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STRUCTLmL FIRE SAFETY - AS EXEKPLIFIED BY A SWEDISH MWJAL FOR ANALYTICAL 
DESIGR 

by ?rof.Dr. Ove Pe t t e r s son ,  Lund Unive r s i ty ,  Lund, Sweden 

- r o r  a  f i r e  engineering design of l o a d  bear ing  s t r u c t u r e s  and p a r t i t i o n s ,  an 
a n a l y t i c a l  procedure i s  permi t ted  t o  be appl ied  i n  Sweden, as  one a i t e r n a -  
-, ";v€, s ince  about t e n  years .  The procedure i s  a  d i r e c t  design method based 

on temperature c h a r a c t e r i s t i c s  of t h e  f u l l y  developed compartment f i r e  a s  a 
funczion of t h e  f i r e  l o a d  d e n s i t y ,  v e n t i l a t i o n  of t h e  f i r e  compartnent and 
thermal  p r o p e r t i e s  of t h e  s t r u c t u r e s  enclos ing  t h e  f i r e  compartment. The me- 
rhod i s  approved f o r  a  gene ra l  use by t h e  National  Swedish Board of Phys ica l  
Planning and Building ( 1 ) .  For f a c i l i t a t i n g  t h e  a p p l i c a t i o n ,  design diagrams 
and t a b l e s  a r e  sys t emat i ca l ly  produced, g iv ing  d i r e c t l y ,  on one hand, t h e  
i e s i g n  temperature s t a t e  of t h e  f i r e  exposed s t r u c t u r e ,  on t h e  o t h e r ,  a  
t r a n s f e r  of t h i s  information t o  t h e  corresponding design load  bearing capa- 
c i t y  of t h e  s t r u c t u r e ;  c f . ,  f o r  in s t ance  ( 2  (31 ,  (4). 

The a n a l y t i c a l  design procedure i s  now f u r t h e r  developed towards 2 r e l i a b i -  
l i t j r  based method i n  connection with a  Swedish hananook p ro jec t  i n  progress 
on f i r e  exposed concre te  s t r u c t u r e s  ( 5 ) .  

The method i s  r e l a t e d  t o  a  semi-probabi l i s t ic  approach based on a  system of 
p a r t i a l  s a f e t y  c o e f f i c i e n t s .  The f u n c t i o n a l  requirement then  implies  :hat 
t h e  design ~ z l u e  of t h e  minimum load  bear ing  capac i ty  of t h e  s t r u c ~ u r "  
during t h e  f i r e  exposure RC s h a l l  meet t h e  design load  e f f e c t  on t h e  s t r u c -  
+ bure  Sd, i . e .  

The f -mc t iona l  requirements apply t o  a l l  r e l evan t  Types of f a i l u r e  - bending 
f a i l u r e ,  shea r  f a i l u r e ,  i n s t a b i l l r y  f a i l u r e ,  e t c .  

I n  t h e  des ign ,  t h e  fol lowing p r o b a b i l i s t i c  influences should be taken i n t o  
cons ide ra t ion :  

K t h e  u n c e r t a i n t y  i n  spec i fy ing  t h e  s t a t i c a l  loading,  

x t h e  u n c e r t a i n t y  i n  spec i fy ing  t h e  f i r e  load  and t h e  c h a r a c t e r i s t i c s  of 
t h e  f;re compartment, 

S t h e  u n c e r t a i n t y  i n  speci fy ing  t h e  thermal  and mechanical p rope r t i e s  of t h e  
s t r u c t u r a l  m a t e r i a l s ,  

x t h e  u n c e r t z i ~ t y  of t h e  models f o r  ca1cu;ation of t h e  compartment f i r e ,  t h e  
hear. T rans fe r  t o  and wi tn in  t h e  s t r u c t u r e  and rhe  u l t im%te  load  bearing 
capacizy of t h e  s t r u c t u r e ,  and 

rhe  consequences of a  s t r u c t u r a i  f a i l u r e .  



DZSIGN PROCEDURE 

in 2 summary way, :he Swe*ish design procedure under developmen-c c a ~  be de- 
scribed as follows - Fig. l. 

The design fire load density, the fire compartment characteristics, and the 
fire extinguishment systems constitute the basis for the determination of 
the design fire exposure, given as ;he gas temperature-time cunre T-t of the 
fully developed compartment fire. Depending on the type of practical appli- 
cation, the load bearing function of the structure will be required to com- 
ply with either the complete fire process or a limited part of the fire pro- 
cess t -  determined from the time necessary for the fire to be extinpished 

Q' under :he most severe conditions, or from the Zesign evacuation time for the 
building. 

