M/515 Phase 2 Project Team SC4.T5
EN 1994-1-2 // Additional Clauses for Shallow Floor Construction
Foreword
All rules and clauses given in this final document deal with the fire design of composite shallow floor beams.
In general, shallow floor construction is covered by the current Version of EN 1994-1-2 (2005), Figure 1.4.
Nevertheless, within the Mandate 515, Phase 2, PT SC4.T5 the standard EN 1994-1-2 was reviewed with
focus towards its applicability for composite shallow floor construction and to propose additional rules and
clauses where necessary.
Some of the most relevant clauses for composite shallow floor beams of the current EN 1994-1-2 are
repeated hereafter given as additional information. These clauses are marked in green colour.
In addition, complementary information is given under “Note”, Notes form part of the corresponding clause.
Further, it should be noted that due to their partial or full integration into a slab, composite shallow floor
cross-sections are heated from one side only. Therefore, a high temperature gradient is present in the
cross-section, which may be described by time dependent conduction. In addition, a heat flux in horizontal
direction – especially in presence of non-solid slabs – may have a significant influence on the temperature
distribution in the cross-section. Typically, the heating from underneath is the most critical design scenario,
especially for beams with a concrete cover above the upper flange.

1 Composite Shallow Floor Beams
1.1 General
(1) This Section deals with composite shallow floor beams and is intended to be used in conjunction with
rules for shallow floor beams proposed for an implementation into EN 1994-1-1. For the definition of a
shallow floor beam it is referred to SC4.T5 Final Document “EN 1994-1-1 // Additional Clauses for Shallow
Floor Construction”.
(2) Reference is made to current Version of EN 1994-1-2 (2005). Section 1, Section 2 and Section 3 of
EN1994-1-2 apply also for composite shallow floor beams.

2 Design procedures for Composite Shallow Floor Beams
2.1 Requirements
2.1.1 Basic Requirements
(1)P Where mechanical resistance in the case of fire is required, composite steel and concrete structures
shall be designed and constructed in such a way that they maintain their load bearing function during the
relevant fire exposure.
(2)P Deformation criterion shall be applied where the means of protection, or the design criterion for
separating members, require consideration of the deformation of the load bearing structure.
(3)P Consideration of deformation of the load bearing structure is not necessary in the following cases, as
relevant:
- the properties and performance of fire protection materials has been evaluated according to Section
3.3.4 of EN 1994-1-2 and
- the separating elements have to fulfil requirements according to nominal fire exposure.
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Note: For shallow floor beams the possible effect of deformation of the plate supporting the slab should be
considered.

2.4 Verification methods
2.4.1 General
(1)P The model of the structural system adopted for design of this Part 1-2 of EN 1994 shall reflect the
expected performance of the structure in fire.
(2)P As an alternative to design by calculation, fire design may be based on the results of fire tests, or on
fire tests in combination with calculations, see EN 1990 clause 5.2.
Note: For extended application of results from fire resistance tests on shallow floor beams, see EN 150808.

4 Design procedures for Composite Shallow Floor Beams
4.1 Introduction
(1)P Application of advanced calculation models deals with the response to fire of structural members,
subassemblies or complete structures and allows – where appropriate – the assessment of the interaction
between parts of the structure which are directly exposed to fire and those which are not exposed.
(2)P In advanced calculation models, engineering principles shall be applied in a realistic manner to specific
applications.
Note: For composite shallow floor cross-sections imperfect contact, influencing conduction between steel
parts may be considered in the thermal analysis, if it is justified by test results.
(3)P Where no tabulated data or simple calculation models are applicable, it is necessary to use either a
method based on an advanced calculation model or a method based on test results.
(4) For slabs and beams where temperature distributions are determined by other appropriate methods or
by tests, the resistance of the cross-sections may be calculated directly using the materials properties
Section 3, provided instability or other premature failure effects are prevented.
(5) The effective width beff of concrete flanges at elevated temperatures may be taken as the value in 5.4.1.2
of EN 1994-1-1.
(6) The resistance to longitudinal shear provided by transverse reinforcement should be determined from
6.6.6 of EN 1994-1-1. The axis distance of these transverse reinforcements should satisfy column 3 of
Table 5.8, EN 1992-1-2.
(7) For shallow floor beams supporting slabs with profiled sheeting, a two side fire exposure may be
assumed for the bottom plate outstands when at least 85% of the upper surface of the bottom plate is
directly covered by the steel sheet. Otherwise, a three side fire exposure should be assumed for the bottom
plate outstands. Typical examples for the external parts of the bottom plate are given in Figure 1.
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Figure 1: Typical examples of external parts in the bottom plate supporting the slab
Note: The presented slabs are indicative only.

