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Abstract

Introduction. The paper considers the problem of fire resistance assessment of building structures with intumescent fire
protection. For the results reliability, a fire test should be carried out only when the intumescent coating at the facility is
ready, which will make it possible to detect hidden factors of violation of its quality and prevent collapse in case of a
possible fire. The work objective is to test the express analysis of intumescent coatings in comparison with standard
methods for fire resistance assessment.

Materials and Methods. The elements of building structures covered with fire-resistant intumescent paint Defender
M Solvent with different diluent content were studied. The fire resistance of the coatings was determined by two
methods. The first one is an express analysis. The following indicators were recorded:

— general appearance of the coked cellular material (CCM);

—swelling coefficient;

— CCM compressive and shear-tear strength of the boundary layer.

The second one is a standard approach according to the requirements of ISO 834-75 (GOST 30247.0-94). The
indicators were:

— time to reach the critical temperature;

— critical deflection during heating.

Results. In addition to the above indicators, testing also took into account the amount of diluent. The CCM swelling
coefficient, CCM compression force, tensile strength and density were considered. The revealed patterns are
systematized in a table. The obtained indicators were compared with the technical requirements for the material. The
period during which the steel substrate of the sample reaches a critical temperature is recorded. It is established that
with an increase in this time, the coefficient of swelling of the protective layer (CCM) and its shear-tear strength
increases. At the same time, the values of compressive strength and CCM density decrease. When the intumescent paint
is diluted beyond the norm, the fire protection parameters deteriorate and the fire resistance limit R45 is not reached.
The research results are visualized in the form of diagrams. They confirm that the express analysis makes it possible to
reasonably judge the suitability or unsuitability of the paint for fire protection, if the required fire resistance limit is
R45.

Discussion and Conclusions. In comparison with the results of the application of standard techniques, the effectiveness
of the express analysis technique and the correctness of the results of the assessment of intumescent fire protection were
confirmed. In construction conditions, an express CCM analysis will be sufficient to determine the quality of an
intumescent fire retardant coating.

Keywords: fire resistance, intumescent coating, coked cellular material, express analysis method, tensile strength,
critical temperature, swelling coefficient, fireproof structures.
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AHHOTAIUSA

Bgeoenue. PaccmarpuBaercss npoOiieMa OLIEHKH OTHECTOWKOCTH CTPOWTENbHBIX KOHCTPYKIHMH C HHTYMECLEHTHOMN
orHe3amuTon. J{nd mojydeHHs AOCTOBEPHBIX PE3yIbTATOB HY)KHO IPOBOJUTH OTHEBOE HCIBITAHHUE TOJIBKO IIOCIE
MIOJTHON TOTOBHOCTH MHTYMECLIEHTHOTO HOKPBITUS Ha oOBekTe. Takoi MOIXOA MO3BOJNMT BBIIBUTH HHU3KOE KaueCTBO
MaTepualia W MPEeJOTBPATUTh OOpYIICHWE MPHU BO3MOXHOM moxkape. Llenb mccrnemoBaHUS — HCIBITAHHE DKCIIPECC-
aHaJM3a HHTYMECIICHTHBIX MTOKPHITHH B CPABHEHUH CO CTAaHAAPTHBIMU METOAMH OIIEHKH OTHECTOUKOCTH.

Mamepuanvt u memoowt. ViccrenoBanmuch 3IEMEHTHI CTPOUTEIBHBIX KOHCTPYKLIWH, IOKPHITHIC OTHE3alIHTHON
uHTyMecieHTHou kpackoit Defender M Solvent ¢ pasnuunbiM cofepkanuem pazbaButens. OrHECTORKOCTh MOKPBITHIH
onpenessIn 1ByMs MeTofaMu. [lepBriit — skcnpecc-aHanu3. @UKCHPOBAINCH CIIeAyIONINE TOKa3aTeIH:

— o0mwmii Bua neHokokca (I1K);

— k03¢ HUIMEHT BCIyYHNBaHUS,

— npouHocTs [1K Ha cxaTne u Ha CIBUT-OTPHIB IPUTPAHUIHOTO CIIOS.

