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Different material properties are obtained at every place depending on the
tenperature T in the cross section which is given by the tenperature
"gradient at every time t. As a result, for every point in the cross section
the valid nodulus of elasticity is obtapned as Em=f (T (f (t))) with the
_nmodul us of el asticity being a function of the tenperature and that on the
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was not i fibers.t he actual tenperature gradients deviate strongly fromlinear
progresses. As a rule, the edge zones are usually strongly
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These internal forces can each be converted in a subsequent step into

equi val ent outer tenperature stresses which woul d produce these interna
“force values, but not the sanme state of stress. Wth these equival ent
tenperature loads it is now possible tg determne the internal forces with
the help of linear bar statics and their results can be delimted fromthe
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compression.

Like the bearing load of the cross section, the stiffness of the cross section
decreases with increasing temperature stress, which stiffness on the one hand
depends on the decrease of the associated modulus of elasticity and on the other
hand occurs by the continuous reduction of the cross-sectional height due to the
overload by the temperature since all cross-sectional shares fail with
temperature stresses of more than 700°C.

As in the determination of the bearing load, the share in the stiffness of the
overall cross section can be determined at every place through the definition of
the respectively valid modulus of elasticity.

As has already been mentioned, this method intends to make do with linear bar
statics, i.e. finite element method. In order to ensure this, it is necessary to
convert the temperature stresses of the cross section.

In linear bar statics, only linear courses of temperature gradients are
permissible. As was noticed, the actual temperature gradients deviate strongly
from linear progresses. As a rule, the edge zones are usually strongly
temperature-loaded. Cross-sectional parts situated further inwards and the part



Capping = 10 mlight soil Water |level 2 munder upper edge of the vault
CQut si de concrete cover = 5 cmlnside concrete cover = 10 cm Inside
-protective arnoring, d = 3 cm(is used for limting flaking under
tenperature influence) The fire | oad isgapplied constantly around the
tunnel cross section. Wth increasing duration of the fire the tenperature
| oad i ncr t r ature
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hori zont étre§§‘i3% stat es the distance fromthe exposed surface in
centinmeters. The vertical axis shows the tenperature in degrees Celsius,
with theSimdadyduhe taduces sheierinh propertiesperaatreteyapt ogrlgsin dhe ezor@snohs.
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of m ni mum arnoring being required. Fi (1:) shows the curve of the internal
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has a far |l ess eccentric effect. The safety analysis of the |oad-carrying
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exanpl e shQpRal W@Fce%h@nt‘ﬂ Qﬁé ﬁ@@t 'o@”hr?éa'r' bafagafics A ¥nhawatdiitsCehh apse of

ormat 1 sRUbTed ot Fas, BRRcile tidtdhs Stist podne P ek pRe Bab R AL ot

kKNm on the vertical axis. It can thus be proved that w thout any additional
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t he proofaralysisisethusagaidusedcol | apse of supporting systens under fire | oad
on the basis of the elenentary science of strength of materials and
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chart of Jigune of R nEy rﬁ:ﬂ' r%%hé&\%“tr?ﬁé?P‘?ﬁé%%rEgrrﬁeehﬁ &%ﬂ&&ed ”nt%&zﬁégance
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calculation of the tine steps ti is perforned in step 3. Al tine steps are
t hen cal clhigit B4Hstn bet deriormedruish the emakeréalt meopett@sniwitieh oaref radyeedt at e
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be deri veQd {sifrel iR BetBrmiiRg Che necessary armoring in such a way that at first the
internal forces in the construction must be determined without the fire load, but
with altered stiffness conditions. The rating analysis is then made with the
reduced material properties, with the required safety factors having to be
specified.

