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Abstract. The article provides research of the stress-strain state of a reinforced concrete floor
slab under fire conditions according to refined method. The finite element model of the slab is
created. At the first stage of the research, one solved the unsteady heat conduction problem.
According to the solution of the problem, it is possible to obtain the temperature fields all over the
section of the considered structural element at certain intervals of time. The second stage of the
study is strength analysis. Due to the strength evaluation, it is possible to investigate the work of the
floor slab at different time points of fire exposure. Several mathematical models are considered.
These models correspond to different points in time of fire impact. In each design model of the floor
slab, the strength and deformation characteristics of concrete and reinforcement were deepen in
accordance with the section temperature. It made three types of fire resistance analysis of the
structure: linear analysis, physically-nonlinear analysis, and physically-nonlinear analysis with
taking into account the effect of creep. The results of comparison of the kinetic performance of the
mathematical models in various problem statements are showed. The technique, which allows to
take into account the influence of creep in the numerical simulation of fire effect is proposed.

Keywords: finite elements methods, structures, thermal stress state, numerical experiments,
thermal conductivity, comparisons.

1. Introduction. The fire resistance analysis of structures is one of the most
important design stages. The building rules expound several variants of fire
resistance analysis of structures: simplified, qualified methods of calculation and
the calculation with reference to the tabular data.

The calculation with reference to the tabular data is the easiest way when
you can determine the thickness of the concrete protective layer, according to
the fire resistance class of the structure and geometry of the section.

In the simplified analysis method, it is estimated that concrete at temperatures
above 500°C can’t be taken into account in the operation of the structure.
Therefore, it is necessary to determine the temperature distribution all over the
cross-section of every element. According to the temperature fields distribution
we have to perform a strength calculation of the reduced cross section. But, the
abovementioned analysis types have some limitations. For example, the
calculation with reference to the tabular data must only be used for a certain level
of loads, eccentricity values and flexibility of elements. A simplified method
doesn’t give us the opportunity to take into account changes in the strength
characteristics of materials caused by increasing temperature. At the same time,
the proposed analysis method is universal for any mathematical model and makes
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it possible to take into account the changes of the properties of concrete and
reinforcement during a fire action. While realizing the fire resistance analysis of
buildings and structures, for every engineer the most important thing is a choice of
building rules and regulatory documents. The choice of these documents depends
on the country in which the construction is planned to be built. In any of such
documents [1, 2, 3, 4], it is stated that in order to perform a qualified calculation
method of the structure for fire resistance, it is necessary first of all to know how
the temperature will be distributed all over the cross section of each structural
element which is exposed to fire impact. To accomplish the task it is necessary to
carry out the heat transfer engineering analysis by the finite element method [1, 2,
3], or by the finite difference method. Based on the temperature distribution data,
it is necessary to take into account the change in material properties and to
perform a strength analysis. The regulatory documents also state that with this
approach it is necessary to take into account creep deformations.

According to the qualified methods of calculation, it is necessary to do a
thermal design. On the basis of the thermal design it is necessary to change the
mechanical properties of materials.

In order to perform a thermal design, it is necessary to solve the problem of
thermal conductivity. The equation for the boundary value problem of
nonstationary heat conduction is given in the formula (1):
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where T=T(x,y,z,t)— is thermal field in the area of Q ; K. K, K., -

thermal conductivity along the axes X,y,z; w=w(x,,z,¢) — heat source
power inside the body; p — density; ¢ specific heat.

It is possible to solve this equation by the finite element method or by the
finite difference method. When using the first method, the structure must be
modeled by special finite elements with one degree of freedom - temperature,
which is a scalar value.

After determining the temperature fields all over the structure, in the
considered mathematical model it is necessary to lower the stiffness
characteristics of the materials and to make strength calculation. With this
approach, to determine the total deformations of the structure it is necessary to
take into account the creep deformation. At the same time, the question of creep
deformations determining in such a formulation of the question remains open.

