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7. Exemplos de aplicacao



7. Exemplos

7.1. Exemplo 1: Fluxos de radiacao sob incéndio localizado

Seccao da coluna: HEB 300

o Diametro da fonte de incéndio: 4m

Face 2

” Distancia entre o fogo e a coluna: 0.5m
Taxa de libertacéo de calor: 1000 kW.m-

~_Face 4

Chama coénica

Coluna localizada no exterior do fogo e da camada de fumo

> incéndio
Sem teto

Calculo realizado para z = 1.0m



7. Exemplos

7.1. Exemplo 1: Fluxos de radiacao sob incéndio localizado

Face 2
0.5m had 3
g s Temperatura da chama
<> 9 @ .
W Jw
Face 4 _ . 2B -5/3
0:(z) = min (900;20 + 0.25(0.80())” " (z — z,)
, - f
I =y R
0 900
) 0.5 900
Area de 115 388
> incéndio 2| o
4m 25 900
3 900
D=4m 35 900
T 4 900 e (Z)
Q = RHR » 7+ D* = 12566371 W 5 8279 d
55 614.8 Lf
4 6 540.0
Ly = —1.02 D + 0.0148 Q°* = 6.15m £ 50 ZI
7 429.1

Zy = —1.02D + 0.00524 Q%* =-048 m 75 | 3872



7. Exemplos

7.1. Exemplo 1: Fluxos de radiacao sob incéndio localizado

Face 1

S

FdA1—>A2 = B

S

2Bm

( _1<Y2—B+1>+ _1<C—B+1> \
cos cos \
C+B-1 -

A-1
A+1 Y2—B+1 _1.5m
cos™1
V(A —1)% 4 4y? VB(A—1) 1.0m
C+B+1 _1< C—B+1 ) 0.5m
coSs
J(C +B—-1)32%+4C VB(C+B—1) -0.0m

+Hcos™? <i>
L VB

S=s/r
X=x/r
H=nh/r
A=X*4+Y?+5?
B = S§? + X?
C=(H-Y)?

J

F; = Fan,oa,(s = sp.x = xp, 7 =13, h = |2 — 7 )

Fisr = Faasoa,(s = sp,x = xp,7 =13, h = |24 — 7f|)

sez; = zZrentao F = Fi 1 — F;

SendaoF =F; — F; ;4



7. Exemplos

7.1. Exemplo 1: Fluxos de radiacao sob incéndio localizado

Face 1 . =ﬂ< H? + RZ + 1 3 H? + R? + 1 )
Cilindro z T 2\ J(HE+RE+ D2 —4RZ  J(H®+ R2+ 1)2— 4R?
Cilinﬁrnoelzlzi @r’dﬂl

Anel z; T Ay H=h/l=(1-05)/2.5=0.2
Cilindro z, h | . R, =r1,/1=2/25=0.8
z.=1.0m L~ Ry =r11/l=184/25 =073

—> Apenas um anel a considerar (z; = 0.5m) " 2 1
Railo externo r, = 2.0m
Simplificacao

Raio interno r, = (6.15-0.5)/6.15*2.0m = 1.84m D =) 1

Simplificacao: | = 2.5m




7. Exemplos

7.1. Exemplo 1: Fluxos de radiacao sob incéndio localizado

1
Face 1
Input data Section coordinate
HRR Dfire Q Q hf Constant sf xf zf Intermediate variables
kW/m? m w MW m o Tabs m m m 7o I
1000 4 12566370.6 12.57 6.15 5.67E-08 273.15 2.5 0 1 -0.46 2.5
Cylinder Ring

zi Tf ri Pt o Fring_zi FluXsace1 Fi Fi+1 S X A Hi Hi+1 | zi-zf | | zi+1-zf | H Ri Ri+1
m °C m - - kW/m? - - - - - - - m m - - -

0 900 2.00 0.0726 0 7.79 0.3705 0.2979 1.25 0 1.56 0.50 0.25 1.00 0.50 0 0.00 0.00
0.5 900 1.84 0.2374 0.0555 31.45 0.2374 0.0000 1.36 0 1.85 0.27 0.00 0.50 0.00 0.20 0.80 0.73
1 900 1.67 0.1893 0 20.33 0.0000 0.1893 1.49 0 2.23 0.00 0.30 0.00 0.50 0 0.73 0.67
1.5 900 1.51 0.0823 0 8.84 0.1514 0.2337 1.65 0 2.73 0.33 0.66 0.50 1.00 0 0.67 0.60
2 900 1.35 0.0361 0 3.88 0.1953 0.2315 1.85 0 3.43 0.74 1.11 1.00 1.50 0 0.60 0.54
2.5 900 1.19 0.0177 0 1.91 0.1958 0.2136 2.11 0 4.43 1.26 1.68 1.50 2.00 0 0.54 0.47
3 900 1.02 0.0095 0 1.02 0.1797 0.1893 2.44 0 5.95 1.95 2.44 2.00 2.50 0 0.47 0.41
3.5 900 0.86 0.0054 0 0.58 0.1564 0.1618 2.90 0 8.41 2.90 3.48 2.50 3.00 0 0.41 0.34
4 900 0.70 0.0031 0 0.34 0.1296 0.1328 3.57 0 12.77 4.29 5.00 3.00 3.50 0 0.34 0.28
4.5 828 0.54 0.0018 0 0.15 0.1009 0.1027 4.66 0 21.68 6.52 7.45 3.50 4.00 0 0.28 0.21
5 708 0.37 0.0010 0 0.05 0.0711 0.0720 6.68 0 44.58 10.68 12.02 4.00 4.50 0 0.21 0.15
5.5 615 0.21 0.0004 0 0.02 0.0405 0.0409 11.80 0 139.24 21.24 23.60 4.50 5.00 0 0.15 0.08
6 540 0.05 0.0001 0 0.00 0.0095 0.0096 50.71 0 2571.11 101.41 111.55 5.00 5.50 0 0.08 0.02
6.5 479 0 0 0 0 0 0 0 0 0 0 0 5.50 6.00 0 0.02 0
7 429 0 0 0 0 0 0 0 0 0 0 0 6.00 6.50 0 0 0
7.5 387 0 0 0 0 0 0 0 0 0 0 0 6.50 1.00 0 0 0

