure 6. 

With the increase of the specific heat of timber in temperature range between 100 and 120°C the 

indirect impact of evaporation of water on the development of the temperature in timber is 

modelled. Thermal conductivity suggested by the EN 1995-1-2 (2005) takes into consideration 

increased heat transfer due to shrinkage crack at temperatures above 500°C. 
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Figure 6: Temperature-specific heat relationship for timber and char, temperature dependent density 

ratio for softwood (for initial moisture content of 12%) and temperature dependent thermal 

conductivity for timber and the char layer according to EN 1995-1-2 (2005). 

3.5 Mechanical analysis (3rd phase) 

The presented finite element formulation is based on Reissner’s kinematically exact model of 

beam where large membrane and flexural deformations are allowed (Reissner, 1972). The effect 

of the shear strain is neglected. The geometric extensional strain is a function of extensional 

strain of centroidal axis ε and its pseudocurvature κ. The Bernoulli hypothesis is considered and 

the geometric extensional strain over the cross section of the beam can be written: 

     ,D x z x z x   . (8) 

Basic equations for each layer of the  beam are presented by a kinematic, equilibrium and 

constitutive equations: 
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 (9) 

The prime ( ) ' denotes the derivative with the respect to x, u and w are displacements of the 

centroidal axis in the x- and z- direction, φ is the rotation about y-axis. N, Q, M are equilibrium 

generalised internal forces, px, pz and my denotes conservative distributed loads of the element. 

Constitutive internal forces Nc and Mc depend on a chosen material model which is defined by the 

relationship between the longitudinal normal stress σ(Dm,T) and mechanical extensional strain 

Dm, of a longitudinal fibre at elevated temperature. The geometric extensional strain is 

determined using incremental equation: 
1j j jD D D  , (10) 
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where D
j
 and D

j-1
 denotes the total geometric strains in the time intervals j and j-1, ΔD

j
 is the 

increment of the total geometric strain in the time interval j an it is assumed to be the sum of 

mechanical extensional strain increment ΔD
j
m and thermal strain increment ΔD

j
T. 

j j j
m TD D D    , (11) 

In the model an iterative method is used, and the whole time domain is divided into time 

increments t = t
i
 - t

i-1
. Based on the given stress and strain state at the time t

i-1
 and temperature T 

at t
i
, we can determine the geometrical strains D of any point of the beam at time t. In general 

software ‘COMP-FIRE’ explicitly considers also concrete creep and transient strains, but are here 

due to simplicity omitted. The finite element formulation yields a system of discrete generalised 

equilibrium equations of the structure, which are solved by the Newton incremental iterative 

method. For a full description of the mechanical model reader is referred to [11]. 

As we can see the most important input data for the analysis are proper mechanical properties of 

analysed material exposed to elevated temperatures. Next, material properties at elevated 

temperatures of concrete, reinforcement steel and timber according to Eurocode fire standards 

(EN 1992-1-2 and EN 1995-1-2, respectively) are briefly presented. 

3.5.1 Thermal and mechanical properties of concrete and reinforcing steel at elevated 

temperatures 

An essential step in the fire analysis of all kinds of structures is the correct choice of material 

model. In EN 1992-1-2 temperature dependent constitutional law for concrete and steel 

reinforcing steel are given. Temperature dependent material parameters of concrete are: 

compressive strength fc,T  with corresponding strain εc1,T and ultimate compression strain εcu1,T . 