4.2 Tabulated Data
(1) Tabulated Data given in Section 4.2 of EN 1994-1-2 is not applicable for composite shallow floor beams.

4.3 Simplified Calculation Models
4.3.1 General rules for composite shallow floor beams
(1) The following rules refer to member analysis according to 2.4.2 of EN 1994-1-2. They are valid for the
standard fire exposure.
Note: Clauses 4.3.1(4) and (5) of EN 1994-1-2 apply for composite shallow floor beams.
(2) The following rules apply to composite shallow floor beams heated from below according to the standard
temperature-time curve.
(3)P When plastic global analysis for the calculation of action effects of continuous composite shallow floor
beams is used, sufficient rotation capacity at the locations of the plastic hinges shall be verified.
(4)P The effect of temperatures on material properties is taken into account by multiplying the characteristic
mechanical properties of materials by a reduction factor according to Section 3 of EN 1994-1-2.
(5) Beams, which are considered as simply supported for normal temperature design, may be considered
as continuous in the fire situation if 5.4.1(5) of EN 1994-1-2 is fulfilled.
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4.3.2 Composite shallow floor beams
4.3.2.1 Structural Behaviour
4.3.2.1.1 General
(1)P Composite shallow floor beams shall be checked for:
- resistance of critical cross sections in accordance with 6.1.1(P) of EN 1994-1-1 to bending;
- vertical shear;
- resistance to longitudinal shear;
- parts of the cross-sections subjected to shear and bending due to local load introduction.
(2) Where in the fire situation, test evidence of composite action between the floor slab and the steel beam
is available, beams which for normal conditions are assumed to be non-composite may be assumed to be
composite in fire situations.
(3) The temperature distribution over the cross-section may be determined from tests, advanced calculation
models or from simple calculation models.
Note: A simplified method for a specific type of shallow floor cross-sections is given in Annex X.1 of this
document.

4.3.2.1.2 Resistance to bending
(1) The design bending resistance may be determined by plastic theory for any class of cross-sections
except for Class 4.
(2) For simply supported beams, the steel flange in compression may be treated, independent of its Class,
as Class 1, provided it is connected to the concrete slab by shear connectors placed in accordance to
6.6.5.5 of EN 1994-1-1.
(3) The bending moment resistance may be calculated by plastic theory, taking into account the variation
of material properties with temperature.
(4) The sagging and hogging moment resistances may be calculated taking into account the degree of
shear connection.
(5) The contribution of reinforcing bars may be considered in case they are subjected to tension. For
reinforcing bars subjected to compression it is referred to 4.3.4.3.4 (3) of EN 1994-1-2.
(6) On the basis of essential equilibrium conditions and on the basis of the plastic theory, the neutral bending
axis may be defined and the moment resistance may be calculated.
(7)P The principles of plastic global analysis apply for the combination of sagging and hogging moments if
plastic hinges develop at supports.
(8) Composite shallow floor beams integrated into a slab may be assumed not to fail through lateral torsional
buckling in the fire situation.

4.3.2.1.3 Resistance to vertical shear
(1)P The resistance to vertical shear shall be taken as the resistance of the structural steel section (see
4.2.3.3(6) and 4.2.3.4(4) of EN 1993-1-2), unless the value of a contribution from the concrete part of the
beam has been established by tests (see 6.2(1) of “EN 1994-1-1 // Additional Clauses for Shallow Floor
Construction” provided by SC4.T5).
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Note: For the calculation of the vertical shear resistance for a specific type of shallow floor cross-sections,
a method is given in Annex X.1 of this document.