Incident heat flux on face 1 76.36 kW/m?
Absorbed heat flux on face 1 53.45 kW/m?




7. Exemplos

7.1. Exemplo 1: Fluxos de radiacao sob incéndio localizado

Face 1 Radiative heat flux (face ot 0°) [N OO

0 10 20 30 40 50 60 70 80 90 100(kW/m?)

Fluxo absorvido = € * @,
= 0.7*77 KW/m?2
= 53.9 kW/m2

Vertical distance (m)

Distance to fire center (m)



7. Exemplos

7.1. Exemplo 1: Fluxos de radiacao sob incéndio localizado

Modelo

F; = FdA1—>A2 (S = Ycenter — Xf, X = Sf, T = radjusted:h = |Zi B Zfl)

z=0

Tmin = max(—r,-, xf) =0

Fiy = FdA1—>A2(S = Ycenter — X, X = Sf, T = radjustedrh = |Zi+1 - ZfD

Tmax =1Ti =2.0m

_ TmintTmax _
Ycenter — 2 =1.0m

__ Tmax~Tmin_
radjusted . 2 =1.0m



7. Exemplos

7.1. Exemplo 1: Fluxos de radiacao sob incéndio localizado

Ring

zi T ri Feyiinder_zi Fring_zi FluXs,ces H Ri Ri+1 Input data

m °C m - - kW/m? - - - HRR Dfire Q Q hf
0 900 2.00 0.0175 0 1.88 0 0.00 0.00 kwW/m? m W MW m

a C e 0.5 900 1.84 0.0193 0.0060 271 0.20 0.40 0.37 1000 4 12566370.6 12.57 6.15

1 900 1.67 0.0160 0 1.72 0 0.37 0.33

1.5 900 1.51 0.0103 0 1.10 0 0.33 0.30

2 900 135 0.0056 0 0.60 0 0.30 0.27 Section coordinate
2.5 900 1.19 0.0028 0 0.30 0 0.27 0.24 sf xf zf

3 900 1.02 0.0014 0 0.15 0 0.24 0.20 m
3.5 900 0.86 0.0006 0 0.07 0 0.20 0.17 2.5 0 1
4 900 0.70 0.0003 0 0.03 0 0.17 0.14
4.5 828 0.54 0.0001 0 0.01 0 0.14 0.11
5 708 0.37 0.0000 0 0.00 0 0.11 0.07
555 615 0.21 0.0000 0 0.00 0 0.07 0.04 Constant Intermediate variables
6 540 0.05 0.0000 0 0.00 0 0.04 0.01 [} Tabs Zyint |
6.5 479 0 0 0 0 0 0.01 0.00 5.67E-08 273.15 -0.46 2.5
7 429 0 0 0 0 0 0 0
7.5 387 0 0 0 0 0 0 0
Incident heat flux on face 2 8.57 kwW/m?
Absorbed heat flux by face 2 6.00 kW/m?2
Modified cylinder / ring Cylinder
rmin rmax Mi_adjusted Yeenter Fi Fi+l s S X A Hi Hi+1 |z | Zis1-2¢|