Therefore, it can be argued that the study of determining methods for creep
deformations, as well as taking them into account when calculating fire
resistance and creating methods for numerical modeling of the effect of fire and
occurrence of plastic deformations, is a relevant research topic.

A lot of scientists have been studying the effect of creep on the stress-strain
state of structures [5, 6, 7, 8]. On the territory of the post-Soviet space, Maslov
and his student Harutyunyan [9] were the first researchers of the field.
Aleksandrovsky S.V. [10], RabotnovYu.N., Mileyko S.T. were engaged in
studying the effect of temperature with regard to creep. Among the foreign
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scientists the most famous are the works of the Czech scientist Zd. Bazant [11,
12, 13, 14]. In his work, he derived a formula to determine the creep function,
which depends on the ambient temperature rise. A lot of modern scientific
works are devoted to the problem of influence of concrete rheological properties
on stress strain state of a structure [15, 16, 17, 18].

In [19] the problem of numerical modeling of the temperature state situation
of reinforced concrete floor slabs is expounded. But the proposed method of
calculating the floor slab does not take into account the interaction between the
characteristic areas of concrete, because the floor slab is modulated by plates
finite elements.In [20] there is a comparison of the methods for fire resistance
analysis proposed in regulatory documents. But there is no comparison of
calculations of real structures according to various regulatory documents.
Therefore, it can be concluded that the process of modeling of floor slabs, taking
into account the effects of high temperatures, is not sufficiently explored.

The question of the influence of concrete rheological properties on structure
deformation is not sufficiently studied. Of course, there are some articles, in which
the effect of temperature on concrete properties is considered. Such as [21, 22] or the
previous works of the authors of the current article [23, 24], but in the literature there
is no research oncalculation of real structures with taking into account the effect of
high temperatures and development of short-term thermal creep.

Since the main method to determine the stress-strain state of structures is the
finite element method, so many works are devoted specifically to improving this
method [25, 26, 27, 28]. One of the most famous scientist in the field of finite
elements is Zienkiewicz O.C. [25, 26]. But there are practically no works that
consider the effect of the rheological properties of concrete into stress strain
situation of the structure taking into account the fire effect calculated by finite
elements method.

The goal of the research is the studying the strength and deformation
characteristics of reinforced concrete floor slabs under fire exposure.

To achieve this goal it has solved the following tasks:

- the problem of heat conductivity by the method of finite elements. By solving
the problem, it revealed the temperature change all over the cross section of the
structural element in time;

- linear and nonlinear strength problems, which consider changes of the strength
and deformation properties of materials according to the temperature increasing.

2. Methods. In this article, the authors propose the fire resistance analysis
methodology for reinforced concrete floor slabs, taking into account the influence
of temperature creep. According to the proposed methodology, afloor slab should
be divided into characteristic areas all over the whole structure. At the first step, it
is necessary to perform the calculation of thermal conductivity and determine the
temperature distribution all over the entire plate. After the thermal calculation, it is
necessary to reduce the rigidity of the corresponding layers of the plate. The next
step is the calculation of the creep coefficient depending on the temperature
change of each layer of the plate. After that it is necessary to make a strength
calculation considering the physical non-linearity of the structure.
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To implement the proposed methodology, the finite elements of thermal
conductivity were implemented on SPLIRA SAPR. The theory of the definition
of some thermal finite elements is below.

If we introduce the boundary conditions to solve the quasi-harmonic
equation (1), then this equation will be of the form of:

o’T o’T o’T
Kxxaxizlx'i‘Kyyayizly+Kzzazizlz+q+h(7;—Tb)=0, (2)
where [,/ y,lz are directional cosines to the external normal boundary, g — heat

flow, h(T, —T,)— convection heat losses ( /1 — convection coefficient).

To solve the equation (2), the examined body is divided into finite elements, in
which the degrees of freedom are temperatures at the nodes. At the same time, the
temperature inside each element is approximated by linear polynomials.

