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The construction works must be designed and build in such a
way, that in the event of an outbreak of fire :

- the load bearing resistance of the construction can be assumed
for a specified period of time

- the generation and spread of fire and smoke within the works
are limited

- the spread of fire to neighbouring construction works is limited

- the occupants can leave the works or can be rescued by other
means

- the safety of rescue teams is taken into consideration
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To prove compliance with Essential
Requirements :

» Tests + extended applications of results
»calculation and/or design methods
»combination of tests and calculations

National fire regulations: >

~=Required class - or fire resistance time—

Parametric fire: Nominal fire:

- Fire resistance | €CE marking
time - Europe:a_n R_EI (M) _‘ REI (M)
—T classification |

.......

EN 13501-2

!:!Ir:b'::j::tse;f dg;l;c.codes: Classification standard
- Simplified calculation 1
- Advanced calculation EN 1363, EN 1365

Fire tests
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Prescriptive Regulation
(Thermal Actions given by
a Nominal Fire)

Performance-Based Code
(Physical Based Thermal
Actions)
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Basic requirements

Actions

Design values of material X ;
2 - Basis of Design Verification methods

Concrete
3 - Material Properties Reinforcing steel

1 - General

Mechanical and thermal
properties

1
| Prestressing steel |
—  Strength reduction
Simplified . A il ||
calculation methods emperature profiles
— Reduced cross-section ’_
Advanced

4 - Design Procedures calculation methods |1 General aspects

L 1 | Thermal response

Mechanical response
Spalling Validation

Joints
Columns
Walls

5 - Tabulated data Tensile members
Beams

| Sabs

Spalling
6 - High strength Thermal properties
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Scope
- Design of concrete structures for fire exposure in conjonction with
EN 1992-1-1 and EN 1991-1-2

- Applicable to normal weight concrete up to C 90/105 and lightweight
concrete up to LC 50/60

Requirements
v Design to maintain the load-bearing function (R) and/or
v Design and construction to maintain the separating
function (E, 1)
> Nominal fire exposure during the required time period

> Parametric fire exposure during the complete duration of fire
(specific criterion for | in the decay phase)
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Design values of material properties

« Mechanical material properties

Xasi = Ko * X I Vi

« Thermal material properties

Xasi = X I Y
Xasi = Xk * Ym

(favourable)

s Ymi = 1.0

(unfavourable)

+* =
*
* b
*
* k
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(1) The effect of actions should be determined for time t=0
using combination factors y, , or y; , according to EN 1991-1-
2 Section 4.

(2) As a simplification to (1) the effects of actions may be
obtained from a structural analysis for normal temperature

design as:
Ein = 77 Eq4
Where

E, is the design value of the corresponding force or moment for
normal temperature design, for a fundamental combination of
actions (see EN 1990);

n: 1s the reduction factor for the design load level for the fire
situation.



European ‘ Verification method — member analysis

Commission

Workshop ‘Structural Fire Design of Buildings according to the Eurocodes’ — Brussels, 27-28 November 2012

Example for 7 -
,f_ Gk + Wy le !

Reduction factor ns o YeGrx + 701 Q1
0.8

D.? B — | wﬁ —_ D.g
06 Storage areas

. \\ 0.7 Shobb ng
0.5 ™~ ‘""““"-—--h_.__h___________(l_5 areas
0.4 \x ' Domestic &

" | office areas
03 1 7e=13 T~ 0.2

' Yo = 1.50 ——— Wind loads
0.2 :

0 0.5 1 1.5 2

2.5 3
Qk.1 / Gk

Note 2: As a simplification a recommended value of 7; =
0,7 may be used.
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. Stren?th and deformation properties in Section 3 are given for

simplified and advanced calculation methods

* Strength reduction curves for Tabulated data (in Section 5) and
Simplified calculation methods (in Section 4) are derived from
material properties in section 3

* Thermal properties are given in Section 3 for calculation of
temperature distribution inside the structure

* Material properties for lightweight concrete are not given due to

wide range of lightweight aggregates

— this does not exclude use of lightweight aggregate concrete, see e.g.
Scope and Tabulated data

* Strength and deformation properties are applicable to heating
rates similar to standard fire curve (between 2 and 50 K/min)
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Mathematical model and parameters f_ g, £.1gand &, ¢
Oce = 1,0 in fire design

T3

- 3-
&
Ec1.3[2+[ ] ]
Ec1p

4

&0 €
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The same strength reduction values are given for simplified
calculation methods in Section 4
1. Siliceous concrete

2. Calcareous concrete
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&sp,6 — fsp,ﬁ / Es,ﬂ Esy0 — 0,02 Esto — 0,15
Class A reinforcement: ste = 0,05

fsye

f sp.©@

Espo Esy0 £ st Eu0 ¢ CERIB
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‘ Thermal properties

Percentage reduction of densitry
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* advanced calculation methods for simulating the behaviour of
structural members, parts of the structure or the entire structure,
see 4.3

— only principles are given, no detailed design rules

* simplified calculation methods for specific types of members, see

4.2

|— Strength reduction

| Sl |r_an|f|ed| | L Temperature profiles =

Reduced cross-section '_

* shear, torsion & anchorage ;
spalling ; joints
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I

500 °C isotherm

* 500°C isotherm method

_ Loadbearing |
Concrete with temperature below is based on |
200°C retains full strength and the the reduced :

rest is disregarded section |

* Zone method emperature of rebars is
S _ considered
Cross section is divided in zones.