m m m m - - - - - - - - m m

0 2.00 1.00 1.00 0.0403 0.0229 1.00 1.00 2.50 7.25 1.00 0.50 1.00 0.50

0 1.84 0.92 0.92 0.0193 0.0000 0.92 1.00 2.72 8.40 0.54 0.00 0.50 0.00

0 1.67 0.84 0.84 0.0000 0.0160 0.84 1.00 2.99 9.91 0.00 0.60 0.00 0.50

0 151 0.76 0.76 0.0130 0.0233 0.76 1.00 331 11.93 0.66 1.32 0.50 1.00

0 1.35 0.67 0.67 0.0185 0.0241 0.67 1.00 3.70 14.72 1.48 2.22 1.00 1.50

0 1.19 0.59 0.59 0.0187 0.0215 0.59 1.00 4.21 18.74 2.53 3.37 1.50 2.00

0 1.02 0.51 0.51 0.0161 0.0174 0.51 1.00 4.88 24.81 3.90 4.88 2.00 2.50

0 0.86 0.43 0.43 0.0124 0.0130 0.43 1.00 5.80 34.64 5.80 6.96 2.50 3.00

0 0.70 0.35 0.35 0.0086 0.0089 0.35 1.00 7.15 52.09 8.58 10.01 3.00 3.50

0 0.54 0.27 0.27 0.0053 0.0054 0.27 1.00 9.31 87.70 13.04 14.90 3.50 4.00

0 0.37 0.19 0.19 0.0026 0.0027 0.19 1.00 13.35 179.33 21.37 24.04 4.00 4.50

0 0.21 0.11 0.11 0.0009 0.0009 0.11 1.00 23.60 557.97 42.43 47.20 4.50 5.00

0 0.05 0.02 0.02 0.0000 0.0000 0.02 1.00 101.41 10285.43 202.82 223.11 5.00 5.50

0 0 0 0 0 0 0 0 0 0 0 0 5.50 6.00

0 0 0 0 0 0 0 0 0 0 0 0 6.00 6.50

0 0 0 0 0 0 0 0 0 0 0 0 6.50 1.00




7. Exemplos

7.1. Exemplo 1: Fluxos de radiacao sob incéndio localizado

Face 2 Radiative heat flux (face at 90°) - | ] - | [ ] |_-

012345678 9101112131415(kW/m?)

Fluxo absorvido = € * @,
= (0.7*8.7 KW/m2
= 6.1 KW/m?2

Vertical distance (m)

Distance to fire center (m)

10



7. Exemplos

7.1. Exemplo 1: Fluxos de radiacao sob incéndio localizado

Face 2

0.5m Ba o Fluxo de calor absorvido por cada face (assumindo £=0.7)
<«> e o
& Jw Face 1 : 53.45 kW/m?
,./-/"'Fa,ée 4 ] 9 0 Fluxo emitido

N El-—— . FaCe 2 - 600 kW/m (oC) W/m2
Face 3 : 0.00 kW/m? 28 39303
) 40 788.42
LEEneio = Fluxo de calor médio = 16.36 kW/m? 230 10519.26
p n 290 13145.11
0= h(T —20) +0¢e[(T +273)* — (20 4+ 273)*] — € * Qtot 300 13786.06
Nl - —— 310 1444265
N 30 1511543
Fluxo convectivo Fluxo por Fluxo absorvido 330 15804.96
emitido radiacdo emitido 340 1651180
350 17236.55

h=35W.m 2K-1 ¢g=567+10"8W.m 2K —* 360 17979.78

11



7. Exemplos

7.1. Exemplo 1: Fluxos de radiacao sob incéndio localizado

5 Fire - Worked Example 1 = S|
File Tools View Help
Compartment Fire: () Annex E (EN 1991-1-2) () User Defined Fire
Localised Fire: @) Localised Fire
Number of fires: 1 2 Select fire:
Fire: Diametre Pas X Pos Y Time RHR -
[m] [m] [m] [min] [Mw]
Fire 1 4 1] 0 Poirt 1 ] 1256 E
Fire 2 Point 2 20 1256
Fire 3 Point 3
Fire: 4 Poirt 4
Fire 5 Point 5
Geometrical Data Point &
¥ - Point 7
eiling Height: 10 m Poit 8
Fire: Distance on Ads f): 25 m Poirt 9
Height on Auis (z): 1 m Point 10
Point 11
Poirt 12
Point 13
Poirt 14
Point 15
3 Poirt 16
Point 17
Poirt 18
Point 19
Point 20 -
ok | [ Cancel |




7. Exemplos

7.1. Exemplo 1: Fluxos de radiacao sob incéndio localizado

— - ing -
#5 Fire - Worked Example 1 = 3 IR B = S
File Tools View Help
File Tools VYiew Help Profile Heated By
. B . ) Hot Zone Temperature (2150 853 Fire Curve
Compartment Fire:  (7) Annex E (EN 1991-1-2) () User Defined Fire ® Localked Fire Temperature ) ASTM E118 Firs Curve
Localised Fire: @ Localised Fire Mendmum Between Both © Hydrocarbon Fire Curve
Number of fires: 1 S Select fire:
Fire Diametre Pos X Pos Y Time RHR -
[m] [m] [m] [min] [Mw] ™ T
Fire 1 4 0 0 Pairt 1 0 12.56 3 #5 Steel Profile - Warked Example 1 =]
Fire 2 Point 2 20 12.56 File Took View Help
Fire 3 Foirt 3 W Cross Section Steel Profile
Fire 4 Point 4 (@ Unprotected Cross Section Profile Type: HE -
Firz 5 Poirt 5 Protected Cross Section Profile:
Geometrical Data Poirt &
. Pairt 7 ST
Cefing Height: 10 m Foint & (@ Bxposed on Four Sides (7) Exposed on Three Sides
Fire Distance on Ads ). 25 m Pairt 9
Poirt 10 Encasement
Height on Auis (z): 1 m 0?
Paint 11 (@) Contour Encasement Hollow Encasement
Point 12
Pairt 12 Protection Material
Foirt 14 (@ From Catalog
Pairt 15 Constant Values Thickness: —
. Poirt 16 Temperature Dependert Material Name: | Spray Minersl Fibsr
Pairt 17 Temperature Unit mass Specific Heat Conductivity
Poirt 18 iE leg/m? gk WimK
Pairt 15 300 1200 012
Poirt 20 -
ok | [ Cancal |
ok | [ Cancel ]




7. Exemplos

7.1. Exemplo 1: Fluxos de radiacao sob incéndio localizado
| *3 Heat Flux - Worked Example 1 u_‘—J:' e “

File Tools View Help |

l #5 Steel Temperature - Worked Example 1 l = S ‘
Heat Flux ~ : B
File Tools View Help
18
Steel Temperature
350
15
300
12
250
B
E o, g
% o 200
5
©
Li4]
E g 150
@
'_
5 100
50
0
0 4 ]
Time [min] 0
0 10 20 30 40 50 &0
Max:16.37 kW /im? At: 0.00min Time [min]
M=e:331 °C At 60min
[ Print | ’ Close