Let’s regard an example of some approximating polynomials of finite
elements of thermal conductivity:

- three-nodal plane finite element:

T(x,y)=0q+0x+03y; 3.1
- four-nodal isoparametric plane finite element:
T(x,y)=0q+0px+03y+0yxy; 3.2)
- solid tetrahedral finite element:
T(x,y)=0q +arx+0o3y+0yz. (3.3)

Since the linear polynomials are used to approximate the temperature
function of a discrete model, the finite elements of thermal conductivity are also
called simplex elements [26].

Substituting the values of nodal temperatures and coordinates of nodes into
the corresponding polynomials we can obtain expressions for the coefficients
04,05, 05,04 . If we return these coefficients into the equations 3.1 - 3.3, we can
get the expression:

[T 2)] = [N(x.3.2)], {T1,. @)
where [N(x, y,z)]e —is a function form matrix.

Let’s consider the matrix of thermal conductivity coefficients

K 0 0

XX
K=l 0 K, 0| (5)
0

0 K

and the column matrix of temperature gradients, which is analogous to the stress
matrix in the strength problem

aT
ox
gradT = g—T =DT . (6)
y
aT
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Then the contribution of each individual finite element to the solution of the
problem of non-stationary heat conduction can be written as a matrix differential
equation:

{0l =[cl, 27}, +[KL T} ~{o) o -fett.
where K], — element conduction matrix (equivalent to stiffness matrix),
(K], = [[BY [D][Blav + [A[N] [N]as, (8)
[C], — specific heat matrix (equivalent to damping matrix),
], = [ pe[N]" [N]ar, ©)

{Q}Z ,{Q}f ,{Q}: - node heat transfer vector.

The study is based on the existing methods of the theory of elasticity,
plasticity, short-term and long-term creep, generally accepted methods of static
linear analysis and physically nonlinear analysis of reinforced concrete
structures. The basis of the study was also the main hypotheses and rules
adopted in structural mechanics and the mechanics of a deformable solid body.

The analysis of mathematical models was made on the basis of the software
package “LIRA-SAPR”, on which the problem of heat conductivity and strength
was solved.The heat transfer problem was modeled using finite elements of
thermal conductivity. Heat transfer between the floor slab and air space was
modeled by special finite elements of convection. The strength problem was
implemented by using physically linear and nonlinear finite elements
(depending on the formulation of the problem).

3. Results and discussion.To verify the results of theoretical studies, the test
problem is solved. The dimensions of the test plate were: length - 16.5 m, width
- 8 m, height of the plate (above the columns) - 600 mm, height of the plate in
the span - 300 mm. Armature in the span (lower) - @16 and 20, reinforcement
above the supports (upper) - @32.

Concrete is modeled by the solid isoparametric finite elements. The armature
is modeled by finite elements of bar with number 210. The whole mathematical
model includes 20390 finite elements.

Fig. 1. The plate finite element model

The boundary conditions of symmetry are set on the boundary nodes. At the
points of connection of the column to the floor slab, an analogue of the work of
the columns was finite element with number 56, with stiffness corresponding to
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the work of the columns in the span. In height, the plate is divided into 6 and 12
layers, in the span and on the supports, respectively.

To release heat transfer analysis and to determine the temperature fields, the
cross section analysis of the floor slab is accomplished. Since the change of
temperature all over the height of the cross section occurs uniformly, this makes
it possible to consider the temperature distribution just along the part of the
cross section of the same height.

To accomplish the heat transfer analysis the following heat-conducting
properties of concrete were adopted: specific weight - 2300 N/m’®, thermal
conductivity - 1.2 J/(m's-°C), specific heat - 710 J/(kg-°C). The convection
coefficient according to paragraph 3.2.1 of [3] was assumed to be 25 W/(m®s).
The temperature load was set according to the standard temperature of the fire.
The ambient temperature at the initial moment of time is assumed to be 20 °C.
The results of the thermal analysis are shown in Figure 2.

