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Basic requirements 
 

Changes in timber in case of fire 

 

 

(a) layer of charcoal; (b) pyrolised layer; (c) timber which is not subjected to fire. 
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General description of charring for initially protected timber surfaces according 

to EN 1995-1-2 
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Basic requirements 
    Standard time/tempirature curve (ISO 834)         Temperatures-time curves from natural fire 
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Natural fire phases 

 
                                                The characteristics of real fire include: 

                                                A smouldering phase; 

                                                A growing phase; 

                                                A flashover; 

                                                A post flashower phase; 

                                                A decreasing phase. 
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Nominal fire exposure 
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Nominal fire exposure 

 
 

 



Scientific Seminar 

Fire Design of Timber Structures 

By EN 1995-1-2 

SPbU, March 26, 2016     
Design values of materials properties and resistances 

 

 

 
 

 



Scientific Seminar 

Fire Design of Timber Structures 

By EN 1995-1-2 

SPbU, March 26, 2016     
 

Design values of materials properties and resistances 
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Design values of materials properties and resistances 
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Member analysis 
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Member analysis 
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Design procedures for mechanical resistances 
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T.Saknite, D.Serdjuks 

 

Fire Design of Arch Typr Timber Roof 
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Object of investigation 

 



Scientific Seminar 

Fire Design of Timber Structures 

By EN 1995-1-2 

SPbU, March 26, 2016  

 

 

Object of investigation 
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The aim of investigation 

 

The aim of the current investigation is to evaluated rational geometrical parameters of the two 

hinge lattice arch in case of fire action. The dependence of material consumption on the 

geometrical parameters of the lattice arch must be obtained for the purposes. 
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Choice of design method for arch-type timber roof 

 

Design procedures for mechanical resistance explained in EN 1995-1-2 include: 

- reduced cross-section method; 

- reduced properties method; 

- parametric design method. 

Choice of the method for fire resistance analise was carried out on the base of results 

comparison, which were obtained for the glued beam: 
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The differences in % between the values of residual cross-section determined by the experiment and 

by reduced cross-section and reduced strength and stiffness method 

 

 
Comparison of results obtained analytically and by the experiment indicates that the values of residual 

cross-sections that were obtained by the reduced stress-stiffness method differed from the experimentally 

obtained values by 0.76-4.82%. Therefore, for the fire resistance analyse of arch-type timber roof will be 

used reduced stress-stiffness method.  
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Fire design of arch-type timber roof 

 
Fire design of purlins 

 
Nodes numbering of lattice timber arch and position of the most heavy loaded purlins 
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Fire design of arch-type timber roof 
Fire design of purlins 
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Fire design of arch-type timber roof 

 
Fire design of purlins 

 

The strength of the purlins as the member subjected to compressing with the bending, was 

checked by the equations:  
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Fire design of arch-type timber roof 

 
Fire design of purlins 

 

The stability of the purlins as the member subjected to compressing with the bending, was 

checked by the equations: 
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Fire design of purlins 

 

The dependence of safety storage from the time of fire exposure for the four most heavy loaded purlins 

obtained by the strength condition 

 
 

It was shown, that the strength condition was not satisfied after 9.8 minutes of fire exposure. 
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Fire design of purlins 

 

The dependence of safety storage from the time of fire exposure for the four most heavy loaded purlins 

obtained by the stability condition 

 
 

It was shown, that the stability condition was not satisfied after 9.4 minutes of fire exposure. 
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Scheme of the fire action at the top chord of the lattice arch 
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Decrease of geometrical parameters of the top chord elements in case of fire action 

 
 

The dependences indicates, that strength condition for the top chord of the timber lattice arch is not 

satisfied just after 11.1 minutes of fire exposure. The buckling of the top chord occurs after 10.5 minutes of 

fire exposure relatively y-axis.  
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Decrease of geometrical parameters of the bottom chord elements in case of fire action 

 

 
 

 The buckling of the bottom chord occurs after 7.2 minutes of fire exposure relatively z-axis. 
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Decrease of geometrical parameters of the lattice elements in case of fire action 

 

 
 

It means that the fire resistance of the lattice timber arch is equal to R7.2, what is more than two times less, 

than the minimum required value R15. 
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Main geometrical parameters of the lattice arch 
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The dependence of material consumption on the geometrical parameters of the lattice arch 

 
Values of the coefficients 
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Evaluation of the rational geometrical parameters of the lattice arch 

 

 
 

X1 – height of the lattice arch; X2 – height of the lattice arch cross-section; X3 – distance 

between the nodes of the top chord      
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Evaluation of the rational geometrical parameters of the lattice arch 
The dependence of material consumption on the geometrical parameters of the lattice arch 

 
a) – fire action is not taked in to account; b) – taking fire action in to account. 
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Evaluation of the rational geometrical parameters of the lattice arch 
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5. Examples 
Design of beam subjected to fire 

Reduced cross-section method (example 1) 

 

 
 

Data: L = 5 m; Latb = 0,1m; b = 100 mm; d = 300 mm; Gk = 0,13 kN/m; Qk = 1,8 kN/m; C16; 

S.C. 2. 

 

Task 

 

To determine fire resistance of the beam. The beam is subjected to fire from the four sides. 

 



 
 

Solution 

1. Loads 

 
 

2. Internal forces 

 

; 



; 

 

. 

 

3. Geometrical parameters of the reduced section 

 

 

 

 
 

Moment of inertia relatively y axis: 

 
 

Šķērsgriezuma laukums: 

 

, mm2
 

 



Modulus of section relatively y axis: 

, mm3
 

 

4. Fire resistance of the beam basing on the normal stresses strength condition: 

 

 
 

 
 

 
 

 

 
 



5. The normal stresses strength condition: 

 

 
 

At t = 37 min: 

 

   
 

 

It means, that fire resistance of the beam basing on the normal stresses strength condition is 

R30. 

