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7. Rac¢unski primeri

7.1. Primer 1 : Sevalni toplotni tok pri lokaliziranem
pozaru

Profil stebra: HEB 300

Premer poZara. 4m

Ploskev 2

Ploskev 1
€ ADSO|d

Razdalja med poZarom in stebrom: 0.5m

.-~ Ploskev'4
T Hitrost sproscanja toplote na enoto povrsine: 1000 KW/m?

StoZcasta oblika plamena

Steber izven plamenov in dimne plasti

Brez stropa

Izrac¢un opravljen zaz = 1.0m



7. Rac¢unski primeri

7.1. Primer 1 : Sevalni toplotni tok pri lokaliziranem
pozaru

Ploskev 2

Ploskev 1
€ ASO|d

.~ Ploskev 4

T
Q = RHR 7 » D? = 12566371 W

Lf =—1.02D +0.0148 Q**=6.15m
Zzo = —1.02 D + 0.00524 Q°*=-0.48 m

Temperatura plamena

6/ (z) = min (900; 20 + 0.25(0.8Q(6))*"” (z — 2,) /%)

z(m)  T(C)

0 900
0.5 900
1 900
1.5 900
2 900
2.5 900
3 900
3.5 900
4 900
4.5 827.9
5 708.4
515) 614.8
6 540.0
6.5 479.3
7 429.1
7.5 387.2




7. Rac¢unski primeri

7.1. Primer 1 : Sevalni toplotni tok pri lokaliziranem
pozaru

( _(Y*—B+1 _[C—-B+1 )
Ploskev 1 cos (L2 cos™ (G _ \
A+1 _I(YZ—B+1) _15m
- coS
JA—=1)% + 4Y? VB(A-1) 1.0m
C+B+1 C-B+1
§ —Vc b cos'l( il ) i
| J(C+B—1)2+4C VB(C +B—-1) -0.0m
+Hcos™? (i)
5 L VB J
S=s/r
X =x/r Fi=FdAl_)Az(szsf,xzxf,rzri,h=|Zi—zf|)
H=h/r
A=X2+Y2+ 52 Fiv1 = Faaon,(S=spx=xp7 =13,h = |2;41 — 7|)
B =S*+X?
N C=(H=-Y)* if z; = Zg thenF = F; 1 — F;
\/ v else F = F; — Fj 4



7. Rac¢unski primeri

7.1. Primer 1 : Sevalni toplotni tok pri lokaliziranem
pozaru

Ploskev 1 Foe s =§( H?+R: +1 B H?+R7 +1 )
Valiz PP 2\J(H*+R?+1)*—4R? J(H?*+ R? +1)*— 4R?
Kolobar z, d.&l
Valj z ﬁ/
_—v_:||<o|ob::? I | A,  H=h/l=(1-05)/25=0.2
y h : R, =1,/l=2/25=0.8

z=1.0m Ry =1,/l=1.84/2.5=0.73

—> UpoStevamo samo en kolobar (z; = 0.5m)"‘ =

Zunanji radij r, = 2.0m

Notranji radij r; = (6.15-0.5)/6.15*2.0m = 1.84m D Poenostavitey [

Poenostavitev: | = 2.5m




7. Rac¢unski primeri

7.1. Primer 1 : Sevalni toplotni tok pri lokaliziranem
pozaru

=
Ploskev 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 2 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 E &y linderiz] ks 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. Rac¢unski primeri

7.1. Primer 1 : Sevalni toplotni tok pri lokaliziranem
pozaru

PlOSkeV 1 Radiative heat flux (face at 0°) [T 10 1T [ [T

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

§ Absorbirani toplotni tok

% =& * Prot

£ = 0.7*77 kW/m2
- = 53.9 KW/m?2

Distance to fire center (m)



