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4. Analytisk metod



4. Analytisk metod

4.1. Solid flamma

Modelling av flamman

4.5
Steg 1: Flamman utgors av en disk med ekvivalent yta Dfire = T
Steg 2: HRR berédknas
Steg 3: Flamldngd L; berdknas mha bilaga C i EN 1991-1-2 Ls(t) = —1.02 Dfje +0.0148 Q (t)04

Steg 4: Branden representeras av en konisk eller cylindrisk flamma, definierad av D, och L;

Q (or HRR) Cylinder model Cone model

Constant
i é temperature
constant HRR,,, (fuel or L "
bl ----- i '\ ventilation controlled) Z I
parabolic /| |
Deq Deq

linear
time



4. Analytisk metod

4.1. Solid flamma

Modellering av flamman

Om flamman inte slir I taket (L, < H,

1ine €ller om det inte finns ndgot
tak) ceiling

Cylinder model Cone model

0 (2) Q/ef (2)
L —
L, zI f ; Z I
Deq Deq

6;(2) = min (900; 20 +0.25(0.8Q(6))*"* (z - 2)™/3)

2o = —1.02Dfjre + 0.00524 Q ()



4. Analytisk metod

4.1. Solid flamma

Modellering av flamman

Om flamman slar I taket (L > H,;;,,,)
Cylinder model Cone model 0. (r) | L,
f Cor
:
Hceiling /—i—\\
] ] 9@
Deq Deq

L,(t)= H(290()%" 1)
h(r) calculated from Hasemi

6,(r) satisfiesto h(r)=ol((6,()+273f —293*)+35(0, () —20)

6;(z) = min (900; 20 + 0.25(0.8Q())"" (z — 2)™/3)

2o = —1.02Dyy, + 0.00524 Q(t)**
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4. Analytisk metod

4.2. Geometri

Stralningsutbyte mellan flamma och yta

Stralningstdtheten fran en given stralande yta dA; mottagen av ytan dA, &r :

A cos(6;)cos(8,)dA,dA,
T2

Daa, —aa, = A2€10.

- Emissiviteten g, antas vara 1 for flamman
— 0, beror pa ytegenskaper

- Kirchoffs Lag : (a) = (¢)

Infalland Reflekterad Sisl 07
allande o1 - . _ e=oa=0.
s stralningstdthet

(irradians)

N\ Absorberat
varmeflode




4. Analytisk metod

4.2. Geometri

Modellering av pelare

For manga balkprofiler forekommer skuggeffekter = Forenklat kan man berdkna profilen som om den hade
den streckade linjens geometri

For I- or H-profiler blir tvdrsnittsytan da rektanguldr, (pa samma sétt som I bilaga G i EN 1991-1-2)
Rektangeln delas sedan upp i sina fyra ytor

Section 3D view

: Model of [
; the vertical []
: member
|
|

A Equivalent E!\
_____ — rectangular - Face;

envelope




4. Analytisk metod

4.2. Geometri

Numerisk integration

- Varje individuellt stralningsutbyte
berédknas for sig och for varje tidssteg.

- Kréaver ett berakningsprogram




4. Analytisk metod

4.3. Berakningsmodell

Synfaktor mellan en liten yta och en cylinder

[ dA,

5 5

Faa-a, =5~ 3pn

S=s/r
X=x/r
H=h/r
A=X2+Y?+52
B =52+ X?
C=(H-Y)*

—B+1

( Y?
cos ! <

A-1
A+1

+ cos-1 C—B+1
C+B-1

V(A —1)? +4Y2C

C+B+

o (Yz — B+ 1)
VB(A - 1)

C—-B+1

—V/C

1 -1
J(C+B—1)2+4CCOS (x/§(6+B—1)
M+Hcos_1 (%)

Valid only if the plane defined by dA,

does not intersect the cylinder !

|




4. Analytisk metod

4.3. Berakningsmodell

Synfaktor mellan en liten yta och en ring

H
FdA1—>A2 = E

H=nh/l
R=r/l

(

H*+R5+1 H*+R? +1

JH?+R2+1)?—4R? J(H*+ R? +1)? — 4R?

