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7. Worked examples



7. Worked examples

7.1. Example 1 : Radiation fluxes under localised fire

e Column section : HEB 300

@ e

4m Conic flame
Column situated outside the fire and the smoke layer
No ceiling

Calculation is made for z = 1.0m



7. Worked examples

7.1. Example 1 : Radiation fluxes under localised fire

ke 2o Flame temperature
3 R *

’- & - t:.o'DJ — mi . 5 2/3 -5/3
e 6(z) = min (900;20 + 0.25(0.8Q(8)) " (z — 20)=/3)
z (m) T (°C)
0 900
ire area
4 m 2 900
2.5 900
3 900
D=4m 3.5 900
T 4 900 e (Z)
Q = RHR x 7+ D? = 12566371 W 5 8 d
5.5 614.8 Lf
4 — 6 540.0
Ly =—-1.02D + 0.0148 Q%*=6.15m 5 | 1793 ZI
7 429.1
zy = —1.02 D + 0.00524 Q°* =-0.48 m 75 | 3872



7. Worked examples

7.1. Example 1 : Radiation fluxes under localised fire

( _ (Y*-B+1 4 oot (T BH1 )
Face 1 cosT\Ta=1 )t \crBo1
A+1 _1<Y2—B+1)
— cos
F s 5 J(A—1)% 4 4Y? VB(4—1)
4242 7 B 2Bm C+B+1 C-B+1
X 5 : —JC cos‘1< )
J(C +B—-1)7?+4C VB(C +B —1)
N +Hcos™! (—)
’ f \ VB J
; A
S=s/r
X=x/r Fi:FdA1—>A2(S:Sfrx:xfrr:rirh:|Zi_Zf|)
§ H=h/r
i h A=X24+Y2452 Fi+1=FdA1_>A2(S=Sf,x=xf,r=ri,h= |Zi+1_Zf|)
i B =52%+X?
C=(H- Y)z lf Zj = Zf then F = Fi+1 — Fi



7. Worked examples

7.1. Example 1 : Radiation fluxes under localised fire

Face 1 Fop, = H*+R3+1  H+Ri+1
- T 2\JWP+RE+ P —4R? J(HZ+RI+ )P —4R?
Cylinderz;
Ringz;
Cylinderz,
w& E H=h/l=(1-0.5)/25=0.2
b : R,=1,/1=2/25=08
Zr=1.0m R, =r/l=184/25=0.73

—> Only one ring to consider (7; = 0.5m)

External radius r, = 2.0m

Simplification

Internal radius r; = (6.15-0.5)/6.15%*2.0m = 1.84m 7] o

Simplification : | = 2.5m



7. Worked examples

7.1. Example 1 : Radiation fluxes under localised fire

Face 1

Input data Section coordinate
HRR Dfire Q Q hf Constant sf xf zf Intermediate variables
kwW/m? m w Mw m o Tabs m m m Rofic |
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 Eeylinderizi Fringtzi FluXfacet 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. Worked examples

7.1. Example 1 : Radiation fluxes under localised fire

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

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

Absorbed flux = € * @,¢
= 0.7*77 KW/m2
= 53.9 kW/m?2

Vertical distance (m)

Distance to fire center (m)



7. Worked examples

7.1. Example 1 : Radiation fluxes under localised fire

Topview Yyeeten /| %
rr;tin
Modelling
0 Fi = Faa,-a, (5 = Yeenter — Xf, X = Sf,T = Tagjustedr b = |Zi a Zfl)
7 =

_ Fiy1 = FdA1—>A2 (5 = Ycenter — Xfr X = Sf, T = 7”adjustedrh = |Zi+1 - Zf|)
Tmin = max(—r;, x;) =0
Tmax = Ti =2.0m