7. Rac¢unski primeri

7.1. Primer 1 : Sevalni toplotni tok pri lokaliziranem
pozaru

Ploskev 2

Prilagojen kolobar

Tloris ycente:[\ %
..................... i

Modeliranje

Fi = FdA1—>A2(S = Ycenter — Xf)X = S5, 7 = Tadjustedrh = |Zi - ZfD

z=0

Tomin = max(—r,-, xf) =0

Fiy1 = FdA1—>A2(S = Ycenter — Xf, X = Sf, 7 = Tadjustedrh = |Zi+1 - ZfD

Tmax =7;i =2.0m

_ TmintTmax _
Ycenter — 2 - 1-0 m

— Tmax—Tmin__
Tadjusted = 2 1.0m



pozaru

Ploskev 2

7. Rac¢unski primeri
7.1. Primer 1 : Sevalni toplotni tok

pri loka

liziranem

Ring

zi Tf ri Feyiinder_zi Fring_zi FluX¢acez 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
0.5 900 1.84 0.0193 0.0060 2.71 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 bai

3 900 1.02 0.0014 0 0.15 0 0.24 0.20 m m 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
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 0.04 0.01 [} Tabs Zo |
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 kW/m?
Absorbed heat flux by face 2 6.00 kW/m?2
Modified cylinder / ring Cylinder
rmin rmax M djusted Yeenter Fi Fi+1 s S X A Hi Hi+1 |zi-2¢] | Z441-2¢

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. Rac¢unski primeri

7.1. Primer 1 : Sevalni toplotni tok pri lokaliziranem
pozaru

PlOSkeV 2 Radiative heat flux (face at 90°) [l T T T T [ [

012345678 9101112131415 (kW/m?)

§ Absorbirani toplotni tok

'g =& * Prot

£ = 0.7*8.7 kW/m2
- = 6.1 kW/m2

Distance to fire center (m)

10



Ploskev 2

Ploskev 1

.~ Ploskev 4

€ A250|d

7. Rac¢unski primeri

7.1. Primer 1 : Sevalni toplotni tok pri lokaliziranem
pozaru

Toplotni tok, ki ga absorbira vsaka ploskev (predpostavka €= 0.7)

Ploskev 1 : 53.45 kW/m?

Ploskev 2 : 6.00 kW/m?

Ploskev 3 : 0.00 kW/m?

Ploskev 4 : 6.00 kW/m?

- Povprecni toplotni tok = 16.36 kW/m?

0 =h(6—20) +@(6 +273)* - (20 + 273@— E* Piot

Oddani konvekcijski
toplotni tok

——
Oddani sevalni Absorbirani
toplotni tok toplotni tok

h=35W.m 2K "L o=567+«x10"8W.m 2K 4%

Oddani

0 toplotni tok
(°O) W/m?

20 0

30 392.03
40 788.42

50 1189.49
280 12519.26
290 13145.11
300 13786.06
310 14442.65
320 1511543
330 15804.96
340 16511.80
350 17236.55
360 17979.78
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7.1. Primer 1 : Sevalni toplotni tok pri lokaliziranem
pozaru

#5 Fire - Worked Example 1 = 2
File Tools View Help
Compartment Fire:  (7) Annex E (EN 1991-1-2) () User Defined Fire
Localised Fire: @ Localised Fire
MNumber of fires: 1 = Select fire:
Fire: Diametre Pos X Pos Y Time RHR -
[m] [m] [m] [min] [MW]
Fire 1 4 1] 0 Fairt 1 ] 1256 E
Fire 2 Pairt 2 20 12.56
Fire: 3 Paint 3
Fire 4 Paoint 4
Fire: 5 Paint &
Geometrical Data Pairt &
¥ Caiing Height: Pairt 7
eiling Height: 10 m Poirt B
Fire: Distance on fwds fc): 25 m Point 9
Height on Auwis (z): 1 m e
Poirt 11
Pairt 12
Poirt 13
Foirt 14
Poirt 1%
3 Foirt 16
Poirt 17
Foirt 18
Pairt 15
Paint 20 -
oK | [ Cancel ]




7.1. Primer 1 : Sevalni toplotni tok pri lokaliziranem

pozaru

*5 Fire - Worked Example 1

7. Rac¢unski primeri

= e G

File Tools View Help

Compartment Fire:

() Annex E (EN 1991-1-2)

(70 User Defined Fire

Localised Fire: @ Localised Fire

Number of fires: 1 =

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

Fire 1 4 1] ]

Fire 2

Fire 3

Fire: 4

Fire 5

Geometrical Data
¥ Ceiling Height: 10

Fire Distance on Awds f: 25

. Height on Auis (z): 1

Select fire:

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

Time
[min]

20

RHR -
MW

12.56 3
12.56

ok | [ Cancel |

#5 Heating - Worked Example 1

File Tools View Help

I L I nl

#5 Steel Profile - Worked Example 1

Profile Heated By
Hot Zone Temperature
(@) Localised Fire Temperaturs

Maximum Between Both

() 150 853 Fire Curve
() ASTM E119 Fire Curve
() Hydrocarbon Fire Curve

File Tools View Help
Cross Section

@ Unprotected Cross Section

Protected Cross Section

Steel Profile
Profile Type: HE

-

Profile: HE 300 B -

Exposure

(@ Exposed on Four Sides

Encasement

(@) Contour Encasement

Protection Material
(@ From Catalog
Constant Values
Temperature Dependent

Temperature Unit mass

C kg/m?

ann

() Exposed on Three Sides

Hallow Encasement

Thickness: i

Materisl Name: | Spray Mineral Fiber
Specific Heat Conductivity
JAgK W/mK
1200 0.12

OK

Cancel

13
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7.1. Primer 1 : Sevalni toplotni tok pri lokaliziranem
pozaru

5 Heat Flux - Worked Example 1 [ = _ghj

File Tools View Help |

"j Steel Temperature - Waorked Example 1 El_l-g—hj
Heat Flux
File Teols View Help
18
Steel Temperature
350
15
300
12
250
B
E %)
z v
= o 200
o 2
o
T
B £ 150
L)
l_
3 100
50
0
0 4 8 12
i i 0
Time [min] 0 10 20 30 40 50 50
Mz 16.31 kW /m? At: 0.00min Time [min]
M=:331°C At: G0min
[ Prirt ] ’ Close




7. Rac¢unski primeri

7.1. Primer 1 : Sevalni toplotni tok pri lokaliziranem

pozaru

Razporeditev temperatur (LOCAFI)
Skatla 300x300x10

Kvadrat 300x300

¢y
T

&

S &

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 + Tmm)/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
195.29C to 256°C
134.5°C to 195.2°C
73.74°C to 134.5°C

(Tmax i Tmin)/ 2=
317°C
Velike razlike po
prerezu

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

<t 9
$$, "7

(Tmax i Tmin)/ i
262°C
Model uposteva
vpliv zasencenja

15



pozaru

3 Fire - Worked Example 1b

7. Rac¢unski primeri
7.1. Primer 1 : Sevalni toplotni tok pri lokaliziranem

= ox )

File Tools

Compartment Fire:

View Help

() Annex E (EN 1991-1-2)

~ User Defined Fire

Localised Firs: i@ Localised Fire

Number of fires: 1 5

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

Fire 1 4 0 0

Fire 2

Fire 3

Fire 4

Fire &

Geometrical Data
i Ceiling Height: 10

Fire: Distance on fds ) 25

Height on Auds (z):

Select fire:

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

Time

[min]

20

* Steel Temperature - Worked Example 1b

RHR

[MwW]
12.56
12.56

-

File Tools

240

180

Temperature ["C]

G0

View Help

Steel Temperature

Maxe:237 °C

At: 60min

10

20

30

Time [min]

40

50

G0

Prirt

1

Close

16
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7.1. Primer 1 : Sevalni toplotni tok pri lokaliziranem

pozaru

¥ OZone v3.0 - Worked Example 1c [ = &J
File Tools View Help
Compartment Firs:  (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 4 0 0 Paint 1 0 12.56 E
Fire 2 Fairt 2 20 12.56
Fire 3 Paint 2 [
Fire 4 Point 4
Fire 5 Paint &
Geometrical Data Faint &
¥ Ceiing Heicht: Paint 7
eiling Height: Poirt 8
Fire Distance on fuis f: 25 Foirt 9
Point 10
Height on Auds (z): 3.5
. eight on Ads (z)) Poirt 11
Pairt 12
Point 13
Point 14
Poirt 15
2 Pairt 16
Foint 17
Point 18
Point 19
Paint 20 -
oK | [ Cancel ]

