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dchar,0 = β0 ∗ t

β0

β
0

 



dchar,n = kn ∗ ks ∗ β0 ∗ [k2 ∗ (tf − tch) + k3 ∗ (t − tf)]

β0

def = dchar,n + k0 ∗ d0
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0,09 ∙ (11 ∙ 𝑒−0,05∙𝜌20 + 1,9)

0,15 ∙ (11 ∙ 𝑒−0,05∙𝜌20 + 1,9)

0,23 ∙ (11 ∙ 𝑒−0,05∙𝜌20 + 1,9)

0,30 ∙ (11 ∙ 𝑒−0,05∙𝜌20 + 1,9)

0,45 ∙ (11 ∙ 𝑒−0,05∙𝜌20 + 1,9)

 



T = 166,11 ∙ ln (t) − 424,63
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tprot,Daemm = 60,4 𝑚𝑖𝑛

tf,Daemm = 56,6 𝑚𝑖𝑛

tprot,Daemm = 60,4 𝑚𝑖𝑛

tf,Daemm = 56,6 𝑚𝑖𝑛

hi

vvers
= 10 min

vvers = 12 mm/min

hi

vrec
= 8,6 Min

v𝑟𝑒𝑐 = 14 𝑚𝑚/𝑚𝑖𝑛

hi

vrec
= 0 min

hi

vrec
= 8,6 𝑚𝑖𝑛

v𝑟𝑒𝑐 = 14 𝑚𝑚/𝑚𝑖𝑛

hi

vvers
= 8 min

vvrec = 24 mm/min
vvers = 24 mm/min

hi

vrec
= 4 𝑚𝑖𝑛

v𝑟𝑒𝑐 = 30 𝑚𝑚/𝑚𝑖𝑛

hi

vvers
= 8 Min

vvers = 15 mm/min

hi

vrec
= 4 Min

v𝑟𝑒𝑐 = 30 𝑚𝑚/𝑚𝑖𝑛

hi
vvers

= 9 Min

vvers = 13,3 mm/min
vvrec = 13,6 mm/min

hi

vrec
= 8,6 Min

v𝑟𝑒𝑐 = 14 𝑚𝑚/𝑚𝑖𝑛

hi

vrec
= 0 Min

→

hi

vrec
= 8,6 Min

v𝑟𝑒𝑐 = 14 𝑚𝑚/𝑚𝑖𝑛

hi
tprot
tf
vrec
vvers



 

 



βn = β0 ∙ kh ∙ kρ

 {

 

√

√
450

ρk

30 ∙ (
ℎ𝑝

20
)

1,1

( )

( ) ( )

( ) ( )



 





 

tpr = {
1,9 ∙ ξ ∙ tp            für tp  ≤ 15 mm 

ξ ∙ (2,5 ∙ tp − 9) für tp  ≤ 15 mm 

t𝑝𝑟: 

tch = 2,8 ∙ hp − 14 tch: 

tch = 1,8 ∙ hp − 7 tch: 300 °C

tch = min {
∑tprot

tf,pr
 

tprot = 30 ∙ (
hi
15
)
1,2

tprot: 250 K

ξ

 



tprot,0 =  tch =

2,8 ∙ hp − 14
tprot,0

= 30 ∙ (
hi
15
)
1,2
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 Simulation 300°C vor Spanplatte

 Simulation 300°C vor Massivholzplatte 

         mit optimierten Materialparametern

 Versuche auf  MH/HW 300 °C





 



tprot,0 = 0,45 ∙ hi
(0,65∗log(ρi) −(

ρi
700

)) tins,0 = (0,01 ∙ ρi
0,224 − 0,02) ∙ hi

2

tprot,0

tins,0

h𝑖
ρi
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EQ: 44*(hp/35)1,5 



𝐤𝐩𝐨𝐬,𝐞𝐱𝐩

kpos,exp

{
 
 

 
 1 − 0,6 ∙

∑ tprot,i−1

tprot,0,i

0,5 ∙ √
tprot,0,i
∑ tprot,i−1

 mit         
∑tprot,i−1 ≤

tprot,0,i

2

∑tprot,i−1 >
tprot,0,i

2

tprot,0,1

∑tprot,i−1

𝑘2 =
15

ℎ𝐸𝑠𝑡𝑟𝑖𝑐ℎ
+ 0,003 ∙ ℎ𝑆𝑊 − 0,045

𝑘2 = 0,8 − 0,006 ∙ ℎ𝐸𝑠𝑡𝑟𝑖𝑐ℎ

ℎEstrich
h𝑆𝑊

∆t =
tprot,o

k2
− (tprot,0 ∙ kpos,exp ∙ kpos,unexp) ∙ kj

tprot,o

k2
kpos,exp

kpos,unexp

kj
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 30 mm_calc   30 mm_sim 



 