Together with the stnctural design data, the design t'nermal properties and 
the design aechanical strength of the structural material, the design fire 
exposure provides the design temperature state and the related design load 
bearing capacity Rd for the lowest value of the load bearing capacity &ring 
the relevant fire process. 

-. g. 1,. Reli~bllitji based, structl~rai fire engineering desigc ~r3cedure - & 



A d i r e c t  comperison between t h e  design load  bear ing  canacizy Xd and ;he de- 
s i g n  load  effec; a t  f l r e  Sd f i n a l l y  decides %-hether o r  not t h e  szruczure o r  
s t r u c t u r a l  member can f u l f i l  i t s  requi red  funct ion  on exposure T O  f i r e  - E q .  
( 1 ) .  

Design F i r e  Emosure ,  Categories  of S t ruc tu res  

The f u n c t i o n a l  requirements t o  be l a i d  down f o r  a  f i r e  engineering design 
should be d i f f e r e n t i a t e d  with respect  t o  such e f f e c t s  a s  t h e  occupancy, t h e  
he igh t  and volume of t h e  bu i ld ing ,  and t h e  importance of t h e  s t r u c t u r e  o r  
s t r u c t u r a l  member t o  t h e  o v e r a l l  s t a b i l i t y  of t h e  bu i ld ing .  I n  t h e  Swedish 
method t h i s  i s  done by d iv id ing  t h e  s t r u c t u r e s  o r  s t r u c t u r a l  members i n t o  
f o u r  ca tegor i e s  v i t h  a  r e l a t e d  d i f f e r e n t i c t i o n  of t h e  design f i r e  load  den- 
s i t y  and t h e  l e n g t h  of t h e  f i r e  exposure t o  be considered i n  t h e  design 
according t o  t a b l e  1 .  The design f i r e  load  dens i ty  qd i s  s p e c i f i e d  i n  r e l a -  
t i o n  t o  t h e  c h a r a c t e r i s t i c  f i r e  load  dens i ty  qk def ined  a s  t h a t  value corre-  
sponding t o  a  p r o b a b i l i t y  i n  excess of 20%. The r e l a t e d  gas tempereture- 
t ime curves of t h e  f i r e  exposure a r e  s p e c i f i e d  i n  accordance t o  Fig .  2 as  a  
func t ion  of t h e  f i r e  load  dens i ty  q and t h e  opening f a c t o r  of t n e  f i r e  com- 
partment A f i / & ,  where P. = t o t a l  a r e a  of window and door openings, h  = mean 
value  of t h e  opening h e i g h t s ,  weighted with r e spec t  t o  each indi-r idual  open- 
i n g  a rea ,  and A t  = t o t a l  i n t e r i o r  a rea  of t h e  s u r f a c e s ,  bounding t h e  com- 
partment ,  opening a reas  included.  
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3 i g .  2 .  Gas temperature-time c-rves of complete process of f i r e  deve!.omer,t 
6s funct ion  of f i r e  load  dens i ty  q and opening f a c t o r  ~\ji;/.\. F i r e  compart- 
ment, type A 



The gas temperature-time curves i n  Fig .  2 apply t o  a  c e r t a i n  f i r e  compart- 
menz, type  A ,  de f ined  with r e s p e c t  t o  t h e  thermal  p r o p e r t i e s  of t h e  bounding 
s t r u c t u r e s .  F i r e  compartments wi th  bounding s t r u c t u r e s  of  d e v i a t i n g  thermal  
p r o p e r t i e s  can be t r a n s f e r r e d  t o  f i r e  comparxment, type  A ,  v i a  e f f e c t i v e  
va lues  of  t h e  f i r e  load  d e n s i t y  and t h e  opening f a c t o r ,  ( l ) - ( ; ) .  

complete f i r e  process  , 
I l .. 