4.3.2.1.4 Resistance to combined bending and vertical shear
(1) For webs resisting vertical shear, their contribution on the bending resistance should either be ignored
or be reduced in relation to their utilisation in vertical shear.

4.3.2.1.5 Resistance to longitudinal shear
(1)P The total design longitudinal shear shall be determined in a manner consistent with the design bending
resistance, taking account of the difference in the normal force in concrete and in structural steel over a
critical length.
(2) In case of design by partial shear connection in fire situation, the variation of longitudinal shear forces
in function of the heating should be considered.
Note: Clause 4.3.4.1.5(3) of EN 1994-1-2 applies for composite shallow floor beams.
(3)P Adequate transverse reinforcement shall be provided to distribute the longitudinal shear according to
6.6.6.2 of EN 1994-1-1, reference is made to SC4.T5 Final Document “EN 1994-1-1 // Additional Clauses
for Shallow Floor Construction”.

4.3.2.1.6 Verification of resistance of shear connection
(1) The design shear resistance in the fire situation of a headed stud welded on the upper flange of a
composite shallow floor beam should be determined with 4.3.4.2.5(1) and (2) of EN 1994-1-2.
(2) The design shear resistance in the fire situation of a headed stud welded to a web of a composite
shallow floor beam should be determined with 4.3.4.2.5(1) of EN 1994-1-2. The temperature v [°C] of the
stud connector may be taken as equal to the temperature of the web and the concrete temperature c [°C]
as 60% of the web temperature of the steel section.
Note: For shallow floor cross-sections according to Figure X.1, the temperature of the web may be
determined by equation (SF – X.1.7).
(3) The design shear resistance in the fire situation of transverse bars acting as shear connector and
designed according to 6.3.3 of “EN 1994-1-1 // Additional Clauses for Shallow Floor Construction”, should
be determined by replacing the partial factor v in expression (SF - 6.4) by M,fi,v and by taking into account
for the effect of elevated temperatures on the yield strength of the transverse bar.
Note: The material properties for reinforcing steel are given in Section 3 of EN 1994-1-2.
(4) Rule (3) holds, if the axis distance of these transverse bars to the heated surface satisfies column 3 of
Table 5.8, EN 1992-1-2.

4.3.3 Sagging moment resistance of composite shallow floor beams Mfi,Rd+
(1) A method for a simplified determination of the sagging moment resistance Mfi,Rd+ of composite shallow
floor cross-sections is given in Annex X.1.

4.4 Advanced Calculation Models
(1) Advanced calculation models may be used with any type of cross-section.
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(2)P Advanced calculation models for thermal response shall be based on the acknowledged principles and
assumptions of the theory of heat transfer.
Note: For composite shallow floor cross-sections imperfect contact between steel parts may be considered
in the thermal analysis, if justified by test results.
(3)P The deformations at ultimate limit state, given by the calculation model, shall be limited as necessary
to ensure that compatibility is maintained between all parts of the structure.
Note: For shallow floor beams the possible effect of deformation of the plate supporting the slab should be
considered.
(4)P The validity of any advanced calculation model shall be verified by applying the following rules:
- a verification of the calculation results shall be made on basis of relevant test results;
- the critical parameters shall be checked, by means of a sensitivity analysis, to ensure that the model
complies with sound engineering principles.

5 Constructional details for Composite Shallow Floor Beams
5.1 Introduction
(1)P Constructional detailing shall guarantee the required level of shear connection between steel and
concrete parts for composite shallow floor beams for normal temperature design and in the fire situation.
(2) If welded sections are used, the steel parts directly exposed to fire should be attached to the protected
steel parts by sufficiently strong welds.
(3) For fire exposed concrete surfaces, the concrete cover of reinforcing bars defined in 4.4.1 of EN 19921-1, should, in all cases be between 20mm and 50mm. When the concrete cover of reinforcing bars exceeds
50mm, a mesh must be placed near the exposed surface.