7. Exemplos

7.1. Exemplo 1: Fluxos de radiacao sob incéndio localizado

Distribuicdo de temperatura em equilibrio (LOCAFI)
Quadrado 300x300 Tubular 300x300x10 HEB 300

» » é
(/‘ . 5“ /(' _ f.‘. ¢ '] N
Ve 2 o :{w,(. ’
< 9 <t 9
2 ¢ e /‘((' R
< P )

TEMPERATURE : TEMPERATURE : TEMPERATURE :

350.1°C to 364.7°C 499°C to 559.7°C 341.3°C to 367.4°C T + T . /2 =
i N o ciomme (T * Tou)/2= iz (oo T
.9°C to 335. 377.5°C to 438.2°C o o o
+ ) 289.2°C to 315.2°C
306.2°C to 320.9°C (Tmax Tmm)/z 316.7°C to 377.5°C 317°C 263.1°C to 289.2°C A2t
291.6°C to 306.2°C = 306°C 256°C to 316.7°C . _ 237°C to 263.1°C O modelo tem em
277°C to 281.6°C 195.2°C to 256°C G]_‘ande variacao 210.9°C to 237°C

- 262.4°C to 277°C 134.50C to 195.29C ~ 184.89C to 210.9°C Consideragéo Q)
247.8°C to 262.4°C nrcwimdsc  em toda a seccao e el e

15



7. Exemplos

7.1. Exemplo 1: Fluxos de radiacao sob incéndio localizado

*5 Fire - Worked Example 1b E= e S|
- - . 1 :
File  Tools View Help *5 Steel Temperature - Worked Example 1b l = e Z
Compartmert Fire:  (7) Annex E (EN 1991-1-2) () User Defined Fire File Tools View Help
Localised Fire: (@) Localised Fire Steel Temper’atu re
Number of fires Select fire 1 240
Fire: Diametre Pos X Pos Y Time RHR
[m] [m] [m] [min] [MW]
Fire 1 4 0 0 Pairt 1 ] 12.56
Fire 2 Poirt 2 20 12.56 180
Fire: 3 Paint 2
Fire 4 Poirt 4
Fire 5 Poirt 5 %)
Geometrical Data Poirt & @
Pairt 7 2
¥ & ht W 120
Ceiling Height: 10 m Point g
Fire Distance on Ads B 25 m Poirt 3 E
Pairt 10 o
Height on fds ) | 3.5 m =
. eight on fuds (Z): Port 11
Paint 12 &0
Paint 13
f ."Hi""“ Point 14
Paint 15
. 7 ) DO Mm Point 16
Paint 17 0
Poirt 18 0 10 20 30 40 50 &0
Paint 15 ) .
Poiri 20 Time [min]
Max:237 °C At: 60min
oK ; 7
[ -

16



7. Exemplos

7.1. Exemplo 1: Fluxos de radiacao sob incéndio localizado

*5 OZone v3.0 - Worked Example 1c [ = ﬁJ

File Tools WView Help [ ‘ ‘
| \ [ 1 1 )10)
Compartment Fire: (7 fnnex E (EM 1891-1-2) ) User Defined Fire
Localised Fire: @) Localised Fire ) =
g = ) )
Mumber of fires: 1 = Select fire:
Fire Diametre Pos X Pos Y Time: RHR - 7 = - 7, 1
[m] [m] [m] [min] (W] ' A o
Fire: 1 4 0 ] Foirt 1 0 12.56 2
Fire 2 Foirt 2 20 12.56
Fire 3 Point 3 bl
Fire 4 Poirt 4
Fire 5 Poirt 5
Geometrical Data Foirt &
¥ R Poirt 7
eiling Height: m Poit &
Fire: Distance on Ads () 25 m Point 9
Point 10
Height an fuds (z): 3.5 m
. e Poirt 11
Poirt 12
Poirt 13
Poirt 14
Poirt 15
2 Foirt 16
Point 17
Point 18
Poirt 19
Paint 20 -
ok | [ Cancel




7. Exemplos

7.1. Exemplo 1: Fluxos de radiacao sob incéndio localizado

= i

HASEMI (EN 1991-1-2 - Anexo C) —
Heat Flux

* Q -
Op = Tiinosspzs  0-3536

z' =24D*(Qy%° - ;%) =1535

. T+H+Z’_O.787

 Lp+H+z

03< y<1- h=136300 —121000y
— h=41073 W/m?

[KWWHm?)