60 minutes 120 minutes 180 minutes 240 minutes
Tmax = 613°C Tmax =784°C Tmax = 900°C Tmax = 989°C

Fig. 2. The temperature field distribution all over the cross section of the floor slab in the span
(h =300mm) at different timepoints

Obtained the distribution of temperature fields it set the reduced stiffness
and strength characteristics to the corresponding layers of the floor slab. At
Figure 3 it is shown an example how to determine the reduction factor for
concrete compressive strength depending of the layer temperature. The
reduction factors are taken from [3]. An example is shown for a section with
temperature fields at 120 minutes of fire exposure.

At Figure 4 it shown an example of comparison of changes in the
characteristics of the material depending of the temperature.
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Fig. 3. Decrease of the concrete properties

Parameters for stress-strain diagram

P b | Values | Draw |
Eem(-) 27000 MPa
Ectm( +) 27000 MPa
fem( -) 145 MPa
fctm( +) 1.05 MPa
Epscu(-) -0.0035
Epsc(-) -0.002
Epsctu( +) 0.0002

(a)

Parameters for stress-strain diagram

Parameters | Malues [ oraw | sig
Ecm( -) 756 MPa
Ectm( +) 756 MPa
fem(-) 217 MPa
fetm( +) 0.005 MPa
Epscu( -) -0.023
Epsc(-) -0.016
Epsctu( +) 0.00016

(b)

Fig. 4. Comparison of concrete deformation parameters at temperature: (a) - 20°C; (b) - 800°C

When calculating the structures for fire resistance, it is necessary to take into
account creep deformations. Therefore, in this study, it accomplished a
comparison of the stress strain state of the structure with a physically non-linear
calculation taking into account the influence of creep (which depends on
temperature) and without creep.
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To determine the total deformations of the structure, the creep function was
calculated using the formula:

O(T,1,0) = ﬁ or(O)-Ht)n-(f" D @0)-Ar . (10)
t=t’

Where ¢ — temperature function; H(¢") — parameter that displays the change
in the physical characteristics of concrete depending on the concrete age at the
load application moment; #"— load application moment; ¢— moment of
determination of structural deformations.The formula is based on the works of
the Czech scientist Bazant Z.P. and described in detail in the works [23, 24].

After thermal analysis and definition of decrease concrete properties, it is
possible to make astrength calculation of the floor slab at different timepoints: at
60, 120, 180 and 240 minutes of fire action. At Figure 5, it shown the deformed
scheme of the slab in the 240th minute of fire exposure.

Fig. 5. Deformed floor slab model

With a static linear calculation, the maximum displacement of the structure
along axis Z was 19.4 mm. Comparison of vertical displacements of the
structure with a physically non-linear calculation is given in Table 1.

Table 1
Maximum displacement along axis Z
. Time (minutes)
Anal k
nalysis task type 60 120 [ 180 | 240
Physically non-linearity 16 22 28 28.9
Physically non-linearity and creep 24.1 71.4 86.6 98.8

It is possible to see from the table that the values obtained by taking into
account the physically non-linear operation of the structure and the lowered
characteristics of the concrete, depending on the temperature increase,are
completely different from the linear static calculation. In addition, the
calculation with regard to creep gives us even greater increase in the vertical
displacements of the structure.

Various reference documents describe different methods for determining creep
deformations. Figure 6 shows a comparison of the deflections of a structure using
different methods for determining creep deformations: the methods described in
the Company's cod [2], Eurocode [3] and the author's method.
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Fig. 6. Comparison of the model vertical displacement calculated with different creep models

According to the calculations performed with reference to the regulatory
documents, this design model must withstand a fire load during 240 minutes.
But according to the calculation performed with the author's methodology, it is
clear that the stability of the structure is not ensured. And at the 160th minute of
fire impact, the deflections exceed the maximum permissible values. The degree
of fire resistance of the structure is R240, but according to the calculation
performed with the author’s methodology, it can be seen that the degree of fire
resistance of the structure is not ensured.

At Figure 7, it shown a comparison of thequantity of destroyed finite
elements of the floor slab over time. According to [3], the floor slab with
thickness of 300 mm must withstand the fire impact during 240 minutes, upon
condition that all design requirements are observed. But, at Figure 7 it shown
that the structure lost its integrity.