I 

Table 1 .  Design f i r e  exposure,  expressed by des ign f i r e  l o a d  d e n s i t y  qd 
and d u r a t i o n  of  f i r e  exposure 

The p r o b a b i l i t y  &qd consequences of a  f i r e  outbreak a r e  s t r o n g l y  inf luenced 
by va r ious  types  of a c t i v e  f i r e  p rozec t ion  measures. The p resen t  v e r s i o n  of  
t h e  method does not  al low f o r  such in f luences  t o  be inc luded i n  any d e t a i l e d  
way. Discuss ions  a r e  i n  progress  concerning whether t h e  presence of  an ap- 
proved s p r i n k l e r  system could be t aken  i n t o  account i n  s rough way by a  
t r a n s f e r  of  a  s t r u c t u r e  o r  s t r u c t u r a l  member t o  t h e  next lower ca tegory .  

Design Load E f f e c t  and Design Load 3ea r ing  Caoacity 

The des ign  c o n s i s t s  of an a n a l y s i s  of simultaneous exposure t o  s t a t i c  load-  
ing  and f i r e ,  d e a l t  w i t h  as an a c c i d e n t a l  case .  The d e ~ e r m i n a z i o n  of  t h e  
des ign  l o a d  e f f e c t  Sd t h e n  fol lows t h e  procedure sccor5 ine  t o  Fig .  3 .  The 
c h a r a c t e r i s t i c  va lue  of  t h e  permanent load  G,< i s  chosen a s  t h e  average ,  and 
t h e  c h a r a c t e r i s t i c  va lue  of  a  v a r i a b l e  l o a d  Fk a s  thaz  corresponding t o  a 

CHARACTERISTIC STRENGTH 
AT ACTUAL TEMPERATURE , 

CHARACTERISTIC LOAO ' iALUES I 
P- 

1 i SCATTER I N  MATERIAL 

STRENGTH 
2 2  i 

, y ,  : PARTIAL FACTORS 1 1,: v " , 2 - - - :  l 

i 3 3 ... i 'Y : LOAO COMBINATION FACTOR / d,! X m~ 

l D I F F E R E N T I A T E 0  'N R T / L  L 
ESCAPE O R  N O T 1  ; v,! a m 2 - - -  , 

DESIGN LOADS 

M d 2  : [ M k /  t m l Z  l 
OESIGN LOAD EFFECT i ... l 

UNCERTAINTY O F  OESIGN 

MODEL 

Xi UNCERTAINTY MATERIAL 
STRUCTURE -TEST RESULTS 

SAFETY CLASS I3 ;VERY 
SERIOUS.  2 = SERIOUS 

1 : NOT SERIOUS1 

RESULTING P A R T I A L  FACTORS 

OESICN STRENGTH 

Fig.  3. Determination of  design load  e f f e c t  S* and des ign s t r e n g t h  Md 



o r o b a b i l i t y  of excess a t  l e a s t  once a  yea r .  The c h a r a c t e r i s t i c  Fk va lues  
may be d i f f e r e n t i a z e d  with r e spec t  t o  whether a  complete evacuation of 
people can be assumed o r  not i n  t n e  event  of f i r e .  

I n  a  des ign  f o r  t h e  u l t ima te  l i m i t  s t a t e ,  t h e  determinat ion of t h e  design 
s t r e n g t h  Md fol lows t h e  procedure shown i n  Fig. 3,  def in ing  four  p a r t i a l  

1 2 3  f a c t o r s  y  , y 
m m'  'my and y:. 

By in t roducing va r ious  ca tegor i e s  of sz ruc tu re  and s t r u c t u r a l  member when 
spec i fy ing  t h e  design f i r e  load  d e n s i t y  and :he design f i r e  exposure, t h e  
in f luence  of d i f f e r e n t  s a f e t y  c l a s s e s  i s  a l ready covered. Consequently, t h e  
p a r z i a l  f a c t o r  y4  i s  t o  be made equal  t o  1 i n  t h e  f i r e  design.  m 

Values of Mk and y,, t o  be appl ied  i n  a  f i r e  design of r e in fo rced  concre te  
s t r u c t u r e s ,  a r e  given i n  t h e  Swedish r egu la t ions  (6). 