5.2 Composite shallow floor beams
(1) Clause 5.2 (1) of EN 1994-1-2 does not apply. No mechanical connection between the steel profile and
the concrete between the flanges is required for composite shallow floor beams integrated into a slab.
(2) In the case of a beam simply supported for normal temperature design, a hogging moment may be
developed at the support in the fire situation, provided the concrete slab is reinforced in such a way as to
guarantee the continuity of the slab and provide there is an effective transmission of the compression force
through the steel connection (see Figure 5.3 of EN 1994-1-2).
(3) A hogging moment may always be developed according to (2) and Figure 5.3 of EN 1994-1-2 in the fire
situation if
- gap < 10mm or
- 10mm ≤ gap ≤ 15mm, for R30 up to R180 and a beam span larger than 5m.
(4)P The load transfer from the slab to the web of the composite shallow floor beam shall be ensured. This
may be achieved either directly by structural design, by applying passive fire protection materials to the
bottom plate or by adequate detailing and reinforcement. A typical example of additional reinforcement is
given in Figure 2.
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Figure 2: Typical example of additional reinforcement
Note: The presented slabs are indicative only.

Annex X.1 Shallow Floor Beams
X.1.1 Calculation of the sagging moment resistance Mfi,Rd+

Figure X.1: Calculation of the sagging moment resistance Mfi,Rd+
(1) The method given in this Annex for a simplified determination of the sagging bending resistance Mfi,Rd+
is applicable to composite shallow floor cross-sections according to Figure X.1 only. The structural steel
section is a hot rolled, or equivalent welded section, with a plate welded to the lower flange. Steel grades
from S235 to S460 and normal weight concrete of strength classes from C20/25 to C50/60 may be used.
The slab may be a solid concrete slab, a composite slab with profiled steel sheeting, or a precast slab.
Reinforcement Class B500B or B500C with diameter between 6 mm and 32 mm, and placed in the area
between the flanges of the steel section with dimensions hs and us according to Figure X.1 may be
considered.
Note: The slab should allow for beam deflections up to beam span / 20 in fire situation without structural
damage.
Note: The welded plate acts as support for the slab. For the transfer of the shear force from the slab to the
web of the steel beam 5.2(4) should be applied.
(2) The method is applicable for composite shallow floor beams subjected to standard temperature-time
curve according to 3.2.1 of EN 1991-1-2.
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(3) The method is limited to the sagging moment resistance of shallow floor beams for beam spans up to
12m.
(4)P For composite shallow floor beams in which effective section is Class 1 or Class 2 (see 5.4 of “SC4.T5
- Shallow Floor Construction Rules for EN 1994-1-1”) the design bending resistance shall be determined
by plastic theory.
(5) The plastic neutral axis of a composite shallow floor beam may be determined from:
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where:
slab is the coefficient taking into account the assumption of the rectangular stress block when designing
slabs and composite shallow floor beams, slab = 0,85.
fy,i is the nominal yield strength fy for the element area Ai, taken as positive on the compression side of the
plastic neutral axis and negative on the tension side;
fc,j is the design strength of the elemental concrete area Aj at 20°C. For concrete parts tension is ignored;
ky,,i or kc,,j are as defined in Table 3.2 or Table 3.3 of EN 1994-1-2.
(6) The design moment resistance Mfi,t,Rd may be determined from:
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where:
zi, zj is the distance from the plastic neutral axis to the centroid of the element area Ai or Aj.

Note: For steel sections composed of different steel grades (hybrid section), the yield strength of the lowest
steel grade should be used for the calculation of the bending resistance.
(7) For continuous composite shallow floor beams reference is made to 4.3.1(3) of this document.
(8) For the determination of the sagging bending resistance Mfi,Rd+ according to this Annex, only the
concrete above the upper flange should be considered. The design value of the concrete compression force
can be calculated using equation (SF – X.1.3):
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where:
kh = 0.85 for

> 0.4;

kh = 1.0 for all other cases;
cz is the concrete cover above the upper flange of the steel section, see Figure X.1.
(9) The width of the plate welded to the structural steel section should be reduced to a value bp,eff,fi:
b

.