__ TmintTmax _
Ycenter — 2 =1.0m

__ Tmax " Tmin_
radjusted - 2 =1.0m



7. Worked examples

7.1. Example 1 : Radiation fluxes under localised fire

Ring

zi Tf ri Feylinder_2i Fring_2i FlUXface2 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 kw/m? m W MW m

aC 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

15 900 1.51 0.0103 0 1.10 0 0.33 0.30

2 900 1.35 0.0056 0 0.60 0 0.30 0.27 Section coordinate

25 900 iLiE) 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 m m

35 900 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

5.5 615 0.21 0.0000 0 0.00 0 0.07 0.04 Constant Intermediate variables
6 540 0.05 0.0000 0 0.00 ) 0.04 0.01 s | Tabs 2w ||
6.5 479 0 0 0 0 0 0.01 0.00 5.67E-08 | 273.15 -0.46 | 25
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 kW/m?
Absorbed heat flux by face 2 6.00 kW/m?
Modified cylinder / ring Cylinder
rmin rmax Ti_adjusted Viamiizr Fi Fi+1 s S X A Hi Hi+1 |z | Ziva-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

0 184 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 3.31 11.93 0.66 1.32 0.50 1.00

0 135 0.67 0.67 0.0185 0.0241 0.67 1.00 3.70 14.72 1.48 2.22 1.00 1.50

0 119 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 42.48 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 22311 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. Worked examples

7.1. Example 1 : Radiation fluxes under localised fire

Face 2 Radiative heat flux (face at 90°) - | l [ 1] -

01234567 8 9101112131415 (kW/m?)

Absorbed flux = € * @,¢
= 0.7*8.7 kW /m2
= 6.1 kW/m2

Vertical distance (m)

o | s [
£ 2 ; 6
Distance to fire center (m)

10



7. Worked examples

7.1. Example 1 : Radiation fluxes under localised fire

Heat flux absorbed by each face (assuming = 0.7)

€ 9oe4

Face 1 : 53.45 kW/m?

P 0 Emitted flux
Face 2 : 6.00 kW/m °C) W/m?2
Face 3 : 0.00 kW/m? 58 39303
Face 4 : 6.00 kW/m? ;18 1718889%429
> Mean heat flux = 16.36 kW/m? 280 12519.26
290 13145.11
0="h(0—20)+0e[(0+273)* — (20 + 273)*] — € * Qto; 300 13786.06
N —— - 310 14442 65
320 15115.43
Emitted net Emitted Absorbed flux 218 ﬁgﬁgg
convective flux radiative flux 0 VPETE
360 17979.78

h=35W.m-2K-1o0=567«10"8W.m -2 K4

11



7. Worked examples

7.1. Example 1 : Radiation fluxes under localised fire

#5 Fire - Worked Example 1 [ =)
File Tools View Help
Compartment Fire:  (7) Annex E (EN 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 4 o 0 Paint 1 0 12.56 =
Fire 2 Point 2 20 12.56
Fire 3 Point 3 M
Fire 4 Paint 4
Fire 5 Paint 5
G trical Data Point &
¥ i Point 7
eiling Height: 10 m Foint 8
Fire: Distance on Axis f): 725 m Point §
Height on Auxs (z): 1 L] Rl
Point 11
Point 12
Point 13
Point 14
Point 15
= Point 16
Point 17
Point 18
Point 15
Point 20 -
[ ok ][ Canesl |