Mean temperature and M k_(6,)
corresponding strength of each
zone is used

This method is more accurate for
small cross sections than 500°C
iIsotherm method
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a) (e.g wall) b) (e.g wall end)

e

d) (e.g thick wall) e) (e.g column) f) (e.g beam)
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* Determine the 500°C isotherm and the reduced width b, and effective

depth d;
* Determine the temperature of reinforcing bars and the reduced
strength
* Use conventional calculation methods
1 fean(20)
i Fs - As'fscd,ﬁ( an)
e © ©- AXbfean(20) - 1
X ASI I -ﬂvx } _r
zl o 7 Mo + Z M2
As s s — As
TR y V Aatean(th) y Fs= Aatar(th) ¥
br
B -
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* Temperature distribution in
the cross section can be
calculated from the thermal
properties

* Annex A of EN 1992-1-2
gives temperature profiles
for slabs, beams and
columns




. Simplified calculation method for beam
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* Annex E

* Simplified method to calculate bending capacity for predominantly
uniformly distributed loads

* This is some kind of extension of Tabulated data

M Rd1fi|

_M Rd2.fi

/////////

WAI9a9
7

M Rd.fi,Span

1| Free moment diagram for uniformly
distributed load under fire conditions




European ‘ Shear, torsion and anchorage

Commission

Workshop ‘Structural Fire Design of Buildings according to the Eurocodes’ — Brussels, 27-28 November 2012

Annex D (informative)
* Shear failures due to fire are very uncommon. However, the
calculation methods given in this Annex are not fully verified.

The reference temperature ¢ , should be evaluated at points P along the
line ‘a -a’ for the calculation of the shear resistance. The effective tension

area A may be obtained from EN 1992-1 (SLS of cracking).
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| CALCULATION METHODS | [|TABULATED DATA |
| Define exposure class | +
¥ i Explosive spalling is covered
X0 or XC1 (dry) other by minimum requirements
+ v No further check needed
Moisture content < 3 Is moisture content
% @ known
—
A No, or yes but > 3 %
OK Yes Avoid spalling by Moisture content, type of aggre- i
«— more accurate as- gates, permeability of concrete,
sessment L heating rate
No
¥
Yes Has the correct be- | No|Assume loss of cover and
OK “«— haviour been checked | — |calculate R
by tests

Solid slabs OK,
some beams OK
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Spacing < 100 mm

Reinforcement

Diameter 2 4 mm

Provide surface
reinforcement mesh

Axis distance
> 70 mm

Unless tests have proved that falling-off does not occur.
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(1) This section gives recognised design solutions for the standard fire
exposure up to 240 minutes. The rules refer to member analysis.

Note: The tables have been developed on an empirical basis confirmed by
experience and theoretical evaluation of tests. The data is derived from
approximate conservative assumptions for the more common structural
elements and is valid for the whole range of thermal conductivity in 3.3. More
specific tabulated data can be found in the product standards for some
particular types of concrete products or developed, on the basis of the
calculation method in accordance with 4.2, 4.3 and 4.4.

(2) The values given in the tables apply to normal weight concrete (2000 to 2600
kg/m3, made with siliceous aggregates.
If calcareous aggregates or lightweight aggregates are used in beams or slabs
the minimum dimension of the cross-section may be reduced by 10%.

(3) When using tabulated data no further checks are required concerning shear
and torsion capacity and anchorage details.

(4) When using tabulated data no further checks are required concerning spalling,
except for surface reinforcement.
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Tabulated data are based on a reference load level 7; = 0,7,
unless otherwise stated in the relevant clauses.

Note: Where the partial safety factors specified in the National Annexes of EN

1990 deviate from those indicated in 2.4.2, the above value n; = 0,7 may not be

valid. In such circumstances the value of 7, for use in a Country may be found
in its National Annex.

For walls and columns load level 7, or degree of utilisation y
Is included in the tables
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TABULATED DATA FOR COLUMNS

* Two optional methods are given

— Method A is derived from test results, but field of application is
limited to buckling length < 3 m and first order eccentricity <
0,15h to 0,4h (depending on the National Annex)

— Method B is based on calculations, it is more conservative and
many interpolations are needed. Limitations for normative table:
eccentricity < 0,25h and A;< 30
9 pages of tables in Annex C

In Method A degree Eccentricity

of utilisation: -

Hi = Negsi /Nrg K .

ts

oo -':o 51

In Method B load level is i

defined as: . g

N = Nygq s 1(0,7(A; foy + A Tq)) , .
N i -

Slenderness, I,

- upper floor 0,7 /
- intermediate floor 0,5/
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TABULATED DATA FOR COLUMNS : tables for Method B