7. Exemplos

7.1. Exemplo 1: Fluxos de radiacao sob incéndio localizado

. #5 Heat Flux - Worked Example 1c = 28
File Tools View Help
Heat Flux
50
40
30
[T
£
=
=,
20
10
0
0 12 16 20
Time [min]
Mac:41.01kW./m?2 At: 0.00min
Prirt ] t Close

* Steel Temperature - Worked Example 1c

= e e

File Tools View Help

600

500

400

300

Temperatura [°C]

200

100

0

Steel Temperature

0

Mae:584 °C At: 60 min

20

30

Time [min]

40

50

60

Print

19



7. Exemplos

7.1. Exemplo 1: Fluxos de radiacao sob incéndio localizado

Distribuicdo de temperatura em equilibrio (HASEMI)

Quadrado 300x300
Vv N

h 4

TEMPERATURE :
589.9°C to 590°C

580.8°C to 589.9°C
589.7°C to 589.8°C
589.6°C to 589.7°C T

— o
589.5°C to 589.6°C + média 589°C

589.4°C to 589.5°C

589.3°C to 589.4°C
589.2°C to 589.3°C

Tubular 300x300x10

(4 ;—v.“'
ek P
%,
4 {

&

N

s

TEMPERATURE :
590.5°C to 590.5°C

590.5°C to 590.5°C
590.4°C to 590.5°C
590.4°C to 590.4°C
590.4°C to 590.4°C T
590.4°C to 590.4°C

590.4°C to 590.4°C
590.4°C to 590.4°C

= 590°C

média

HEB 300

¢, *
&
5 &2

TEMPERATURE :

590.9°C to 591°C
590.9°C to 590.9°C
590.8°C to 590.9°C
590.8°C to 590.8°C
590.7°C to 590.8°C T
590.7°C to 590.7°C
590.6°C to 590.7°C
590.5°C to 590.6°C

média

=591°C

20



7. Exemplos

7.2. Exemplo 2: Coluna de um edificio de escritorios

Sistema de Origem do incéndio localizada a 0.5 m da coluna

W contraventamento
Nivel do teto: 3.5 m

Y

< >4 Fonte de incéndio: 500 kg de papel (17.5 MJ/kg) numa
& > 4 2 i
:0: %’1 < 4reade 2.5m?
L2 ] |
¢ ,;:4 215 RHRpa = 1000 KW/m?

D‘Q ;;
= _ 4 YA Fire (1,8 m)

g!)sr’wtteg:/z:thento Gl o !\ A
Spacing: 50 cm

21



7. Exemplos

7.2. Exemplo 2: Coluna de um edificio de escritorios

Desenvolvimento do incéndio de acordo com o0 Anexo E da NP EN 1991-1-2:2010

- Fase de crescimento: Q(t) = 10°*(t/t )?

- Velocidade de desenvolvimento: Média
- RHR =1 MW apos t, = 300 sec
-RHR__. = 2.5m2 * 1000kW/m2 = 2.5 MW

- A fase de arrefecimento comeca apos 70%
do combustivel ter ardido

HRR (MW)

N\

N\

N\

20

40 60
Tempo (min)

80

100

22



7. Exemplos

7.2. Exemplo 2: Coluna de um edificio de escritorios

File Tools View Help

Compartment Fire: (7 Annex E (EM 1991-1-2) () User Defined Fire
Localised Fire: (@ Localised Fire
Number of fires: 1 < Select fire:
Fire: Diametre Pos X Pos Y Time RHR -
[m] [m] [m] [min] [Mw] . —
Fire 1 18 14 0 Poirt 1 0 0 = POS X . O.5m + 1.8m/2 — 1.4m
Fire 2 Poirt 2 1 0.05
Fire 3 Poirt 3 2 0.15 T
Fire 4 Poirt 4 3 0.35
Fire 5 Poirt 5 4 0.625
Geometrical Data Paint & 5 0975
¥ - N, Poirt 7 & 1.425
empartment iegit: 3.5 ™ Point8 7 1525
Fire Distance on fds & m Poirt 9 ] 25
Height on Aws (z): 25 ] Po?rrt Ll 45 25 y
Poirt 11 455 25 Fogo q) 1 8 m)
Poirt 12 80 0 )
Poirt 13
Point 14
Point 15
- Point 16 N X
Poirt 17
Poirt 18 . 50
por 19 Espacamento: 50 cm
Point 20 —

0K || Cancel




7.2. Exemplo 2: Coluna de um edificio de escritorios

File Tools View Help

Compartment Fire:

Localised Fire:

Mumber of fires: 1 =

Fire

Fire 1
Fire 2
Fire 3
Fire 4
Fire 5

() Annex E (EN 1991-1-2) () User Defined Fire
@) Localised Fire

Y

Diametre Pos X Pos Y
[m] [m] [m]
18 14 ]

Geometrical Data

Compartment Height: 15
Fire Distance on Ads (&):

. Height on fods (z): 25

Paint 2
Pairt 3
Point 4
Point &

Pairt &
Paint 7
Point &
Pairt 3
Paint 10
Paint 11
Pairt 12
Paint 13

Pairt 15
Poirt 16
Point 17
Pairt 18
Point 19
Point 20

LS R = T L B R P R L R — |

7. Exemplos

Cancel

HRR (MW)

3.0
2.5
2.0
1.5
1.0
0.5
0.0

N\

20

40 60

Tempo (min)

80

100

24



7.2. Exemplo 2:

File Toels View Help
Cross Section

@ Unprotected Cross Section
Protected Cross Section

Steel Profile

7. Exemplos

Profile Type: | HE-HL

Brofile: [HE 260 A

Exposure

(@ Exposed on Four Sides

Encasement

(@ Contour Encasement

Protection Materal

(@ From Catalog
Congtant Values

Temperature Dependent

Temperature Unit mass
T kag/m?
ann

& L

() Exposed on Three Sides

Hollow Encasement

.-
Thickness: - b

Material Name: Spray Mineral Fiber

Coluna de um edificio de escritorios

Specific Heat Conductivity
JikaK WimK
1200 012

oK

|

Cancel
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Fluxo (kW/m?)

