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Abstract:

Introduction/purpose: When concrete structural members are subjected to
fire and then exposed to slow or rapid cooling, there are various changes
affecting density, porosity, thermal damage, speed of sound propagation,
modulus of elasticity, compressive strength, absorptivity, etc. The heavy
use of concrete to build structures on the one hand and the problem of fires
on the other require a deep understanding of the effect of fire on the
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structural behavior of concrete, especially after cooling. So far, the two
cooling methods used to put out a possible fire have been water and free
air. Our objective is to experimentally analyze the use of the extinguisher as
the third method of cooling concrete exposed to high temperatures.
Methods: To achieve our objective, a series of mechanical and physical
tests waw carried out on specimens 40 mm in diameter and 40 mm in
height, exposed to high temperatures of 200, 400, and 600 °C. These test
samples were then subjected to three different cooling regimes, namely:
free air, water immersion, and extinguisher use.

Results: The results clearly show that the use of the extinguisher is more
appropriate than the other two cooling methods, namely, natural cooling
and immersion in water.

Conclusion: The results from this experimental study could be of practical
use when trying to extinguish a possible fire in a concrete structure.

Key words: concrete, fire, experimental analysis, extinguish, water, free
air.

Introduction

Because of its many advantages over other construction materials,
such as simple workmanship, durability, strength, and ease of
implementation, concrete has become the primary structural material in
the construction of nearly all buildings (Kodur, 2014).

Fire is one of dangerous threats that attack structures. Compared to
steel, which has a low thermal conductivity, and to wood, which is rapidly
combustible, concrete construction material is characterized by its good
fire resistance; however, it can lose part of its resistance (Annerel &
Taerwe, 2009; Ingham, 2009). The type of cement, the nature of the
aggregate, the dimensions of structural elements, the porosity and the
moisture content of concrete as well as its thermal properties are all factors
which determine the degree of fire resistance (Akga6zoglu, 2013). The fire
resistance is increased with the increase in the dimensions of a concrete
element (Tanacan et al, 2009).

During their lifetime, concrete structures can be subjected to high
temperatures during fire or near furnaces and reactors. It will then lead to
the deterioration of the structural quality of concrete.

In China, recent statistics show that in 2018 alone, there were
237,000 fires, including almost 107,000 in residential buildings (Bi et al,
2020). Fires can start in tunnels and buildings alike (Annerel & Taerwe,
2009; Khoury, 2000; Du et al, 2018; Tomar & Khurana, 2019; Zhao et al,
2019). This indicates that the occurrence of fire misfortunes is becoming
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more and more common, which affects the safety of structures and leads
to significant economic deficits (Hertz, 2005; Aitcin, 2003; Liu et al, 2019).

Under high temperatures, physical properties change and chemical
transformations occur in the cementitious matrix, leading to a deterioration
of its mechanical characteristics (Hertz, 2005; Aitcin, 2003; Liu et al, 2019;
Hammoud et al, 2014; ACI, 1989; Khoury et al, 2007; European
Commissions, 1992; CEN, 1994; CEN, 2002; CEN, 2004; Bazant &
Kaplan, 1996; Phan & Carino, 2000). They also participate in the growth
of shrinkage, transient creep, and changes in durability (Pihlajavaara &
Kesler, 1972). Mechanical properties such as strength, modulus of
elasticity, and volume stability of concrete are significantly reduced during
these exposures (Li et al, 2012). Free water in pores and part of chemically
bound water in hydrated cement paste are released and a large amount of
energy is consumed due to exposure to high temperatures (Su et al, 2014).

This special situation implies the need to assess the safety of
concrete structures with regard to possible fires. This analysis is therefore
an essential task to ensure the structural safety of concrete structures
(Hammoud et al, 2014). In practice, concrete structural elements must
fulfill the fire safety requirements defined in the design codes for building
structures (ACI, 2007; ACI, 2008; CEB, 2002).