1400
1200
1000
800
600
400
200
0

Quantity of destroied finite elements

60 min 120 min 180 min 240 min

m physical nonlinearity % physical nonlinearity and creep

Fig. 7. Destroyed elements of the floor slab at various intervals
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In compliance to Figure 7, in consequence of fire action the lower part of the
concrete is completely destroyed already at the 180th minute of the fire expose
and it lost its integrity. Therefore, it can be argued that in such situation, the
lower reinforcement will heat up to the temperature above its hypothetical limit
value (600 °C) and also lose its rigidity. While the upper half of the floor slab is
still able to carry the load and may avoid destruction.

Such consequences occurred in the building of the shopping center called
«Auchan» of the entertainment center Sky-Mall (Kiev, Ukraine) in the fall of
2017 as a result of fire action. The pictures of the real object, which corresponds
to the mathematical model of the evaluated floor slab, are presented at Figure 8.

Fig. 8. Consequences of fire expose in «Auchany store at «Sky Mall» shopping and entertainment
center
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The pictures are taken as a part of the implementation of scientific and
technical works of the state enterprise called Scientific Institute of Building
Constructions. The theme of the scientific and technical works is “Performing
an examination of the supporting structures of the Auchan hypermarket building
at the address: Kiev, Vatutina Ave., 2 and make a reportabout their technical
condition with recommendations for ensuring their subsequent reliable
operation”, (contract number is 5615 dated January 16, 2018).

4. Conclusions. Thus, the article presents the methodology of analysis of
reinforced concrete structures under the effects of high temperatures. The
methodology permits to take into account the influence of temperature distribution
all over the cross section on thedecrease of the strength and strain material
properties of any structural unit.It represents the analysis of the material physical
nonlinearity weigh and the creep weigh with the stress strain state of the structure.

The proposedmethodology most accurately represents the work of the
structure under fire expose, and makes it possible to make the adequate fire
resistance analysis of a structure and ensure their durability and reliability.It
solved the test problem with performed analyze of the work of a reinforced
concrete floor slab, taking into account the fire impact.

Taking into account the influence of creep it makes possible to determine the
total deformations of the structure, and to perform the qualified method which
let us to calculate any buildings or structures.
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Bapabaw M.C., Pomawrxina M.A., bawuncoxa O.1O.
TEPMOHANPYXEHHUI CTAH 3AJII30BETOHHOI IVIMTU NEPEKPUTTSA

IlpoBeseHO  JOCIIDKEHHS  HANpy:KEeHO-1e(OPMOBAHOr0  CTaHy  3aJli300€TOHHOI  IUIUTH
HEPEKPUTTS. B yMOBaxX MOXKEXi 32 YTOYHEHUM MeTOROM. CTBOPEHOCKIHUCHHO-CIEMEHTHY MOJEIb
INIMTA  HepekputTss. Ha mnepumioMy erami JOCHIDKEHHS BHPIMICHO HECTALiOHApHY 3ajady
TEIUIONpOBigHOCTI. BifnmoBigHO 10 pilieHHs 3amadi, OTPUMAHO TEMIIEPATYPHI IO IO BCHOMY
Hepepizy Po3rIIHYTOr0 KOHCTPYKTHBHOIO €JIEMEHTA uepe3 IEBHI MPOMDKKM wacy. [pyruii eram
JIOCJIKCHHSI —PO3paXyHOK Ha MILHICTb. 3aBISIKH OL[HII MIilHOCTI MOXXHA JAOCIIAUTH POOOTY IUIMTH
HEPEKPUTTS B Pi3HI MOMEHTH 4acCy BOIHEBOI'O BIUTHBY. PO3IIISIHYTO KiJbka MaTeMaTHYHHUX MOJEICHt.
L{i Mozemi BiAMOBIAaOTh PI3HUM MOMEHTaM BOIHEBOTO BIUIMBY. Y KOXKHiH pO3paxyHKOBiii Mozerni
IUIMTH TIePeKPUTTs Oy0 3MIHEHOMIIHICHI 1 AedopMmariiiHi XapakTepucTHKA OCTOHY Ta apMaTypu
BIITIOBIZHO 1O TEMIIEpaTypHu mepepidy. BukoHaHO Tpu THUIHM aHami3y BOTHECTIHKOCTI KOHCTpPYKILi:
THIAHAN aHami3, Gi3nYHO-HeNIHIHHN aHami3 1 Gpi3nYHO-HeNIHIHHNA aHami3 3 ypaXyBaHHAM e(eKTy
nos3y4octi. IlokazaHo pe3yibTaTH MOPIBHSHHSA KIHEMATHYHHX XapaKTEPHCTHK MaTEMaTHYHHX
Mojesieil B pi3HUX NMOCTAHOBKaX 3a/ad. 3alpollOHOBAHO METOIMKY, 5IKa I03BOJISIE BPaXyBaTH BILIUB
HOB3YYOCT] IIPH YHCEIBHOMY MOJCIIIOBAaHHI €)eKTy BOTHEBOI'O BILIUBY.