Mechanical Minimum dimensions (mm). Column width bypn/axis distance a
Standard fire reinforcement
resistance ratio @ n=0,15 n=023 n=05 n=07
1 2 3 4 5 5]
R 30 0,100 150/25* 150/25* 200/30:250/25*| 300/30:350/25"
0,500 150/25* 150/25" 150/25* 200/30:250/25"
1,000 150/25" 150/25" 150/25" 200/30:300/25"
R &0 0,100 150/30:200/25% | 200/40:300/25" | 300/40:500/25" 500/25"
0,500 150/25* 150/35:200/25" | 250/35:350/25% 350/40:550/25*
1,000 150/25* 150/30:200/25" | 200/40:400/25% 300/50:600/30
R 90 0,100 200/40:250/25% | 300/40:400/25* | 500/50:550/25* 550/40:600/25*
0,500 150/35:200/25% | 200/45:300/25% | 300/45:550/25% 500/50:600/40
1,000 200/25" 200/40:300/25* | 250/40:550/25% 500/50:600/45
R 120 0,100 250/50:350/25% | 400/50:550/25* 5a0/25* 550/60:600/45
0,500 200/45:300/25% | 300/45:550/25* | 450/50:600/25% 500/60:600/50
1,000 200/40:250/25% | 250/50:400/25" | 450/45:600/30 600/60
R 180 0,100 400/50:500/25% | 500/60:550/25" | 550/60:600/30 (1)
0,500 300/45:450/25* | 450/50:600/25* | 500/60:600/50 600/75
1,000 300/35:400/25% | 450/50:550/25™ | 500/60:600/45 (1)
R 240 0,100 200/60:550/25* | 550/40:600/25* G600/75 (1)
0,500 450/45:500/25" | 550/55:600/25% 600/70 (1)
1,000 400/45:500/25* | 500/40:600/30 600/60 (1)
* Normally the cover required by EN 1992-1-1 will control.
(1) Requires width greater than 600 mm. Particular assessment for buckling is required.
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* Tables for loadbearing and non loadbearing wall

* Fire walls have been added

— Classification M, to be used only if there are national
requirements

e Tables for simply supported and continuous beams

e Tables for simply supported and continuous slabs,
flat slabs, ribbed slabs
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Reduction of strength at elevated temperature
e

I N

_ 08 \\ \
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=04 \ ——Class 3
-
03

? 02

0,1
0

0 100 200 300 400 500 600 700 800
Temperature

Concrete C 55/67 and C 60/75is Class 1, concrete C 70/85 and
C80/95 is Class 2 and concrete C90/105 is Class 3.
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Spalling Methods for concrete grades C 55/67 to C 80/95 with
higher content of silica fume than 6% by weight of
cement and for concrete grades 80/95 < C <

Use reinforcement mesh with a nominal cover of 15 mm:
 Wire diameter = 2 mm

Method A « Pitch < 50 x 50 mm

 Nominal cover to main reinforcement = 40 mm

Use a type of concrete that will not spall under fire
Method B . .
exposure — demonstrated by local experience or testing.

Use a protective layers which has been demonstrated
Method C . .
that no spalling of concrete occurs under fire exposure.
. . .
Method D Includ_e in the concrete mix more than 2 kg/m* of
monofilament propylene fibres.
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(al) (a2) (a3) (bl) (b2)

Tests done on samples (R90 - ISO curve) with the following concretes :

- Concrete M100 Bathonien : (al) 1,2 kg/m?3, (a2) 1,5 kg/m?3, (a3) 2 kg/m?3 of monofilament
polypropylen fibres Mf — L18@18

- Concrete M100 Garonne : (b1) 0,9 kg/m3, (b2) 1,2 kg/m?3 of monofilament polypropylen
fibres Mf — L18Q18
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 Thermal properties (thermal conductivity)
« specific structural design

Increase of minimum cross section| Class 1 Class 2
by factor

- Walls and slabs exposed on one 1,1 1,3
side

- Other structural members 1,2 1,6
Increase of axis distance by factor 1,1 1,3

Note: Factors are recommended values, and may be modified in
National Annex

Factor for axis distance in Class 2 seems to be too high, and it
should not depend on the strength reduction

Moment capacity reduction factors for K

beams and slabs Class 1 | Class 2
Beams 0,98 0,95
Slabs exposed to fire in the compres- 0,98 0,95
sion zone

Slabs exposed to fire in the tension 0,98 0,95
side, hy > 120 mm

Slabs exposed to fire in the tension 0,95 0,85
side, hs = 50 mm
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- Dissemination of information for training workshop, 18-20
February 2008, Brussels

- EN 1992-1-2 : 2004, The university of Manchester,

- EN 1992-1-2 : 2004
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Part Il

WORKED EXAMPLES
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The studied building has been originally designed for « Design of concrete
buildings » workshop held on 20-21 October 2011, Brussels and organised by JRC
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- 2-level underground parking
- ground floor and 1st to 5th floor : offices open to public, meeting rooms
- roof
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A-A SLAB ON BEAMS