Temperature dependent material parameters of reinforcing steel are: the slope of linear elastic 

range EsT, proportional limit fsp,T, maximum stress level (yield strength) fsy,T and εsp,T strain at the 

proportional limit. While yield strain εsy,T, limiting strain for yield strength εst,T and ultimate strain 

εsu,T  of reinforcing steel are temperature independent. According to the Eurocode temperature 

dependent material parameters are determined with help of reduction factor which are functions 

of the temperature. Design values of mechanical properties of concrete or any material at fire 

design are determined as follows: 

fiM,

k
Tfid,

γ

X
kX  , (12) 

where kT is the reduction factor of strength or deformation property, Xk is the characteristic value 

of a strength or deformation property (generally fk or Ek) for normal temperature design M,fi is 

the partial safety factor for the relevant material property, for the fire situation and according to 

Eurocode fire standard is equal to 1. On Figures 7 and 8 stress-strain relationships for concrete 

and reinforcement steel according to EN 1992-1-2 with relevant reduction strength factors are 

depicted. 
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Figure 7: Stress-strain relationship of concrete and reduction factor of for compressive strength of 

concrete at elevated temperatures. 

 

Figure 8: Stress-strain relationship and reduction factors of reinforcement steel at elevated 

temperatures. 

While on Figure 9 stress-strain curves for the concrete with the calcareous aggregate as a function 

of temperature are depicted. Where  denotes normal longitudinal stress of a fibre and  denotes 

the mechanical deformation of the longitudinal fibre. 
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Figure 9:Temperature dependent constitutive law of concrete according to SIST EN 1992-1-2. 

3.5.2 Thermal and mechanical properties of timber at elevated temperatures 

Mechanical properties for strength and modulus of elasticity parallel to the grain of softwood are 

considered in accordance with EN 1995-1-2 (2005).  Reduction factors (Fig. 11) are different for 

timber fibre in tension or compression. It is considered that the char layer doesn’t have any 

strength. The char occurs at a temperature around 300°C therefore the reduction factors above 

this temperature are equal to zero. 

 

 

Figure 10: Reduction factor for strength and modulus of elasticity parallel to the grain of softwood (EN 

1995-1-2 (2005)). 

The normal stress σ and mechanical extensional strain D of a longitudinal fiber are connected 

thru linear relationship in tension and bi-linear relationship in compression (Figure 3).  

 

 

Figure 11: Stress-strain relationship for timber at ambient and elevated temperature. 

In Figure 11, Di,j, Ei,j and fi,j (i = c, t; j = T, T0) are the limit elastic strains, the Young’s modulus 

and the limit elastic stresses for timber in compression (c) and tension (t) at ambient (T0) and 

elevated temperatures (T). Ei,j and fi,j are determined according to Figure 2 and Di,j is determined 

from their relationship. The limit plastic stress fc,p, is defined by Pischl (1980). Symbols Ec,p and 

Dc,p denotes plastic hardening modulus and limit plastic strain for timber in compression. 



 

 

15 / 22 

3.5.3 Connections 

As already mentioned important component of the TCC beams is the connection between the 

concrete and timber. It is a common practice in engineering design that the layers are rather 

rigidly connected in the transverse direction, which encourages us to assume that the transverse 

separation can be neglected.  

The constitutive law of the contact is usually determined with the standard pull-out shear test. 

Results of such a test present the relationship between the resultant shear force Ppull and the 

interlayer slip in the direction of the ‘pull-out’ force. Furthermore, with rising temperature the 

stiffness of the contact connection decreases and this has to be accounted in the constitutive law 

of the contact. In general pull-out shear tests at elevated temperatures are rare and therefore 

certain assumptions has to be made to carry out the calculation.  

Since no experimental data was available, here simple linear contact law was adopted: 

pt = KT  (13) 

where KT is the stiffness of the contact and  is the slip between the layers. To take into account 

the influence of the temperature KT is determined as KT = kE,T K20. Where K20 is the slip modulus 

at ambient temperature and kE,T is the reduction factor. As suggested in [9] the load-carrying 

behaviour of the connection depends on the temperature- dependent  reduction  of  withdrawal  

strength  and  stiffness  of timber. Therefore reduction kE,t factor is equal to one of the young 

modulus of timber in compression according to the EN 1995-1-2 (2005). Reader should be noted 

that contact law determined with Eq. (11) is not realistic and was introduced wit purpose to 

simplify the analysis. 
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4. NUMERICAL EXAMPLE: TIMBER-CONCRETE COMPOSITE BEAM 
EXPOSED TO STANDARD FIRE 