Bropoit — cranmaptHeIii mogxox cornacHo TpedoBarmsaM |SO 83475 (TOCT 30247.0-94). Iokazarenu:

— BpeMs IOCTH)KCHUS KPUTHIECKOU TEMITEPATyPHL;

— KPUTHYECKUH MPOTHO MPU HarpeBaHUH.

Pe3ynomamut uccnedosanus. Kpome 3asBICHHBIX BBINIC NOKa3aTeNell TECTHPOBAHUE YUHUTHIBAIO TAKKE KOJIHIECCTBO
paszbasurens. PaccmarpuBanucey ko3 ¢uunent BenyunBanus 1K, cuna cxarust [1K, npenes npo4HOCTH U TIIOTHOCTS.
BrIsiBeHHBIE 3aKOHOMEPHOCTH CHCTEMAaTH3UPOBAHBI B TaOIMIHOM BHJE. [lomydeHHBIe OKa3aTeN COMOCTaBIIINCH C
TEXHHYECKUMH TPEeOOBaHMIMHU K MaTepuaiy. 3aQuKCHpOBaH MEpUO/, B TeUEHHE KOTOPOTO CTalIbHAS TI0/JI0KKa 00pasiia
JIOCTUTAET KPUTUYECKON TeMIepaTypsl. Y CTAHOBJICHO, YTO C YBEJIMYEHUEM 3TOTO BPEMEHH IMOBbIIIAETCS KOI((GHUIHUEHT
BermyunBanus 3amuTHOro ciios (IIK) m ero mpouHocTn Ha cOBUT-OTPHIB. OTHOBPEMEHHO YMEHBIIAIOTCS 3HAYCHUS
npouyHocTd Ha ckatre u mwiotHocTu [IK. [Ipm pa3daBneHHH WHTYMECHEHTHOH KpPacKH CBEPX HOPMBI yXYIIIAIOTCS
rapaMeTpbl OTHE3alIUTHl M HE JJOCTUTaeTCs Mpezies oruectoikoctn R45. MiTorn n3bickaHuil BU3yaln3upOBaHbl B BUJIE
nuarpamMM. OHH TIOATBEPKAAIOT, YTO DSKCIPECC-aHAJN3 I03BOJISIET OOOCHOBAaHHO CYAWTH O TIPUTOJHOCTH WIIH
HEMPHUTOTHOCTH KPACKH IS OTHE3AIIUTHI, €CJIA TPeOyeMbIH Tpeiesl OTHECTOUKOCTH — R45.

Oébcyscoenue u 3axkniouenus. B comocTaBIeHNN ¢ pe3ynbTaTaMH IPUMEHEHHUS CTAaHJAPTHBIX METOAWK HMOJTBEPIKICHA
3¢ EeKTHBHOCTh METOIHMKH SKCIIPECC-aHAIM3a M KOPPEKTHOCTh PE3yJIbTaTOB OIICHKH MHTYMECIIEHTHOW OTHE3aIlNTHL. B
YCIOBHUSIX CTpOiKHM 3Kcnpecc-aHanuza IIK Oyzmer mocraToyHo sl ONpeseNeHHs KadecTBa HMHTYMECLEHTHOTO

OTHE3alIUTHOI'O IOKPBITHSA.

KiaoueBble cioBa: OFHGCTOﬁKOCTB, HWHTYMECHCHTHOC TMOKPBITUC, MEHOKOKC, MECTOJ JIKCIpEeCC-aHaln3a, HOpeacI

MPOYHOCTH, KpUTUIECKAsA TEMIICPATYypa, K03(1)(1)I/IIII/I€HT BCIIy4YMBaHUs, HO)KapO6C3OHaCHLI€ KOHCTPYKIIUH.
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Bnarouapﬂocnl. ABTOpLI BbIpaxKaroT 6HaFO[[apHOCTB peHaKHHOHHOﬁ KOJUICTUM JKypHaJla U PCLUCH3CHTY 3a

HpO(l)eCCI/IOHaJ'ILHHﬁ aHaJIU3 U pCKOMEHAAlUU 111 KOPPEKTUPOBKU CTATHU.