&

h=0,18m

‘ / 6 | 6
b p v jla o p 0 | p v Vv
B 4 & R =
025 \tazs/ T0a25) ! Jox25 i
TTOGI75%50! T TT0TTZS%s0] | TTORTZS%500 55 TTOSTZSRSRY 6 TTIOT75ws0] g
— = X —_ -
7 g 31 Z | 2 3
= = ST P T T | = =
" = = 3:\ T128(50x18} zs.sn: | = g
£~ ~ - o [ : i H
— m |
= — |
A B =l E E | [
:J. T11z50) @ & T112(25x50) % [ T11£,[25:531| ﬁ T11525x50)
= w,
1_ ..... e e e = a0 ;._._._._._._._._| ......... =S A r
= 2 Z0 = = 5
| B kS & 3 | P b
o~ F it = | = = 3
- £ = & & & 3
=l F - - 36 - | i_ .
@ = El E E EJ =] @
T101125x501 s 1102 (2550] A T103(25x50) 2133 T 104 (25501 o T105 (25501

- 0,18 mslab on 0,40 h beams spanning in both x aq'gy directions

w
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) D1 @0 E ® =1 it i kel i G i B s 770
T) ¥ % 13){ ) 1 (%' i | %} \B[ i_ /[ T\m;um:n s3 7 F‘ _}
o= B o B A e 2o ‘\m,m s e
| . L | | E 200 125 E!'E 115
! [ } | E =k f
20 I ' | | | | s=}msa $-2+ :—| S-J
& — i —— — —— fL— : i
x—l, —I-X ] E

e
A }_' 500 x 500
1 " 250 x 400 COLUMN ™, ||
o w0 R e et e 2 2
| 1827.6 mm mm | K o A ~—
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500
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500 mm
COLUMN —
P | COLUMN | @ | Axisdistance |
3 —U Longitudinal 12020 52
. T i=am ’ “"’“
b=31m |[|EIao  ©12/200mm 36 mm
Cross section at mid-span: Cross section at intermediate
support:
BEAM 1827.6 mm
zzzzz I o
1180.6 788.8 / 788.8
250
ALY B LNC
|=7.125m ‘ |=7.125 ‘
I Nl 7 K
support support
m 7012 2010 9912 42 mm
| lower 3016 3016 3016 44 mm

| Stirrups | ?6/175 ?6/175 ?6/175 33 mm
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l 1500 3000 1500 ;
SLAB : s : |
&20 jl‘_\_—l h___'-__—s'a_____kr_]
1 1 §16 /250 mm $14/ 125 mm " I | |
B S -
| L | _.; .
;3\ oo | ey | o2-1) -S-J|
: I UPPER: 14/ 125 mm |
ﬁ LOWER: 912/ 125 mm
' § ¥ | l ;
12 ! 500 mm + @14 / 500 mm I E o E e E ]
# 200 T E | f g ;!_ | %4\y
R i ri | i
Due to the low lateral rigidity of the o gl
peripheral beams of the building, no . i | R
bending moment will be considered at : R— : i
the end support of the slab o e B e oo _l__{
g a |

X direction Mlddle strlp Axis distance
SLAB

@14/125mm 37 mm ?16/125mm 52 mm

@12/125mm 36 mm @12/250mm
49 mm
@14/250mm
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LOADS .
1. Self weight G1 : based on reinforced concrete unit weight (25 kN/m?3)
and the geometry of structural elements.
2. Permanent loads G2 : Finishing, pavement, embedded services,
partitions: 1,5 kN/m?
3. Variable loads (office open to public, meeting rooms) : g, = 4 kN/m? and
Y, =0,6

Gt wQer 06
Mg = G, + Q ’
7GYk T 7Q,1 %k, 1

-Column B2 : Ny =4 384 KN = Ny =2 630 kN, e, =3 cm

-Beam (AB) : pys =21 kN/m = p,p < =12,6 kN/m = M., =80 kN.m
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129.9

1113
VEd
[kN] G ®
— LI LI
C W B /|| A

ﬂ"

101 145.8 V7

- Beam (AB):

=2

N

| 1=7.125m 1=7125m |

The shear force may be determined at distance d from the support. So Vi o4
is calculated as:

132.2; - (3_32?,?372) = Vg eg =115.52kN L = 1129.9
kN] ||
VEd' red ) 69’3 kN I | .“Ié ..,.A
. d
e P |
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- Slab :qg,, s =25%0,18 + 1,5 + 0,6x4 = 8,4 kN/m?

4

— X

P f . Ju:r ﬂ_}.-
0,50 0,0965 0,2584
0,55 0,0892 0,2889
0,60 0,0820 0,3289
0,65 0,0750 0,3781
0,70 0,0683 0,4388
0,75 0,0620 0,5124
0,80 0,0561 0,5964
0,85 0,0506 0,6871
0,90 0,0456 0,7845
0,95 0,0410 0,8887
1,00 0,0368 1,0000

jl,{_? = U, p.{ % 1”? = ﬂIiM_?
p =6/7,125=0,84
u, =0,052
u, =0,667

Moy i = 15,7 kN.m/m
Moeqy, i = 10,5 kN.m/m

We have to check that :