THERMAL STRUCTmAL RESPONSE 

During t h e  l a s t  decade, cons iderable  progress  has taken p lace  on t h e  deve- 
lopment of v a l i d a t e d  ma te r i a l  models f o r  t h e  thermal  and mechanical beha- 
v i o u r  o f  concre te  a t  t r a n s i e n t  high-temperature condi t ions  and v e r i f i e d  com- 
p u t e r  programs f o r  t h e  behaviour and l o a d  bear ing  capaci ty  of different 
types  of f i r e  ex>osed, re inforced  and p r e s t r e s s e d  concrete s t r u c t u r e s  have 
been published 7 3 Consequently, an a n a l y t i c a l  b a s i s  now e x i s t s  f o r  
d e a l i n g  with most types  of common concre te  s t r u c t u r e s  under f i r e  exposure. 
For t h e  u l t ima te  load  bear ing  capac i ty ,  t h i s  i s  p r imar i ly  so  with r e spec t  
t o  f a i l u r e  i n  bending. For o the r  k inds  of f a i l u r e  - s h e a r ,  bond, anchorage 
and s p a l l i n g  - t h e  present  s t a t e  of knowle5ge i s  s t i l l  u n s a t i s f a c t o r y  and 
i n  a  > r a c t i c a l  f i r e  engineering des ign ,  it i s  t h e r e f o r e  important t o  d e t a i l  
t h e  s t r u c t u r e  i n  such a  way t h a t  t h e s e  types  of f a i l u r e  w i l l  have a  lower 
p r o b a b i l i t y  of occurrance than  t h e  bending f a i l u r e .  

A s  t h e  s t r u c t u r a l  behaviour of most types  of f i r e  exposed concrete s t ruc -  
t u r e s  i s  very  complicated, i~ i s  important  f o r  t h e  p r a c t i c a l  a p p l i c a t i o n  
zha t  s i m p l i f i e d  design r u l e s  and methods a r e  developed. Such a  methoci i s  
presented  i n  ( 5 )  f o r  an a n a l y t i c a l  determinat ion of t h e  u l t ima te  bending 
moment capaci ty  of a  re inforced  concre te  member under f i r e  exposure. The 

0 
method i s  based on t h e  hypothesis  t h a t  concre te  exposed t o  more than  500 C 
can be neglec ted  i n  a  c a l c u l a t i o n  of t h e  load  bearing capaci ty  of a  r c i n -  
forced  concre te  s e c t i o n  with r e spec t  t o  a x i a l  l o a d ,  bending moment and t h e i r  
combin!%tions, while  concre te  with. lower teliiperature can be assuxed t o  re'ain 
t h e  ord inary  room temperature s t r e n g t h .  The hypothes is  has been v e r i f i e d  by 
a  comprehensive a n a l y t i c a l  s tudy of t h e  behaviour and load  bearing capaci ty  
of d i f f e r e n t  types  of c ross-sec t ions ,  loaded by a  bending moment o r  a  com- 
p r e s s i v e  f o r c e  o r  combinations of both and exposed t o  f i r e  s ~ m e t r i c a l l y  o r  
unsymmetrically. 

On t h e  b a s i s  of t h i s  approach, t h e  f i r e  design procedure f o r  a  r e in fo rced  
concre te  s t r u c t u r e  o r  s t r u c t u r a l  member w i l l  gene ra l ly  be a s  fol lows:  

0 
( 1 )  dezermine -che isotherm of 500 C f o r  t h e  s p e c i f i e d  f i r e  exposure - f a c i -  . . 

l l t a t e d  by t h e  a v a i l a b l h q  of i e s i g n  zab les  and diagrams, presented  i n  
( 3 ) - ( 5 ) ,  

( 2 )  determine a  new wi2th b' and a  new e f f e c t i v e  he ight  d '  of t h e  cross-sec- 
t i o n  by excluding t h e  concre te  ou t s ide  t h e  50Q0C isotherm, 



( 3 )  determine t h e  temperature of r e i n f o r c i n g  ba r s  i n  t h e  t ens ion  and com- 
p ress ion  zones, 

( 4 )  determine t h e  c r i t i c a l  s t r e s s  due t o  t h e  temperature f o r  t h e  t ens ion  anil 
compression reinforcement - f o r  t h e  t ens ion  reinforcement design dia-  
grams a s  exemplif ied i n  Fig. 4 a r e  a v a i l a b l e  5 f o r  t h e  compres- 
s i o n  reinforcement ,  it i s  recommended t o  use  t h e  0.5% proof s t r e s s ,  
U (l'), 0.5 

( 5 )  use  conventional  c a l c u l a t i o n  methods f o r  t h e  reduced cross-sec t ion  f o r  
t h e  determinzt ion of t h e  u l t ima te  bending moment capaci ty  with s t r e s s e s  
of t h e  r e i n f o r c i n g  ba r s ,  as  obtained i n  ( L ) ,  

( 6 )  apply t h e  bending momenz capaci?; ies ,  determined according t o  ( 5 ) ,  t o  t h e  
dec i s ive  cross-sec t ions  f o r  2 determinat ion of t h e  u l t ima te  load  bearing 
capac i ty  of t h e  s t r u c t u r e  o r  s t r u c t u r a l  member, and 

(7) compare t h e  u l t ima te  load bear ing  c a p c i t y  with t h e  design load  ~ f f e c t .  