 

𝑡𝑝𝑟𝑜𝑡,𝑛  =
 ℎ𝑛
𝛽

𝑡𝑖𝑛𝑠,𝑛  = 𝑡𝑝𝑟𝑜𝑡,𝑛 − 10

ℎ:            𝑃𝑙𝑎𝑡𝑡𝑒𝑛𝑑𝑖𝑐𝑘𝑒
𝛽:           𝐴𝑏𝑏𝑟𝑎𝑛𝑑𝑟𝑎𝑡𝑒
𝑡𝑝𝑟𝑜𝑡,𝑛:     𝑆𝑐ℎ𝑢𝑡𝑧𝑧𝑒𝑖𝑡 𝑑𝑒𝑟 𝑙𝑒𝑡𝑧𝑡𝑒𝑛 𝑆𝑐ℎ𝑖𝑐ℎ𝑡

𝑡𝑖𝑛𝑠,𝑛:       𝐼𝑠𝑜𝑙𝑎𝑡𝑖𝑜𝑛𝑠𝑧𝑒𝑖𝑡 
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→ →

βn = kg ∙ β0 →

βn = k2 ∙ kg ∙ β0 →

   

βn = 2 ∙ kg ∙ β0 →

βn
β0

k2
kg

β
n
= 𝟏, 𝟐 ∙ kg ∙ β0

βn
β0
kg



 

b b
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2,8 ∙ hp − 14 tprot,0,i − (0,345 ∙ hp − 1,5)

2,45 ∙ hp − 12,5

β = β0 ∙ kρ ∙ kh
∗∗ ≥ 0,65∗

hp

β0 ∙ kρ ∙ kh
∗∗  mit β ≥ 0,65

∗

β0 = 0,65 
mm

min
 für MHP

β0 = 0,72 
mm

min
 für SP 

β0 = 0,9 
mm

min
 für OSB / MDF

hp − dres

β0 ∙ kρ
mit  β0 ≥ 0,65

∗

dres = 3,5 ∙ hp
0,2

30 ∙ (
hp

35
)

1,4

18,5 ∙ (
hp

35
)

1,4

44 ∙ (
hp

35
)

1,5

32 ∙ (
hp

35
)

1,55

 



0,3 ∙ h𝑖
(0,75∙log(ρi)− (

ρi
400

) ∗∗∗ (0,01 ∙ ρ𝑖
0,224 − 0,02) ∙ hi

2 ∗∗∗ 

0,45 ∙ hi
(0,65∙log(ρi) −(

ρi
700

)) (0,01 ∙ ρi
0,224 − 0,02) ∙ hi

2

tprot,0

tins,0

hp

hi
dres
ρi
kρ

kh
β0

𝑘𝑝𝑜𝑠,𝑒𝑥𝑝= 

{
 
 

 
 1 − 0,6 ∙

∑ 𝑡𝑝𝑟𝑜𝑡,𝑖−1

𝑡𝑝𝑟𝑜𝑡,0

0,5 ∙ √
𝑡𝑝𝑟𝑜𝑡,0

∑𝑡𝑝𝑟𝑜𝑡,𝑖−1

 𝑚𝑖𝑡         
∑𝑡𝑝𝑟𝑜𝑡,𝑖−1 ≤

𝑡𝑝𝑟𝑜𝑡,0

2

∑𝑡𝑝𝑟𝑜𝑡,𝑖−1 >
𝑡𝑝𝑟𝑜𝑡,0

2

0,85

0,85

k2 = 1 −
hp

55

k2 = 0,6 für hp  ≥  45 mm

k2 = 0,6 für 20 mm ≤   hp  ≤  45 mm

k2 =
15

hEstrich
+ 0,003 ∙ hSW − 0,045

k2 = 0,8 − 0,006 ∙ hEstrich

k2



βn = 2 ∙ kg ∙ β0

β
n
= 𝟏, 𝟑 ∙ kg ∙ β0
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tins =  ∑ tprot,i + tins,n