IVlspanx, fi + (Mend supportx, fi + IVlintermediate supportx, fi ) /2 2 MOde, fi

IVIspany, fi + (Mend supporty;, fi + IVlintermediate supporty, fi ) /2 2 MOEdy, fi
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- Due to non uniformity of EU National choices, to avoid country specific
conditions, for the example no exposure classes were selected and nominal
cover to reinforcement c, ., was fixed:

Chom = 30 mm

n

- Steel : Grade 500 class B, hot rolled, Strength fykz 500 MPa

- Concrete :
— Beams and slabs: C25/30
- Columns: C30/37
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Thermal and physical properties for thermal transfert :

- Water content: 1,5 %

- Thermal conductivity : lower limit given in § 3.3.3

- Siliceous aggregates

- Emissivity related to the concrete surface : 0,7 as given in § 2.2
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g

Prescriptive Rules
(Thermal Actions by Nominal Fire)

— Standard time-temperature

Temperature [C]
2
=1}

g

— rocarbon fire

— External fire

=}

T T T T T T 1
0 30 &0 9 120 150 180 210
Time [min]

Analysis of
Part of the
Structure

Member
Analysis

Analysis of
Entire Structure

Calculation of
mechanical
Actions at
Boundaries

Advanced
Calculation
- Models

Calculation of
Mechanical

Selection of
Mecahnical

Actions at Actions

Boundaries

" simple & | Advanced Simple
Tabul -
dbdlaied Calculation [Calculation Calculation
‘_ ‘Models Models

Advanced
Calculation
Models
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Method B

| ]
r]column
ncolumn
ncolumn
| I =
0

= A

NOEd,fi

07x(Af, +Af)

2630.10°

" 0,7x(500?x30/15+12x 7 x10” x500/1,15)

=0,57

3,1m

22,5

" =€yt e =30mm

woDha _

Ac fcd

0,33

=  Axis distance =52 mm

Applicable if A, < 30
ande_ ., =100 mm

Mechanical Minimum dimensions (mm). Column width b,,./axis distance a
Standard fire reinforcement
resistance ratio @ n=0,15 n=03 n=05 n=07
1 2 3 4 5 6
R 30 0,100 150/25* 150/25* 200/30:250/25*| 300/30:350/25*
0,500 150/25* 150/25* 150/25* 200/30:250/25"
1,000 150/25* 150/25* 150/25* 200/30:300/25"
R B0 0,100 150/30:200/25* | 200/40:300/25* |300/40:500/25* 500/25*
0,500 150/25* 150/35:200/25* |250/35:350/25"| 350/40:550/25"
1,000 150/25" 150/30:200/25* | 200/40:400/25%| 300/50:600/30
R 90 0,100 200/40:250/25* | 300/40:400/25* | 500/50:550/25*| 550/40:600/25*
0,500 150/35:200/25* | 200/45:300/25* | 300/45:550/25*| 500/50:600/40
1,000 200/25* 200/40:300/25* | 250/40:550/25*| 500/50:600/45
R 120 0,100 250/50:350/25* | 400/50:550/25* 550/25* 550/60:600/45
0,500 200/45:300/25" | 300/45:550/25* |450/50:600/25*| 500/60:600/50
1,000 200/40:250/25* | 250/50:400/25* | 450/45:600/30 600/60
R 180 0,100 400/50:500/25* | 500/60:550/25" | 550/60:600/30 [40)]
0,500 300/45:450/25* | 450/50:600/25* | 500/60:600/50 600/75
1,000 300/35:400/25* | 450/50:550/25* | 500/60:600/45 (&)
R 240 0,100 500/60:550/25" | 550/40:600/25 600/75 (1
0,500 450/45:500/25% | 550/55:600/25™ B600/70 (1)
1,000 400/45:500/25* | 500/40:600/30 600/60 (1)

* Normally the cover required by EN 1992-1-1 will control.

(1) Requires width greater than 800 mm. Particular assessment for buckling is required.
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Mechanical Minimum dimensions (mm). Column width b,,,/axis distance a
Standard fire -
reinforcement
resistance ratio @ n=0,15 n =03 I n=0,5 I I n=0,7 I
1 2 3 4 —— I
R 30 0,100 150/25* 150/25* 200/30:250/25%| 300/30:350/25*
0,500 150/25* 150/25* 150/25* 200/30:250/25*
1,000 150/25* 150/25* 150/25* 200/30:300/25*
R 60 0,100 150/30:200/25* | 200/40:300/25* | 300/40:500/25* 500/25*
0,500 150/25* 150/35:200/25* | 250/35:350/25*| 350/40:550/25*
1,000 150/25* 150/30:200/25* | 200/40:400/25*| 300/50:600/30
R 90 0,100 200/40:250/25* | 300/40:400/25* | 500/50:550/25%] 550/40:600/25*
0,500 150/35:200/25* | 200/45:300/25* | .300/45:550/25*1 500/50:600/40
1,000 200/25* 200/40:300/25* | 250/40:550/25| 500/50:600/45
R 120 0,100 250/50:350/25* | 400/50:550/25* 550/25* 550/60:600/45
0,500 200/45:300/25* | 300/45:550/25* | 450/50:600/25*| 500/60:600/50
1,000 200/40:250/25* | 250/50:400/25* | 450/45:600/30 600/60
R 180 0,100 400/50:500/25* | 500/60:550/25" | 550/60:600/30 (1)
0,500 300/45:450/25* | 450/50:600/25* | 500/60:600/50 600/75
1,000 300/35:400/25* | 450/50:550/25* | 500/60:600/45 (1)
R 240 0,100 500/60:550/25* | 550/40:600/25* 600/75 (1)
0,500 450/45:500/25* | 550/55:600/25* 600/70 (1)
1,000 400/45:500/25* | 500/40:600/30 600/60 (1)

* Normally the cover required by EN 1992-1-1 will control.