KirouoBi cioBa: MeTon CKiHYCHHHX EIEMEHTIB, KOHCTPYKLsS, TEPMOHANPYKEHHH CTaH,
YUCENbHUN eKCIIEPUMEHT, TEILIONPOBIAHICTh, TIOPIBHSIHHS.

Bapabaw M.C., Pomawxuna M.A., Bawunckas O.FO.
TEPMOHAIIPSI’)KEHHOE COCTOSIHUE )KEJE30BETOHHOM IJIUTBI
MNEPEKPBITUS

IIpoBeneHo HCCIEAOBAaHHE HANPSHKEHHO-1S(OPMUPOBAHHOTO COCTOSHHUS IKEJIE300ETOHHOI
IUIMTBI IEPEKPBITUS B YCIOBUAX M0OXKApa M0 YTOUHEHHOMY MeToay. COo3/1aHO KOHEUHO-3JIEMEHTHYIO
MOJIeJIb TUIMTHI NepekpbITUs. Ha mepBoM 3Tame MccienoBaHHUs PElIEHA HECTAlMOHApHYs 3ajada
TerIonpoBoAHOCTH. COrjacHO PELICHHIO 3a/aud, MOJIyYeHbl TEMIEpaTypHbIE IO IO BCEMY
CEUCHHUIO PAacCMAaTPUBAEMOI0 KOHCTPYKTHBHOI'O 3JIEMEHTA 4Yepe3 OMNPEACNICHHbIC IPOMEKYTKH
BpeMeHH. Bropoii stam uccinenoBaHus — pacdér Ha NPOYHOCTh. biaromaps OLEHKE NPOYHOCTH
MOXXHO HCCJIENOBAaTh PabOTy IUIMTHI IEPEKPHITHS B Pa3IMYHBIC MOMEHTHl BPEMEHH OTHEBOIO
BO3/IeicTBUS. PacCMOTPEHbI HECKOJIBKO MATEMATHUECKUX MOJIENIEH, B COOTBETCTBUU C PA3IMUHBIMU
MOMCHTAMH OTHEBOTrO BoO3ZeicTBHA. B Kaxqoil pacyerHOW MOIENIM IJIMTHI HMEPEKPBHITHS ObUIM
M3MEHCHBI IPOYHOCTHBIC U 1e()OPMALIMOHHBIC XapPAaKTEPHCTUKH OETOHA 1 apMaTyphl B COOTBETCTBUH
C TEeMIepaTypoil ceueHusl. BBINOIHEHO TP THUIIA aHAIM3a OTHECTOMKOCTH KOHCTPYKLMU: JINHEHHBIHI,
(bU3MYCCKH HEJNMHEHWHBIH M (DU3MYECKM HEIMHCHHBIM aHamu3 ¢ yd4eroM 3d@deKTa Moja3y4ecTy.
IToka3aHbl pe3ysbTaThl CPABHEHUsI KMHEMATHUECKUX XapaKTEPUCTHK MAaTEMaTHYECKUX MOJeENeH B
pa3IMYHBIX IOCTAHOBKAX 3anady. IlpeyiokeHa MeToiMKa, KOTOpas IMO3BOJIET YYECTb BIIMSIHUE
HOJI3Y4YECTH MPU YUCICHHOM MOJEIHPOBAHUH 3()PEeKTa OTHEBOTrO BO3ACH CTBHSL.