i=n−1

i=1

tins

tprot,i

tins,n

i

n

tins =  ∑ tprot,i + tins,n

i=n−1

i=1

tins = tprot,1 + tprot,2 + tins,3

tins = (17,59 + 16,84 + 10,97) min

𝐭𝐢𝐧𝐬 = 𝟒𝟓, 𝟒𝟎  𝐦𝐢𝐧

 

tprot,1 = (tprot,0,1 ∙ kpos,exp,1 ∙ kpos,unexp,1 + ∆t1) ∙ kj,1

tprot,1

tprot,0,1

kpos,exp,1



kpos,unexp,1

∆t1

kj,1

tprot,1 = (24,10 min ∙ 1,0 ∙ 0,73 + 0 min) ∙ 1,0

tprot,1 =  17,59 min

 

tprot,0,1 =  30 ∙ (
h1
15
)1,2

tprot,0,1

h1

tprot,0,1 =  30 ∙ (
12,5

15
)1,2

tprot,0,1 = 24,10

 

 

kpos,unexp,1 =  0,5 ∙ h1
0,15

kpos,unexp,1

h1

kpos,unexp,1 = 0,5 ∙ (12,5 mm)
0,15

kpos,unexp,1 = 0,73

 

 



 

tprot,2 = (tprot,0,2 ∙ kpos,exp,2 ∙ kpos,unexp,2 + ∆t2) ∙ kj,2

tprot,2

tprot,0,2

kpos,exp,2

kpos,unexp,2

∆t2

kj,2

tprot,2 = (20,59 min ∙ 0,54 ∙ 1,0 + 9,93min) ∙ 0,8

tprot,2 =  16,84 min

 

tprot,0,2 =  0,3 ∙ h2
(0,75∙log(ρ2) − 

ρ2
400

)

tprot,0,2

h2

ρ2

tprot,0,2 =  0,3 ∙ 60 mm
(0,75∙log(30 kg m3⁄ ) − 

30 kg m³⁄
400

)

tprot,0,2 =  20,59 min

 

kpos,exp,2 =  

{
 
 

 
 1 − 0,6

∑ tprot,i−1

tprot,0,2
          für ∑tprot,i−1 ≤

tprot,0,2

2

0,5√
tprot,0,2
∑ tprot,i−1

               für ∑tprot,i−1 >
tprot,0,2

2

tprot,0,2

∑tprot,i−1

∑tprot,i−1 > 
tprot,0,2

2

tprot,1 > 
tprot,0,2

2



17,59 min >  
20,59 min

2

17,59min >10,295 min



kpos,exp,2 = 0,5 ∙  √
tprot,0,2
∑ tprot,i−1

  

kpos,exp,2 = 0,5 ∙  √
20,59

17,59

kpos,exp,2 = 0,54

 

𝑘𝑝𝑜𝑠,𝑢𝑛𝑒𝑥𝑝,2 = 1,0

 

 

∆ ti =
(tf,pr − ∑ tprot,k) ∙ ∆tmax,i

i−1
k=i

tprot,max,i
 ≤  ∆tmax,i  

∆ti

tf,pr

∑tprot,k

i−1

k=i

∆tmax,i

tf,pr = 4,6 ∙  hp − 25

tf,pr = 4,6 ∙  12,5 − 25

tf,pr = 32,5 min

tprot,max,i =
tprot,o,i

k2



tprot,max,i =
tprot,o,i

k2

k2 = 1 − 
hp

55

k2 = 1 − 
12,5

55
 

k2 = 0,773

tprot,max,i =
20,59

0,773

tprot,max,i = 26,64 min

∆tmax,i =  tprot,max,i − tprot,0,i ∙ kpos,exp,i ∙ kpos,unexp,i ∙ kji  

∆tmax,i =  26,64 − 20,59 ∙ 0,54 ∙ 1,0 ∙ 0,8

∆tmax,i =  17,75 min

∆𝑡𝑖

∆ ti =
(tf,pr−∑ tprot,k)∙∆tmax,i

i−1
k=i

tprot,max,i
 ≤  ∆tmax,i

∆ ti =
(32,5−17,59)∙17,75

26,64
 ≤  17,75

∆ ti = 9,93 ≤  17,75

 