The invention is now explained in closer detail in an embodiment by reference to
the enclosed figures, wherein:

Fig. 1 shows a diagram representative of a temperature curve in the
cross section of a building component depending on the time;



In detail, step 3 can be regarded as a subprogramin which the system
stlffnesses are determned at first in step 31 in a |oop and the
~tenperature and equivalent load in step 32. The di mensioning of the
conponents occurs in step 34 and in steg-35 it is queried whether the

| oad-carrying capacity is proven. |If yes, the programreturns. If not, it

is returned s{ep I i
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whereby this step istuRMRIAr9shPedidgal hepPedinning. ofvefiseir es such as heat

i nsul ati on and ot her constructional neasures can be exam ned with respect
to its influénge3thesbows Adjagranyacopding calfigar a8geninteéftentie stas of es
can thus be omtted. ({8¢r@rincipal arrangement of heat insulations in the
formof matting and plasteting or protectlve concrete can be offered an

alternative ch ex vel h o}

rei nfor ced- cgk#&rgte %W%’t% mlﬁ?%&%% th% E% c?ibgre@ehie%t fs %&ggécﬁ%ae{or
proving the safety ad ?ﬁ‘@fm@bfqréﬁsén@f Ioad bearing systens under fire | oad
by cal cul ating the changes of the material properties during the fire and

t he residual Fig.r®&ngt Ishafvsea fiblvectiart eviich réprdsaatsthd sequencebbfatheechdifiodeans

of l'inear bar staticsg,waet Wn@ég\,,gﬂ fl-%iﬁlweﬁgbﬁi ned fromthe construction of
t he buil di ng conponent and ch relate to the design of the building

conmponen t I ch 0, in n_con ence
of or oundiar & SEFDE Oﬁ?ﬁ“%ﬁi' RYRAR G R SRR et B RIRT A
that i npdie!leMingegrosgrsachanalimangiansn of the conponent under tenperature

i nfluence are determned as follows: by definition of the fire |oad; by
definition of a tiroternahtbriiveorkatross aedtéon of4@ ke t her mal | oad over the
entire cross section at said tinme t, and by determning the materi al
properties under tdanpieadnd Sutisidd gﬁﬁ@ﬁn%M5anﬁ7e/mt he fire influence; wth

| oad curves for this cross section at this tine .e. the determ nation of
the | oad-bearing c alft?réﬁﬁooss section by the determ nation of the
i nteraction between nt and normal force by neans of | oad
curves, the conver I t%{sgternal forces resulting fromthe

t enperature | oad | 7Y outer tenperature |loads, and the

determ nati on of the syst emstiffnesses applicable fqr the respectively

vi ened cross secti dhodilug of spbgiadg reactien dOR. R k Hé@?fl cient of elasticity,
being determned with said determ ned data over the cross-sectional height
of the conponent fdnsiel®cdiaofetemapproxmé mt eps under consi deration of the
different non-linear material properties at each place of the cross section
by integration w thtdppieg er nonedightabe at |limt strains and the internal
forces as obtained by using franme analysis are delimted against the then

appl i cabl e | oad CUfWﬁ?ermévélai(hPQnUQF 939&09% of Q@ea%algr ed stiffnesses and

applied substitute tenperature | oad. ccording to claim1,

characterized in t S ative analysis of the saf ety
ralt"ﬁ:@e é&bcégfﬁ (VE;O\P roag bC

agai nst col | apse of aring system the nethod steps as

mentioned in claiml1l are repeated with
Inside concrete cover = 10 cm

Inside protective armoring, d = 3 cm (is used for limiting flaking
under temperature influence)

The fire load is applied constantly around the tunnel cross section. With
increasing duration of the fire the temperature load increasingly penetrates the
cross section:

Fig. 1 shows the temperature curve in a component such as a tunnel wall in
progress over time. The horizontal axis states the distance from the exposed
surface in centimeters. The vertical axis shows the temperature in degrees
Celsius, with the individual curves showing the temperature progress after 3
mins., 6 mins., 9 mins., 30 mins., 60 mins., 120 mins and 180 mins after the
beginning of the exposure.
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by the temperature gradient acts in an extremely eccentric way. After a certain
duration of the fire, however, the temperature load still continues to increase,
but has a far less eccentric effect.

