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Abstract

This paper summarizes an example of a beam fire check using tabulated data and the isotherm
500 € method. This beam is subjected principally at bending moment. This analysis shows that the
reinforced beams may have strength reserves. The correct evaluation of those reserves leads
eventually to elaborate the appropriate solution to reconstruct and/or to consolidate the structures
affected by fire. There are presented different evaluation formulae, regarding the estimation of a
reinforced concrete beam capacity, under fire. For better understanding of the fire effect on a
beam, an experimental study should be carried out, but a real fire progress is difficult to be set in
laboratory conditions.

Rezumat

Aceasta lucrare prezinta un exemplu de verificare a unei grinzi, solicitata preponderent la moment
incovoietor, folosind datele prezentate sub formd de tabele si metoda izotermei 500 “C. Analiza
demonstreaza ca grinzile din beton armat pot avea rezerve de rezistenta. Evalauarea corecta a
acestor reserve de rezistenta duce in final al elaborarea unor solutii potrivite de refacere si/sau
consolidare a structurilor afectate de actiunea incendiilor. Sunt prezentate diferite ecuatii de
evaluare a capacitatii portante a grinzilor, sub actiunea focului. Pentru o intelegere mai exactd a
efectelor incendiilor asupra grinzilor trebuie efectuat un studiu experimental, dar dezvoltarea reala
a unui incendiu este dificil de realizat in conditii de laborator.
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1. Introduction

When checking the fire adequacy of a structure or of a structural member, the first steps to take
should be:
- select the appropriate fire scenario;
- determine the temperature profile.
The fire analysis can be performed on:
- aspecific structural element (ELEM));
- part of a structure (PART);
- the entire structure (STRUCT).
In Australia (Australian Standards), in the European countries (Eurocodes) and in the Japanese
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Standards (Building Standards Law of Japan) there are provided several methods of fire design:
- using tabulated data (for ELEM);
- simplified calculation methods (for PART));
- advanced calculation methods (for: ELEM+PART+STRUCT).

Nominal fire is the most commonly used.

This example sight the bending capacity of a simply supported beam in fire conditions.
The beams characteristics:  bxh= 300x600mm, span length: 5000mm.

Concrete class: C20/25.

Type of reinforcement Bst 500S.

The required fire strength: R60(t=60minutes), R90(t=90minutes), R120 (t=120minutes).

2. Actions
When evaluating the external actions on the element, it can be used the following general equation:
W:YG'Gk+YQ'Qk (1)
Table 1: Stress evaluation

Conditions Y G, Yo Q. w Meg

[] [KN/m] | [] [kN/m] | [KN/m] | [KNem]
Cold 1.35 20 15 60 117 365
Fire 1.0 20 0.3 60 38 119

3. Material characteristics
3.1 Concrete

Table 2: Concrete strength and safety factors

Cold Fire
Ve ™
[-] [-]
1.5 1.00
fck fctm fcd fcd
[Mpa] [Mpa] [Mpa] [Mpa]
20 1.5 13.33 20

3.2 Steel in cold conditions

Table 3: Steel yield strength and safety factor for cold conditions

Cold
s
[-]
1.15
[MPa] [MPa]
500 435
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4. Cold design
4.1 Reinforcement design

[1] Determine:

k:%:o.mgku )
b-d?-f,

Computing the lever arm using the equation given in [1]:
z= g +[1++/1-3.53k] = 400.84[mm] < 0.95-d = 508 [mm]. (3)

The provided reinforcement aria:
As prov=25.13 sz, the equivalent of 8020.

4.2 The bending strength

M, <A £ [d_05. Deeer Tve ) _geg ey 4

Rd,cold — s,prov " 'yd ° - Y W = [ Il’l] ( )
Mg o = 98IKN-m] > My, g = 365[KN - m] 5)
5. Fire design

5.1 Fire design using tabulated data

Eurocode 2[2], states the minimum requirements of the cross-sectional dimensions of the elements.
The same requirements can be found in the Australian Building Code (AS 3600-2009)[3] and in
Building Standards Law of Japan (BSLJ)[4]. This tabulated data are summarized in table 4.

From Eurocode 2[2], the minimum required axis distance of the reinforcement bar and the nearest
concrete face is amip=55mm.

8220

0 NN
()]
=~

b= 300

Figure 1. The reinforcement arrangement in the cross-section of the beam. Dimensions used to
determine the average distance, an, .
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Table 4: Structural adequacy for different concrete elements according to Eurocode 2[2], AS 3600-
2009[3] and BSLJ[4].

Standard | Fire exposure & | Dimension Fire resistance class
characteristics R30 | R60 | R90 | R120 | R180 | R240
Column
EC2 Exposed on 05 bmin® | 200 | 250 | 300 | 450 | 500 | 600
4 sides =Y amn | 30 | 35 | 45 | 50 | 60 | 70
0.7 bmin® | 200 | 350 | 500 | 500 | 600 | >600
=t | _@mn | 30 [ 40 [ 50 [ 60 | 75 -
AS 3600- | Exposed on | bmin® | 200 [ 200 | 200 | 300 | 250 | 350
2009 more than 1 0.2 = 350
sides and ' S| amn | 25 | 25 | 31 | 25 40 61
N*/Ny= o 35
% bmin® | 200 | 200 | 300 | 400 | 350 | 350
05 E 300 450 | 450
' S| amn | 25 | 36 | 45 | 38 45 63
= 31 40 75
o | bmin® | 200 | 250 | 350 | 450 | 350 | 450
0.7 S 300 | 350 450
' O amn | 32 | 46 | 53 | 40 57 70
27 | 40 51
BSLJ Not specified boin® | - - - | 120 | 400 -
amin - 30 - 50 60 -

