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FIRE RESISTANCE OF COMPOSITE
CONCRETE STRUCTURES

At all stages of capital construction or reconstruction of objects of different
purposes, account of the ability of composite concrete construction structures should
be taken to maintain their operational properties in the event of a fire, as well as to
provide the required fire resistance limit. Protecting the surface of composite concrete
from fire influence is promising based on organic and mineral binders, which can
throw in the process of heating. In this case, organic binders in the process of heating
form a protective coating with sufficient adhesion to the surface of the material,
which spill out during heating to form a heat-insulating protective layer.

Therefore, theoretical and practical points of view are relevant to the
development of atmospheric and fire protective coatings with improved physical and
mechanical properties, which contributes to increasing the fire protection of
composite concrete structures. A promising direction in the development of new
formulations of flame retardant compositions is the use of their filled
polymethylphenylsiloxane, which makes the relevance of conducting research to
establish the laws of the influence of components on the effectiveness of fire
protection composite concrete structures.

Requirements for protective coatings depend on the conditions of their
operation. Therefore, the choice of protective coating for each case should be made
depending on the nature of the aggressive environment and the nature of the material
that is covered. Fireproof coatings should also be impermeable to gaseous and liquid
aggressive media, because they act as protective coatings [1].

For high-temperature protection of concrete and composite concrete structures,
coatings based on filled polyorganosiloxanes are used [2, 3]. When heated in such
coatings there is a thermo-oxidation destruction of organic bonds with a change in
their structure.

One of the most important tasks is the creation of high-quality materials with a
set of specified properties to ensure reliable operation of building structures under
fire and high temperatures. To determine the limit of fire resistance of elements of
building structures with flame retardant coating, it is necessary to conduct
experimental studies. However, this is not always possible. In addition, an
experimental study requires significant economic costs and time.

In the present work, it is proposed to investigate the fire resistance limit of
composite concrete construction structures with a fire protection coating based on
polyorganosiloxanes according to the method shown in fig. 1
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Fig. 1 Algorithm for determining the limit of fire resistance.

The algorithm of the technique is as follows:

1 The first step in this technique is to enter the initial data.

2. The next step is to calculate the propagation of the non-stationary
temperature field of a multilayered flat structure, which is given in the form of a
formula [4, 5]

M

lf.e..v -je-«(s)ds « k (X,®K).
k:
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3. At a given time interval, the operator checks the three main indicators of
the distribution of the non-stationary temperature field over the thickness of the
structure, which are:

- heat loss of insulation capacity of the design;

- loss of bearing capacity of the structure (due to heating of the valve);

- possibility of expelling the layer of flame retardant coating.

This procedure is repeated until the loss of the heat-insulating or bearing
capacity of the design, or the spill of the layer of fire protection coating.

4.1 Ifthe structure has not lost its heat insulating or bearing capacity, and the
effect of temperature has led to the expanding of the layer of fire protection of the
structure, the calculations are stopped, and the time x0is fixed. Next, a new task is
proposed to calculate the distribution of the non-stationary temperature field of the
construction taking into account the geometrical sizes and thermophysical
characteristics of the expanded layer of fire protection coating. New initial data is
entered. The calculation is carried out again and the operator checks the index of loss
of the heat-insulating and bearing capacity of the structure. When the influence of
temperature has led to the loss of heat-insulating or bearing capacity of the design,
the calculation is stopped and time x1is fixed. The general time loss of the fire
resistance limit is the sum of all fixed values of time, i.e. x= X0+ x1

4.2 If the heat loss of the insulating or bearing capacity of the structure
occurs without the flaring of the fire protection coating, the calculation shall be
stopped.

5 The results of the calculation are derived in the form of explicit formulas
for the distribution of the non-stationary temperature field for each of the layers of
the design. With the help of these formulas, the result can be deduced in the form of
tabular data, graphical dependencies (3D graphs, animations, etc.) changes in
temperature on the thickness of the structure, depending on the time.

