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Analysis of elements 
subjected to fire

??? Output quantities ???  Method ???

Tabulated data

Simple calculation models

Advanced calculation 

models
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Case study / benchmark

By comparison to existing 
experimental tests

� German annex  EN1991-1-2
- Comparison examples

Dimensions 

l / h / b                       cm 400 / 30 / 30 

us                                                mm 50 

ef                                                 mm 19 

ew                                               mm 11 

Buckling length  l0,fi                                            cm 200 

Load NE,fi,d,t                          KN          -1700 

Concrete C25/30  

(3 % moisture (by mass)) 
fck(20°C)                          N/mm²                     25 

Reinforcing steel S 500 fyk(20°C)                         N/mm²                                   500 

Structural steel S 235 fak(20°C)                         N/mm²                                   235 

Stress – strain curve 

Concrete a. 

DIN EN 1994-1-2 Reinforcing steel b. 

Structural steel 

Temperature load ETK (four sides) DIN EN 1991-1-2 

Heat transfer coefficient αc                           W/(m² × K) 25 

Emissivity εm 0.7 

Thermal and 

physical material 

properties 

Concrete λ, ρ, cp, εth,c  DIN EN 1994-1-2 

Steel λ, ρs, ca, εth,s,  εth,a DIN EN 1994-1-2 

a.   Containing mainly quartzite aggregate and density ρ=2400 kg/m³ 

b.   Hot-rolled 

Parabolic longitudinal path –
midspan imperfection L/1000
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Material properties
Steel

complex
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Material properties
Concrete

complex
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Coupled thermal-displacement analysis

Analysis
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The results do not fulfill 2 criterion (from DIN 1991-1-2): fire resistance
time and displacement for 60min.

ABAQUS
Reference 

value
X

Calculated
value

X′

Deviation
[%]

Limit
[%]

Failure time 92 87 -5.43

± 5Displ.
[mm]

30 
min

4.40 4.56 +3.52

60 
min

5.50 7.82 +42.16

Results
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Complex
material model

Simple material model



Conclusions

- The analysis of elements subjected to fire should 
start with simple models

- Minor disparities may appear even for simple 
models

- Complex input data may lead to large disparities 
of results

- New questions about behaviour and mechanical 
interaction between elements arise

- Debonding
- Concrete damage
- Radiation
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