∑tprot,k

i

k=1

≤ tf,pr +
h2

0,11 ∙ tf,pr + 1,3
                                  für∑tprot,i−1 ≤  tf,pr



∑tprot,k

i

k=1

≤ ∑tprot,i−1 +
h2

0,11 ∙ ∑ tprot,i−1 + 1,3
         für∑tprot,i−1 >  tf,pr

∑tprot,k

i

k=1

∑ tprot,i−1

h2

tf,pr

∑tprot,i−1 ≤  tf,pr

17,59 ≤ 32,5



∑tprot,k

i

k=1

≤ tf,pr +
h2

0,11 ∙ tf,pr + 1,3
  

34,43 ≤ 32,5 +
60 mm

0,11 ∙ 32,5 + 1,3

34,43 min ≤ 44,81 min



 

tins,3 = (tins,0,3 ∙ kpos,exp,3 + ∆t3) ∙ kj,3

tins,3

tins,0,3

kpos,exp,3

∆t3

kj,3

tins,3 = (18,59 min ∙ 0,59 + 0 min) ∙ 1,0

tins,3 =  10,97 min

 

tins,0,3 =  24 ∙ (
h3
15
)
1,4

tins,0,3

h3



tins,0,3 =  24 ∙ (
12,5 mm

15
)
1,4

tins,0,3 =  18,59 min

 

kpos,exp,3 =  

{
 
 

 
 1 − 0,6

∑ tprot,i−1

tins,0,3
          für ∑tprot,i−1 ≤

tins,0,3
2

0,5√
tins,0,3

∑ tprot,i−1
               für ∑tprot,i−1 >

tins,0,3
2

tins,0,3

∑tprot,i−1

∑tprot,i−1 > 
tins,0,3
2

tprot,1 + tprot,2 > 
tins,0,3
2

17,59 min + 16,84 min >  
18,59  min

2

34,43 min >  9,3 min



𝑘𝑝𝑜𝑠,𝑒𝑥𝑝,3 = 0,5√
𝑡𝑖𝑛𝑠,0,3

∑ 𝑡𝑝𝑟𝑜𝑡,𝑖−1

𝑘𝑝𝑜𝑠,𝑒𝑥𝑝,3 = 0,5√
18,59  𝑚𝑖𝑛

34,43 𝑚𝑖𝑛

𝑘𝑝𝑜𝑠,𝑒𝑥𝑝,3 = 0,37

kpos,exp,3 = 0,37 ∙ 1,6 = 0,59

 



 

tins =  ∑ tprot,i + tins,n

i=n−1

i=1

tins = tprot,1 + tprot,2 + tins,3

tins = (17,59 + 16,84 + 10,97) min

𝐭𝐢𝐧𝐬 = 𝟒𝟓, 𝟒𝟎  𝐦𝐢𝐧

 

 

 



Werte für das Brandschutzsytem {
tch = 17,6 min
tf   =  32,5 min

hins = max {
dchar,n,1 + 50

100

 

hef = h − kside  ∙  def

def = dchar,n,1 + d0

hef

h

kside

def

dchar,n,1

d0

def = dchar,n,1 + d0



def = 9,92 mm+ 2 mm

def = 11,92 mm

hef = h − kside  ∙ def

hef = 100 mm − 1 ∙  11,92 mm

𝐡𝐞𝐟 = 𝟖𝟖, 𝟎𝟖 𝐦𝐦

𝒃𝐞𝐟 = 𝟔𝟎 𝐦𝐦− 𝟐 ∙  𝟐 𝐦𝐦 = 𝟓𝟔 𝐦𝐦

 

dchar,n,1,ph2 = βn,ph2,1 ∙ tph2

dchar,n,1,ph2

βn,p2,1

tph2

βn,ph2,1 = k2 ∙ ks,n,1 ∙ β0

βn,ph2,1

k2

ks,n,1

β0

k2 = 1 −
hp

55

k2

hp

k2 = 1 −
12,5

55
= 0,773

ks,n,1 = {
(
b

65
)
2

−
b

21
+ 3,6                       für b ≤ 90 mm

1,25                                                   für b > 90 mm

ks,n,1

b

ks,n,1 = (
b

65
)
2
−

b

21
+ 3,

ks,n,1 = (
60 mm

65
)
2

−
60 mm

21
+ 3,6                       

ks,n,1 = 1,59

βn,ph2,1 = 0,773 ∙ 1,59 ∙ 0,65 mm/min

βn,ph2,1 = 0,80 mm/min



dchar,n,1,ph2 = βn,ph2,1 ∙ tph2

tph2 = tf − tprot = 32,5 − 17,6 = 14,9 min

hins = max {
dchar,n,1 + 50 = 59,92 mm

100

tph2 = Branddauer − tprot = 30 − 17,6 = 12,4 min

dchar,n,1,ph2 = βn,ph2,1 ∙ tph2 = 0,80 ∙ 12,4 =  𝟗, 𝟗𝟐 𝐦𝐦 

 