According to the literature, the analysis of the behavior of concrete
under high temperatures has been the subject of numerous works, leading
to appreciable results (Zhai et al, 2019). We quote:

Wang et al (Wang, 2014) conducted static compression tests and a
Split Hopkinson Pressure Bar Impact (SHPB) test on concrete specimens
75 mm in diameter and 55 mm in height. These specimens are heated to
high temperatures of 100 to 900 °C and then cooled naturally.

Tao et al (Tao et al, 2011) conducted a compression test on concrete
cylinders 50 mm in diameter and 35 mm in height under rapid heating from
200 to 600 °C using microwaves.

Shi et al (Shi et al, 2014) performed SHPB compression-shock tests
on cylindrical specimens 98 mm in diameter and 50 mm in height. These
concrete blocks are subjected to high temperatures of 200 to 800 °C and
are cooled by natural cooling or cold water.

Under different applied loading levels, Jia et al (Jia et al, 2011ab)
carried out compression-impact tests on concrete specimens 50 mm in
diameter and 35 mm in height. Using microwaves, these concrete
specimens were quickly heated to 200—650 °C.

Under various projectile velocities, Li et al (Li et al, 2012) performed
an impact compression experiment on a SHPB device and concrete
specimens 98 mm in diameter and 48 mm in height heated to 200-800 °C.
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Similarly, Su et al (Su et al, 2014) carried out the same tests but on
specimens 49 cm high.

SHPB impact compression tests and numerical simulations on
concrete blocks 70 mm in diameter and 35 mm in height heated to 200-
800 °C were developed by Huo et al (Huo et al, 2013).

Previous experimental and numerical research revolves around
micromechanics and constitutive models of concrete at high temperature
(Huo et al, 2013; Gawin et al, 2011; Ezekiel et al, 2013; Jia et al, 2011ab;
Bangi & Horiguchi, 2012; Noumowe, 2005; Tenchev & Purnell, 2005; Van
der Heijden et al, 2007; Wang & Shang, 2014; Lu, 2011; Zhai et al, 2014;
Zhang et al, 2013, Carstensen et al, 2013). They analyze the mechanical
properties of concrete at high temperature or after high temperature (Ma
et al, 2015). However, the analysis of the behavior of concrete cooled after
high temperatures has yet to be fully investigated (Zhai et al, 2019).

In turn, Zhai et al (Zhai et al, 2014) conducted impact compression
tests on concrete specimens. These test specimens of 35 MPa
compressive strength are heated to high temperatures of 200 to 800 °C
and are then cooled naturally or in water.

This article is an experimental contribution analyzing the effect of the
cooling mode on the thermal behavior of concrete. Until now, the cooling
methods used were natural cooling or immersion in water. Through this
work, we used natural cooling, water, and a new mode of cooling, powder
extinguishers.

To achieve our objective, we carried out mechanical tests on
compressive strength, thermal damage, and dynamic modulus of
elasticity, and tested physical properties: porosity, density, and speed of
sound propagation. These tests were carried out while hot and after
cooling. The samples tested were exposed to high temperatures: 200 °C,
400 °C, and 600 °C. After exposure to these temperatures, the samples
were then cooled using air, water, and powder extinguishers.

Materials used and sample preparation

Cement

The cement used is Portland cement composed of the CPJ CEM II/B-
L 32.5 N type, with a minimal resistance of 32.5 MPa at 28 days. Tables
1, 2 and 3 respectively give the chemical, mineralogical, and physical
composition of the cement used in this study.
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Table 1 — Chemical composition of cement
Tabnuuya 1 — Xumu4yeckull cocmas uemeHma
Tabena 1 — Xemujcku cacmas yemeHma

CaO SiO2 Al2O3 Fe203 SOs3 K20 Na20 MgO
60.10 18.13 3.25 2.56 2.71 0.26 0.22 1.75

Table 2 — Mineralogical composition of cement according to Bogue
Tabnuya 2 — MuHepanoau4eckulli cocmas yemeHma (Bogue)
Tabena 2 — MuHepanowku cacmas yemeHma (Bogue)

Element CsS C.S Cs3A CsAF
Content (%) 71.976 50.488 4.280 7.790

Table 3 — Physical characteristics of cement
Tabnuua 3 — ®u3uyeckue ceolicmea UemeHma
Tabena 3 — ®usuyka ceojcmea uemeHma

Characteristics Values
Apparent density (g/cm?) 4000
Absolute density (g/cm?) 1065
Start of setting (minute) 2990
End of setting (minute) 150 + 30
Normal consistency (%) 230 £ 50

Water composition

For the manufacture of test specimens, we used drinking water
distributed by the public service network. The results of the chemical
analysis of this water are summarized in Table 4.