(1) Requires width greater than 600 mm. Particular assessment for buckling is required.

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

Minimal dimensions
required for
®»=0,33 and n=0,57 :

500/43

=» Column R90
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Standard
fire Minimum dimensions (mm . .
e (meny R 120 : Interpolation between
Possible combinations of a and b, Web thickness b, .
where a is the average axis COIU mns 2 d nd 3 g|VeS fOI’ d
distance and by, is the width of | Class WA | Class WB | Class WC . .
beam width of 250 mm an axis
1 2 3 4 5 6 7 8
R30 | buc 80 | 160 50 60 50 distance of 40 mm.
a =15 12*
R 60 bmin= 120 200 100 g0 100
a= 25| 120
R 90 Bmin= 150 | 250 110 100 100
R s The beam has only one layer
R 120 bmin=200 | 300 | 450 | 500 130 120 120 Of remfo rcement :
a= 45| 35 35 30
R 180 bnin=240 | 400 | 550 | 600 150 150 140 an - a+10 mm = 50 mm
a= 60 50 50 40
>44 mm
R 240 bnin=280 | 500 | 650 | 700 170 170 160
a= 75| 60 60 50
8¢ = a+ 10mm (see note
o => Beam R 90
For prestressed beams the increase of axis distance according to 5.2(5) should be
noted.
a.q is the axis distance to the side of beam for the corner bars (or tendon or wire) of
beams with only one layer of reinforcement. For values of by, greater than that
given in Column 3 no increase of as is required.
* Normally the cover required by EN 1992-1-1 will control.
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Standard fire resistance Minimum dimensions (mm)
slab axis-distance a
thickness one way two way:
hs (mm) W =1,5 1.6 <lil,=2
1 2 3 4 5

REI 30 60 10* 10* 10*

REI €0 80 20 10* 15*

REI 90 100 30 15* 20

REI 120 120 40 20 25

REI 180 150 55 30 40

REI 240 175 65 40 50
Iy and /, are the spans of a two-way slab (two directions at right angles) where |/, is the longer
span.
For prestressed slabs the increase of axis distance according to 5.2(5) should be noted.
The axis distance a in Column 4 and 5 for two way slabs relate to slabs supported at all four
edges. Otherwise, they should be treated as one-way spanning slab.
* Normally the cover required by EN 1992-1-1 will control.

Iy/IX= 1,19 < 1,5 = column 4 applies
c Axis distance < 40 mm in X direction =» Slab R 180

Additional rules on rotation capacity on supports may be given in National Annex
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Annex B.3 : Assessment of a reinforced concrete cross-section exposed to bending
moment and axial load by the method based on estimation of curvature

(A) Determine the moment-curvature diagram for N ; using, for
each reinforcing bar and for each concrete zone, the
relevant stress-strain diagram according to section 3 AM ,
“Material properties” ’ M =T(171)

N = Neas
Mkras ( )

(B) Use conventional calculation methods to determine the
ultimate moment capacity, Mg ;; for Ngy ; and the nominal
second order moment, M, y;, for the corresponding curvature.

Mzi= Neas(1/r) /;/C

(C) Determine the remaining ultimate first order moment
capacity, Mygq g, for the specified fire exposure and N ¢, as
the difference between ultimate moment capacity, Mg, ¢, and
nominal second order moment, M, , so calculated.

1Ur

(D) Compare the ultimate first order moment capacity, Mgy 5,
with the design first order bending moment for fire
conditions Mgy -
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INITIALIZATION :

AV ’ M. = f(1/r)
(N = NEd,fi)

K=K . initialization of the curvature at the 1st calculation pointi
Mras Nokd.fi - axial load

g =0 : initialization of the strain at the column neutral axis

2
Mazs= Neas(1/r) bic Neemp = Ne(eo, ki) + Ns(e0, ki)  total axial strength in the section (concrete + steel)

Miemp = Mc(g0, i) + Ms(eo, k) total moment in the section (concrete + steel)

0 Ntemp
1r d Ntemp = =
- 0 &o
] Agg = (Noed,fi— Niemp) / dNiemp strain increment calculation at the column
1IN neutral axis
3amios €0 = g0+ Agg

1.17E+03]