7. Worked examples

7.1. Example 1 : Radiation fluxes under localised fire

- s ing -
*5 Fire - Worked Example 1 =] | B e e
File Tools View Help
File Tools View Help Profile Heated By
) B B ) Hot Zone Temperature (2150 853 Firs Curve
Compartment Fire: () Anmex E (EN 1991-1-2) (0 User Defined Fire N ) ASTM ENS Fre Curve
Localised Fire: @ Localised Fire Mzimum Between Both () Hydrocarbon Fire Curve
Number of fires: 1 = Select fire:
Fire Diametre Pos X Pos Y Time RHR -
[m] [m] [m] [min] [Mw] ™ T
Fire 1 4 ] 0 Pairt 1 ] 12.56 E 5 Steel Profile - Worked Example 1 (=] ]
Fire 2 Pairt 2 20 12.56 File Tools View Help
Fire 3 Poirt 3 B Cross Section Stee! Profile
Fire 4 Poirt 4 @ Unprotected Cross Section Profile Type HE -
Fire 5 Poirt 5 Protected Cross Section Erofie
Geometrical Deta Pairtt 6
. Point 7 Sz
Eenglad 10 m Faint 8 @) Exposed on Four Sides () Exposed on Three Sides
Fire: Distance on Auds () 725 m Poirt §
: Encasement
Height on Auds (z): 1 m Po?nt w
Pairt 11 @) Cortour Encasemert Hollow Encasement
Pairt 12
Poirt 13 Protection Material
Point 14 @ From Catalog
Paint 15 Constant Values Thickness: e
— = Poirt 16 Temperature Dependert Material Name: | Spray Mineral Fiber
Pairt 17 Temperature Unit mass Specffic Heat Conductivity
Poirt 18 L= kg/m? JhgK W/mK
Poirt 19 300 1200 0.12
Poirt 20 -
ok | [ Canesl |




7. Worked examples

7.1. Example 1 : Radiation fluxes under localised fire
"% Heat Flux - Worked Example 1 ESRESE )

File Tools View Help |
- —
#5 Steel Temperature - Worked Example 1 l 5
Heat Flux - - P
File Tools View Help
18
Steel Temperature
350
15
300
12
250
T
g ° =
= o 200
=
°
@«
& g 150
©
'_
5 100
50
0
0 4 8
Time [min] 0
0 10 20 30 40 50 60
Ma:16.31KW/m* At: 0.00min Time [min]
Mane:331°C At: 60min
[ Print | [ Close




7. Worked examples

7.1. Example 1 : Radiation fluxes under localised fire

Distribution of temperature at equilibrium (LOCAFI)
Tube 300x300x10

Square 300x300

¢y

G}ﬁ .
&
5 &
[ o

TEMPERATURE :
350.1°C to 364.7°C

335.5°C to 350.1°C

320.9°C to 335.5°C
306.2°C to 320.9°C (Tmax + Tmin)/ 2
= 306°C

291.6°C to 306.2°C
277°C to 291.6°C

262.4°C to 277°C
247.8°C to 262.4°C

TEMPERATURE :

499°C to 559.7°C
438.2°C to 499°C
377.5°C to 438.2°C
316.7°C to 377.5°C
256°C to 316.7°C
195.2°C to 256°C
134.5°C to 195.2°C
73.74°C to 134.5°C

B, ~
i
#

(Trnax * Trmin) /2=

317°C

Large variation
across section

max

HEB 300

TEMPERATURE :

341.3°C to 367.4°C
315.2°C to 341.3°C
289.2°C to 315.2°C
263.1°C to 289.2°C
237°C to 263.1°C

210.9°C to 237°C

184.8°C to 210.9°C
158.8°C to 184.8°C

(Tmax + Tmin)/ 2=
262°C

Model accounts

for shadow
factors

15



7. Worked examples

7.1. Example 1 : Radiation fluxes under localised fire

#5 Fire - Worked Example 1b = et S

EEr T 1 *5 Steel Temperature - Worked Example 1b l = i S
Compartment Fire: () Annex E (EN 1991-1-2) () User Defined Fire File Toals View Help
Localised Fire: @ Localised Fire Steel Temperature
Mumber of fires Select fire 1 - 040
Fire Diametre Pos X Pos Y Time RHR
[m] [m] [m] [min] [Mw]
Fire 1 4 0 ] Point 1 0 12.56
Fire 2 Poirt 2 20 12.56 180
Fire 3 Poirt 3
Fire 4 Poirt 4
Fire 5 Pairt 5 ®)
Geometrical Data Poirt & ©
Poirt 7 =]
¥ il ight: w® 120
Ceiling Height: 10 m Foirt 8 g
Fire Distance on Ads f<: 25 m Pairt 3 g'
Poirt 10 °
Height on As (z): m =
. eight on Awis (z) T
Point 12 60
Poirt 13
Point 14
Point 15
— = Point 16
Point 17 0
Point 18 i} 10 20 30 40 50 60
Point 19 ] .
Poirt 20 Time [min]
Max:237°C At: 60min
OK : :
[ ok F Rt | [ cose