Table 4 — Chemical analysis of water composition
Tabnuua 4 — Xumuyeckul aHanu3 cocmaea 800bl!
Tabena 4 —Xemujcka aHanu3a cacmasa 8o0e

Organic
material

32.86 51.36 | 38.00 | 0.00 113.60 65.46 | 368.44 12.22 | 0.03 7.88 0.18

Ca Mg Na K Cl S04 COs NOs3 Fe pH
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Aggregates

In this analysis, we used continuous crushed gravel of 3/8 mm in size
and quarry sand of 0/4 mm in size.

Preparation of the samples

The dimensions of the specimens used in this study are: the diameter
¢ = the height h = 40 mm. For the preparation of the samples, we adopted
the quantities given in Table 5:

Table 5 — Formulation of micro-concrete Kg/m3
Tabnuua 5 — Cocmas mukpobemoHa, ka/m3
Tabena 5 — ®opmynauyuja mukpobemoHa kg/m3

Cement Sand 0/4 Gravel 3/8 Water Super-plasticizer | E/C
350 616 1143 202 17.5 0.57

The samples were covered with plastic film to avoid any water
exchange with the external environment and were stored in the laboratory
at a controlled room temperature of 20 + 2°C.

The specimen heating and cooling

The specimens were classified into four groups (Gi1, G2, Gz and Ga).
We measured the mass and speed of propagation of sonic waves before
exposing the samples to temperatures of 200, 400, and 600 °C.

The three groups of specimens (Gi, G2 and G3) were subjected to
maximum temperatures of 200°C, 400°C and 600°C, respectively.

The specimens were heated with a constant temperature rise rate
equal to 5 °C/min up to the test temperature. Then, to stabilize the thermal
field, these specimens were kept at the target temperature for one hour.

The last step was the temperature drop ramp of 1°C/min down to an
ambient temperature. On the other hand, the fourth group (G.) was
maintained at an ambient laboratory temperature equal to 20°C. For each
group, we used a cooling mode for one minute. For 24 hours after the
cooling stage, for each specimen, we calculated the mass and the speed
of propagation of sonic waves.
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Results and discussion
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Figure 1 — Effect of temperature and the cooling mode on density
Puc. 1 — BnussHue memmnepamypbl U pexuma OXiax0eHusi Ha MiomHOoCMb
Cnuka 1 — Ymuuaj memnepamype u Ha4uHa xnahera Ha 2yCmuHy

Table 6 — Effect of temperature and the cooling mode on density (Kg/m3)
Tabnuua 6 —BnusiHue memrnepamypbl U pexxuma oxsiax90eHusi Ha NomHocme (ke/m3)
Tabena 6 —Ymuuaj memnepamype u HayuHa xnafjera Ha eycmuHy (kg/m3)

20°C 600 °C Kg/m3 %
C. Nat 2225 1998 227 10.2
C. Wat 2225 2027 198 8.9
C. Ext 2225 1998 227 10.2

C. Nat: natural cooling
C. Wat: water cooling
C.Ext : extinguisher cooling

Figure 1 shows the effect of temperature and the cooling mode (air,
water, and extinguisher) on density. When the temperature increases, the
density of the samples decreases for the three cooling modes. Table 6
shows that the density drop between 20 and 600 ° C is the same, 10.2%,
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in both natural and extinguisher cooling. On the other hand, it is a little
lower for rapid cooling by immersion in water, at 8.89%.