Jas nwurupoBanus. MapteiHoB A.B., I'pexos B.B., Ilonosa O.B. OraecToHKOCTh CTPOUTENBHOIO 3JIEMEHTa C

HHTyMeCHeHTHOﬁ OTHE3aIUTOM: CTaHJapTHad OLUCHKA U SKCIpECC-aHaIn3. bezonacnocmv mexHo2eHHbIX U npupodubzx

cucmenm. 2023;7(2):38—46. https://doi.org/10.23947/2541-9129-2023-7-2-38-46

Introduction. Intumescent coatings are widely used in the design of relatively fireproof reinforced concrete and
steel structures. This explains the interest of researchers in assessing the fire retardant effectiveness of such
materials [1-3]. The publications criticize uninformative methods based on standard fire resistance tests. To solve the
problem, comprehensive approaches are proposed to study the effectiveness of intumescent coatings that swell under
the action of fire [1, 2]. They must meet certain standards. In academic research, it is difficult to establish the
compliance of the material with industrial standards. There are two main reasons for this:

— the necessary stationary equipment is usually not available;

— the experiments require a long time and significant resources (in particular, energy).

However, the authors of [4, 5] use some industrial standards — curves of nominal temperature and time. Let us note
that the parameters of a real fire in a modern building may differ significantly from the nominal curves defined in
industrial standards [6-8]. Nevertheless, industrial standards remain the main guideline. The international standard for
fire resistance testing of building structures 1SO 834-75 (GOST 30247.0-94)! defines general requirements for methods
of fire exposure to establish limit conditions.

Research and development of intumescent coatings take place in different conditions. Different test equipment is
involved. This allows you to quickly check new formulations of coatings [4, 5, 9, 10], conduct tests in non-standard fire
conditions [11, 12] and measure additional parameters [13, 14]. Most authors pay attention to the strength and adhesion
of the paint itself, not paying attention to the mechanical properties of coked cellular material (CCM). However, the
finished paint layer is not fire protective. It is more correct to present it as a stock of materials for the formation of such
protection, i.e. for transformation into another material — coked cellular material. The authors of publications [15-17]
investigated the strength of coked cellular material on stationary laboratory equipment.

The effectiveness of the coating is determined mainly by the thickness of the intumescent layer and the degree of
dilution of the finished paint immediately before application. All this affects the quality of the CCM — the thickness of
the layer and the density. Modern standards do not allow establishing these indicators during external examination of
the paint layer, measuring its thickness and fixing conditional adhesion [18].

The authors of the presented work have developed an express analysis method that allows you to quickly identify
the actual suitability of fire protection. At the same time, simple and inexpensive equipment is used, there is no need for
special laboratory conditions and high energy costs. The quality of fire protection can be determined directly on the
building structure [19, 20].

The work objective is to substantiate the effectiveness of the express method developed by the authors for
evaluating the effectiveness of intumescent coatings of building structures. The proposed approach is tested and
compared with standard methods for fire resistance assessment.

Materials and Methods. When testing fire retardant properties of elements of a metal building structure, three
different variants of intumescent (swelling) material were used:

— mid-priced paint Defender M Solvent OOO "Laboratoriya "Evrostil" with the parameters stated in the technical
documentation (composition 1);

1 GOST 30247.0-94 (1SO 834-75). Elements of building constructions. Fire-resistance test methods. General requirements. Electronic fund of legal
and regulatory documents. URL: https://docs.cntd.ru/document/9055248 (accessed 10.04.2023). (In Russ.).
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— the same paint, diluted by orthoxylene (6 % of weight), which slightly exceeds the maximum stated in the
technical documentation (composition 2);

— the same paint, excessively diluted with orthoxylene — 10 % of weight. (composition 3).