1.12E+03)
1.07E+03]
1.02E+03]
9.73E+02|
9.25E+02
8_76E+02]
8.28E+02]
7.7IE+02]
7.31E+02|
.82E+02]
&.33E+02|
5_85E+02|
5.3EE+02]
4_88E+02]
4_39E+02|
3.91E+02]
3_42E+02]

| Noedi
- Ntemp < 8

no

result for x = k;
Mi = Mtemp
v

Increment of ¥

Thermal analysis led on ANSYS

A

K = Kj+1
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Moment-curvature diagram at 240 minutes

lb=3,1m
€t =3 €M
025 c=10
0,20 M No'Ed'ﬁ 26300 M
MOEd'ﬁ = 0,0789 MN m
= Mora,si
g 0,15
=
£ 1/r =0,0364
: M, . =0,0919 MN m
o 0,10 2 fi
2 ——MRd,fi (MNm) Mga fi =0,1977 MN m
——M2,fi Mo R, =0,1058 MN m
0,05
IVlo,Rd,fi > MOEd'ﬁ
0,00 : : : : ‘ | | |

000 001 002 003 004 005 006 007 008 > column R240

curvature (1/m)
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Thermal analysis led on ANSYS —

Annex B.1 : 500°C isotherm method

(a) Determine the isotherm of 500°C for the
‘ > specified fire exposure, standard fire or

{22t IRE - HHE parametric fire;
SiEgns (b) Determine a new width by and a new

ity = 30em Sonagn  effective height dg of the cross-section by

RSN excluding the concrete outside the 500°C

pREMI L DSnmuMEEREE jsotherm. The rounded corners of isotherms

SERRERIERRRELIL LD SLEnnainstEnns:  can be regarded by approximating the real

i {F B o LT b form of the isotherm to a rectangle or a

seisminmiaanianinninanipaiannin e a2 )R A -
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Thermal analysis led on ANSYS

(a) Determine the isotherm of 500°C for the
0 <100°C specified fire exposure, standard fire or
parametric fire;

S5 (b) Determine a new width b, and a new

effective height d;; of the cross-section by

Saimmimmimmiang excluding the concrete outside the 500°C

iiaissmimminaiEE: isotherm. The rounded corners of isotherms

can be regarded by approximating the real

555;55;55;555;55;55;555;. form of the isotherm to a rectangle or a
square

Signis : (c) Determine the temperature of reinforcing
mizaiamiEainis mEimmiEmiEs: bars in the tension and compression zones.
The temperature of the individual
eﬂg" pampmsnmmanicc reinforcing bar s taken as the temperature
e e P ni| in the centre of the bar.




Eitgiean Verification method for beam
Commission

Workshop ‘Structural Fire Design of Buildings according to the Eurocodes’ — Brussels, 27-28 November 2012

(d) Determine the reduced strength of the reinforcement due to the
temperature according to 4.2.4.3.

At mid-span 1016 0,78 78,4
2016 679 0,28 56,3
)y 134,7
At intermediate support 9¢12 <100°C 1 508,9
At end support 7012 <100°C 1 395,8
(e) Use conventional calculation methods 222 .
for the reduced cross-section forthe  {|* & *T°T | ,;_{ = T
determination of the ultimate load B N I R LR 2 M
bearing capacity with strength of the R B fofa@)y P hotele) |

reinforcing bars, as obtained in (d). -
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v' Mid-span:

I:s, fi, mid-span = 13417 kN N
d; =356 mm; z=345mm - Mgy fi, mig-span = 46 KN.m
v Intermediate support .
Zsf'l f; igtg(;ﬂ;qdi?;e juppor;zzai'i]knlj > IVle, fi, inter. support = 123;8 kKN.m

v End support :
F = 395,8 kN } v

s, fi, end support —

=101,3 kN.m
d; =300 mm; z=256 mm

Rd, fi, end support —

IVIRd,fi 120’ = Rd, fi, mid-span + (MRd, fi, inter. sup. + I\/IRd, fi, end sup,)/z = 158;5 kN.m

> MOEd,fi = 80 kN.m




European Verification method for beam
Commission

Workshop ‘Structural Fire Design of Buildings according to the Eurocodes’ — Brussels, 27-28 November 2012

D.3  Design procedure for assessment of shear resistance of a
reinforced concrete cross-section

(A) Compute the reduced geometry of the cross section as in Annex B.1 or B.2

(B)Determine the residual compression strength of concrete

(C)Determine the residual tensile strength of concrete (full strength E
fea i = fetd fio) iNside the isotherm of 500°C when applying the 500°C
isotherm method).

(D) Determine the effective tension area (see EN 1992-1-1, Section 7)
above delimited by the Section a-a.

(E) Determine the reference temperature, 6 ,, in links as the temperature
in the point P (intersection of Section a-a with the link) Effective tension area

(F) The reduction of design strength of steel in links should be taken with
respect to the reference temperature fy, ; = k(0 ) f,4(20).

