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STUDY OF FIRE RESISTANCE OF REINFORCED CONCRETE BARS
ACCORDING TO SPECIFIED CONCRETE STRENGTH INDICATORS

The article presents the results of determining the limit of fire resistance of
reinforced concrete crossbars, taking into account the study of identification of strength
characteristics of concrete based on the results of fire tests.

During the fire tests, two serial reinforced concrete crossbars with the same
structural parameters were investigated. The experimental setup made it possible to
study full-size elements. The preparation, method of conducting and obtained results of
fire tests are described in detail in the previous article. During the fire tests,
temperature indicators were obtained at the control points of the cross-section of the
tested elements and the value of their maximum deflection depending on the test time.

The purpose of this article is based on determining the time of onset of the limit
state as a sign of the loss of load-bearing capacity of reinforced concrete crossbars
according to the specified concrete strength indicators, calculated based on the results
of fire tests.

Based on the obtained experimental temperature indicators, temperature
interpolation was carried out and temperature distributions in the cross-sections of
reinforced concrete crossbars were constructed. The obtained results are adequate,
since the F criterion does not exceed the table values and is equal to (.734.

To clarify the strength properties of concrete, a deformation model was used,
which is based on the use of equilibrium systems of internal layers in the section. The
mathematical apparatus presented in the work allows rewriting the deformation model
into a system of linear algebraic equations, the unknowns of which are the concrete
strength reduction coefficients.

Based on the value of the maximum deflection of the crossbars, the problem of
strength was solved and the limit of fire resistance was determined according to the
specified coefficients of concrete strength reduction. It is shown that the onset of the
limit state due to the loss of bearing capacity is not reached in all cases and is
determined according to the technical conditions (approximately 0.3 of the destructive
load) M = 50 kHwm.

Key words: fire resistance, reinforced concrete, crossbar, test, strength,
temperature, calculation.

Problem setting. A large share in the field of construction falls on the use of
reinforced concrete structures. Various factors affect the reliability of these building
structures in fire conditions, in particular, allowed deviations from the project during
construction, changes in the structural scheme of the element, deformations obtained
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during operation, the stress-deformed state of the structure in fire conditions, the
strength of construction materials, etc.

In fire conditions, the greatest danger is the destruction of bent elements of
reinforced concrete structures, namely reinforced concrete crossbars and beams. These
building structures have the largest dimensions and carry a large load, as they
overlapping of floors and covering of roofs of buildings.

To ensure the compliance of reinforced concrete crossbars with the purpose and
their ability to maintain the necessary operational qualities in fire conditions, an
effective way is to ensure a standardized limit of fire resistance. The reliability of these
building structures in fire conditions depends on the strength characteristics of concrete.
At the current stage, the strength characteristics of concrete need to be clarified by
conducting fire tests in order to increase the reliability of the data, which will allow
obtaining more accurate calculation results when determining the fire resistance limit of
reinforced concrete structures of this type.

Analysis of recent research and publications. Experimental and computational
studies are used to ensure the normalized limit of fire resistance of reinforced concrete
crossbars under fire conditions [1]. Experimental research is based on conducting fire
tests, which are conducted in accordance with standards [2, 3]. However, experimental
studies of determining the limit of fire resistance of reinforced concrete crossbars cannot
always be correctly applied. Since during fire tests it is impossible to reproduce the full
compliance with the conditions of fastening and loading of the tested element.

Calculation studies are based on various mathematical models, among which
there are models that take into account all the features of the behavior of reinforced
concrete under the conditions of the thermoforce effect of fire. However, the obtained
calculation results need to be carefully checked, since a set of properties of reinforced
concrete components is used as the initial data, which can differ significantly within the
same class of material [4].

The strength characteristics of concrete given in DSTU-NB EN 1992-1-2:2012
Eurocode 2 [5] are used as initial data for calculation studies to determine the limit of
fire resistance of reinforced concrete building structures. The disadvantage is that the
strength characteristics of reinforced concrete are not determined, but their universal
values are used, in accordance with this standard. The values of the concrete strength
reduction coefficients depending on the time of fire exposure obtained by laboratory
tests of small cube samples do not reproduce the performance of concrete in full-size
building structures under the influence of high temperatures, which is the reason for the
appearance of significant errors [5].

To obtain reliable results regarding the determination of the limit of fire
resistance of reinforced concrete crossbars, the method of fire tests with mathematical
processing of the results is used, which provides flexibility when taking into account the
boundary conditions for reinforced concrete elements [4, 6]. This method of conducting
research involves the application of any level of load, using different theories of the
strength of materials, the use of various geometric parameters of structures, and
clarification of the strength characteristics of materials that are components of
reinforced concrete according to the measurements obtained during fire tests [7, §].