Let us note that excessive dilution is often found in practice. We are talking about cases when the viscosity of the
paint is corrected using unsuitable, cheap coating equipment or it is excessively diluted in order to save paint [18].
According to the instructions, the dilution should not exceed 5 %.

As part of the work, two types of structures were protected.

1. Hot-rolled I-beams with parallel flanges No. 12 (GOST R 57837-2017). The thickness of the finished paint
coating layer after drying is 1-1.2 mm. The vertically oriented structure (column) in the furnace was tested for fire
retardant efficiency according to the parameter "time to reach the critical temperature".

2. Beams of the 35SH1 grade with a length of 4.2 m with a thin-layer fire retardant coating of 0.87 mm. The loaded
beam horizontally oriented in the furnace was tested for fire resistance of the structure according to the parameter
"critical deflection during heating".

The coatings after application to the structures were dried until the diluent was completely removed — 10-14 days
at a temperature of +20 °C and a humidity of no more than 80 %. The tests were carried out for each sample according
to the developed method of express analysis [19], after which the coatings were restored at the test sites. Further, the
tests were carried out for each sample in a flare furnace according to GOST R 53295-2009? and GOST 30247.1-94%.

The test results using the express analysis method were evaluated according to the following indicators:

— CCM general appearance;

— swelling coefficient;

— CCM compressive strength;

— CCM shear-tear strength of the boundary layer with a thickness of 1 mm from the substrate (according to the
method described in [19]).

Additionally, the CCM density was measured in the laboratory.

The time of reaching the critical temperature of the protected material according to GOST R 53295-2009 was
estimated. For this purpose, a temperature curve was constructed — the dependence of the critical temperature of the
steel substrate on the time of the fire test. Test conditions:

— ambient temperature — +18° C;

— relative humidity — 30 %;

—air velocity — less than 0.5 m/s.

The average temperatures in the fire chamber of the furnace did not exceed the permissible deviations. Fire
resistance of the structure before reaching the maximum permissible deformation of the beams under fire exposure was
determined in a special horizontal furnace. Beams with coatings were tested under a point load of 16 tons every
1/3 span. During the tests, the time of occurrence of the limiting states and their type, the temperature in the furnace, the
temperature on the unheated surface of the sample, the deformation of the beam, and the temperature regime in the
chamber were recorded.

Results. After conducting fire tests according to the standard methodology and express analysis methodology [19],

the samples were examined and their physical and mechanical parameters were measured. The results are summarized

2 GOST R 53295-2009. Fire retardant compositions for steel constructions. General requirement. Method for determining fire retardant efficiency.
Electronic fund of legal and regulatory documents. URL: https://docs.cntd.ru/document/1200071913 (accessed 10.04.2023). (In Russ.).

3 GOST 30247.1-94. Elements of building constructions. Fire-resistance test methods. Loadbearing and separating constructions. Electronic fund of
legal and regulatory documents. URL.: https://docs.cntd.ru/document/9055247 (accessed 10.04.2023). (In Russ.).
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in Table 1. The results of CCM density measurements not provided for by the express analysis methodology are also

presented [19].

Table 1

Test results of intumescent fire protection by express analysis and according to GOST R 53295-2009

Parameter Composition 1 Composition 2 Composition 3

Amount of diluent in IP, % wt. 0 5 10
Time to reach the critical temperature of the substrate (+500 °C), min 47 34 27
CCM swelling coefficient 36 17 11
CCM compression force outside gas bubbles, with an indenter with a 6 14 27
diameter of 3 mm, g.wt

CCM compressive strength, g.wt/cm? 86 200 360
CCM shear-tear strength of the boundary layer from the substrate, 78 56 42
g.wt/cm

CCM density outside large gas bubbles, g.wt/cm?3 0.28 0.44 0.51
CCM density taking into account large gas bubbles, g.wt/cm? 0.28 0.14 0.45

Fig. 1 shows the fire resistance test in a standard furnace and the formation of coked cellular

intumescent paint compositions 1-3 on a metal column of I-section.