Porosity
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Figure 2 — Effect of temperature and the cooling mode on porosity
Puc. 2 — BnusHue memnepamypbl U pexuma OXnaxx0eHusi Ha nopucmocms
Cnuka 2 —Ymuuaj memnepamype u Ha4uHa xnahera Ha nopo3Hocm

Table 7 — Effect of temperature and the cooling mode on porosity (%)
Tabnuya 7 — BnusiHue memrepamypbl U pexxuma oxnaxoeHusi Ha nopucmocms (%)
Tabena 7 — Ymuyaj memnepamype u Ha4uHa xnahera Ha nopoaHocm (%)

20°C 600 °C %
C. Nat 23.45 27.38 14.3
C. Wat 23.45 25.24 7.1
C. Ext 23.45 25.21 7.0

Zatir, S. et al, Experimental analysis of the thermal behavior of concrete, pp.1048-1068

Figure 2 shows the effect of temperature and the cooling mode (air,
water, and extinguisher) on porosity. It was discovered that the porosity
value increases in lockstep with increasing temperature from 20 °C to
600 °C.

Table 7 shows that with natural cooling, porosity increases twice as
compared to the other two cooling modes.
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The speed of sound propagation
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Figure 3 — Effect of temperature and the mode of cooling on the speed of sound
propagation
Puc. 3 — BrusiHue memnepamypbl U pexumMa OXi1ax0eHuUsi Ha CKopocmb
pacrnpocmpaHeHusi 38yka
Cnuka 3 —Ymuuyaj memnepamype U Ha4duHa xnahera Ha 6p3uHy wupera 38yka

Table 8 — Effect of temperature and the mode of cooling on the speed of sound
propagation (m/s)
Tabnuuya 8 — BnusiHue memriepamypbl U pexxuma OXJ1ax0eHUs1 Ha CKOpOCMb
pacripocmpaHeHusi 38yka (M/c)
Tabena 8 — Ymuuaj memnepamype u HadyuHa xnafjerma Ha 6p3uHy wupera 38yka (m/s)

20°C 600 °C m/s %
C. Nat 3769 2206 1563 41.47
C. Wat 3769 2068 1701 45.13
C. Ext 3769 2666 1103 29.27

Figure 3 shows the effect of temperature and the mode of cooling (air,
water, and extinguisher) on the speed of sound propagation. It clearly
shows that the speed of propagation decreases with increasing
temperature. Table 8 shows that with sprinkler cooling, the speed of sound
propagation is significantly lower than with the other two cooling methods.
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Elasticity dynamic modulus
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Figure 4 — Effect of temperature and the mode of cooling on the dynamic modulus of
elasticity
Puc. 4 — BriusiHue memnepamypbl U pexuma ox/1axo0eHusi Ha OUHaMu4ecKuli MoOyrib
ynpyeocmu
Cnuka 4 —Ymuuyaj memnepamype u HaduHa xnafiera Ha QUHaMu4yku ModyIyc
enacmu4Hocmu

Table 9 — Effect of temperature and the mode of cooling on the dynamic modulus of
elasticity (GPa)
Tabnuuya 9 — BnusiHue memnepamypbl U pexxuma oxnaxoeHusi Ha OuHamudeckul MooOyrib
ynpyaocmu (ella)
Tabena 9 — Ymuuaj memnepamype u Ha4uHa xnahera Ha OuHamMuyKu Moodyryc
enacmuyHocmu (GPa)

20°C 600 °C Gpa %
C. Nat 28.99 8.78 20.21 69.7
C. Wat 28.99 7.82 21.17 73.03
C. Ext 28.99 12.77 16.22 55.95

In Figure 4 we have shown the effect of temperature and the mode of
cooling (air, water, and extinguisher) on the dynamic modulus of elasticity.
When temperature increases, the dynamic modulus of elasticity of the
samples decreases. Table 9 clearly shows that with quench cooling, the
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drop in the dynamic modulus of elasticity is absolutely lower than with the
other two cooling modes.