16



7. Worked examples

7.1. Example 1 : Radiation fluxes under localised fire

5 OZone v3.0 - Worked Example 1c EI_I_g—hJ

File Tools View Help
Compartment Fire:  (©) Annex E (EN 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 4 ] 0 Point 1 0 1256 =
Fire 2 Poirt 2 20 1256
Fire 3 Point 3 _
Fire 4 Poirt 4
Fire 5 Pairt 5
Geometrical Data Poirt §
Poirt 7
¥ " -
Ceiling Height: m Point 8
Fire Distance on Adis f: 25 m Point 5
Point 10
Height on Ads (z): 3.5 m
. ight on s () Paint 11
Point 12
Poirt 13
Poirt 14
Poirt 15
— = Poirt 16
Poirt 17
Poirt 18
Poirt 19
Poirt 20 -
ok | [ Caned ]




7. Worked examples

7.1. Example 1 : Radiation fluxes under localised fire

S

HASEMI (EN 1991-1-2 - Annex C) e
Heat Flux

Q; = © ___ -03536

1.11%106%D?2-5

z' =24D*(Qp%° — Q3*/*) =1.535

T+H+Z’=O.787

Lp+H+2z'

[kVime]

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




7. Worked examples

7.1. Example 1 : Radiation fluxes under localised fire

1 5 Heat Flux - Worked Example 1c = LX)
File Tools View Help
Heat Flux
50
40
30
B
£
=
=,
20
10
]
0 12 16 20
Time [min]
Mapc:41.01kW/m?* At: 0.00min
Print ] [ Close
= S

#5 Steel Temperature - Worked Example 1c EI_‘H;_“J
File Tools View Help

Steel Temperature
600

500

400

300

Temperature [*C]

200

100

0

0 10 20 30 40 50 60
Time [min]

Mze:584 °C At: 60min

19



7. Worked examples

7.1. Example 1 : Radiation fluxes under localised fire

Distribution of temperature at equilibrium (HASEMI)

Square 300x300
4 N

A 4

TEMPERATURE :
589.9°C to 590°C

589.8°C to 589.9°C

589.7°C to 589.8°C

589.6°C to 589.7°C T
589.5°C to 589.6°C aver

= 589°C

589.4°C to 589.5°C

589.3°C to 589.4°C
589.2°C to 589.3°C

Tube 300x300x10

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

aver
590.4°C to 590.4°C

590.4°C to 590.4°C
590.4°C to 590.4°C

= 590°C

HEB 300

¢ y
[P
e

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

0 (]
590.7°C to 590.8°C Taver

590.7°C to 590.7°C

590.6°C to 590.7°C
590.5°C to 590.6°C

=591°C

20



7. Worked examples

7.2. Example 2 : Column of an office building

. Fire source situated at a distance of 0.5 m from the column

Composite
slab

Bracing Ceiling level : 3.5 m

system

- Fire source : 500 kg of paper (17.5 MJ/kg) on a 2.5m? area
RHR,, . = 1000 kW/m?

v

’7

AVA

XX

XX

20.4m

AKX
3.4x6

) YA  Fire($1,8m)

X
Spacing: 50 cm




7. Worked examples

7.2. Example 2 : Column of an office building

Development of the fire according to EN 1991-1-2 Annex E

- Growing phase : Q(t) = 105%(t/t )’ 03

- Speed of development : Medium 03 +—

= RHR = 1 MW after t,= 300 sec

HRR (MW)

-RHR,, ,. =2.5m2 * 1000kW/m? = 2.5 MW

- Decay phase starts after 70% of the fuel

Time (min)

80

100

22



7. Worked examples

7.2. Example 2 : Column of an office building

File Teools View Help

Compartment Fire: (7 Annex E (EM 1991-1-2) () User Defined Fire
Localised Fire: @ Localised Fire

.