Subject of our analysis is simply supported timber-concrete composite beam (TCC beam) with 

span of 3 m. The beam was also investigated experimentally at SP institute [Raport]. Beam is 

subjected to uniform load of 1.25 kN/m and point load of 1.44 as presented on Fig 12. The cross 

section of the timber beam is b/h = 4.5/19 cm and the thicknes of the concrete slab is 8 cm. The 

strength class of timber is C24 and concrete C50/60. The characteristic bending strength fm,k and 

Young’s modulus for selected timber at ambient temperature are 2.4 kN/cm
2
 and 1000 kN/cm

2
 

and for concrete the characteristic compressive strength fc,k is 6 kN/cm
2
  and Young’s modulus is 

equal to 3300 kN/cm
2
. The reinforcement is class S500. Geometric and cross section data are 

shown on Fig 12.  

 

 

Figure 12:  Data for simply-supported timber-concrete composite beam 

Advanced fire analysis is performed in two phases, according to previously presented procedure 

in section 3. First phase one is determination of the temperature distribution within the cross-

section of the TCC beam (thermal analysis). And the second phase is mechanical analysis of the 

TCC beam. All material parameters at elevated temperatures and stress-strain relationship of 

concrete, reinforcing steel and timber are taken according to fire standards of the Eurocode and 

are given in section 3.  

4.1 Thermal analysis of the analysed TCC beam 

For the thermal analysis, the specific heat, density and thermal conductivity are taken based on 

the Figure 1, where the initial density of concrete and timber are ρcon = 2500 kg/m
3
 and ρtim = 500 

kg/m
3
. Standard ISO 834 curve, the emissivity of the surface of the concrete element εm = 0.7 and 

the coefficient of heat transfer by convection αc = 25 W/m
2
K are taken into account. Composite 

TCC beam is exposed to the fire only from bottom surface as presented on Fig 12. The cross-

section of the TCC beam was modelled with 260 four nodded iso-parametric finite elements. 

 

Results of thermal analysis depend much on the thermal parameters of the material. Usually all 

required parameters are not given in the test report; therefore parametric study has to be 
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4.355 m
A

q = 1.25 kN/m

19

4.5

ISO 834

Cross-section A-A

 = 2.4 kN/cmf
m,k

2

 = 1200 kN/cmE20

2

60

 = 5.0 kN/cmfc,k

2

 = 3300 kN/cmE20

2

2

fs y20,  = 42.5 kN/cm
8

15

8

P

P = 1.14 kN

P P Pq

A

0.544 m 1.089 m1.089 m 1.089 m 1.089 m 0.544 m



 

 

17 / 22 

performed to show the influence of thermal parameters, moisture content, boundary conditions 

etc. on the distribution of temperature field of the TCC cross-section. Here, initial moisture 

content and conductivity of the are varied. List of performed analysis is given in Table 4: List of 

the parametric studies of the heat transfer analysis of TCC cross-section. 

  

Case 
Moisture content of 

the concrete slab 

Conductivity of the 

concrete 

HT1 0% Lower limit 

HT2 1.5% Lower limit 

HT3 3.0% Lower limit 

HT4 0% Upper limit 

 

On Fig. 15 influence of the thermal properties of the concrete are presented. It’s obvious that 

higher moisture content of the concrete decreases the time evolution of the temperature in the 

characteristic points. While on the other in case if upper limit of thermal conductivity of the 

concrete according to EN 1992-1-2 is used the time evolution of the temperature is higher. For 

instance the max temperature difference after 60 minutes in the mid-point of the concrete can be 

up to 50 
o
C, if cases HT1 and HT 4 are compared.  