17
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7.1. Primer 1 : Sevalni toplotni tok pri lokaliziranem

pozaru

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

% Q _
Qb = Tigage.pes ~ 0-3936

z' =24*D*(Q3%° — 0;%/3)=1.535
r+H+zﬂ_0787

Lpn+H+z'

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

(k¥
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7.1. Primer 1 : Sevalni toplotni tok pri lokaliziranem
pozaru

I 5 Heat Flux - Worked Example 1c EI_I&J #5 Steel Temperature - Worked Example 1c EI_Iﬂ—hJ
File Tools View Help File Tools View Help
Heat Flux Steel Temperature
50 600
500
40
400
a0 8
T o
S 8 300
= @
z ®
== o
20 E
'_
200
10
100
0 0
0 4 2 12 16 20 0 10 20 a0 40 50
Time [min] Time [min]
Mzc:41.01kW:m?2 At:0.00min Maoc:584 °C At: 60min
Prirt ] [ Close | Print | [
—
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7.1. Primer 1 : Sevalni toplotni tok pri lokaliziranem

pozaru

Razporeditev temperatur(HASEMI)

Kvadrat 300x300 Skatla 300x300x10
: 2 , .

¢ -;-v:"‘ (4 ;—v.'\
6 ¥ o« ¥
& &
k ‘ . T
TEMPERATURE : TEMPERATURE :
589.9°C to 590°C 390.5°C to 590.5°C
589.8°C to 589.9°C 590.5°C to 590.5°C
589.7°C to 589.8°C 590.4°C to 590.5°C
589.6°C to 589.7°C — 590.4°C to 590.4°C B o
589.5°C to 589.6°C pPovp 590.4°C to 590.4°C TpOVp - 590 C
589.4°C to 589.5°C 590.4°C to 590.4°C

589.3°C to 589.4°C o 590.4°C to 590.4°C
- 589.2°C to 589.3°C 589 C - 590.4°C to 590.4°C

HEB 300

¢
TR

LN

&)

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
590.7°C to 590.7°C
590.6°C to 590.7°C
590.5°C to 590.6°C

Tovp = 591°C

20



7. Rac¢unski primeri

7.2. Primer 2 : Steber v poslovni stavbi

VIr poZara se nahaja na razdalji 0.5 m od stebra

Composite
slab

Bracing Visina stropa: 3.5 m
- PoZar: 500 kg papirja (17.5 MJ/kg) na 2.5m?
RHR, .. = 1000 kW/m?

20.4m

max

3.4x6

) YA  Fire(¢p1,8m)

\ X
Spacing: 50 cm




7. Rac¢unski primeri

7.2. Primer 2 : Steber v poslovni stavbi

Hitrost sproscéanja toplote v skladu z EN 1991-1-2 Dodatek E

- Faza razvoja: Q(t) = 108*(t/t )2

- Srednja hitrost razvoja poZara T

2 RHR =1 MW pri t, =300 sec

-RHR,__, = 2.5 m2* 1000 KW/m?2 = 2.5 MW

HRR (MW)

- Faza pojemanja po izgorelih 70% goriva

Time (min)

80

100

22



7. Rac¢unski primeri

7.2. Primer 2 : Steber v poslovni stavbi

File Tools View Help

Compartment Fire:  (7) Anmex E (EM 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 18 14 0

Fire: 2

Fire: 3

Fire 4

Fire &

Geometrical Data
Compartment Height: 135
Fire Distance on Ads f:

. Height on Auxis (z): 25

Select fine:

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

Time
[min]

L B - T+ R SR FE R N R |

(== - N - A - -]
= n
wn

RHR
W]