Valid only if [ > 1, !

)



4. Analytisk metod

4.3. Berikningsmodell

Dela upp flamman I cylindrar och ringar

Om flamman inte slir I taket Om flamman slir I taket
(Lf < H_jjing OF 10 ceiling) (Lf > Hceih-ng)
Band b; [constant Band b; [constant temperature 6(r;) ]

temperature 6(z,) ]

Face i

Band b, [constant
temperature 6(z)) ]

Note : the contribution of the ring is really low, except if the
member is situated in the ring
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4. Analytisk metod

4.3. Berikningsmodell

Uppdelning av flamman i cylindrar och ringar

Conical solid Truncated Cylinders and
flame cones rings

I By neglecting the contribution of rings, we underestimate the received flux and could even obtain a
received flux equal to 0 above the fire !
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4. Analytisk metod

4.3. Berakningsmodell

Uppdelning av flamman I cylindrar och ringar

No intersection

\ Intersection

iFace 2 /

Face 1 D Face 3 B ———
| Intersection

I 'The formula for cylinder is not valid if the receiving surface intersect the cylinder !



4. Analytisk metod

4.3. Berikningsmodell

Uppdelning av flamman I cylindrar och ringar

—

L_not visible Top view

_visible Modelling ~_ Face 4
B Modified cylinder

m E 3D view fﬁ E

s —

In this case, initial cylinder transformed into a modified cylinder in the visible zone




4. Analytisk metod

4.3. Berakningsmodell

Uppdelning av flamman I cylindrar och ringar

zi_adjusted

zi+1_adjusted

3D view Top view

A portion of rings is « hidden » by the cylinder situated above = A reduced zone should be considered
(safe-sided to ignore this reduction...)
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4. Analytisk metod

4.3. Berakningsmodell

Kommentarer

- Recommenderad cylindersida dr 50 cm

- Konvektion ska tas med I berdkningarna—> Hasemi

15



4. Analytisk metod

4.3. Berakningsmodell

Liege-tester

- Gauge placerad 3.75 m fran branden (hojd : 1.75 m)

- Riktning: mot branden

25

——FDS
Simulation

[}
o

Diam. ExPerlment Tests no Cyllnder e g a Experimental
mean value flame flame =g e
[m]  [kW/m?] (] [kW/m?2]  [kW/m?] g
0.60 0.31 1to4 1.20 0.74 g% T evtinden)
1.00 0.73 5t08 3.23 1.95 2
1.40 1.36 9to 14 6.19 3.67 ° _ Model (cone)
1.80 212 15 to 18 9.95 578 ——>

2.20 3.39 19 to 22 14.55 8.30 0 1 2 3 a 5

Distance [m]




4. Analytisk metod

4.3. Berikningsmodell

Ulster-test

2
X [m]
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4. Analytisk metod

4.3. Berikningsmodell
Ulster-test

'\ i Gauge location

1.8m \1‘ o Experiment FDS Cylinder
Height Distance mean Simulation flame Conic flame

— é} | :é} 4 m m KW/m?2 | kKW/m2 | kW/m? | kW/m?
1.0 0.5 30.6 28.5 74.0 39.0
> i 1.0 1.0 13.8 12.9 33.2 17.9
1.0 1.6 5.9 5.5 15.5 8.5
1.0 1.8 4.2 3.8 10.8 6.0
Case 1la Case 1b 2.0 0.5 6.2 11.2 22.0 59
1 pan 1 pan 2.0 1.0 4.5 5.9 14.1 5.5
D=07m D=07m 2.0 1.6 3.0 3.7 8.8 41
1.8 2.3 2.6 6.7 3.3