a)
Fig. 1. Fire test result in a standard furnace of I-beam column with an intumescent coating of composition 1:
a — 10 minutes after the start of firing; b — after 30 minutes

b)

material from

Let us consider the test results by the standard method. When the sample coated with composition 1 is heated, after

47 minutes, the limit state is fixed according to the parameters "time to reach the critical temperature™ (Fig. 2) and

"critical deflection during heating" (Fig. 3). This confirms the compliance of composition 1 with the time stated in the

technical documentation for reaching the critical temperature (45 min).
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Fig. 2. Time to reach the critical temperature of the sample coated with composition 1 (without dilution). The solid line is the heating

temperature; the dotted line is the surface temperature under the CCM layer. The vertical axis shows the temperature (°C), the
horizontal axis shows the time (min)
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Fig. 3. Dependence of sample deflection with a fire retardant coating of composition 1 (without diluent) on the time of thermal
exposure in the furnace fire chamber

The express analysis results regarding the compliance of the fire retardant composition with the technical
documentation (CCM swelling coefficient, see Table 1) indicate the correctness of the proposed methodology.

When testing a sample coated with composition 2 according to the standard procedure, the time to reach the limit
states was 34 minutes (Fig. 4). That is, the tested material does not comply with the technical documentation. The

composition cannot be used for fire protection if the required fire resistance limit is R45.
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Fig. 4. Dynamics of temperature changes in the fire chamber (curve 0) and the temperature of the protected surface during the testing
of samples 1-3 (curves 1-3)

The results of the tests using the express analysis method confirm the unsuitability of the paint, despite the fact that
the coefficient of swelling of the coating exceeds the minimum value specified in the regulatory documentation. The
resulting CCM is externally heterogeneous, large gas cavities are noticeable. The CCM layers outside of these defects
have increased strength and density, as well as relatively low adhesion to the protected material.

Tests of sample 3 gave the following results. The steel substrate reaches its limit state after 27 minutes when tested
according to the standard procedure (Fig. 4). This indicates the unsuitability of composition 3 according to the indicator
"time to reach the critical temperature” (45 min). This fact was confirmed by the results of tests by the express method.
The CCM is heterogeneous, there are large gas cavities. The strength and density of the CCM layer outside these
defects is increased, the adhesion to the protected material is low.

The express analysis allowed us to establish that at a given critical deflection value of 200 mm, the loss of bearing
capacity in sample 1 was observed after 47 minutes, in sample 2 — after 42 minutes, in sample 3 — after 35 minutes.

Therefore, the longer the heating time of the steel substrate of the sample to the critical temperature, the higher the
coefficient of swelling of the CCM protective layer and the lower the index of the CCM compressive strength
(Table 1, Fig. 5).
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Fig. 5. Results of fire resistance tests according to GOST 30247.0-94 (time to reach the critical temperature of the substrate) and by
express analysis (CCM swelling coefficient, CCM strength)

The relatively high compressive strength of CCM, established by the express analysis method for sample 3, assumes
a high density of CCM (Table 1) and an increase in the thermal conductivity of the protective layer, which reduces the
time to reach the critical temperature of the substrate and is confirmed by the test results according to GOST 30247.0-
94,

Discussion and Conclusion. The express analysis of fire resistance of intumescent coatings proposed by the authors
was tested on I-beam building structures. The results were compared with a similar test according to GOST 30247.0-94.
The comparison demonstrated the correctness of the authors' approach.

The results of the tests for both methods are divided into three groups. The first category includes the results
obtained for coatings with high-quality undiluted fire retardant paint that meet the requirements of regulatory
documentation in all respects. The second is the results of testing coatings that do not provide the specified fire
retardant parameters. At the same time, the CCM coefficient of swelling and its adhesion to the substrate decreases,
strength and density increase. The third group is characterized by significant deviations from the required parameters.
Based on the results obtained, it can be argued that the assessment of CCM parameters by the express analysis method
in the conditions of a construction object is sufficient to decide if the intumescent coating is suitable or unsuitable for

fire protection.
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