0.05
015
0.35
0.625
0.975
1425
1.925
25
25
25

m

Poz x:0.0m + 1.8m/2 =1.4m

y Fire (1,8 m)

OK

Cancel

f\ X
Spacing: 50 cm

23
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7.2. Primer 2 : Steber v poslovni stavbi

File Tools View Help

Compartmert Firs: ) Annex E (EN 1991-1-2) () User Defined Fire
Localised Fire: @) Localised Fire
Mumber of fires: 1 =
Fire Diametre Pos X Pos Y
[m] [m] [m]
Fire 1 18 14 0
Fire 2
Fire 3
Fire 4
Fire 5
Geometrical Data
Y

Compartment Height: 25
Fire Distance on fwds ()

. Height on fods (z): 25

Paint 2
Pairt 3
Pairt 4
Point &
Paint &
Pairt 7
Point &
Point 9
Poirt 10
Point 11
Point 12
Poirt 13
Point 15
Poirt 16
Pairt 17
Point 18
Poirt 19
Pairt 20

L B - T R R P R LN R |

[==R R N -]
&5 tn &n
wn

OK

Cancel

HRR (MW)

40 60

Time (min)

80

100
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7.2. Primer 2 : Steber v poslovni stavbi

File Teoels View Help
Cross Section

@ Unprotected Cross Section

Protected Cross Section

Steel Profile

7. Rac¢unski primeri

Profile Type: | HE-HL

Brofile: [HE 260A

Exposure

(@ Exposed on Four Sides

Encasement

(@) Contour Encasement

Protection Materal

(@) From Catalog
Congtant Values

Temperature Dependent

Temperature Unit mass
T kag./m?
ann

U

() Exposed on Three Sides

Hollow Encasement

-
Thickness: - a

Material Name: Spray Mineral Fiber

Specific Heat Conductivity
JikaK WimK
1200 D12

oK

|

Cancel
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7. Rac¢unski primeri

7.2. Primer 2 : Steber v poslovni stavbi

= =
o ¥

Toplotni tok (kW/m?)

o W%} £ [=)] oo

(=)

350
—0.5m

—1.0m
—1.5m
—2.0m
—2.5m
—3.0m
200

3.5m

-
— 150
L_"l 100

50

300

250

Cl

0
20 40 60 80 100 120 0 20 40 60

Cas (min) Cas (min)

&80

100

—05m
—10m
—1.5m

120

- Najvedji absorbirani sevalni toplotni tok v vroci dimni plasti
- Vroc¢a dimna plast (z = 3.5m) : temperatura doseze 290°C

- Izven dimne plasti (z = 0.5m in z = 1m) : ~250°C
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7. Rac¢unski primeri

7.3. Primer 3: Steber v parkirni hisi

M

60 m

W

Yy
Car3 _

Carl

L™

ca[

Car

Steber HEA 300

ViSina stropa: 3.5 m

45 m Dimenzije parkirnega mesta: 2.5 m*5 m

—> Ekvivalenten premer poZara: 4 m

y PoZarni scenarij: 3 avtomobili + 1 kombinirano vozilo
(analiza tveganja — zelo konzervativna predpostavka)

Cas viiga med dvema vzporednima avtomobiloma: 12
minut
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7. Rac¢unski primeri

7.3. Primer 3: Steber v odprti parkirni hisi

60 m

- ' 3.5m

45 m

RHR [MW]

20

18

16 -

14 -~

12

10

o 8] + o] co

Time [min]

—e—Carl
—— Car 2
—te— Car 3

—car 4
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7. Rac¢unski primeri

7.3. Primer 3: Steber v odprti parkirni hisi

File Tools View Help

Compartment Fire: ™) Annex E (EN 1991-1-2) (7 User Defined Fire

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

Compartment Height: 135
Fire Distance on Ads i&): g

Height on Axis (z): 0.5

Select fire:

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

Time
[min]

10
16
15
30
62
86

RHR
[MW]

24
24
53
83
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

1@ Exposed on Four Sides

Encasement

(@ Contour Encasement

Protection Material

(@ From Catalog
Constant Values

Temperaturs Dependent

Temperature Unit mass

T lkg/m?
300

() Exposed on Three Sides

Hollow Encasement

Thickness o

Material Name: Spray Mineral Fiber

Specific Heat Conductivity
JAaK W/mK
1200 0.12

OK

Cancel
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7. Rac¢unski primeri

7.3. Primer 3: Steber v odprti parkirni hisi

Toplotni tok (kW/m?)