Simply supported and continuous beam

EC2 Not Simply supported buw mi
& specified | & continuous = € i 80 120 150 200 240 280
AS  3600- Simply supported | & E| ami, | 25 [ 40 | 55 | 65 80 90
2009 continuous $2 amn | 156 | 25 | 35 | 45 60 75
BSLJ Not specified 2 2 bumin | - - - - - -
O3S amin - = - 50 60 =
Slabs
EC2 = All types of _| Dmin
& = slabs = E
- — c E
AS 3600-| 5 S s 5 60 80 100 | 120 150 175
2009 zZ & -2
BSLJ Not specified 28 Ngmn | - | 70 | - | 100 | - :
O 5 dmin - - - 30 - -
Simply supported slabs
EC2 One way Amin 10 20 30 40 55 65
AS 3600- | 5 0y/0x<1,5 -8% 10 10 15 20 30 40
2009 2 T™wo  way| 82 amn
g 0/0<1,5 é 5 10 15 20 25 40 50
Z O3 amn | 10 | 15 | 20 25 40 50
Continuous slabs
EC2 Not specified Amin
10 15 20 25 40 50
©
AS 3600- | Not specified é% @min
2009 58 10 10 15 20 30 40
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Where:

wsi = N¢*/Ny, degree of utilization in fire situation;

N¢*= design axial load in fire conditions;

N, = ultimate strength in compression, or tension, at a cross-section of an eccentrically loaded
compression or tension member respectively;

bmin*= smaller cross-sectional dimension of a rectangular column;

bwmin= minimum width of the beam;

amin= the minimum required average distance from the reinforcement centroid to the nearest
exposed surface;

The average effective distance is:
am=(2 Asiai )/ Y. Asi=65.96 [mm] (6)
which is grater that the required amin.

Ai= cross-sectional area of the reinforcement bar.
a; = distance from the reinforcement centroid to the nearest exposed surface.

5.2 The isotherm 500°C

All the equations are using the reduced section. This method considers that the concrete having a
temperature higher that 500°C is not capable to bear compression.

The reduced cross-section dimensions are:

bi=b-2st5 (7)
hfi:h'tfi (8)
dsi=d 9)
1z il )LX‘ Fed=0.85*fed*AX*bri
I =T | -~
tﬁ::p ul_tﬁ ds=d
"l a™T
s =il
__-.,m m.-__
17 | 8o20
2170 20 % ‘4 | Fsd=Asd*{ydfi
% 7 R S
3%
tn bn |t
" pb=300

Figure 2. The reduced cross-section of the beam.
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Figure 3. Steel temperature according to the charts of EN 1992-1-2:2006[2].

Using the design charts of EN 1992-1-2:2006[2], the depth of 500°C isotherm, tg, is recorded in
table 5.

Table 5: The geometrical characteristics of the reduced cross-section

Conditions ts by hg
[mm] | [mm] [mm]
R60 21.3 257.3 578.7
R90 29.9 240.2 570.1
R120 35.1 229.8 564.9

Steel temperature is determined using the charts of EN 1992-1-2:2006[2] and considering the
reinforcement determined in the section 4.1. of this paper. The charts used are presented in figure 3
and the considered temperature values for each reinforcement bar are recorded in table 6.

Where:

©- is the steel temperature;

ke — is the reduction factor for a strength or deformation property dependent on the material
temperature ©, according to EN 1992-1-2:2006([2] ;

fyasii — 1S the reduced yield stress for each reinforcement bar.

For the average reduced design yield stress it may be considered the following expression:

_ nyd,fi,i A [MPa] (20)

fyd,fi - ZAS’i

The bending strength in fire conditions:

M —A f 1d=0 SM [KN-m] (11)
Rafire = % Tsprov  Tyd 0.85-f by
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Table 6: Steel temperature, reduction factor and reduced yield stress for each reinforcement bar

Reinforcement no.

Variables 1&4 | 283 | 5&8 | 6&7
R60

Oreo 300 11142 | 437.97 280.62
Kereo [-] 1.00 1.00 | 0.9164 1.00
fyafiireo [MPa] 500 500 458.2 500
R90

Oroo 431.41 | 189.76 | 565.84 383.36
Ke.roo [-] 0.93 1.00 0.576 1.00
fyd.fiiroo [MPa] 465 500 288 500
R120

ORr120 505 290 670 480
Kerizo [-] 0.76 1.00 0.30 0.824
fyd.fii,R120

[MPa] 380 500 150 412
Table 7: Average reduced yield stress for steel and bending capacity

fyd.fi MgRd, fire | MEdfire
[MPa] [KN'm] | [kN-m]

R60 489.55 | 485.22

R90 438.25 | 440.75 119

R120 360.50 | 379.66

6. Conclusions

The following conclusions can be drown from this study:

1.

N

The nominal fire scenario is easy to use.

Tabulated data is an empirical method, which leads to unreliable results.

Performance based methods are more appropriate to capture the true behavior of a
reinforced concrete element.

Develop a model that reflects the true fire scenario and the real behavior of reinforced
concrete element exposed to fire.

The temperature rate or the fire intensity is an important element on a realistic analysis.

The real fire duration, must be considered.

The load-bearing characteristics should be evaluated.

The load variation- before, during and after fire- has to be established.

The methods of cooling (the materials that are use, such as: water, foam etc.) and the
cooling rate may affect the load variation and chemically aggress the concrete element.

. The thermal behavior analysis of the material, that takes in account the interaction between

the steel reinforcement and concrete, at high temperature in a reinforced element, must be
performed.

. The mechanical characteristics of concrete and steel reinforcement at high temperature, such

as compression and tension strength, modulus of elasticity, etc., may change.

. Concrete thermal expansion and spalling affects the reinforced concrete element behavior,

when exposed to fire.
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