KaroudeBble cJoBa: METOJ KOHEYHBIXJIEMEHTOB, KOHCTPYKLMS, TEPMOHANPSHKEHHOE
COCTOSIHUE, YUCIIEHHbIH 3KCIIEPUMEHT, TEIIONPOBOJAHOCTb, CPABHEHUE.

Y]K 624.044.3

Bapabaw M.C., Pomawxina M.A., Bawunceka O.FO. TepMoHanpy:keHuii cTaH 3aJ1i300eTOHHOI
IIUTH nepekpuTTs // Onip MaTepiais i Teopis ciopy: Hayk.-texH. 30ipHuk. — K.: KHYBA, 2019.
—Bum. 103 . - C. 43-56.

IIpeocmasneno po3paxynox 3anizo0emonHoi nAumu nepekpumms Ha 602HesUll 6Naue i3
YPaxyeannsam enaugy mepmonoasyvecmi 6emony. Pospaxynok euxonano 6 0sa emanu. Ha nepuiomy
emani UpiuLYemMbCs 3a0a4a HeCMayioHapHoi menionposionocmi 0isk GUIHAYEHHS. MeMNePamypHoeo
noas no nepepisy naumu. Ha opyeomy emani 8UKOHAHO PO3PAXYHOK HA MIyHICMb 3 YPAXYE8AHHAM
JHCOPCMKICHUX | OehOPMAYIIHUX XAPAKMEPUCIUK OEMOHY Ma apMamypu, a MaKodic i3 ypaxy8aHHsIm
6NIUBY NOB3YUOCHIL.

Tabu. 1. L. 8. Bi6miorp. 28 Ha3s.
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UDC 624.044.3

Barabash M., Romashkina M., Bashynska O. Thermal stress state of reinforced concrete floor slab //
Strength of Materials and Theory of Structures: Scientific-and-technical collected articles — Kyiv:
KNUBA, 2019. — Issue 103 . — P. 43-56.

The fire influence analysis of reinforced concrete slabs with taking into account the impact of
concrete thermal creep is presented. The calculation is made in two stages. At the first stage, it is
solved the thermal conductivity analysis to determine the temperature fields all over the plate cross-
sections. At the second stage, it is solved the structural analysis, taking into account the strength
and strain properties of concrete and reinforcement, as well as the effect of creep.

Tables 1. Fig. 8. Ref. 28.

VK 624.044.3

Bapabaw M.C., Pomawrxuna M.A., bBawunckas O.F0. TepMoHanpsi;keHHOe COCTOSIHUE
JKeJ1e300eTOHHOH NINTHI nepeKpoITHsi // COMPOTHBIICHHE MATEPHATIOB M TEOPUSI COOPYXKCHHMIL:
Hay4d.-TexH. coopauk. — K.: KHYCA, 2019. - Bein. 103 . - C. 43-56.

IIpedcmasnen pacuem oicene300emoOHHOU NIUMbL NEPEKPLIMUSL HA O02HEB0e 6030elcmale ¢
yuémom enusanus mepmononzyvecmu 6emona. Pacuem npouseeden ¢ dsa smana. Ha nepsom smane
pewaemcs 3a0aia HeCMayuoHApHOU Menionpo8oOHOCmU OJisl ONPeOeieHUs meMnepamypHuix nojiet
ceuenus naumvl. Ha emopom smane npoucxooum npoyHOCMHOU pAacyem ¢ Y4emoM NOHUICCHUS.
JHCECMKOCMHBIX U 0ePOPMAYUOHHBIX XAPAKMEPUCIIUK OEMOHA U apMamypbl, U YYemom GIUsSHUS
nonzyyecmu.

Tab6n. 1. V. 8. bubnuorp. 28 Ha3s.
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