 

 

 

 

 

 



5. Fire resistance of the beam basing on the shear stresses strength condition: 

 

 

 
 

  ; 

 

 
 

 
 

 

 

 

 



 

The shear stresses strength condition:  

 

 

 
 

At t = 45 min 

 

 
 

 

It means, that fire resistance of the beam basing on the shear stresses strength condition is R45. 

 

 

 

 

 



 

 

6. Fire resistance of the beam basing on the global stability condition (prevention of the 

lateral torsional bucling): 

 

 
 

 at slenderness  

 at slenderness  

   at slenderness  

 

 ;        

 

 
 



At t = 18 min  

           
 

 

It means, that fire resistance of the beam basing on the global stability condition is R15. 

. 

So, we can conclude, that the fire resistance of considered beam is R15. 

 

 



Design of the beam 

Reduced properties method (example 2) 

 

Let us to consider previous example only by the using of the reduced properties method 

 

 

 
 

 

 



 

Solution 

 

1. Reduced cross-section parameters: 

β0= 0.65  

 

 
 

Moment of inertia relatively y axis : 

, mm4 

 

  

, mm2 

 

 

 



Modulus of section relatively y axis : 

  , mm3
 

 

Area of cross-section: 

, mm2
    

 

2. Fire resistance of the beam basing on the normal stresses strength condition: 

 

 
 

 
 



 
 

 
 

 
  (recommended value for mechanical properties). 

 

The normal stresses strength condition: 

 
Pie t = 45 min 

 
It means, that fire resistance of the beam basing on the normal stresses strength condition is 

R45. 



3. Fire resistance of the beam basing on the shear stresses strength condition: 

 
 

  ; 

 
 

. 

At t =60 min 

 
 

It means, that fire resistance of the beam basing on the shear stresses strength condition is R60. 

 



4. Fire resistance of the beam basing on the global stability condition (prevention of the 

lateral torsional bucling): 

, 

 

 ;  

 

,                 . 

 

At t = 32 min 

 

 
 

It means, that fire resistance of the beam basing on the global stability condition is R30. 

. 

So, we can conclude, that the fire resistance of considered beam is R30. 



Fire design of column 

Reduced cross-section method (example 3) 
 
 

 

Given:      

L = 3000 mm; Nc,d=10 kN; C 14; S.C.-2.    

   

Task: 

 

To determine fire resistance of the column. The column is subjected to fire from the four sides.

  

 



 
Solution 

1. Reduced cross-sections parameters 

 
(βn = 0,8 – solid timber with characteristic density ≥ 290kg/m3) 

 

 
 



Moments of inertia relatively y and z axises: 

 
 

Area of cross-section: 

   
 

2. Determination of the columns fire resistance basing on the stability condition: 

 

 
 

 

 

 



The previous conditions can be rewritten, so as ,: 

 

 
 

 ;  

 

 =0,2 (solid timber); 

 

  ;  

 
 

 
 

 



  ; 

 
 

 
 

 
 

 
 

 
 

 

 
 

 



At t = 10 min 

 
 

  ; 

 

; 

 

 
 

 
 

 
 

 

 

 

 



 

Stability condition: 

 

 
 

It means, that the column will colapse after 10 minutes basing on the stability condition.  

 

 

 

 

 

 

 

 

 

 

 

 



Fire design of column (example 4) 
 

Let us to consider the previous example by the reduced properties method. Lets check the 

conditions regarding bmin. 

 

 

From the previous example, t = 10 min 

 

 



Solution 

 

1. Reduced cross-section parameters determination: 

 

   

 

Moment of inertia: 

 

 

              
 

 

Cross-sectional area: 

 

   mm2 
 

 

 



 

2. Determination of the columns fire resistance basing on the stability condition: 
 

     1,0 
 

 

 

 

  (recommended value for determination of mechanical properties in the case 

of fire) 
 

 

 
 

 



 

It can be written: 

 
 

 ; 

 
 

 =0,2 (solid timber); 

  ;  

 

 

 

 



At  t = 17 min 

 

        

 

 

 
 

; 

 

  ; 

 

  ; 

 

; 
 

 

 
 



 

 
 

 
 

 

 

At t = 22 min the relation:  

 

         

       
 

It means, that the column will colapse after 22 minutes basing on the stability condition. The 

Columns fire resistance can be evaluated as R 15.  
 
 

 

 



Design of beam 

Reduced cross-section method (piemērs 5) 
 

Let us to consider solution of the example 1 in the case, if the beam is protected from one side. 

 
(a) charring depth, (b) material, which is not subjected to fire 

 

1. determination of reduced cross-sections parameters 

 

 

 
 

Moment of inertia relatively y axis: 

 



 

Cross-sectional area: 

 

  

Madulus of section relatively y axis: 

 
 

2. Fire resistance of the beam basing on the normal stresses strength condition: 

 

 

 
The normal stresses strength condition in the current case: 

 

 
 



At  t = 42 min  (For the example 1 (case without protection of one side)    t = 37 min): 

 

  
 

3. Fire resistance of the beam basing on the shear stresses strength condition: 

 

 
 

 ; 

 
At t = 48 min (For the example 1 (case without protection of one side)    t = 45 min): 

 
 



4. Fire resistance of the beam basing on the global stability condition: 

 
 

 in the case, if slenderness   

 in the case, if slenderness   

   in the case, if slenderness   

 

 ;    

 

At t = 25 min  (For the example 1 (case without protection of one side) t =  18 min): 

 

 
 

Fire resistance of the beam is R15, bet t increase at 38%. 
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