.

= max b ; b − 2 ∙ k ∙ (l + e )

(SF - X.1.4)
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where:
kc = 0.5 for a solid slab covering 100% of the upper surface of the welded plate;
kc = 1.0 for all other cases.
(10) The Temperature of the welded plate p can be assumed as constant over its cross-sectional area and
be calculated using equation (SF – X.1.5):

 =A ∙e

(SF - X.1.5)

+B ∙e +C

where:
Ai, Bi, Ci are given in Table X.2.
(11) The Temperature of the lower flange f can be assumed as constant over its cross-sectional area and
be calculated using equation (SF – X.1.6):
Θ = min(k ∙  ; A ∙ (e + e ) + B ∙ (e + e ) + C )

(SF - X.1.6)

where:
kt = 0.85 for a thickness of the lower flange ef > 15mm;
kt = 1.0 for all other cases.
Ai, Bi, Ci are given in Table X.2.
(12) For the determination of the bending resistance, the Temperature of the web w can be assumed as
constant over its cross-sectional area and be calculated using equation (SF – X.1.7):

 = (A ∙ ln(e + e ) + B ) ∙ e
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where:
Aw, Bw, Cw, Dw are given in Table X.2.
(13) Within the field of application as given in Table X.3, the upper flange can be assumed as non-affected
by the fire exposure.
(14) For reinforcement located within the zone determined by hs and us according to Figure X.1, the
Temperature of this longitudinal reinforcement r can be calculated using equation (SF – X.1.8):

 =A ∙u
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where:
ueq is the equivalent distance and can be calculated with: u

= min 45mm, 25mm +

+

;

Ar, Br, Cr are given in Table X.2.
(15) The concrete cover of reinforcing bars should comply with 5.1 of this document.
(16) The shear resistance of the steel web may be calculated using equation (SF – X.1.9):
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where:
fi,w,Rd can be taken from Table X.1 for the relevant fire exposure.
Table X.1: Shear resistance of the steel web
R30
0.95

fi.w,Rd

R60
0.85

R90
0.70

R120
0.55

Table X.2: Parameters for determination of the bending resistance
Parameter
Ai
Bi
Ci
Aw
Bw
Cw
Dw
Ar
Br
Cr

R30
0.113
-12.50
760
-140.70
832.42
0.0317
-0.230
0
0
300

R60
0.130
-11.80
980
-103.80
968.60
0.0232
-0.182
0.0954
-19.254
1105.4

R90
0
-2.60
990
-108.60
1146.70
0.0198
-0.154
0.0548
-15.130
1135.9

R120
0
-1.25
1025
-70.44
1124.40
0.0158
-0.134
0.0381
-12.797
1138.1

X.1.2 Field of application
(1) This calculation model may only be applied, if conditions given in Table X.3 are satisfied.
Table X.3: Field of application
Steel section
10mm ≤ ep ≤ 40mm
8mm ≤ ef ≤ 40mm
0.7 ≤ ep / ef ≤ 2
6mm ≤ ew ≤ 30mm

Concrete slab
30mm ≤ cz ≤ 150mm
20mm ≤ hc,1
40mm ≤ la
bf + 60mm ≤ bw

160mm ≤ h ≤ 450mm
160mm ≤ bf ≤ 450mm

Reinforcement
ur = 30mm
uc = 40mm
uw = 40mm
hs ≤ hw – 2  ur
0.5 ∙ b ∙ e
⎧
0.05 ∙ b ∙ (h + c )
A ≤
⎨ 2∙b ∙c ∙f
f
⎩

160mm ≤ bp – bf ≤ 250mm
Note: See Figure X.1 for geometric parameters.
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