Formulation of the goals of the article. The goals of the article is to determine
the limit of fire resistance of reinforced concrete crossbars by calculation using the
strength characteristics of concrete identified by the results of fire tests, which are
described in the work [2]. To achieve the goal of the article, it is necessary to complete
the following tasks:
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1. To obtain temperature distributions by interpolation of temperatures
determined during fire tests and to plot graphs in the form of isotherms in order to
analyse the obtained results.

2. Using the mathematical apparatus described in works [4, 9], specify the
strength coefficients of concrete using the initial data obtained from the results of fire
tests.

3. To determine by calculation the fire resistance limit of reinforced concrete
crossbars using concrete deformation diagrams built according to specified concrete
strength indicators.

Presentation of the main research material. To determine the limit of fire
resistance of reinforced concrete crossbars by calculation using the characteristics of
concrete strength, specified by the results of fire tests, the results of experimental
studies specified in the work [2] were used. In the work, reinforced concrete crossbars
of the tau type were investigated. The method of carrying out, the structural scheme of
two twin samples and the obtained results of fire tests are given in [2]. The analysis of
the described results showed that with the same position of the thermocouples, the
graphs of the temperature dependences at the control points of the furnace chamber and
the temperature dependences at the control points of the inner layers of the reinforced
concrete crossbars-samples from the test time are similar, which confirms the good
reproducibility of the experiment. The advantage of this test is that the experimental
setup made it possible to investigate serial full-size crossbars.

Based on the temperature indicators obtained during the fire tests, interpolation
was carried out according to the block diagram described in [9] and the temperature
distributions shown in the figure were obtained 1.
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Figure 1 — Temperature distributions in a reinforced concrete crossbar (°C):
a— 15 min; b — 30 min; ¢ — 45 min; d — 60 min

183



«Haoszsuuatini cumyayii: nonepedcenns ma nixgioayisy, Tom 8 Ne 2 (2024)

Isotherms in fig. 1 show that the results obtained by interpolation are adequate.
The analysis of statistical parameters confirmed the adequacy of the temperature
interpolation results, because the calculated Fisher's criterion is 0.734 and does not
exceed the table value equal to 1.01 [2].

A necessary component of determining the limit of fire resistance is the
identification of the strength characteristics of concrete. To clarify the strength
characteristics of concrete, the deformation indicators of reinforced concrete crossbars
during fire tests, which are described in the work [4], were taken and analysed. Figure 2
shows the dependences of the largest deflection of the tested samples.
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Figure 2 — Dependence of the largest deflection of reinforced concrete crossbars
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The plotted curves of the maximum deflection of reinforced concrete crossbars
show that the fire resistance limit is not reached, since the rate of increase and the
maximum deflection do not exceed the permissible values (D =35 mm, d/dt =1.54
mm/min).

Using the obtained data on the interpolation of temperatures in the sections of
reinforced concrete cross-sections, the data on the maximum deflection of the cross-bar
and the mathematical apparatus given in [9], the coefficients of reduction of concrete
strength from the temperature of reinforced concrete cross-bars subjected to fire tests
were identified by solving a system of linear algebraic equations, the dependence graphs
of which are shown in fig. 1.
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Figure 3 — Dependencies of the concrete strength reduction factor: 1 — standard
dependence, 2 — dependence for sample Ne 1, 3 — dependence for the sample Ne 2

184



«Haoszsuuatini cumyayii: nonepedcenns ma nixgioayisy, Tom 8 Ne 2 (2024)

Taking into account the obtained refined dependence of the coefficient of
reduction of concrete strength on temperature for calculating the fire resistance of
reinforced concrete crossbars, appropriate concrete deformation diagrams were
constructed. The constructed diagrams are shown in fig. 4.
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Figure 4 — Diagrams of concrete deformation

Based on the results of the research, the problem of strength was solved based on
the value of the maximum deflection of the reinforced concrete crossbar. The cross-
section of the crossbar was divided into rectangular zones of size 10x10 mm.

The limit maximum deflection of the crossbar is:

2 2
Do L _ 2,56 _
400-H 400-0,95

The limit curvature of the crossbar is:

7=24-1070,95"=0,0053 m! ()

At each control point in time, the moment of reaching the critical curvature of
the crossbar is determined according to the formula given in works [2, 9].

In fig. 5 graphs of the dependence of the internal moment on the curvature of the
crossbar are plotted for some moments of the test time.
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Figure 5 — Graphs of the moment at the limit value of the curvature for the specified
moments of the test of the reinforced concrete crossbar
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As a result of the performed calculation, the dependences of the reduction of the
load-bearing capacity on the time of the tests for the two studied crossbars were
determined. The resulting dependencies are shown in Fig. 6.
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Figure 6 — Graph of reduction of the load-bearing capacity of a reinforced concrete
crossbar according to the values obtained by identifying the strength characteristics of
concrete

The obtained calculations showed that the time of onset of the limit state due to
the loss of bearing capacity is not reached in all cases. The time of occurrence of the
limit state was recognized in view of the selected acting moment in this crossbar,
according to the technical conditions (approximately 0.3 of the destructive load)
M =50 kN'm.

