OC ) VALIDATION OF THE PROGRAMS BISTRA & VOLTRA
physibel ACCORDING TO DIN EN 1991-1-2/NA

Introduction

The document DIN EN 1991-1-2/NA' (2015-09) annex CC contains test reference cases for validating
transient simulation programs in case of fire exposed structures. The cases are simulated using
the programs BISTRA and VOLTRA and the results are within the requested folerances for each
case.

Case 1 BISTRA data CC4_1\CC4_1.bst
VOLTRA data CC4_1N\CC4_1_.vir

BISTRA data file CC4 1\CC4 1.bst

time Bref Bsim Bsim=Ores 100t(esim'eref)freref
[s] [C] [-C] [-C] [%]
0 1000 1000 0,0 0,0
T — 60 9993 | 9994 0.1 0,0
" 300 891.,8 893,3 1,5 0,2
Oref 600 7177 719 13 0,2
900 574,9 5759 1,0 0,2
1200 460,4 461,3 0,9 0,2
1500 388,7 369,4 0,7 0,2
Rl %=1 W/mK 8 1800 295,3 2958 0,5 0,2
3 ¢ =1 J/kgK S 1m <5K <1%
z p = 1000 kg/m?3 8 VOLTRA datafile CC4 1\CC4 1 .vtr
© 0 at time 0 = 1000 °C © time Bref Bsim Bsim=Ores 100*(esim'eref)[eref
[s] [C] [-C] [-C] [%]
0 1000 1000 0,0 0,0
60 999,3 9994 0,1 0,0
300 891.,8 893,3 1,5 0,2
600 7177 719 1,3 0,2
Be=0°C he = 1 W/m2K 900 574,9 5759 1,0 0,2
1m 1200 460,4 461,3 0,9 0,2
1500 368,7 3694 0,7 0,2
1800 295,3 2958 0,5 0,2
<5K <1%
Figure 1. Case 1data. Table 1. Case 1 results

Figure 1 shows the data for case 1.

Points of interest in the BISTRA & VOLTRA DATA are the following.

- The problem is 1D, i.e. the width of the object has no importance. A width of 0.02 m only is used
in BISTRA, resulting in a faster calculation.

- BISTRA uses a triangular grid. The triangulation size is 0.001 m.

- VOLTRA uses a rectangular grid. The grid size is 0.001 m.

- The time step used is 5 seconds.

For the non-adiabatic boundary, the boundary condition type BC_SKY (radiation and convection)

is used. By applying a surface emissivity € = 0, no radiation and only convection is considered.

" DIN EN 1991-1-2/NA:2015:09 Nationaler Anhang - National festgelegte Parameter - Eurocode I:
Einwirkungen auf Tragwerke — Teil 1-2: Allgemeine Einwirkungen - Brandeinwirkungen auf Tragwerke
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CC4_1/CC4_1.bst
CC4_1/CC4_1_.vtr

Table 1 shows the results for case 1.
The results are within the requested tolerances.

Case 2 BISTRA data CC4_2\CC4 2.bst
VOLTRA data CC4 2\CC4 2 .vir

BISTRA data file CC4 2\CC4 2.bst

time eref esim esim'eref 1 Oot(esim'eref)”eref
[min] [FC] [°C] [°C] [%]
§=0°Catt=0s 6=1000°Catt>0s 30 36,9 34,3 2,6 7.0
60 137,4 134,7 2.7 2.0
90 2446 2438 -0,8 -0,3
120 361,1 3643 3,2 0,9
150 466,2 470,9 4,7 1,0
180 5548 560,7 59 1.1
<5K <3%
£ t = 60 min t > 60 min
xeref g VOLTRA data file CC4 2\CC4 2 .vir
)\' = 15 W/mK at OOC time eref e5|m esnﬂ'eref 100*(85|m'9ref)/eref
A =07WmK at 200°C [min] [°Cl [°Cl [°C] [%]
»=05W/mK at 1000°C 30 36,9 343 -2,6 -7,0
p= 2400 kg/m3 60 137.4 1347 2,7 -2,0
¢ = 1000 J/kgK 90 2446 2438 -0,8 -0,3
R he = 10 W/mZK 120 361,01 | 3643 32 0,9
150 466,2 470,9 47 1,0
0.2m 180 | 554.8 | 5607 5.9 1.1
<5K <3%
t £ 60 min t > 60 min
Figure 2. Case 2 data. Table 2. Case 2 results

Figure 2 shows the data for case 2.

Points of interest in the BISTRA & VOLTRA DATA are the following.

- Because of symmetry it is sufficient to consider a quarter of the square object.
- BISTRA uses a triangular grid. The triangulation size used is 0.0005 m.

- VOLTRA uses a rectangular grid. The grid size used is 0.0005 m.

- The time step used is 10 seconds.

Table 2 shows the results for case 2.
The results are within the requested tolerances.
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CC4_2/CC4_2.bst
CC4_2/CC4_2_.vtr

Case 3
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BISTRA data CC4_3\CC4_ 3.bst
VOLTRA data CC4_3\CC4_3_.vir
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BISTRA data file CC4 3\CC4 3.bst
t eref eswﬁ 6sw'n'eref 100*(99|m'9ref)/6ref
0=0°Catt=0s 0=1000°Catt>0s [min] [°C] [°C] [°C] [%]
30 3405 337.8 27 0.8
steel é ;'S EEI:‘ 11;9?;11_22 0.0005 m 60 717 1 7215 4.4 0,6
b = 1850 J/kgK 90 881.6 885. 1 3,5 0.4
filling 7. = 0.05 W/mK 120 | 9506 | 9526 | 20 0,2
¢ = 1000 JikgK 150 979.3 980.5 12 0,1
o = 50 kg/m? = 180 9917 991.9 0,2 0,0
x 5 <5K <1%
Oref o] .
o VOLTRA data file CC4 _3\CC4 3.vir
t E'ref E'sim eswm'eref 100*(esim'eref)/eref
[min] [°C] [°C] [°C] [%]
30 3405 337.8 2.7 0,8
60 7171 7215 4.4 0,6
90 8816 885, 1 35 0,4
£=08 he = 10 W/mzK 120 950,6 9526 2,0 0,2
0.201 m 150 979.3 980,5 12 0,1
180 9917 991.9 0,2 0,0
<5K <1%

Figure 3. Case 3 data.

Figure 1 shows the data for case 3.

Points of interest in the BISTRA & VOLTRA DATA are the following.
Because of symmetry it is sufficient to consider a quarter of the square object.

Table 3. Case 3 results

BISTRA uses a triangular grid with a triangulation size of 0.001 m.
VOLTRA uses a rectangular grid with a grid size of 0.001 m.

The time step used is 10 seconds.

Table 3 shows the results for case 3.
The results are within the requested tolerances.
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CC4_3/CC4_3.bst
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