The safety analysis of the load-carrying capacity is performed with the associated
load curves. The mentioned example shows that the cross section still has a
safety against collapse of > 1 even after a fire load of 180 mins.

Fig. 4 shows a diagram in which the normal force is entered in kN on the
horizontal axis and the bending moment kNm on the vertical axis.

It can thus be proved that without any additional measures the stability of the
cross section with a safety > 1 is also ensured during the fire.

Notice must be taken in addition to the above steps that in the course of the
calculation any cross-sectional parts whose temperature load goes beyond 700°C
are eliminated. This corresponds to the defined material properties.

The calculation model in accordance with the invention avoids the application of
complex numerical statements and allows the proof of safety against collapse of
supporting systems under fire load on the basis of the elementary science of
strength of materials and reinforced concrete construction by using linear bar
statics.

The flow chart of fig. 5 shows the calculation procedure for the model in
accordance with the invention. Based on a definition of the fire load in step 1, the
temperature load of the cross section is calculated in step 2 and the calculation
of the time steps ti is performed in step 3. All time steps are then calculated in
step 4 in order to enable the determination of the state after the fire in step 5.
The requirements placed on the construction can be derived therefrom in step 6.
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In detail, step 3 can be regarded as a subprogram in which the system
stiffnesses are determined at first in step 31 in a loop and the temperature and
equivalent load in step 32. The dimensioning of the components occurs in step
34 and in step 35 it is queried whether the load-carrying capacity is proven. If
yes, the program returns. If not, it is returned to step 31.

With this calculation model it is possible to include the step of the load
calculation with a low amount of effort, whereby this step is usually missing in
planning. Measures such as heat insulation and other constructional measures
can be examined with respect to its influence thereon. A purely empirical
arrangement of such measures can thus be omitted. The principal arrangement
of heat insulations in the form of matting and plastering or protective concrete
can be offered an alternative which exclusively makes use of the principles of
armored reinforced-concrete structures.
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1. A method for proving the safety against collapse of load-bearing systems
under fire load by calculating the changes of the material properties during
the fire and the residual strength after the fire on the basis of data obtained
by means of linear bar statics which were already obtained from the
construction of the building component and which relate to the design of the
building component for standard load cases such as dead load, loading in
consequence of groundwater and of earth pressure, and living load,
characterized in that input values for the calculation of the component under
temperature influence are determined as follows:

) by definition of the fire load;

. by definition of a time t and the calculation of the thermal load over the
entire cross section at said time t, and

e by determining the material properties under temperature influence and
after the fire influence;

with

o load curves for this cross section at this time, i.e. the determination of
the load-bearing capacity of the cross section by the determination of

the interaction between bending moment and normal force by means of
load curves,

e the conversion of the internal forces resulting from the temperature
load into equivalent outer temperature loads, and

o the determination of the system stiffnesses applicable for the

respectively viewed cross section, i.e. flexural strength and coefficient
of elasticity,

being determined with said determined data over the cross-sectional height
of the component for each of said time steps under consideration of the
different non-linear material properties at each place of the cross section by
integration within determined state at limit strains and the internal forces as
obtained by using frame analysis are delimited against the then applicable

load curves by taking into account the altered stiffnesses and applied
substitute temperature load.

2. A method according to claim 1, characterized in that in the case of a
negative analysis of the safety against collapse of the respective load-
bearing system, the method steps as mentioned in claim 1 are repeated with
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Applncatlon of a method according to one of the claims 1 to 3, characterized
in that after the preparation of the construction sheets for erecting a
statically loaded building structure the safety against collapse of said
building structure in the case of a possible fire are determined on the basis
of data obtained by means of bar statics, which data have already been
obtained from the construction of the building component and which relate
to the standard load cases such as dead load, loading in consequence of
groundwater and of earth pressure, and living load and optionally the
constructional features are altered to such an extent that the safety against

collapse during a fire load or the required residual strength after the fire is
given,