Number of fires: 1 0

Fire Diametre Pos X Pos Y
[m] [m] [m]

Fire 1 18 14 ]

Fire 2

Fire 3

Fire 4

Fire 5

Geometrical Data

Compartment Height: 35
Fire Distance on Ads .

. Height on fwds (z): 25

Select fire:

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

Time
[min]

e - R R R LR N )

[==]

455
20

RHR
[Mw]

0.05
0.15
0.35
0.625
0.975
1.425
1.925
25
25
25

m

Pos x: 0.5m + 1.8m/2 =1.4m

0K

Cancel

=

~ Fire ($ 1,8 m)

N~ X
Spacing: 50 cm

23



7. Worked examples

7.2. Example 2 : Column of an office building

File Tools View

Compartment Fire:

Help

() Anmex E (EN 1991-1-2) (D) User Defined Fire

Localised Fire: @) Localised Fire
Number of fires: 1 3
Fire Diametre Pos X Pos
[m] [m] [m]
Fire 1 18 14 0
Fire 2
Fire 3
Fire 4
Fire 5
Geometrical Data
¥

Compatment Height: 35
Fire Distance on Ads <

. Height on fds (z): 25

Poirt 1
Point 2
Paint 3
Puoint 4

Point 5
Point &
Paint 7
Point &
Point 9
Point 10
Paint 11
Point 12
Poirt 13

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

gm-—.ld‘:m-h-wru—ﬂls

| 4
=i
wn

QK

Cancel

HRR (MW)

0.3
0.3
0.2
0.2
0.1
0.1
0.0

T I

40 60

Time (min)

80

100

24



7.2. Example 2 : Column of an office building

File Tools View Help
Cross Section

@ Unprotected Cross Section
Protected Cross Section

Steel Profile

Profile Typs:  [HE-HL

Profie: [HE 2804 -
Exposure
@ Exposed on Four Sides () Exposed on Three Sides
Encasement
(@ Contour Encasemert Hollow Encasement
Protection Material
@ From Catalog
Constant Values Thickness: 0 a
Temperature Dependent Material Name: | Spray Mineral Fiber
Temperature Unit mass Specific Heat Conductivity
€ ka/m? Jkgk W./mK
300 1200 0.12
OK

7. Worked examples

|

Cancel

25



7. Worked examples

7.2. Example 2 : Column of an office building

16

14

= =
o N

Flux [kW/m?]
00

o N £ ()]

350
—0.5m

~—1.0m
1.5m

300

—2.0m
—2.5m
30m
35m

0 20 40 60 80 100 120 0 20 40 60 80 100 120
Time [min] Time [min]

- Maximum absorbed radiative heat flux in the hot smoke layer
- Hot smoke layer (z = 3.5m) : temperature reaches 290°C
- Outside smoke layer (z = 0.5bm and z = 1m) : ~250°C

26



7. Worked examples

7.3. Example 3 : Column of a car park

< oo > HEA 300 column
y L N
La, 3 ﬁ Carld Ceiling level : 3.5 m
] 1 ssm Dimensions of the parking slot : 2.5m™*5m
Car1 jCarR
—> Equivalent diameter of the fire : 4 m
- v Fire scenario : 3 cars + 1 van (risk analysis — highly

severe assumption)

Ignition time between two consecutive cars : 12 minutes

27



7.3. Example 3 : Column of a car park

60 m

45 m

7. Worked examples

RHR [MW]
=
(ve]

" \ Very severe scenario !