F ig .  4. C r i t i c a l  s t r e s s  oS,k(T)  f o r  t e n s i l e  reinforcement of hot - ro l led  
s t e e l  as  e func t ion  of temperature of t h e  reinforcement and l / p .  0 ~ ( 2 0 ~ ~ ! =  
des ign  value of y i e l d  s t r e s s  a t  ord inary  room temperature.  i n  f o r m 1 2  f o r  
U, As i s  i n  a 2 ,  b '  and d '  i n  m ,  end f c d  (des ign  compressive s t r e n g t h  of con- 
- r e t e )  i n  !@a ( 5 ) ,  ( 1 4 )  

The a p p l i c a t i o n  of an u l t ima te  l i m i t  s t a t e  approach t o  a  f i r e  exposed, con- 
t i n u o u s ,  r e in fo rced  concrete beam o r  s l a b  r e q u i r e s  t h ~ t  t h e  thermally in -  
duced r e s t r a i n t  s t r e s s e s  and moments a r e  reduced t o  zero  a t  t h e  f a i l u r e  of 
t h e  s t r u c t u r e ,  o r ,  a l % e r n a t i v e l y ,  t h a t  t h e  c ross - sec t iona l  r o t a t i o n s  zaused 
by t h e  thermal  g rac ien t  must be l e s s  than  t h e  r o t a t i o n a l  capaci ty  of t h e  
f i r e  exposed s t r u c t u r e .  Comprehensive experimental and a n a l y t i c a l  s t u d i e s  
confirm t h a t  t h e  r o t a t i o n a l  capaci ty  o r d i n a r i l y  i s  s u f f i c i e n t .  An u l t i m a t e  
l i m i t  s t a t e  approach, however, must be appl ied  with g r e a t  ca re  i f  high qua- 
l i t y  s t e e l s  with a  good bond but low d u c t i l i s y  i s  used f o r  t h e  negat ive  re- - 
iaforcement over t h e  supports  ( ) L ) .  
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STRUCTURAL FIRE SAFETY - AS E X E M P L I 3 E D  3 Y  t. SiJ!3DISH i4ANJ.4L F03 PJALYTICAL 
DESIGN 

by Ove Pe t t e r s son  

SUMMARY 

During t h e  l a s t  decade, a  r ap id  progress has been made i n  t h e  development 
of v a l i d a t e d  a n a l y t i c a l  models f o r  t h e  thermal and mechanice.1 behaviour of 
f i r e  exposed s t r u c t u r e s  and s t r u c t u r a l  members. I n  2 long-term pe r spec t ive ,  
t h e  development now goes towards an a n a l y t i c a l  des ign ,  d i r e c t l y  based on a  
n a t u r a l  f i r e  exposure and spec i f i ed  wit'n r e spec t  t o  t'ne comtiustion chzrac- 
t e r i s t i c s  of ;he f i r e  load  and t h e  geometrical,ventilation, and thermal  
p r o p e r t i e s  of t h e  f i r e  compartment. I n t e r n a t i o n a l l y ,  t h e  development then  
inc ludes  a  p r o b a b i l i s t i c  approach, based e i t h e r  on a  system of p a r t i a l  
s a f e t y  c o e f f i c i e n t s  o r  t h e  s a f e t y  index concept. 

The paper aesc r ibes  t h e  b a s i c  c h a r a c t e r i s t i c s  of an a n a l y t i c a l  met1106 f o r  
a  s t r u c t u r a l  f i r e  engineering design s t a r t i n g  from t h e  n z t u r a l  f i r e  exposure 
and r e l a t e d  t o  t h e  semi-probabi l i s t ic  approach v i a  p a r z i a l  s a f e t y  coe f f i -  
c i e n t s .  The consequences of a  s t r u c t u r a l  f a i l u r e  a r e  considered by dividing 
t h e  s t r u c t u r e s  o r  s t r u c t u r a l  members i n t o  c a ~ e g o r i e s  with a  d i f f e r e n t i a t i o n  
with regard  T O  t h e  design f i r e  load  dens i ty  and l e n g t h  of f i r e  exposure. 
The a p p l i c a t i o n  i s  b r i e f l y  exemplified on t h e  b a s i s  of a  Swedish manual, 
i n  p repa ra t ion ,  f o r  f i r e  exposed re in fo rced  concre te  s t r u c t u r e s .  