100

o
o

oo
o

bt |
(=]

2]
(=]

9,
(=]

I
(=]

w
(=]

Pt
(=]

=
(=]

=]

—0.5m
—1.0m
—1.5m
—2.0m
—2.5m
——3.0m

35m

0 20 40 60 80 100 120

Cas (min)

700
600
500

—, 400

5

— 300
200

100

0

0

20

40

_ 60
Cas (min)

80

—0.5m
—1.0m
—1.5m
—20m
—2.5m
—3.0m

3.5m

100

120

- Izven dimne plasti (z=1m) : T,,, = 500 °C

- V dimni plasti (z=3.5m): T, =718 °C
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7. Rac¢unski primeri

7.4. Primer 4 : Pali¢je v industrijski stavbi

Opis konstrukcije:

Pasnice palicja: HEA 220
Diagonale: 2 L60*60*6

Razdalja med 2 jeklenima okvirjema: 10 m

Visina slemena: 14 m

13m---
11 m----

60 m
Pozar(¢ 8 m)
S §
] . Obmdcje proizodnje
W
Skladisce
1 AN ZANZAN VAN

32 m

-14 m

1.-12 m

31



7. Rac¢unski primeri

7.4. Primer 4 : Pali¢je v industrijski stavbi

60m

Pozarnl Scenarl I : et 8-_ml__}.0 Obmdg¢je proizjodnje 32m
Povrsina poZara: 50 m? (v sredis¢éu skladis¢a) skadisc
—> Enakovreden premer poZara: 8 m o

50

Hitrost razvoja poZara. Srednja
—-RHR =1 MW po t_, = 300 sec
RHR, ., = 1000 kW/m?*50m? = 50 MW »
PoZarna obteZba: 10 ton (celulozen tip) N
= Q = 17.5 MJ/kg*10000 kg = 175000 MJ o w e @ @ ww

Cas (min)

40 -

HRR (MW)
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7.4. Primer 4 : Pali¢je v industrijski stavbi

File Tools Wiew Help

Compartment Fire:

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

Localised Fire: @ Localised Fire

Mumber of fires: 1

Fire Diametre
[m]

Fire 1 8

Fire 2

Fire 3

Fire 4

Fire 5

¥

Fire:

Pos X Pos Y
[m] [m]
0 1]

Geometrical Data
Compartmert Height: 14
Distance on Axds ) 5§

Height on Axis (z): 121

7. Rac¢unski primeri

Select fire:

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

Time
[min]

= 00 & R 3

14
16
18
20

24
26
28
a0
a2

36

RHR
[

015
0.65
1.45
255

575
10.2
12.9
15.9
19.25
225
269
3.2
35.8
40.75
45

a0

a0

m

OK

|

Cancel

HRR (MW)

60

50

40

30

20

10

20

40

60
Cas (min)

80

100

120
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Temperatura (°C)

90

10

7. Rac¢unski primeri

7.4. Primer 4 : Pali¢je v industrijski stavbi

0 20

40

60

Cas (min)

80

100

120

VisSina plamena = 9.7 m

— Elementi paliCja se
nahajajo nad trdnim
plamenov

NajveCja temperatura paliCja
=178 °C
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7. Rac¢unski primeri

7.4. Primer 4 : Pali¢je v industrijski stavbi

*5 Fire - Worked Example 4

= 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
Im]

Fire: 1 3

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

Distance on fxis &) 5

Height on fuxis z): 10

Select fire:

Poirt 7

Pairt 8

Poirt 9

Point 10
Poirt 11
Point 12
Poirt 12
Poirt 14
Poirt 15
Poirt 16
Poirt 17
Point 18
Poirt 19
Point 20
Poirt 21
Point 22
Point 23
Point 24
Point 25
Point 26

Time
[min]

12

16
18
20

24
26
28
0
a2

36

100

RHR
(Mw]
5.75
10.2
129
15.9
19.25
23
269
32
35.8
4075
46
50
50

m

oK | [ Cancel

File Tools

120

100

a0

60

Temperature [*C]

40

20

View

Help

Steel Temperature

Mae:113°C

At: 65min

20

40

60

Time [min]

20

100

120

Prirt

Close

65



7. Rac¢unski primeri

7.4. Primer 4 : Pali¢je v industrijski stavbi
Ploskev 1

Radiative heat fux (face ot 0°) | T [

Vertical distance (m)

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

10

o

Distance to fire center (m)

E* Pror = 0.7%15 KW/m? = 10.5 kW/m?

Ploskev 2

Radiative heat flux (face at 90°) - | - | | | \ -

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. Rac¢unski primeri

7.4. Primer 4 : Pali¢je v industrijski stavbi

Ploskev 2

Toplotni tok, ki ga absorbira vsaka ploskev (predpostavka €= 0.7)

E 2 Ploskev 1 : 10.5 kW/m? Oddani

.~ Ploskev 4 0 toplotni tok
Ploskev 2 : 2.45 kW/m? (°C) W/ m?

Yy 20 0
Ploskev 3 : 0.00 kW/m? 30 392.03
Povrsina pozara Ploskev 4 : 2.45 kW/m2 ;18 1718889%429
= Povprecni toplotni tok = 3.85 kW/m? 28 ;ggzgi
80 2423.77
0 = h(0—20) +0e[(0+ 273)* — (20 + 273)*] — £ * ot 90 2846.62
N - [ o
e 10 371152
Oddani konvekcijski Oddani sevalni Absorbirani o SoveD—

toplotni tok toplotni tok toplotni tok 130 4604.37

) ) ) ) ) 140 5062.21
h=35W.m 2K L 0=0567+«10"8W.m 2K * 150 5528.18
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7. Rac¢unski primeri

7.5. Primer 5; Uklonska nosilnost stebra

S2

—>
1O 6m 2Q 6 m 3@ 6 m 40 6m: 50 6 m 60

7

1
Bracin g <—o<—> N ) ST TOT: (AR O /!\

system

S
A (o\!
o 9p
N N
9p)
I
N
™
- Bracing :
system -
S
= I .......... I .......... f
- S -
il
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7. Rac¢unski primeri

7.5. Primer 5;: Uklonska nosilnost stebra

Vplivi (za vsa nadstropja)
* Lastna teza G1:

v’ teZa sovprezne plos¢e  2.12 kN/m?

/ﬁ,‘&\)\
,/-"‘fv: ) ™ >,

' Composite o

v’ jekleni konstrukcijski elementi (skladno s tabelami)
* Stalna obtezba G2:

$

> <> = v’ Zakljuéni sloji, servis, predelni el.: 1.50 kN /m?
@0 & & < §
>l | P o ! o * Stalna obtezba G3:
S X
'® S | - v" ObteZba fasadni panelov: 2.00 kN/m
fi * Karakteristicne vrednosti spremenljive obteZbe in y
faktorji
4.0 kN/m? 0.7 0.6
1.7 KN/m? 0.2 0.0
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7. Rac¢unski primeri

7.5. Primer 5;: Uklonska nosilnost stebra

) Ll .
= Konstrukciiski elementi
TolEe IETe INNe IR ICO TN e :
i i i Sl Gl * Sovprezna plosca:
3 Im 3 3 3 3 3 3 3 .
T T e e T Mol Tl sl v' Skupna debelina: 12 cm