Compressive strength

30

(R

|

N
(S}

N
o
I

=
o
I

Compressive strength (MPa)
=
(0] (03]
|_|

o

20 200 400 600

Temperature (°C)

Figure 5 — Effect of temperature and the mode of cooling on compressive strength
Puc. 5 — BrusiHue memnepamypbl U PexuMa OX1ax0o0eHuUsi Ha NPOYHOCMb Npu cxamuu
Cnuka 5 — Ymuuyaj memnepamype u Ha4uHa xnahera Ha KOMIpecusHy cHazy

Table 10 — Effect of temperature and the mode of cooling on compressive strength (MPa)
Tabnuua 10 — BrnusiHue memrepamypbl U pexxuma oxsiax0eHus1 Ha rMpoYHOCMb rpu
cxamuu (mla)

Tabena 10 — Ymuuaj memnepamype u Ha4yuHa xnahera Ha KomnpecusHy cHazy (MPa)

20°C 600 °C Mpa %
C. Nat 23.53 16.12 7.41 315
C. Wat 23.53 17.02 6.51 27.7
C. Ext 23.53 16.93 6.6 28.0

Figure 5 shows the effect of temperature and the cooling mode (air,
water, and extinguisher) on compressive strength. We notice that
resistance decreases with increasing temperature. This loss of resistance
can reach 40%.

Table 10 clearly shows that compressive strength is practically the
same for all three cooling modes.
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Thermal damage
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Figure 6 — Variation in thermal damage as a function of temperature and the cooling
mode
Puc. 6 — MIsameHeHuUe mepmu4eckozo rnospexoeHus 8 3agUcCUMOCMU Om memMrepamyphb!
U pexxuma oxnaxoeHusi
Cnuka 6 — Bapujayuja mepmarnHoe owmehera y 3agucHocmu 00 memrnepamype u
HaquHa xnahera

Table 11 — Variation in thermal damage as a function of temperature and the cooling
mode (%)
Tabnuua 11 — MismeHeHuUe mepmMu4eCcKo20 rMnoepexo0eHust 8 3agucuMocmu om
memnepamypbl U pexuma oxnaxoeHusi (%)
Tabena 11 — Bapujayuja mepmarnHoz owmehera y 3agucHocmu 00 memnepamype u
HayuHa xnahera (%)

20°C 600 °C %
C. Nat 12.301 66.42 81.5
C. Wat 12.301 69.15 82.2
C. Ext 12.301 53.42 77.0

In Figure 6, we show the effect of temperature and the mode of
cooling (air, water, and extinguisher) on the variation of thermal damage.
We note, for the three cooling modes, that damage increases with the
increase in temperature. It is clear the thermal damage is a little lower with
the use of the extinguisher as a means of cooling.
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Absorption of water
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Figure 7 — Effect of temperature and the mode of cooling on initial water absorption
Puc. 7 — BniusiHue memmnepamypbl U pexuma OX1axx0eHus1 Ha HadarbHoe
sodorioarioweHue
Cnuka 7 —Ymuuaj memnepamype u Ha4uHa xnahera Ha uHuyujanHy ancopnuyujy eode

Table 12 — Effect of temperature and the mode of cooling on initial water absorption
(g/cm2)
Tabnuya 12 — BrusHue memnepamypbl U pexumMa OxXnaxoeHusi Ha HayasibHoe
godorioarnoujeHue (e/cm?2)
Tabena 12 — Ymuuyaj memnepamype u Ha4uHa xnahera Ha UHuUyujaHy ancopnyujy
s8o0e (g/lcm2)

20°C 600 °C g/lcm? %
C. Nat 0.23854 0.6773 0.43876 64.8
C. Wat 0.23854 0.5933 0.35476 59.8
C. Ext 0.23854 0.4633 0.22476 48.5

Figure 7 shows the effect of temperature and the cooling mode (air,
water, and extinguisher) on initial water absorption. It is observed that
water absorption increases with increasing temperature, particularly at
600 °C. In addition, it is found that water absorption under cooling with the
extinguisher is always lower compared to the other two cooling modes. We
notice in Table 12 that the use of the extinguisher to put out fire has less
absorptivity compared to the two other cooling methods.
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Conclusion

The primary goal of this paper is to provide an experimental
contribution to the study of the effect of a mode on the behavior of micro-
concretes exposed to high temperatures. In this study, the temperatures
used are those tested in the majority of previous studies; they are 200,
400, and 600 °C.

