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Clause 4
Basis of design
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Basis of design

• Principally, EN 1992-1-2 provides four levels of approximation:

- Level 1: Tabulated design data

- Level 2: Simplified design methods
(cross-sectional resistance)

- Lever 3: Advanced design methods
(FEM)

- Level 4: Tests

• The choice for the appropriate level of approximation depends on the required amount of information and the
required accuracy of the design.

• Tabulated design data, Simplified design methods and rules for explosive spalling from EN 1992-1-2 are
based on the ISO 834 fire curve.
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Clause 5
Material properties
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Material properties

Main changes
• Conductivity of normal weight concrete and high strength concrete at elevated temperatures

• High Strength Concrete reduction factor

• Concrete strength when considering the descending temperature branch for natural fire 

• Steel strength decay for strains within the range between the proportional limit and the yield strain

• Strength and deformation properties for prestressing steel

• Three new annexes :
- lightweight aggregate concrete (normative)
- fibre reinforced concrete (informative)
- recycled aggregates concrete (informative)
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Material properties
Conductivity of normal weight concrete and high strength concrete at 
elevated temperatures
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Material properties
High Strength Concrete reduction factor

03.11.23 8Organisationseinheit verbal
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Material properties
Concrete strength when considering the descending temperature branch 
for natural fire 
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Material properties
Steel strength decay for strains within the range between the proportional 
limit and the yield strain

03.11.23 10Organisationseinheit verbal

fse,q: to evaluate the critical temperature of 
reinforcing steel in clause 6 and may be 
used in 7.3.4.2 to describe the reinforcing 
steel strength 

1: Tension reinforcement for members mainly loaded in bending (hot 
rolled) with strains es,q ≥ 2%

2: Tension reinforcement for members mainly loaded in bending (cold 
worked) with strains es,q ≥ 2%

3: Compression reinforcement and tension reinforcement for members 
loaded in bending and axial load with strains es,q < 2%
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Material properties
Strength and deformation properties for prestressing steel

03.11.23 11Organisationseinheit verbal
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Material properties
Lightweight aggregate concrete structures (Annex A – normative)

• Material properties : thermal conductivity, specific heat, thermal strain are given. Parameters related to 
mechanical properties in compression for lightweight aggregate concrete should be based on testing.

• Tabulated data : For lightweight aggregate concrete used in beams or slabs the minimum dimension of 
the cross-section may be reduced by 10 %.

• Rules for spalling : a specific assessment of spalling should be undertaken regardless of concrete 
strength, or polypropylene fibres should be specified for the concrete mix (see Clause 10) due to the 
expected high moisture content or specific behaviour.
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Clause 6
Tabulated design data
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Tabulated design data
General rules
Changes
• Concretes of usual density between 2000 and 2600 kg/m³

• For concretes with fck ⩾ 70 MPa, tabulated data should not be used for > R 120

• There is a risk of severe spalling if the limitation rules to avoid spalling (Chapter 10) are not 
complied with.

• When minimum dimensions given in Clause 6 are followed, further checks for shear, torsion 
and anchorage may be omitted. 

• Axis distances to a reinforcing steel bar, prestressing steel wire or tendon should be 
considered as nominal values.

• Linear interpolation between the values given in the tables
may be carried out.

• All tables are based on a reference load level 𝜂fi = 0,7.
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Tabulated design data
Columns
• For assessing the fire resistance of columns two Methods, Method A and B, may be used

• Method A shall be used for braced structures only, Method B may also be used for unbraced structures

• Degree of utilisation: µfi = │NEd,fi │ / NRd

• Method A apply where l0,fi = 0,5 l0

• Application of Method A for columns with
l0,fi ≠ 0,5 l0
K = l0 / l0,fi = 2

Calculation of degree of utilisation µfi‘ for NRd
with a modified effective length l0' = 2 l0,fi 

µfi‘ = Ed,fi / NRd (lo’) > µfi = Ed,fi / NRd (lo)
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Tabulated design data
Columns
• New Method B (Annex D)

• New Method B with extended field of application, also for unbraced structures

• specified: maximum permissible effective column length l0 reliant on dimensions of cross-section and 
degree of utilisation

03.11.23 16Organisationseinheit verbal
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Tabulated design data
Columns
• New design table for columns exposed to one side

03.11.23 17Organisationseinheit verbal

►

§ FprEN 1992-1-2: 2023§ EN 1992-1-2: 2004
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Tabulated design data
Walls
• New design tables for load bearing walls
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§ FprEN 1992-1-2: 2023

§ EN 1992-1-2: 2004

►
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Clause 7
Simplified design methods
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2. Mechanical analysis
Principle:

1. Thermal analysis
a. Simplified design method

(FprEN 1992-1-2)
b. Advanced design method (FEM)

Simplified design methods
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Simplified design methods
Thermal analysis

Simplified design method (available in FprEN 1992-1-2)
Formulae for temperature profile to check the load-bearing capacity in the event of fire (function R)
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Simplified design methods
Mechanical analysis

