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Figure 14 shows the comparison between the calculated bending moment and calculated
load bearing capacity, in span and support cross-sections of the beam shown in Fig. 13.

a)

kNm Persistent

kNm Fire, t =30 min
-1200 )
-1000

-800 582

kNm Fire, t =60 min

-1000 956
-800 643

- 0.0
200 7,5 15,0

400 306 165

800 706

kNm Fire, t =120 min

-1000 -863
-800 -710

-200 00 15,0

7,5

282
800 609

Fig. 13a—f. Bending moments for 7.5 m span length beam, 35 % 70 cm cross-section, variable load

and fire in one span only
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Fig. 14. Comparison of calculated bending moments and calculated load bearing capacity in span
and support cross-sections: 7.5 m span length beam, 35 x 70 cm cross-section, variable load and fire
in one span only. Red curve — calculated load bearing capacity, green solid line — calculated bending

moment, redistribution considered; green broken line — calculated bending moment, redistribution

Figures 15-16, in the same manner, present graphs of bending moments in the same
beam, where a variable load and fire operate on both spans (according to Fig. 12b).
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With the “transition” from a persistent design situation to accidental situation of fire (Fig.
13a, b, Fig. 15a, b) the calculated load bearing capacity greatly increases. Then, as the fire
takes effect, span moments decrease and support moments increase.
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Fig. 15a+f. Bending moments for 7.5 m span length beam, 35 x 70 cm cross-section, variable load
and fire in both spans

In span cross-sections (Fig. 14, 16), slightly decreasing the calculated moment “moves
away” from the rapidly decreasing calculated load bearing capacity. This causes a slight
delay of a computational load limit state in cross-sections of the span.

In the cross-sections of the support (Fig. 14, 16) rapidly growing calculated moment soon
“approaches” the decreasing calculated load bearing capacity. This results in a significant
acceleration of the ultimate limit state in cross-sections of the support.

Consequently, as a result of redistribution of bending moments, the calculated ultimate
limit state occurs firstly in the support cross-section, and then in cross-section of the span.
If omitted, the redistribution of bending moments would cause the reverse situation. ULS
occurs first in the span cross-section, and then in the support cross-section.

Please note that the occurrence of ULS in a support cross-section will result in
a “descending” graph of bending moments, which was not considered in this paper.

In conclusion, it can be estimated that in the case of load and fire on the two spans
(Fig. 16), as a result of redistribution of bending moments, calculated destruction of the
beam occurs about 40 minutes earlier than it would appear according to the calculations
with neglected redistribution of bending moments. In the case of load and fire in one span
only, inclusion or omission of redistribution of bending moments is not essential for a fixed
computational time of the beam destruction.
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Fig. 16. Comparison of calculated bending moments and calculated load bearing capacity in span
and support cross-sections: 7.5 m span length beam, 35 x 70 cm cross-section, variable load and fire
in both spans. Red curve — calculated load bearing capacity, green solid line — calculated bending
moment, redistribution considered; green broken line — calculated bending moment, redistribution

neglected

4.3. Slab with a span of 7.2 m, height cross-section /2 =25 cm

Figures 17 to 20 present graphs of bending moments in two span slabs of 7.2 m span
length, cross-section height 4 = 25 cm, in the same manner as in the previous chapter.
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Fig. 17a+f. Bending moments for 7.2 m span length slab, depth 25 cm, variable load and fire in one

span only
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In the examined slab, a similar effect of redistribution of bending moments has been
observed, as in the beam considered in the chapter 4.2. As a result of the redistribution of
bending moments, the ultimate limit state occurs firstly in the cross-section of a support,
and then in cross-section of span. In the case of the slab, redistribution of bending moments,

however, does not cause acceleration of ULS.

The Fig. 18 and 20 shows the two aforementioned fire situations to cross-sections of
the span and the support of the two span slabs of 7.2 m span. Red curve — calculated load
bearing capacity, green solid line — calculated bending moment; redistribution considered,

green broken line — calculated bending moment; redistribution neglected.
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Fig. 18. Comparison of the calculated bending moments and the calculated load bearing capacity in span

and support cross-sections: 7.2 m span length slab, 25 cm cross-section depth, variable load and fire in one

span only. Red curve — calculated load bearing capacity, green solid line — calculated bending moment;
redistribution considered, green broken line — calculated bending moment; redistribution neglected
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Fig. 19a+f. Bending moments for 7.2 m span length slab, cross-section depth 25 cm, variable load and

fire in both spans
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Fig. 20. Comparison of the calculated bending moments and the calculated load bearing capacity in span
and support cross-sections: 7.2 m span length slab, 25 cm cross-section depth, variable load and fire in
both spans. Red curve — calculated load bearing capacity, green solid line — calculated bending moment,
redistribution considered; green broken line — calculated bending moment, redistribution neglected

5. Conclusions

In the first part of the paper, there has been analyzed computationally, how the stiffness of
the encountered in practice cross-sections of slabs and cross-sections of reinforced concrete
beams exposed to fire only on the tensile reinforcement, or only from the compression zone
of concrete changes. The calculations were based on assumptions of the 500°C-Isotherms
Method recommended in [10] to calculate the load bearing capacity of reinforced concrete
elements exposed to standard fire.

Reduction of span cross-sections stiffness (with heated reinforcement) occurs much faster
than the reduction of support cross-sections stiffness (with heated concrete compression
zone). Already in the initial phase of the fire (=30 min) a ratio of span cross-section stiffness
to the stiffness of the support cross-section decreased approximately twice. This significant
change in the proportion of the stiffness of the span and support cross-section can cause the
redistribution of bending moments.

In the second part of the paper, for example of two span elements, it has been estimated
the impact of changes in stiffness of the cross-sections on redistribution of bending moments.

As aresult of the redistribution of bending moments, a slight decrease in the span moments
and relatively significant increase in the support moments should be expected. Consequently,
the calculated ultimate limit state occurs firstly in the cross-section of a support, and then in
the span cross-section. If omitted, the redistribution of bending moments would cause the
reverse situation. ULS would occur firstly in the span cross-section, and then in the support
cross-section.

The ultimate limit state in elements with a relatively large cross section (as a result of
redistribution of bending moments due to changes in stiffness of the cross-section) may occur
slightly earlier than could be expected when the impact of redistribution is neglected. In
elements with a relatively small cross-section, the redistribution of bending moments should
not have a significant impact on the time in which the ultimate limit state occurs.
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