d0 = 3 −
b

10
+
h

20

b

h

d0 = 3 −
60 mm

10
+
100 mm

20
=  2 mm

 

bef = b − 2 ∙ def

def = dchar,n,2 + d0

bef

b

def

dchar,n,2

d0



 

qk = 2,5
N

mm2
∙ 60mm ∙ 100mm ∙ 0,8

qk = 12 kN

 

fc,0,d,fi = kθ ∙ kfi ∙
fc,0,k
γM,fi

fc,0,d,fi

kθ

kfi

fc,0,k

γM,fi

fc,0,d,fi = 1,0 ∙ 1,25 ∙
21 N/mm²

1,0

fc,0,d,fi = 26,25 N/mm²

 

ly = lwall ∙ 0,7

ly

lwall

lef = 3000 mm ∙ 0,7

lef = 2100 mm

 

λ =
lef

0,289 ∙ hef

λ

lef

hef

λ =
2100 mm

0,289 ∙ 88 mm

λ = 82,57



 

Fc,d,fi
bef ∙ hef

≤ kc ∙ fc,0,d,fi

Fc,d,fi

bef

hef

kc

fc,0,d,fi

12,00 kN

56 mm ∙ 88 mm
≤ 0,425 ∙ 26,25 N/mm²

2,44 N/mm² ≤ 11,16 N/mm²



 

lef = l ∙ β

lef

l

β

lef = 3000 mm ∙ 1,0

lef = 3000 mm

 

𝜆 =
𝑙𝑒𝑓

0,289 ∙ ℎ𝑒𝑓

𝜆

𝑙𝑒𝑓

ℎ𝑒𝑓

𝜆 =
3000 𝑚𝑚

0,289 ∙ 88 𝑚𝑚

𝜆 = 117,96

 



 

Fc,d,fi
bef ∙ hef

≤ kc ∙ fc,0,d,fi

Fc,d,fi

bef

hef

kc

fc,0,d,fi

12,00 kN

56 mm ∙ 88 mm
≤ 0,223 ∙ 26,25 N/mm²

2,44 N/mm² ≤ 5,85 N/mm²



 



 

 

 



 

 



𝑊𝑒𝑟𝑡𝑒 𝑓ü𝑟 𝑑𝑎𝑠 𝐵𝑟𝑎𝑛𝑑𝑠𝑐ℎ𝑢𝑡𝑧𝑠𝑦𝑡𝑒𝑚 {
𝑡𝑐ℎ = 17,6 𝑚𝑖𝑛
𝑡𝑓   =  32,5 𝑚𝑖𝑛

 

βn,ph2,1 = k2 ∙ ks,n,1 ∙ β0 = 0,773 ∙ 1,59 ∙ 0,65 = 0,80

k2 = 1 −
12,5

55
= 0,773

ks,n,1 = (
b

65
)
2
−

b

21
+ 3,

ks,n,1 = (
60 mm

65
)
2

−
60 mm

21
+ 3,6    

ks,n,1 = 1,59

dchar,n,1,ph2 = βn,ph2,1 ∙ tph2 = 0,80 ∙ (30 − 17,6) = 9,92 mm

do = 4 +
b

17
+

h

100
 

do = 4 +
60 mm

17
+
100 mm

100
= 8,53 mm 

def,1 = 9,92 mm +  8,53 mm  

def,2 = d0 = 8,53 mm 

hef = h − kside ∙ def,1 = 100 mm − 1 ∙ 18,45 mm = 81,55 mm ≈ 81 mm

bef = b − 2 ∙ def,2 = 60 mm − 2 ∙ 8,53 mm = 42,94 mm ≈ 43 mm

 

λ =
lef

0,289 ∙ hef

λ



lef

hef

λ =
3000 mm

0,289 ∙ 81 mm

λ = 128,16

 

Fc,d,fi
bef ∙ hef

≤ kc ∙ fc,0,d,fi

Fc,d,fi

bef

hef

kc

fc,0,d,fi

12,00 kN

43 mm ∙ 81 mm
≤ 0,195 ∙ 26,25 N/mm²

3,45 N/mm² ≤ 5,12 N/mm²


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