Gauges at 0.5/1.8 m Gauges at1.0/1.6 m 2.0



4. Analytisk metod

4.3. Berikningsmodell
Ulster-test

Gauge sy é .
fhuegg ::rzzg Gauge location Experiment Simulation Cylinder Conic
Height Distance mean mean flame flame
Ll 1.5m
Y m m kW /m? kW /m? kW /m? kW /m?
/ji(} : @ | 5 | 10 1.0 31.0 26.6 66.3 37.4
\ @ 1.0 1.0 243 21.6 62.0 34.6
Lom 2.0 1.0 15.0 17.7 40.9 16.2
2.0 1.0 13.0 13.6 38.5 15.9
Gauge location Experiment Simulation Cylinder Conic
Case 3 Case 5 Height Distance mean mean flame flame
3 pans 1 pan i i KW/m2 | kW/m2 = kW/m? | kW/m?
D=0.7m D=16m 1.0 15 37.6 33.6 53.9 38.9
Gauges at L0 m L ot L3 2.0 15 265 245 55.2 29.7
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4. Analytisk metod

4.3. Berikningsmodell

Stora diametrar (LCPP-test)

(kYy/m?)
S S S S

Radiative heat flux

=

MS -6 MW
MS -17 MW
—MS - 31 MW

o Small test 1

A Small test 2

@ Medium test 1
a Medium test 2

® Huge test 1
a Huge test 2

i

=)

2

4 Distafice (m) 8

20

20



4. Analytisk metod

4.4. Konturkurvor

- Tillhandahdller snabba resultat for ett antal konfigurationer

- Tillhandahadller referensresultat for validering med andra berdkningsmodeller.

Radiative heat flux (face at 90°) [N |

Radiative heat flux (face at 0°) ) ]
012345678 9101112131415(kW/m?)

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

Vertical distance (m)

Vertical distance (m)

" :
i) 2
Distance to fire center (m)

D =2m, RHR =500 kW /m?, 6 = 0° (left) or 6 = 90° (right)

Distance to fire center (m)
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4. Analytisk metod

4.4. Konturkurvor nnz

» Varje plot begrdnsas av:
- Brandens diameter (m)
- Angiven HRR (kW/m?)
- Vinkelforhallandet mellan ytorna (°)

A

» Plotten tar bara hansyn till stralning. Anvand inte:
- I'branden - HESKESTAD
- Vid taket > HASEMI

» Antar att flamman har en emissivitet pa 1.0

\4

Finite Surface1 : = 0°
Finite Surface 2 : = 90°
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4.4. Konturkurvor

Case 1
D (m) 2
HRR (kW/m?) 250
Power (MW) 0.8
Case 13
D (m) 6
HRR (kW/m?) 250
Power (MW) 7.1

2
2
500
1.6

14
6
500
14.1

4. Analytisk metod

3
2
1000
3.1

15
6
1000
28.3

.
2
1500
4.7

16
6
1500
42.4

250
1.8

17
8
250
12.6

500
3.5

18
8
500
25.1

7
3
1000
7.1

19
8
1000
50.3

8

3
1500
10.6

20
9
250
47.7

250
3.1

21
9
500
15.9

10
4
500
6.3

22
9
750
31.8

11
4
1000
12.6

23
10
250
19.6

12
4
1500
18.8

24
10
500
39.3

Scope of application of the method (idem Annex C of EN 1991-1-2) : D <10 m; Q <50 MW

= The chosen configurations cover the field of application of the calculation method
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Radiative heat flux (fce ot 0°) (DD OEE

Vertical distance (m)

4. Analytisk metod

4.4. Konturkurvor

14

12

—
o

oo

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

> Lége:
- Z=bm
- X=10m
- Vinkel : 0°

012345678 9101112131415(kW/m?)

Radiative heat flux (face at 90°)

Vertical distance (m)

Distance to fire center (m)

6 8
Distance to fire center (m)

- RHR: 500 kW /m?

» Den lokala brandens egenskaper:

Received Flux

Lage:

=16 kW/m?
Z =5m
X=10m

Vinkel : 90°

Received Flux
=24 kW /m?
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4. Analytisk metod

4.5. Slutsatser

LOCAEFI’s berdkningsmodell antar en solid flamma.

Temperaturen pa den solida flammans yta berdknas enligt EN 1991-1-2 bilaga
C (Heskestad, Hasemi).

Synfaktorer mm berdknas enligt EN 1991-1-2 bilaga G.
Berdkningsmodellen delar upp flamman I cylindrar och ringar.

Konvektiva effekter berdknas separat, men dessa tas hdansyn till I EN 1991-1-2
bilaga C
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