 

 

Figure 13:  Influence of the thermal parameters on the temperature evolution in points P1 and P2.  

Another important parameter in behaviour of the TCC beam is the time development of the 

temperature in the reinforcement. Therefore, additional analysis of the reinforcement position on 

the time evolution of temperatures in the reinforcement was made. Initial mid-point position of 

the reinforcement a = 2.5 cm was assumed. If reinforcement position a is decreased by 0.5 cm 

much faster growth of temperature is noticed.  
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Figure 14:  Influence of the rebar position on the temperature evolution in the rebar, point P1, case 

HT3. 

Anyway, results obtained with model are taken as the input data for the next step of the fire 

analysis which is mechanical behaviour of the TCC-beam. On Fig. 16 2D distribution of the 

temperatures at 15, 30, 60 and 90 min are depicted.  
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Figure 15:  Distribution of temperature over TCC cross-section at 15, 30, 60 and 90 min of case HT3. 
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4.2 Mechanical response of TCC beam 

Next we present the mechanical analysis of a 4.35 m long TCC beam displayed in Fig. 12. The 

results of the previous section for the distribution of the temperature over the typical cross-section 

of the composite beam with time were used as the thermal load. It is assumed that the heat 

transfer in the axial direction of the beam is small and can be neglected. Geometrical data of the 

beam and the details regarding the load and reinforcement arrangements are depicted in Fig. 12. 

The finite-element mesh of the beam model consists of 8 finite elements of the fifth order 

polynomials for the interpolation of strains. For the axial integration, Gauss’s 5-point scheme is 

used. The absolute error of displacement for Newton’s iterative scheme was 1 × 10−7. Typically 

5 iterations were required to reach the above given tolerance, if the time step in the mechanical 

analysis was roughly equal to 1 min. . In mechanical analysis, the parameters for stress-strain 

relationship for timber are as follows: Et,T0 = Ec,T0 = 1000 kN/cm
2
, ft,T0 = fc,T0 = 2.4 kN/cm

2
, Dt,T0 

= Dc,T0 = 0.0025, Dc,p = 0.0065, Ec,p = 100 kN/cm
2
 and fc,p = 2.4 kN/cm

2
. Thermal strain is 

considered linear with a coefficient of linear thermal expansion αT = 5×10
-6

 m/m°C. The initial 

stiffness of the contact is equal to K20 = 300 kN/cm. 

 

On Fig. 16 influence of the reinforcement position on the mid-span deflection is presented. As 

expected, for the smallest reinforcement position we obtain biggest development of the mid-span 

deflection with time. In case of a = 2.0 cm TCC beam even fails a bit before 81 min, while in 

other cases survives standard fore for 90 minutes.   

 

 

 

Figure 16:  Influence of reinforcement position on mid-span displacement. 
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At the end influence of contact stiffness on mechanical response of TCC beam is made.  

 

 

Figure 17: Influence of contact stiffness on mid-span displacement. 
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5. CONCLUSIONS 

Given the review research in field of timber-concrete composite systems, it may be concluded 

that research data on the fire resistance of TCC systems is still in its early stage of development. 

All of here presented tests were performed in standard fire conditions. Considering the natural 

fire and many possible variations of TCC systems more research data, especially on the 

behaviour of connections in the fire conditions, is needed for full development of advanced 

calculation tools that are essential for performance based design. As presented in the review, up 

to now some simplified methods for calculation of fire resistance of TCC systems were 

developed, yet they were validated in standard fire test conditions and therefore their usage in 

natural fire conditions is limited.  

Advanced calculation models for steel-concrete in fire conditions are already well established in 

performance based design [11], on the other hand advanced models for TCC systems are rare and 

not fully validated especially in natural fire conditions [12]. As seen from the numerical example 

most important input is the constitutional relationship for the contact law. Therefore future 

experimental and numerical analysis is needed to obtain more valuable data for the contact law 

that is suitable for the advanced calculation methods.  
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