1
ol S
L N R Y

N
| —
e
)
N
X-‘




7. Worked examples

7.3. Example 3 : Column of a car park

File Tools View Help

Compartment Fire: () Annex E (EN 1991-1-2) () User Defined Fire
Localized Fire: (@ Localised Fire
Number of fires: 4 : Select fire: y! -
File Tools View Help
Fire: Diametre Pos X Pos Y Time: RHR - T S
[m] [m] [m] [min] Mw] | | ® Unprotected Crass Section Profie Type: | HE-HL =
Fire 1 4 -1.25 25 Point 1 0 0 = Protected Cross Section Erofile
Fire 2 4 125 25 Poirt 2 1 24 | ‘
Fire 3 4 125 25 Pairt 3 10 24 Eeee 7
Fire 4 4 125 35 Paint 4 15 55 @ Bxposed on Four Sides () Bxposed on Three Sides
Fire 5 Point 5 7 83 et
; Point & 19 45
Geometrical Data POfI'It 7 0 1 (@ Contour Encasement Hollow Encasement
¥ o o
Compartment Height: 35 m Poirt 8 62 0 Protection Materizl
Fire Distance on fds f: g m Poirt 9 as o @ From Catalog
Point 10 Constant Values Thickness B mm
5 S m
. bt o= L Foint 11 Tempaaties Dintrcksd Material Name: | Spray Mineral Fiber
Paint 12 Temperature Unit mass Spectic Heat Conductivity
Point 13 (B ka/m? Jkgk Wi/mK
300 1200 0.12
Point 14
Paint 15
- Point 16
Point 17
Paint 18
Paint 19
Paint 20 -

[ ok ][ Ccancel
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7. Worked examples

7.3. Example 3 : Column of a car park

Flux [kW/m?]

100 800
—0.5m
90 I [yt 700
80 \ A —1.5m
: —20m 600
70 ‘ —25m _
60 | (—3.0m % 500
‘ 35m =
50 . | 400
¥
40 £
& 300
30
200
20
10 100
0 ; : 0
0 20 40 60 80 100 120 0 20 40 60 80 100 120
Time [min] Time [min]

- Outside hot smoke layer (z=1m) : t,,, = 500°C
- In hot smoke layer (z=35m):t ., = 718°C



7. Worked examples

7.4. Example 4 : Truss of an industrial building

Description of the structure :

Truss flanges section : HEA 220
Truss diagonals section : 2 L60*60%6

60 m

Fire(d 8 n_lL

>.{
4

Storage
area

Production z

rea

Distance between 2 steel frames : 10 m

Apex height : 14 m

13m-.-

= N~

ime==

32 m

Bilt



7. Worked examples

7.4. Example 4 : Truss of an industrial buildin

Fire scenario :

Fire area : 50 m? (center of storage area)
= Equivalent diameter : 8 m

Speed of development : Medium

= RHR =1 MW after t,= 300 sec

RHR,,,. = 1000 kW/m?*50m? = 50 MW
Fire Load : 10 To (cellulosic)
2>0=17.5MJ/kg*10000 kg = 175000 MJ

Fire(d 8 m)

60 m

—_—

@

Storage
area

Production 4

rea

32m

\

\

20

40

60
Time [min]

80

100

120

B2



7. Worked examples

7.4. Example 4 : Truss of an industrial building

File Tools View Help

Compartment Fire: ) Annex E (EN 1991-1-2) () User Defined Fire
Localised Fire: @ Localised Fire
Mumber of fires: 1 : Select fire:
Fire Diametre Pos X Pos Y Time RHR -
[m] [m] [m] [min] [ 60
Fire: 1 3 ] 1] Point 1 ] 0 =
Fire: 2 Point 2 2 0.15
Fire 3 Point 3 4 065 | 50
Fire: 4 Point 4 6 145
Fire 5 Point & 8 255 40
Geometrical Data Poirt & 10 4 E
¢ Comnatment Hoicht Point 7 12 5.75 =
RIS 14 ™ Pant8 14 78 =30
Fire Distance on Ads (): 5 m Poirt 9 16 102 %
: (2 =
Height on fds (z): 121 m H 18 1 20
Paint 11 20 1559
Point 12 2 19.25
Poirt 13 2 228 10
Point 14 26 2659
Point 15 2 312 0 ‘ : : : :
Paint 16 30 358
x 0 20 40 60 80 100 120
Paint 17 32 4075
Point 18 4 4 Time [min]
Paoint 19 36 50
Point 20 B4 50 -