SgCLrRITE DE LA CONSTRUCTION FACE L'INCEPDIE - ILCJST?,S ?M3 U l V  M-4NUE; 
SUl?DOIS DU CALCUL FH60RIQUF 

par Ove Pet-ersson 

SOMM4IRE 

Pendant la dernisre dizaine 2'ann6es, un progrss rapide a 6t6 fait con- 
csrnant le d6veloppement des modsles analytiques validss pour le com- 
portement thermique et m6chanique des structures et des 616ments de 
structures expos& au feu. A long terrne le d6veloppement est dirigi 
vers le calcul thsorique, fond6 directement sur l'incendie naturelle 
et specifis par les charac~6ristiques de la combustion de la charge- 
incendie, les characti-ristiques de ventilation et LPS propri6t& ther- 
miques du co~partiment au feu. Int ernationalement le d6veloppement 
alors comprend un rapprochement probabilist'ique, fond6 sur un systime 
des coefficients par-liels de s6curit6 ou de l'index de s6curit6. 

La dissertation traite les charact6ristiques fondamentales d'une m6- 
thode analytique au feu pour les structures porteuses, partante de 
l'incendie naturelle et relat6e au rapprochement semi-probabilistique 
via des coefficients partiels de sEcurit6. Les cons6quences d'une rup- 
& de strucwres sont consid6r6es en classifiant les structures et 
les 6i6ments de structures en cat6gories differenci6es d'aprss La den- 
sit6 de charge-incendie et la dur6e de l'inceneie. L'application est 
br2.vementillustr6e dvls Le domaine des structures en b6ton arm6 ex- 
pos6es au feu, se fondant sur un manuel Suijois en pr6paratioc. 



.Q-ALYTISCHE SICliZRHEI'3NACIii.7EISE VON BAUKONSTRLXTIONEN - EXZMTLIFI- 
ZIERT DURCE EI?? SCIlhTEDISCE3S HMDYUCIi 

von Ove Pe t t e r s son  

Wkhrend des l e t z t e n  Jahrzehntes  s i n d  d i e  v e r i f i z i e r t e n ,  ana ly t i schen  
Methoden fiir  d i e  Yerechnung d e r  t h e r a i s c h e n  und mechanischen Wirkung 
feuerbeanspruchter  Baukonstruktionen s c h n e l l  en twickel t  worden. Auf 
lange  S i c h t  geht  nun d i e  Entwicklung i n  d i e  Richtung gegen aaa ly t i sche  
hlethoden, d i e  von den Eigenschaften des Naturbrandes u n t e r  aeriicksich- 
t i gung  d e r  3randbelas tung,  d e r  Vent i la t ionsverh2J tn isse  des Brandab- 
s c h n i t t e s  und d e r  i&med5.mnung d e r  Umfassungsbautelle ausgehen. Die 
Methoden s i n d  entweder de ter rn in is t i sch  oder .auf  Wahrscheinl ichkei ts-  
t h e o r i e  gegr&det.  

- 
i n  d e r  vorl iegenden Arbei t  wird e i n  a n a l y t i s c h e s  NachweisverI'ahren f i i r  
d i e  brandschutztechnische Yernessung von Baukonstruktionen k i i rz l ich  be- 
s c h r e i b t .  Das Verfahren i s t  semi -p robab i l i s t i s ch  und auf den z e i t l i c h e s  
Verlauf der  Raumtemperaturen wghrend e i n e s  ne t i i r l ichen  Schadenfeuers 
b a s i e r t .  Die Konsequenzen von einem Versagen des Bau te i l e s  werden durch 
e i n  System von Xategorien d e r  Bau te i l e  be r i i cks i ch t ig t ,  wobei d i e  Brand- 
Seanspruchmg i n  E ins i ch t  auf d i e  dimensionierende Branfibelastung und 
Branddauer d i f f e r e n t i i e r t  worden i s -c .  Die p rak t i sche  hwendung i s t  
k i i rz l ich  von e inea  Schwe&schen Handbuch beziiglich brandbeanspruchter 
Yetonkonstruktionen e r l h t e r t  . 