7. Exemplos

7.2. Exemplo 2: Coluna de um edificio de escritorios

—0.5m
—1.0m|
—1.5m

a1

—

\\

—

—2.0m|
—25m
—3.0m

3.5m

)

20

40 60
Tempo (Minutos)

N\

80

100

120

Temperatura (°C)

350

300 |

250

—05m
—1.0m
—15m|
—20m

200 -

150 |

100

50

—2.5m
—3.0m
35m

4
7

0 |

0

20

40 60
Tempo (Minutos)

- Fluxo de calor por radiacdo maximo absorvido na camada de fumo

- Camada de fumo (z = 3.5m): a temperatura atinge 290°C

- No exterior da camada de fumo (z = 0.5m and z = 1m): ~250°C

NN

80

100

120
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7. Exemplos

7.3. Exemplo 3: Coluna de um parque de estacionamento

60 m

Cé

45 m

Coluna HEA 300

Nivel do teto: 3.5 m

Dimensoes do lugar de estacionamento: 2.5m*5m
—> Diametro equivalente do incéndio: 4 m

Cenario de incéndio: 3 carros + 1 carrinha (analise de risco
— pressuposto altamente severo)

Tempo de ignicao entre dois carros consecutivos: 12 minutos
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7. Exemplos

7.3. Exemplo 3: Coluna de um parque de estacionamento

45 m

RHR [MW]

20

18

16 -

14 +

12

10

=] 8] + 0] oo

20 40 60 80 100

Tempo (minutos)

—+—Carro 1
—m—Carro 2
—a—Carro 3

—=—Carro 4
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7.3. Exemplo 3:

File Tools View Help

Compartment Fire: (%) Annex E (EN 1991-1-2)  (0) User Defined Fire

Localised Fire: (@ Localised Fire
Number of fires: 4 z
Fire Diametre Pos X Pos Y
[m] [m] [m]
Fire 1 4 -1.25 -25
Fire 2 4 1.25 25
Fire 3 4 125 25
Fire 4 4 1.25 25
Fire 5
Geometrical Data
¥

Compartment Height: 35
Fire Distance on fds &):

Height on Axis (z): 05

Coluna de um parque de estacionamento

Select fire:

Paint 1
Paint 2
Paint 3
Point 4
Paoint 5
Paint &
Paint 7
Paint 8
m Paint 9
Paint 10
Paint 11
Point 12
Point 13
Paoint 14
Paint 15
Point 16
Point 17
Point 18
Paoint 19
Paint 20

7. Exemplos

Time
[min]

10
16
19
E'H
62
86

RHR
(W]

24
24
2.9
23
45

m

OK

Cancel

File Tools View Help
Cross Section

@) Unprotected Cross Section

Protected Cross Section

Steel Profile
Profile Type HE-HL -
Profile: HE 300 A -
Exposure

@ Exposed on Four Sides

Encasement

(@) Contour Encasement

Protection Material
(@ From Catalog
Constant Values

Temperature Dependent

Temperaturs Unit mass
T leg/m®
300

() Exposed on Three Sidss

Hollow Encasement

Thickness: 0 Lo
Material Name Spray Mineral Fiber
Specific Heat Conductivity
JrkgK WimK
1200 0.12
0K

Cancel
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7. Exemplos

7.3. Exemplo 3: Coluna de um parque de estacionamento

Fluxo (kW/m?)

100
—05m 800 —0.5m
90 | - —
1.0m 200 | —1.0m
g0 —1.5m —1.5m
—2.0m 600 —2.0m
70 —25m —25m
~—~
60 - . 1 —3.0m %) 500 —3.0m
35m -~ 35
50 S 400 il
>
IS
40 T 300
o
30 | e
2 200
20 |
10 | 100 |
0 T U T T T
0 20 40 60 80 100 120 0 20 40 60 80 100 120
Tempo (Minutos) Tempo (Minutos)

- Fora da camada de fumo (z =1 m): t_,, = 500°C

- Na camada de fumo (z = 3.5 m): t_, = 718°C
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7. Exemplos

7.4. Exemplo 4: Trelica de um edificio industrial

60 m

Vv

Descricao da estrutura:

Fogo (¢ 8 m)

Seccao dos banzos da trelica: HEA 220 "y A e
Seccao das diagonais da trelica: 2 L60*60*6 Areade |

armazém .

Distancia entre dois poérticos: 10 m

Altura do cume: 14 m P o oo 14m
ﬁm’ﬂ_{/ ~17 PN FliN P Dy Pep vy P ) |
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7. Exemplos

7.4. Exemplo 4: Trelica de um edificio industrial

60 m

2 :And Fogo (¢ 8
Cenario de incéndio: 0go (¢ 8m)

Area de incéndio: 50 m? (centro da area de armazenamento) Areade

L~

‘r Area tle producid
y

32m

armazém”

—> Diametro equivalente: 8 m

\

\

\

\

Velocidade de desenvolvimento: Média 50

< RHR =1 MW apos t, = 300 sec gzz )f
RHR__ = 1000 KW/m2*50m2 = 50 MW

Carga de incéndio: 10 To (celulosa) ) l

= Q = 17.5 MJ/kg*10000 kg = 175000 MJ oo P

60 80
Tempo (min)

100

120
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7.4. Exemplo 4: Trelica de um edificio industrial

File Tools Wiew

Compartment Fire:

Localised Fire:

Mumber of fires:

Fire

Fire: 1
Fire 2
Fire 3
Fire 4
Fire &

Help

(7 Annex E (EM 1991-1-2) () User Defined Fire

@ Localised Fire

1

Diametre
[m]

Pos X Pos Y
[m] [m]
1] 1]

Geometrical Data
Compartment Height: 14
Distance on Ads () 5

Height on Axis (z): 121

Select fire:

Point 1
Point 2
Point 3
Point 4
Point 5
Point &
Point 7
Point 8
Poirt 5
Point 10
Point 11
Point 12
Poirt 13
Poirt 14
Point 15
Poirt 16
Poirt 17
Poirt 18
Point 19
Point 20

7. Exemplos

DEECMEERERRNES

RHR
[Mw]

015
0.65
1.45
255

575
78
10.2
12.9
15.9
19.25
225
269
nz
358
40.75

»

m

60

20

40 60
Tempo (min)

80

100

120

OK

Cancel
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Temperatura (°C)

7. Exemplos

7.4. Exemplo 4: Trelica de um edificio industrial

90

80

70

60

50

40

30

20

10

0

N

/

AN

//”""\\

/7

—2z=12m

N\
A\

—z=14m

\N
S

T
20

T
40

T
60

Tempo (minutos)

T
80

T
100

]
120

Altura da chama = 9.7m

— Os elementos da trelica
estao localizados acima da
chama solida

Temperatura maxima das
trelicas = 210°C
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7.4. Exemplo 4: Trelica de um edificio industria

*5 Fire - Worked Example 4

7. Exemplos

= et e

*3 Steel Temperature - Worked Example 4

Compartment Fire:

File Tools View Help

() Annex E (EN 1391-1-2)

Localised Fire: @ Localised Fire

Number of fires: 1

Fire Diametre
m]

Fire: 1 H

Fire 2

Fire 3

Fire 4

Fire 5

¥

Fire

~1 User Defined Fire

Pos X Pos Y
[m] [m]
] 0
Geometrical Data
Ceiling Height: 14

Digtance on fxis ;5

Height on Auxis z): 10

Select fire:

Pairt 7

Point &

Pairt 9

Point 10
Pairt 11
Point 12
Poirt 12
Poirt 14
Poirt 15
Poirt 16
Point 17
Poirt 18
Poirt 15
Poirt 20
Poirt 21
Point 22
Poirt 23
Poirt 24
Poirt 25
Poirt 26

Time
[min]

12

16
18
20

24
26
28
30
32

36

100

RHR
[Mw]
575
0.2
125
159
15.25
229
269
nz2
35.8
40.75
46

50

50

m

0K

|

Cancel

File Tools

120

100

20

60

Temperature [*C]

40

20

View

Help

Steel Temperature

Mac:113°C

At: 65min

20

40

G0

Time [min]

a0

100

120

Prirt

Close
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7. Exemplos

7.4. Exemplo 4: Trelica de um edificio industrial
Face 1

Radiative heat flux (face at 0°)

Vertical distance (m)

12 0 10 20 30 40 50 60 70 80 90 100(kW/m?)

10

@

Distance to fire center (m)

€% Qror = 0.7%15 kW/m? = 10.5 KW /m?

Face 2

Radiative heat o (face ot 90°) [T =TT T[N

Vertical distance (m)

0123458678 9101112131415 (kW/m?)
12

10

Distance to fire center (m)

€* Qror = 0.7%3.5 KW/m? = 2.45 kW /m?
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7. Exemplos

7.4. Exemplo 4: Trelica de um edificio industrial

Face 2 _ _
05 m — e - Fluxo de calor recebido por cada face (assumindo £= 0.7)
' ) =
<> a % D . 2
H- w Facel:10.5kWim T  Fluxo emitido
FeEas Face 2 : 2.45 kW/m? (°C) W/ m?
"EI,'./""'"' 20 0
Face 3 : 0.00 kW/m?2 30 392.03
, 40 788.42
Area de Face 4 : 2.45 kW/m? 50 1189.49
incéndio 60 1595.53
- Fluxo de calor médio = 3.85 kW/m? 70 2006.84
. . 80 2423.77
0=h(0O-20)4+0c|(0+ 273)* — (20 + 273)%*| — € 90 2846.62
( ) &K ) ( )/] Ptot 100 3275.76
N 110 3711.52
Fluxo convectivo Fluxo de Fluxo absorvido 120 4154.27
emitido radiacdo emitida 130 4604.37
140 5062.21
h=35W.m~2K~1 0=567«10"8W.m 2K 4 150 5528.18
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7. Exemplos

7.5. Exemplo 5: Resisténcia a encurvadura de uma coluna

Sistema de S2

contraventamento 1@ . . 3@ o 4@ 6mi 5@ o 6@

XY
g

;’m \|§m I \|§m ;m \|§m Im \|/$m\§m \l)o)m
< 2I< 1< 2 2I<

dy N N N
S(llstema de contrdventalr ento

< : %
>l : : o
<2 T eyEly 58
”P © @_‘:ﬁ N
| 5 St 2 - i
o Elo

|
®
<

Sistema de !

contraventamento s

Sistema de
contraventamento

S2 -S2



7. Exemplos

7.5. Exemplo 5: Resisténcia a encurvadura de uma coluna

AcoOes (para todos 0s pisos
Sistema de ¢ (p P )

), Contraventamento * DPeso proprio Gl:
’ v Peso unitério da laje mista: 2.12 kN/m?

v’ Elementos estruturais em aco: de acordo com as
suas dimensoes

Laje mista

AN

L :
Y W

| \

]

AN 3
L e
.;\:v:::.ﬁ <

Carga permanente G2:

204 m

v’ acabamentos, instalacdes, divisorias: 1.50 kN /m?