[ ok || Ccancsl




Temperature (°C)

7. Worked examples

7.4. Example 4 : Truss of an industrial building

20

80

70

60

50 +

20

40

60
Time (min)

80

100

120

Flame height = 9.7m

— Truss members are
situated above the solid flame

Max. temperature of trusses =
210°C

34



7.4. Example 4 : Truss of an industrial

*5 Fire - Worked Example 4

7. Worked examples

buildin

ol -

File Tools View Help

Compartment Fire () Annex E (EN 1991-1-2) () User Defined Fire
Localised Fire @ Localised Fire
Number of fires 1
Fire Diametre Pos X Pos Y
[m] [m] [m]
Fire 1 2 1] 0
Fire 2
Firz 3
Firz 4
Fire 5
Gi trical Data
Ceiling Height: 14
Fire Distance on fds {x) 5
. Height on Ads (z): 10

Select fire:

Fairt 7

Poirt 8

Poirt §

Point 10
Foirt 11
Point 12
Point 13
Pairt 14
Pairt 15
Point 16
Point 17
Point 18
Point 13
Point 20
Poirt 21
Pairt 22
Pairt 23
Point 24
Pairt 25
Point 26

Time:
[min]
12

BREE2 &R

28

TERESs

RHR.
[Mw]
575
78
10.2
129
159
1525
229
269
3.2

40.75

S 8as

m

OK

] [ Cancal

*5 Steel Temperature -

100

Temperature [*C)

Worked Example 4

Steel Temperature

ol au

Time [min]

100 120

X

Print Close

65



7. Worked examples

7.4. Example 4 : Truss of an industrial building
Face 1 Face 2

Radiative heat flux (face at 0°) ] I Radiative heat flux (face at 90°)
15 0 10 20 30 40 50 60 70 80 90 100(kW/m?) 12 012345678 9101112131415(kW/m?)

10 10

Vertical distance (m)
o

Vertical distance (m)
o

. 6 10 12 s 4
Distance to fire center (m) Distance to fire center (m)

€% Qror = 0.7%¥15 kW/m? = 10.5 KW/m? €% Qror = 0.7%¥3.5 KW/m? = 2.45 kW /m?

10 12



7. Worked examples

7.4. Example 4 : Truss of an industrial building

Heat flux received by each face (assuming &= (.7)

Face 1 : 10.5 kW/m?
Face 2 : 2.45 kW/m?
Face 3 : 0.00 kW/m?
Face 4 : 2.45 kW/m?
-2 Mean heat flux = 3.85 kW/m?

0 = h(6—20) +$[(G +273)* — (20 + 273)4/]— E * Qtot

€ 9oe4

—
Emitted Emitted Absorbed flux
convective flux radiative flux

h=35W.m-2K-1o0=567«10"8W.m- 2K 4

0 Emitted flux
(°O) W /m?
20 0
30 392.03
40 788.42
50 1189.49
60 1595.53
70 2006.84
80 2423.77
90 2846.62
100 3275.76
110 3711.52
120 4154.27
130 4604.37
140 5062.21
150 5528.18

87



7. Worked examples

7.5. Example 5 : Buckling resistance of a column

S2
ﬁ

1O 6m ZO 6 m 30 6m 40 6m; > 6 m 60

1
3m 3m 3m 3m (3m 3m (3m | 3m m _|3m
1 ) ’rac“’(g I~ )

Bracing

X

system ) — Ay
S . | | |
:“ = gp
> £
"" q- cg N
Sk S ©f -
> L] 2
g
S L s
™
©) i
_ Bracing '
system s
S2
I I I - I I 1
Sill
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7. Worked examples

7.5. Example 5 : Buckling resistance of a column

Actions (for all floor levels)

* Self weight G1:

‘ | | v' composite slab unit weight: 212 kN/m?
I:“ 2;1?;3 v’ steel structural members: according to
|>“ - their sizes
|"< e ¢ DPermanent load G2:
' & i v’ finishing, services, partitions: ~ 1.50 kN/m?
e R ; P
<] i * Permanent load G3:

SN 3 v' Facade cladding load: ~ 2.00 kN/m

® s Characteristic values of variable loads and v factors

4.0 kN/m? 0.7 0.6

1.7 KN/m? 0.2 0.0

39



7. Worked examples

7.5. Example 5 : Buckling resistance of a column

= Structural members
'Qom 29 om QD om *Q om E P om P * Composite slab:
R e e v' Total thickness: 12 cm
7T T = e T ! v’ Steel deck: COFRAPLUS60
T E v" Thickness of steel deck: 0.75 mm
E‘ Q . v' Continuous slab over 2 spans
(D ) 3 @ I I E I 1 i‘ * Common secondary beams:
siel Ll L L L - AFl-1 N StE T v IPE360 - 5275
£ : * Internal main beams:
oty i | | I | 1 : v' HEA360 - S275
N * Columns for ground level:
. S v' Edge columns (ground level): HEA300 - S275
% v' Central columns (ground level): HEB300 - S275

40 40



7. Worked examples

7.5. Example 5 : Buckling resistance of a column

Step 1: Design mechanical action in fire

* Design load in fire situation

0 311.8x5 kN

24kN| ,.

3m 0 )
\%ﬂﬁl / Design load in Egge= . EGkJ T Qa t 52‘1’2,1 Qui
Design load in T 1202.4 kN fire situatio 121 -
fire situation 2l2 e > Self weight of the column
/é,mf,’k“‘ =1 -
 gzih Gpg, =115kN /m

) » Total concentrated axial load from steel beams
Studied system

Design load per level Pﬁ,d,t = Z (ijl -+ l//z,le,1 )
from secondary beam: 98.7 kN

: =14.105x7+202.4+1.13x6
Design load per level \ J . J

from main beam: 209.2 kN ~ 307 b kN "

Self weight of HEB300 = 1.15
kN/m

34m

secondary main beam
beam + columns

Note : Depending on the country, y; ; or v, ; should be used. n



7. Worked examples

7.5. Example 5 : Buckling resistance of a column

Step 1: Design mechanical action in fire

> Total design loading conditions in fire situation

N, ,.=(3079+3.9)x6=18708 kN

fid,t

» Buckling length in fire situation

* pinned column base

L,=0.7L=07x3.4=238m

l1870.8 kN

42
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7. Worked examples

7.5. Example 5 : Buckling resistance of a column

Step 2: Classify member r

* Bending member | D |
Relation 4.2 of Eurocode 3 part 1-2 2 A

¢ =0.85,/235/f, = 0.786 | e 3

\_, $275 HEB300
Table 5.2 of Eurocode 3 part 1-1
Compression
C/tw < 33g —> Webclass 1
o .o N |
=189 =259 , in : Section
class 1
C/tf < 9¢ —>  Flange class 1
62 =707 )

43
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7. Worked examples

7.5. Example 5 : Buckling resistance of a column

Step 3: Design resistance at instant 0 (ambient
temperature)

Design resistance at instant 0 (ambient temperature) according to
Eurocode 3 part 1-2

» Plastic axial resistance

Npl,fi,O = A X fy /YM,fi = 40997 kNm A (cm?) 149.08
» Non-dimensional slenderness I, (cm) 7.58
_ Af .
Ro = v =k 1 _ g 360
’ N I, 93.9¢

cr z

44



7. Worked examples

7.5. Example 5 : Buckling resistance of a column

Step 4: Degree of utilisation for tabulated data

N
fy =—F4-=0.452
pl.fi,0
Step 5: Critical temperature

linear interpolation of tabulated data Az, =0.362

A [0 0.0 0.2 04 06 08 10 12 14 16 18 20
)

Ho

040 629 603 578 544 499

042 621 595 569 535 a77

044 | o, 588 561 SNm s 0 ~560 °C

046 | o’_ 581 553 M/ > |0, =

048 597 573 545 506 11

050 590 566 536 494 367

052 584 559 528 477



