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1. Importance of the problem

Why a fire design is important???

Innovatin-Brussels, 1967

322 dead



1. Importance of the problem

Windsor tower on fire
Location: Madrid, Spain

Fire Event: 12 February 2005

Fire started at the 21st Floor, spreading 

to all floors above the 2nd Floor. Fire 

duration: 18 ~ 20 hours

Fire 

Damage:

Extensive slab collapse above the 

17th Floor. The building was totally 

destroyed by the fire.

Construction 

Type:

Reinforced concrete core with waffle 

slabs supported by internal RC 

columns and steel beams, with 

perimeter steel columns which were 

unprotected above the 17th Floor level 

at the time of the fire.

Fire 

Resistance:
Passive fire protection. No sprinklers.

Building 

Type:
106 m (32 storey). Commercial.
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1. Importance of the problem

Interstate bank Los Angeles fire
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The key objective of fire protection is to limit, to 

acceptable levels the probability of death injury, 

property loss and environmental damage in an 

unwanted fire.



Fire resistance of steel building structures can be assessed:

•In terms of time duration obtained 

•In terms of fire resistance capacity

•In terms of critical temperature

2. Design approaches



2. Design approaches

Fire resistance design of steel structures:

•Member analysis



2. Design approaches

Fire resistance design of steel structures:

•Analysis of parts of the structures



2. Design approaches

Fire resistance design of steel structures:

•Global structures analysis



2. Design approaches



Critical temperature method



3. Critical temperature method

Step 1: Determination of applied design load to a steel member in the fire 

situation
Structural loads



3. Critical temperature method

Classification of actions

Variation in time

Permanent

Variable

Accidental 

Origin
Direct (e.g. forces)

Indirect (e.g. temperatures)

Spatial variation
Fixed (e.g. self weight)

Free (e.g. predeformation)

Nature
Static

Dynamic



3. Design situation

Design situations shall be classified as follows: 

persistent design situations, which refer to the conditions of normal 

use;

transient design situations, which refer to temporary conditions 

applicable to the structure, e.g. during execution or repair; 

accidental design situations, which refer to exceptional conditions 

applicable to the structure or to its exposure, e.g. to fire, explosion, 

impact or the consequences of localized failure; 

seismic design situations, which refer to conditions applicable to 

the structure when subjected to seismic events.



3. Critical temperature method

The  combination of actions for fire situation can be expressed 

as:

The  choice between ψ1,1 and ψ2,1 should be related to the 

relevant accidental design situation (impact, fire or survival after 

an accidental event or situation).

 , 1,1 2,1 ,1 2,1 ,1 1k j d k k jj i
G P A or Q Q  

 
      

Gk,j: are the characteristic values of the permanent actions

Qk,1 : is the characteristic leading variable action

Qk,i are the characteristic values of the accompanying variable actions

Ψ1,1:is the factor for frequent value of a variable action

Ψ2,1: is the factor for quasi-permanent values of the variable actions.
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Step 2: Classification of the steel member under the fire situation

The role of cross section classification is to identify the extent to which the 

resistance and rotation capacity of cross sections is limited by its local 

buckling resistance. 

3. Critical temperature method



-Class 1 cross-sections are those which can form a plastic hinge with the

rotation capacity required from plastic analysis without reduction of the

resistance.

-Class 2 cross-sections are those which can develop their plastic moment

resistance, but have limited rotation capacity because of local buckling.

-Class 3 cross-sections are those in which the stress in the extreme

compression fibre of the steel member assuming an elastic distribution of

stresses can reach the yield strength, but local buckling is liable to prevent

development of the plastic moment resistance.

-Class 4 cross-sections are those in which local buckling will occur before the

attainment of yield stress in one or more parts of the cross-section.

3. Critical temperature method



3. Critical temperature method

Step 3: Calculation of design load-bearing capacity of the steel member at 

instant 0 of the fire
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for class 1 or 2 cross sections

for class 3 cross sections

for class 4 cross sections



3. Critical temperature method

Step 4: Determination of degree of utilization of the steel member.



3. Critical temperature method

Step 5: Calculation of critical temperature of the steel member.



     0 , , , ,0; ; ;cr fi d t pl fif f M M f weight span combination coefficient   

3. Critical temperature method

Summary



3. Critical temperature method

Step 6: Calculation of the section factor of unprotected steel members and 

correction factor for shadow effect



3. Critical temperature method

Correction factor for all cases:

Correction factor for I shape

Am: is the perimeter of the element,

V : is the area of cross section

Am /V: is the called the box value of the section factor
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3. Critical temperature method

Step 7: Calculation of the heating of unprotected steel members

Increase of the temperature

Net heat flux per unit area
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Radiation:

Convection:
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Summary



Conclusion

Structural fire safety

3. Critical temperature method
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4. Case study



4. Case study

Loads applied to the structural elements



4. Case study

Internal loads

Minimal plastic moment



4. Case study

Degree of utilization

Critical temperature



4. Case study

Time-temperature curve for the steel beam



5. Influence of design parameter

35 case studies

Span variation                (3 – 9 m)

Combination coefficient  (0.3 – 0.5)

Self weight                      (250 – 700 kg/m2)

Section factor                  (50 – 200 m-1)



Influence of variation of span critical temperature and time to reach it

5. Influence of design parameter



Influence of variation of span in time to reach critical temperature and degree of 

utilization

5. Influence of design parameter



Influence of variation of combination coefficient in time to reach critical temperature and 

degree of utilization

5. Influence of design parameter



Influence of variation of self-weight in time to reach critical temperature and degree of 

utilization

5. Influence of design parameter



Influence of section factor n in time to reach critical temperature

5. Influence of design parameter



Contribution of design parameters

5. Influence of design parameter
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Influence of parameter in time resistance of steel beam

5. Influence of design parameter



6. Conclusions

Identification of parameters influencing structural fire 

safety:

•Span, 

•weight of slab, 

•combination coefficient 

•section factor

Optimal span should be considered 5 m

Light slab structures are most adequate

Better to insulate then to increase the dimension of 

structural elements 
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