T T : v" Jeklena plo¢evina: COFRAPLUS60

v" Debelina plo¢evine: 0.75 mm

v" Kontinuirana plos¢a ¢ez dve polji

L

* Sekundarni nosilce:
Sl OO Y U U VRN UV N v Y ONUY ENORY SO SN SO ! v' IPE 360 - 5275
* Notranji primarni nosilci:
| ] : v' HEA 360 - 5275
* Stebri v pritli¢ju:
v" Robni stebri (pritli¢je): HEA 300 - S275
oL~ v" Notranji stebri (pritli¢je): HEB 300 - S275

H
H
S2-52

7m 1

40 40



7. Rac¢unski primeri

7.5. Primer 5;: Uklonska nosilnost stebra

202.4 kN e 311.8x5 kN .
. \\:3,77 1 » -
rgT. < / ' Projektna obteZba
. - w[“. - - Zapozarno stange
Projektna obtezba R —_ 202.4 kKN s
za poZarno stanje &kl A =
~ [ g‘ |\ - ') '/;/1 m

‘." \p , _,’/__ft

Obravnavani sistem

3.4m Projektna obteZba na nadstropje
od sekundarnega nosilca: 98.7 kN
Projekta obteZzba od

Primarnega nosilca: 209.2 kN
LastnateZa HEB300=1.15kN/m

Opomba : y, 1 in , 4 je potrebno uporabiti glede na nacionalni dodatek

Korak 1: Projektni vpliv v pozaru

* Projekta obteZzba v poz. proj. stanju
B g, = 2Gyj+ Woq Qi+ 2 %5, Qyy
j=21 i>2

» Lastna teZa stebra
Origr =1.15KN/m

» Celotna koncentrirana osna sila od jeklenih
nosilcev

Priar = Z (Gk,l + l//z,le,l)
=14.105x7+202.4+1.13 % 6‘

~307pkN |

sekundarni Primarni
nosilci nosilec +
steber
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7. Rac¢unski primeri

7.5. Primer 5;: Uklonska nosilnost stebra

Korak 1: Projekti vplivi v poZaru
» Celotna projektna obtezba za pozarno projektno stanje:

N 4 =(307.9+3.9)x6=1870.8 kN

» Uklonska dolZina za pozarno projektno stanje

* Vrtljivo vpet steber
L, =0.7L=0.7x3.4=2.38m

l1870.8 kN

42
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7. Rac¢unski primeri

7.5. Primer 5;: Uklonska nosilnost stebra

300

Korak 2: Klasifikacija elementa r 1

* Tlaceni element o

Zveza 4.2 v Evrokodu 3 del 1-2

200

¢ =0.85,/235/f, =0.786 |

\ §275 HEB300

Preglednica 5.2 v Evrokodu 3 del 1-2
Tlak
.

C/tw < 33¢ —> Stojina razred 1

~N

SEIGEIR =7 520

» IICC——> Razred prereza 1
c/t . O¢  —— Pasnica razred 1

~

6.2 = 7.07 )
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7. Rac¢unski primeri

7.5. Primer 5;: Uklonska nosilnost stebra

Korak 3: Projekta odpornost pri sobni temperaturi v
skladu z Evrokodom 3 del 1-2

» Projektna osna nosilnost

Nooo = AxF, /740 = 4099.7 kNm
» Brezdimenzijska vitkost A (cm?) 149.08
. Af L. 1
Mg = 4| —— = —2 =0.362 = (em) 7.58
" VYN, i, 93.9¢

cr Z
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7. Rac¢unski primeri

7.5. Primer 5;: Uklonska nosilnost stebra

Step 4: Stopnja izkoriScenosti

N ..
1, = —22L = 0.452
pl, fi,0
Korak 5: Kriti¢na temperatura

Linearna interpolacija tabelari¢nih podatkov Ago =0.362

A [0 0.0 0.2 04 06 058 10 12 14 16 18
k

Ho

040 629 603 578 544 499

042 621 595 569 535 a77

044 | w588 561 Nm s 0 ~560 °C

046 | w581 553 AMIE—=>> |0 &

048 597 573 545 506 a11

050 590 566 536 494 367

052 584 559 528 477