Conclusions. In view of the conducted studies of fire resistance of reinforced
concrete crossbars, the following conclusions were formed by calculation using the
specified strength characteristics of concrete:

1. Temperature distributions were obtained by interpolation of temperatures
determined during fire tests. The obtained results are adequate, since the F criterion is
equal to 0.734.

2. Refined concrete strength reduction coefficients were determined by solving a
system of algebraic equations using the initial data obtained during fire tests described
in the work [4].

3. It was established that the maximum deflection of the tested crossbar does not
exceed the permissible values and is equal to 36 mm.

4. As a result of the calculation, it was established that the time of onset of the
limit state due to the loss of bearing capacity is not reached and is determined according
to the technical conditions (approximately 0.3 of the destructive load) M = 50 kN-m.
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JOCJAIIXKEHHA BOTHECTIMKICTD 3AJIIBOBETOHHUX PUTEJIB 3A
YTOYHEHUMMU ITIOKAZHUKAMMU MITHOCTI BETOHY

Y cmammi euknadeni pesynemamu  GU3HAYEHHA MedHCI BOCHECMIUKOCMI
3ani300eMOHHUX  pueenis  8paxo8ydu  O00CHIOJNCeHHs  [0eHmuikayii  MiyHICHUX
xapakmepucmuk Oemomy 3a pe3yibmamamiu 02He8UX 8UNPOOYEAHb.

Ilpu socnesux 6unpoby8anHax O00CHIONCYBANUCA 08a4 CepilHi 3a1i300eMOHHI
puceni 3 OOHAKOGUMU KOHCMPYKMUGHUMU napamempamu. Excnepumenmanvha
VCMAHOBKA 0ANAd MONCIUBICIb Q0CAIOUMU NOBHO pO3MipHi enemenmu. Ilioeomoexa,
MemoouKa NpoeedenHs ma OMPUMAHi pe3yabmamu 802HEe8UX BUNPOOYEaHb 0emalbHO
onucaui y nonepedHii cmammi. B x00i eocnesux eunpobysanv Oyau ompumari
NOKA3HUKU MeMNnepamypu y KOHMPOAbHUX MOYKAX nepepizy 00CAi0HCY8AHUX eNeMEeHMI8
Ma 3HAYEHHs IX MAKCUMATLHO20 NPO2UHY Y 3ANEHCHOCMI 8I0 4acy 6UNPOOYBAHHSI.

Mema oanoi cmammi TpyHmyemovcsa HA BU3HAYEHHI YACY HACMAHHS 2PAHUYHO2O
cmamy 3a O3HAKOW 6Mpamu Hecyyoi 30amHocmi 3a1i300emOoHHUX pucenié 3a
VMOUYHEHUMU NOKA3HUKAMU MIYHOCMI OemoHy, wo po3paxoeaui 3a pe3yibmamamiu
802HEBUX BUNPOOYBAHD.

3a ompumanumu excnepuMeHmalbHUMU NOKASHUKAMU memnepamypu 0y1a
npogedeHa IHMepnoaayiss memnepamypu ma nooyo0osami memnepamypHi po3nooiiu y
nepepizax 3anizooemonnux pueenis. Ompumari pe3yibmamu € a0eK8AmHUMU, OCKLIbKU
Kpumepiil F' He nepesuuyye mabauunux 3uaveHs ma oopisrioe (,734.

Jna ymounenns miyHicHux enacmugocmeti Oemony UKOPUCMAHO 0ehopMayitiny
MoOelb, WO 3ACHO8AHA HA BUKOPUCHMAHHI CUCTEM DIBHO8A2U SHYMPIWHIX wWapie y
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nepepizi. Mamemamuunuii anapam, wo HagedeHull y pobomi 00360JA€ nepenucamu
Odepopmayitiny modens y cucmemy JHIUHUX ANCeOPATYHUX DIBHAHD, HEBIOOMUMU AKOI €
Koe@iyienmu 3HUNCEHHSA MIYHOCIE OEMOH).

Ha ocHogi 3HaueHHs MAaKCUMAnibHO20 NPOSUHY pucenié po36 A3aHO 3a0ayy
MIYHOCMI MA BUBHAYEHO MeJCYy B0SHeCMIUKOCMI 3a YMOYHeHUMU KoediyicHmamu
3HUdCEHHA MiyHOCcmi 6emony. [lokazano, wo HACMAaHHA SPAHUYHO20 CMAHY 34 03HAKOIO
empamu Hecy4oi 30amHOCMI Y 8CiX BUNAOKAX He 00CAAEMbCA MA GU3HAYEHUL 32I0HO 13
mexHiyHumMu ymosamu (npubnuzuo 0,3 8i0 pyunisHoz2o nasanmagicents) M = 50 kHm.

Knwuoei cnoea: eocnecmitikicmv, 3ani300emoH, pueenv, GUNPOOYEAHHA,
MiyHicmb, memnepamypa, po3paxyHox.
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