Carga permanente G3:
v' Carga de revestimento das fachadas: 2.00 kN/m

Valores caracteristicos das cargas variaveis e fatores y

3.4 mx6

Sistema de

17 4.0 kN/m? 0.7 0.6
contraventamento

1.7 kN/m? 0.2 0.0
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7. Exemplos

7.5. Exemplo 5: Resisténcia a encurvadura de uma coluna

S2 )
- Elementos estruturais

10 6 m 20 6m 30 6 m 4O 6mé > 6m 6O

1
3 3 3 3 3 3 3 ' 3 3
R e e v' Espessura total: 12 cm

3 T : v" Chapa de aco perfilada: COFRAPLUS60
v" Espessura chapa de aco perfilada: 0.75 mm

* Laje mista:

v" Laje continua sobre 2 vaos

H
H
S2-52

STA i * Vigas secundéarias comuns:
i . B N N S -4 I B (0 v IPE360 - 5275
* Vigas internas principais:
| . ; v' HEA360 - S275
* Colunas para o nivel do solo:
> v" Colunas de bordo (nivel do solo): HEA300 - S275
ol v’ Colunas centrais (nivel do solo): HEB300 - S275

L

7 m
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7. Exemplos

7.5. Exemplo 5: Resisténcia a encurvadura de uma coluna

Passo 1: Calculo da acao mecanica em incéndio

* Carga de calculo em situacdo de incéndio

02.4 kN sy 311.8x5 kN
~ In A V \
\% ‘arga decilculoem — Bgqe=  2Gijt Wo1 Qua+ 295 Q;
Carga de calculo P=T1502 4 kN situacdo de incéndio j=1 i>2
em situagao de _ . ’V‘/‘rﬁ\ ' > Peso proprio da coluna

= 05 N

. =1™

=

Origr =1.15kN /m

» Carga axial concentrada total proveniente das
Sistema de estudo: vigas de aco

Carga de calculo por piso da viga P. = G .+
secundaria: 98.7 kN [ECE Z ( k.1 l/jz’le’l)
Carga de calculo por piso da viga =14.105x7+202.4+1.12 % 6‘

principal: 209.2 kN ~307.9 kN : X
Peso proprio HEB300 = 1.15 kN/m . i

Viga Viga
Nota: dependendo do pais deve adotar-se P, 1 ou P, ;. secundéaria principal

41



7. Exemplos

7.5. Exemplo 5: Resisténcia a encurvadura de uma coluna

Passo 1: Design mechanical action in fire

» Condigdes de carga de calculo total em situacdo de incéndio

Nrigr = (307.9 + 3.9) x 6 = 1870.8 kN

l1870.8 kN

» Comprimento de encurvadura em situacao de incéndio

* base da coluna fixa

L, =0.7L =0.7x3.4=2.38 m

» Carga critica de Euler
~ m?El  3.14* X 210000 x 8.563 x 107

N, = = = 31332213 N
S 23802
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7. Exemplos

7.5. Exemplo 5: Resisténcia a encurvadura de uma coluna

300

Passo 2: Classificar o elemento I 1

* Elemento em flexao s

Relacao 4.2 do Eurocodigo 3 parte 1-2

200

—lite— 11

820.85\/235/fy =0.7/86 e
\ s $275 HEB300
Tabela 5.2 do Eurocédigo 3 parte 1-1
Compressao
C/tW < 33¢g —> Classedaalmal |
_189 25

i - Seccao de

classe 1
C/J(]c < 9¢ —> (Classe do banzo 1

N

6.2 = 7.07 J




7. Exemplos

7.5. Exemplo 5: Resisténcia a encurvadura de uma coluna

Passo 3: Resisténcia de calculo no instante 0 (temperatura ambiente)
Resisténcia de calculo no instante 0 (temperatura ambiente) de acordo com o Eurocédigo 3 parte 1-2

» Esbelteza normalizada a temperatura normal

. N A 14910 X 275
e e Iy _ — 0.362
N, N, 31332213 :
A (cm?) 149.08

> Hsbelteza a elevada temperatura

4
T =7 |98 _ 361 |29 _ 0399 wmm) 8.56
7" lkge  ,0.825

» Coeficiente de reducao
1 1

X PR — p—
f 2 0.699 +0.6992 — 0.3982
Vo + | Po° — Ao

» Resisténcia axial plastica

f, 14910 275
= 0.786 X X 1.0 X — = 3223 kN

VM. fi 1000 1.0

= 0.786

Ny fitrd = Xfidkyp



7. Exemplos

7.5. Exemplo 5: Resisténcia a encurvadura de uma coluna

Passo 4: Grau de utilizacao para dados tabelados

N ..
1, = —2L = 0.452

pl, fi,0

Passo 5: Temperatura critica

Interpolacgdo linear de dados tabelados Xﬁlo =0.362

}\‘fi 0 00 0.2 04 06 08 10 12 14 16 18 20
Ho

0.40 629 603 578 544 499

044 613 588 561 25 455 " o
0.46 604D43¥> 0., =560 °C

0.48 597 578 545 506 411

0.50 590 566 536 494 367

0.52 584 559 528 477