The proposed approach makes it possible to establish the limit of fire resistance
of elements of building structures covered with fire protection without the use of
experimental research.
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YOK 691.327-41

B.W. NonosaHoBl—A.T.H.,, H.C. HOBMKOB2 - afiblOHKT
BHWNMO MYC Poccun, Akagemusa NMC MYC Poccuu, 1. Mocksa

NCCNENOBAHWE OCHOBHbIX MOKA3ATE/IEN ®VBPOBETOHA C
NOINMPOMMNIEHOBOW ®UBEPOIN MCMNOJ/Ib3YEMOIO B
CTPOUTE/NBLCTBE ABTOAOPOXHbIX TOHHE/EN A
METPOMOANTEHA

PacTyuime Temnbl CTpPOMTENbCTBA TOHHeneik 06ycnaBnAuMBalOT  LUKMPOKOE
npvMeHeHne B 064e/lKaXx TOHHE/el >Kene3obeTOHHbIX THOWHIOB 3aBOACKOr0
M3roToBfieHns. Beuay cneum@uky Takoro pofa 06beKTOB, Xefe3006eTOHHbIE 6/10KU
MMEIOT BbICOKYH BI@XXHOCTb, KOTOpas MOXeT npesbiwaTtbh 3,5 %, 4TOo Npu noxape
MOXeT MPUBECTU K B3pPbIBOOOPA3HOMY (XPYNKOMY) paspyLleHW KOHCTPYKUMU ©
3HAUYMTENIbHO CHU3NTb HECYLLYH CMOCOBHOCTb 3TOW KOHCTpYKuumu [1-3].

[ns 3alnTbl KOHCTPYKUWM OT B3pbIBOOOPA3HOro (XPymnKoro) paspylleHuns
pa3paboTaHO AOCTATOMHO MHOFO MeponpusTuii [4-6]. OAHUM M3 MepCneKTUBHbIX
MeponpuaTuiA ABNSETCH WCMO/Mb30BaHME B COCTaBe 6GeTOHa MNOAUMNPOMNUIEHOBYIO
hmbpy, KOTOpas 3a CUET HM3KOW TemnepaTypbl NAaBeHNS NO3BONIAETCA CHU3UTL UK
UCKMIOYNTb paspyLLeHue.

O[fHaKo Ha CEeroAHAWHNIA feHb 415 OLEHKN OTHECTOMKOCTU KOHCTPYKLMIA C
MCMNoNb30BaHMEM (MOPO6ETOHA C NONMNPONWIEHOBOI (MOPO HEBO3MOXHA, TaK Kak
HeT flaHHbIX 0 NOBEAEHWUY JAHHOI0 MaTepuana npy noxape.

MosToMy Uenbl MccnefoBaHUA SBAAETCA ONpeAeneHne Taknx mnokasaTtenei
KaKk MNpPOYHOCTb Ha O0CeBOe CXaTwe 6eTOHOB ¢ fobaBkoii u 6e3 [o6aBKM
nonunNponuneHosoin  ubpbl,  Tennogu3n4ecKUx MokasaTeneil, a UMEHHO
KO3((hMUNEHTOB TEnIoNpPoOBOLHOCTM W  Tenj0eMKOCTM B  3aBUCUMOCTU  OT
TeMmrnepaTypbl Nporpesa.

O6pasubl 4nd NpoBeAeHNS IKCNEPUMEHTOB MO ONpPeAeeHN0 MPOYHOCTHBIX U
Tenno(u3nNyYecKnx XapakTepucTumk 13roTaBnmeanu Ha 3aBoje OAO
«Mocnpomxene3o6eToH». Ky6ukn n nauTbl N3roTaBnmBanuch M3 6eToHa, Ha OCHOBe
noptnaHguemerdTa L, 1-500-H, wmenkoro 3anonHWTeNns - KBapLEBOro recka,
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