(G) Calculation methods for design and assessment for shear, as in EN 1992-1-1,
may be applied directly to the reduced cross-section.
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Determination of the effective tension area (see EN 1992-1-1, Section 7) :

! S | ;
XJ .
rrrrrrrn
.‘ﬂ a & - -
L

h, s =min {2,5(h —d), (h—x)/3, h/2}

Effective tension area
At 120 minutes :
heersi = Min {2,5(400 - 356); (400 —50)/3 , 400/2}
heetsi = {110 ;117 ; 200 }
he et = 110 mm 0p = {-92mm;110 mm}
0,=547 °C
k, (547) = 0,46 (§4.2.4.3)
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Where shear reinforcement is provided :

Veai = Min{ Vey i = (Ag / 8) - Zg - fugn - €Ot O 5 Viy oo = 00, by 25 Vi fra/ (cOt O + tan 0) }

A, =2xmx3%=565mm? a., = 1 (non prestressed structures)

s=175mm b,, s = 180 mm (500°C isotherm method)

Zs = 345 mm Z; = 345 mm

fywai = Ks(0p) x 500/1= 230 Mpa v, = 0,6 (1-f,/250) = 0,54

0 =21,8° (assumption for cold design) f.g5i =25 Mpa (500°C isotherm method)
0 = 21,8° (assumption for cold design)

Via.sii = 64 kN Virg.max = 289 kN

P Vigsi < Vi, reasi = 69,3 kN, the beam is not verified for R120

The spacing of the stirrups should be reduced to a minimal value of 160 mm
or the stirrups diameter should be increased to @8 mm
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1200 _ : Use of
120 minutes fire exposure T t
on slabs of different depths emPera ure
1000 profiles from
Annex A ?

00}
o
o

10 cm
—15cm
—20 cm

AN
o
o

Temperature (°C)
(@)]
o
o

O | | | | 1
0 5 10 15 20 25
depth (cm)
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Temperature profiles for slabs (height h =

200) for R60 - R240

900

800 \ \\\\ At 36 mm axis distance
700 \ \\\\ )\\ 690°C-R 240

600 \ NCNRAO 615°C-R 180

- \ ANEN 500°C — R 129
40 AN
300
200
100

0

Y
~

—

Varai

WA/ Y

o
\
o C—

fe—

/
/

/

0O 10 20 30 40 50 60 70 80 90 100
X (mm)
X is the distance from the exposed surface
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Temperature profiles for slabs (height h =

200) for R60 - R240

900
800
700 \ is di
WS At 49 mm axis distance
600 \ \\\\\\i\ "R240 570°C-R 240
\ N °
500 \ N TRis] 500°C-R 180
400 N
300
200
100
0

400°C-R 120

Y
~

—

iy
5
gz
/
1/ 7Y
7177

NS
] T —

fe—

/

0O 10 20 30 40 50 60 70 80 90 100
X (mm)
X is the distance from the exposed surface
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1200
——120 min
——180 min
Annex A _240 min
1000 At 36 mm axis distance
690°C —R 240
615°C—-R 180
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Thermal analysis led on code_Aster
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X Y X Y

| Verification method for slab

Direction
Temp steel (°C) 606 491 <200 <200
0,456 0,8 1 1
As span*Fsai(0m) (KN/m) 206,3 427,3 615,7 804,2
Z; (mm) 140 122 98 77
M;; (KN.m/m) 29 52 60 62

H
I

(7))

Mgg si (KN.m/m) 59 83
Moeq i (KN.m/m) 15,7 10,5
Check OK OK

The load-bearing capacity of the two-way slab is assumed verified under fire at
180 minutes. However, the rotational capacity of the slab at the intermediate
support should be checked. Some complementary information may be given in
National annexes to perform these calculations.



European
Commission

Workshop ‘Structural Fire Design of Buildings according to the Eurocodes’ — Brussels, 27-28 November 2012

‘ Advanced calculation method through FEM analysis

Code /Aster oS
e eDF

ROD

- Utilization of Code_ASTER (finite element model)

- Transient thermal modelling non linear analysis (2D, cross-section analysis)

- Temperature projection on the fibre of the beam element and/or on shell
elements

- Transient non linear mechanical calculation (3D analysis) with large
displacement assumptions

reinforced concrete beam
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What about the large displacements ?

Advanced calculation method through FEM analysis

—>geometry readjustment for each time step (more realistic behaviour)

Slab

Time (min)
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Axial displacement (cm)

Beam
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Deflection +
thermal
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coupling
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Results on the column
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Results on the beam

Intermediate support
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Results on the beam-slab-column assembly

The failure (fast deflection growth in the middle of the slab) will appear at
about 200 minutes (deflection is about 32 cm)
- Global analysis allow to take into account localised fires (fire safety
engineering)
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News horizons...

- What about behavioural laws for the connections ?

promethee
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News horizons...

- What about load induced thermal strain ?

o 1.0 ——Instantaneous stress-strain
% i - Mechanical stress-strain {Eq. 3)
e 084 ~ - » Unloading in implicit model
0 ~ =+ Unloading in explicit model
§ 0.6

»

T 04

N

E 0.2

o

4 -

0.0 - . . . ,
0.000 0.005 0.010 0.015 0.020 0.025
Strain

Fig. 1. Strain components in implicit and explicit models at 500 *C.

A formulation of the Eurocode 2 concrete model at elevated temperature that
includes an explicit term for transient creep

T. Gernay ®*, J.-M. Franssen®

Fire Safety Journal 51 (2012) 1-€



European
Commission

Workshop ‘Structural Fire Design of Buildings according to the Eurocodes’ — Brussels, 27-28 November 2012

THE END !

Thank you for your attention...
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