Available methods in EN 1992-1-2:2004

03.11.23 22

Bending Bending and axial load Shear
• Annex B.1 (informative)

500°C Isotherm Method
(ISO 834, physically based fire)

• Annex B.2 (informative)
Zone Method
(ISO 834)

• Annex E (informative):
Simplified calculation method 
for beams and slabs

• Method A (normative)
(ISO 834)

• Annex B.1 (informative): 
500°C Isotherm Method
(ISO 834, physically based fire)

• Annex B.2 (informative): Zone Method
(ISO 834)

• Annex B.3 (informative, laborious): Assessment of 
a reinforced concrete cross-section exposed to 
bending moment and axial load by the method 
based on estimation of curvature
(ISO 834, physically based fire)

• Amended Annex C (informative):
based on Refined Zone Method (based on B.2)

• Annex D (informative):
Calculation methods 
for shear, torsion and 
anchorage

à Aims: (1) reduce number of available methods, (2) comply with concept of LoA
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1. Thermal analysis
a. Simplified design method

(FprEN 1992-1-2)
b. Advanced design method (FEM)

Reinforcement 
corner: 489°C

Reinforcement 
middle: 311°C

Temperature profile after 
90 minutes of fire
exposure (ISO 834)
[Infograph]

Simplified design methods
Mechanical analysis

2. Mechanical analysis
Principle:
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, , 1c fi s fig = g =

za

, , , , ,R fi d sd fi fi E fi dM F z M= × ³Verification : 

fib

fiz

b
za

M hfih

, , ,( ) ( )cd fi e fi fi c M ck c fiF t x b k f= × × q × × g

, ,( ) ( )sd fi s s s yk s fiF t A k f= × q × × g

, ( )cd fiF t

, ( )sd fiF t

,e fix

Design method

Work steps M-A B.1 B.2 B.3 E RZM

1 Reduction of
cross-section

x x x

2 Reduction of
reinforcing steel
strength

x x x x x

3 Reduction of
concrete
strength

x x x

4 Determination 
of ultimate load-
bearing 
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Work steps

1 Reduction of
cross-section

2 Reduction of
reinforcing steel
strength

3 Reduction of
concrete
strength

4 Determination 
of ultimate load-
bearing 
capacity

Simplified design methods
Bending / Bending and axial load

Equation:

03.11.23 24
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Refined Zone Method (RZM) in FprEN 1992-1-2, 7.3
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Work steps

1 Reduction of
cross-section

2 Reduction of
reinforcing steel
strength

3 Reduction of
concrete
strength

4 Determination 
of ultimate load-
bearing 
capacity

Simplified design methods
Bending / Bending and axial load

03.11.23 25

Strength depending on temperature at positions of reinforcing bars:

Refined Zone Method (RZM) in FprEN 1992-1-2, 7.3

Documento descargado de www.e-ache.com el 20/08/2025



Work steps

1 Reduction of
cross-section

2 Reduction of
reinforcing steel
strength

3 Reduction of
concrete
strength

4 Determination 
of ultimate load-
bearing 
capacity

Simplified design methods
Bending / Bending and axial load
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Work steps

1 Reduction of
cross-section

2 Reduction of
reinforcing steel
strength

3 Reduction of
concrete
strength

4 Determination 
of ultimate load-
bearing 
capacity

Simplified design methods
Bending / Bending and axial load

03.11.23 27

Simplifying graphs for NA possible
(here for concrete with calcareous aggregates and squared cross-section exposed to fire on four sides)

Refined Zone Method (RZM) in FprEN 1992-1-2, 7.3
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Work steps

1 Reduction of
cross-section

2 Reduction of
reinforcing steel
strength

3 Reduction of
concrete
strength

4 Determination 
of ultimate load-
bearing 
capacity

Bending:

Simplified design methods
Bending

03.11.23 28
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Work steps

1 Reduction of
cross-section

2 Reduction of
reinforcing steel
strength

3 Reduction of
concrete
strength

4 Determination 
of ultimate load-
bearing 
capacity

Bending and axial load:

Simplified design methods
Bending and axial load
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Refined Zone Method (RZM) in FprEN 1992-1-2, 7.3
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Work steps

1 Reduction of
cross-section

2 Reduction of
reinforcing steel
strength

3 Reduction of
concrete
strength

4 Determination 
of ultimate load-
bearing 
capacity

Bending and axial load:

Simplified design methods
Bending and axial load

Refined Zone Method (RZM) in FprEN 1992-1-2, 7.3
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 ii.  Forces in reinforcement

[°C] represents the average temperature of all effective reinforcing 
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Work steps

1 Reduction of
cross-section

2 Reduction of
reinforcing steel
strength

3 Reduction of
concrete
strength

4 Determination 
of ultimate load-
bearing 
capacity

Bending and axial load:

Simplified design methods
Bending and axial load

Refined Zone Method (RZM) in FprEN 1992-1-2, 7.3
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e0d, e1d, and e2d are defined as given in EN 1992-1-1. 
ethermal is defined as:
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 iii. Design moment

qT (°C.) = concrete temperature in the reference point T.
qst (°C.) = average temperature of all effective reinforcing bars in the tension zone 
with 𝑛!" being the number of effective reinforcing bars in the tension zone.
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Work steps

1 Reduction of
cross-section

2 Reduction of
steel strength

3 Reduction of
concrete
strength

4 Determination 
of ultimate load-
bearing 
capacity

Bending and axial load:

Simplified design methods
Bending and axial load
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Simplified design methods
Validation of Refined Zone Method
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µMethod A/test = 0.95
sMethod A/test = 0.58
µ500/test = 1.47
s500/test = 0.80
µRZM/test = 0.70
sRZM/test = 0.47
µZM/test = 1.55
sZM/test = 0.77
µB.3/test = 0.91
sB.3/test = 0.47
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Simplified design methods
Comparison Method A (MA) vs Refined Zone Method (RZM)
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Simplified design methods
Mechanical analysis

Available methods in EN 1992-1-2:2004

03.11.23 35

Bending Bending and axial load Shear
• Annex B.1 (informative)

500°C Isotherm Method
(ISO 834, physically based fire)

• Annex B.2 (informative)
Zone Method
(ISO 834)

• Annex E (informative):
Simplified calculation method 
for beams and slabs

• Method A (normative)
(ISO 834)

• Annex B.1 (informative): 
500°C Isotherm Method
(ISO 834, physically based fire)

• Annex B.2 (informative): Zone Method
(ISO 834)

• Annex B.3 (informative, laborious): Assessment of 
a reinforced concrete cross-section exposed to 
bending moment and axial load by the method 
based on estimation of curvature
(ISO 834, physically based fire)

• Amended Annex C (informative):
based on Refined Zone Method (based on B.2)

• Annex D (informative):
Calculation methods 
for shear, torsion and 
anchorage

à Aims: (1) reduce number of available methods, (2) comply with concept of LoA

Use restricted

Alternative for Advanced
design methods; laborious; 
good performance

Main Simplified 
design method

Mostly applicable for 
positive bending;
Alternative: RZM
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Clause 9
Detailing

03.11.23 36
Documento descargado de www.e-ache.com el 20/08/2025



Detailing
Continuous slabs

• Clause 9 contains detailing provisions from Clause 5 (Tabulated 
Data) in EN 1992-1-2:2004:
- Minimum reinforcement of As ≥ 0,005 Ac for (i) continuous 

slabs using B500A reinforcing steel or (ii) one-way 
continuous slabs

- Minimum top reinforcement for flat slabs with ≥ R90

• New notes (information) added concerning shear loading:
- Clause 7: shear resistance for beams with stirrups of more 

than two legs
- Clause 9: redistribution of shear forces in statically 

indeterminate slabs

• Note: In two-way constructions
→ thermal restraint actions usually ensure structural safety 

under fire condtions
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Clause 10
Rules for spalling
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Rules for spalling
Main changes

• New clause 10

• Moisture content threshold deleted

• R15 : no spalling verification

• New rules
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Rules for spalling
Validity of the new spalling Section 10

03.11.23 42
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MOISTURE CONTENT CRITERIA IS DELETED

• It is controversial below which moisture content spalling is “unlikely to occur”. Since a European
agreement for the value of k could not be reached, the decision was left to national annexes (in the
present version of EN 1992-1-2, varies from 2% to 4%)

• Scientific results indicate that spalling may appear from different moisture content values depending on
the concrete composition, strength, section geometry, load… At first glance, a general fixed moisture
limit for spalling seems like a good idea but this is not supported by the literature as so many inter-
dependent factors are involved in the phenomenon.

• Even if the temperature, relative humidity (climate history) and age of concrete are known, it is a very
difficult task to specify the moisture content of the concrete.

• While moisture gradients do appear instead of uniform moisture contents, nothing is said about where
(at the surface, in depth...) and when (3 months after casting, at equilibrium?) the moisture content
should be measured or estimated.

• The designer has difficulties to predict what will be the moisture content in the built element, and
cannot influence it.
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REQUIREMENTS FOR ISOLATED MEMBERS EXPOSED ON THREE SIDES
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GUIDANCE ON TEST METHODOLOGY TO DETERMINE THE PERFORMANCE OF CONCRETE WITH 
RESPECT TO SPALLING à SEE THE BACKGROUND DOCUMENT

03.11.23 45
Documento descargado de www.e-ache.com el 20/08/2025



Prof. Dr. Beat Muster
Funktion des Präsentierenden
beat.muster@abcd.ethz.ch

ETH Zürich
Organisationseinheit
Strasse Hausnummer
0000 Ort

www.abcd.ethz.ch

Documento descargado de www.e-ache.com el 20/08/2025