Until now, two cooling modes have been used to extinguish fire: one
slow, which is natural cooling; and the second fast, which is water cooling.
Through this research attempt, we have examined a third mode of cooling;
it is the extinguisher. This cooling process practically constitutes an
intermediate mode between a slow one and a fast one. For better
compression, we carried out mechanical tests concerning compressive
strength, thermal damage, modulus of elasticity, and other physical
properties: porosity, density, and speed of sound propagation. These tests
were carried out hot and after cooling on specimens previously exposed
to temperatures of 20°C, 200°C, 400°C, and 600°C.

According to the results obtained (Figures 1 to 7 and Tables 6 to 12),
it can be concluded that cooling by the extinguisher presents the most
suitable mode for extinguishing a fire of up to 600 °C.

Overall, the analysis of the parameters analyzed (Figures 1 to 7 and
Tables 6 to 12) leads us to suggest using the powder extinguisher in the
process of extinguishing fire in concrete structures exposed to
temperatures up to 600 °C.

In a future study, we will try to analyze the effect of cooling time on
the thermal behavior of ordinary concrete as well as to extend this study
to other existing concrete types.
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OKcnepuMeHTanbHoe uccrnegoBaHne TENMNOBbLIX CBOMCTB 6eToHa

Capa 3arap?, Hacp Paxan®, koppecnoHgeHT, Xyda baroeH®,

A60dynatizu3 Cyaiicun®, Xanuma Tyayan®, Xanud E6mmaxan®

a YHusepcuteT Taxpn Moxammepq Belap, aenapTaMeHT apxuTekTyphbl v
ypb6aHuama, r. Bewap, Amkupckas HapogHas OemokpaTtuyeckasa Pecnybnuvka

6 Yunsepcutet Tywm Myctadbl CTamBynu, CTponTenbHbIN (akynbTeT,
r. Mackapa, Amxunpckas HapogHas [emokpaTtunyeckas Pecnybnuka;
YHuBeEpCUTET eCTECTBEHHBIX HayK U TeXHonorun, nabopatopus
MaLUMHOCTPOEHUS N MPOYHOCTU KOHCTPYKLMA, . OpaH,
Amxunpckas HapogHas [JlemokpaTtudeckas Pecnybnuka

® YuusepcuteT Tywmn Myctadbl Ctambynu, cTponTenbHbln dakynbsTeT,
Mackapa, Amxupckasa HapogHasa [lemokpatundeckas Pecnybnuka

PYBPUKA TPHTW: 67.09.33 BeToHbl. XXene3o6eToH. CTpouTenbHble
pacTBOpbl, CMECH, COCTaBbl
BWO CTATbW: opurmHanbHas Hay4Has ctaTbs

Pe3swome:

BeedeHue/uenb: Npu eo30elicmeuu o2HS, a makxe rpu bbicmpom unu
MeOneHHOM  oxnax0eHuu  4Yacmel  6emOHHO20  COOPYXXEHUs
poucxodsam pas/iuyHble U3MEHEHUS MJI0MHOCMU, [opucmocmu,
CKOpocmu pacrpocmpaHeHus 38yka, MoOysisi yrpyaocmu, rnpo4YHocmu
Ha cxamue, 8000roaioweHUs u fnp. dmu npoueccbl makxe moaym
8bl3gamb mepmuyeckoe rospexdeHue. Lllupokoe ucnonb3o8aHuUe
bemoHa 6 cmpoumesniscmge, ¢ OOHOU CMOPOHbLI, U Mpobrnemsl,
8bI38aHHble 8030elicmeuemM Oz2Hs, ¢ Opyaol, mpebyrom yarybrieHHo20
MOHUMAaHUSI 8MIUSIHUST O2HSI Ha rnosedeHue 6emoHHOU KOHCMPYKUUU,
0cobeHHO nocne oxnaxdoeHus. [o cux nop Onsi myweHus roxapa
ucrnionb3oeanucb 08a Memoda oxnaxdeHus: eodol U €80600HbLIM
nomokom e030yxa. Llenb OaHHOU cmambu — 3KcrepuMeHmanbHO
uccriedogamb  UCIMOMb308aHUE O2HeEmMywumerss Kak mpembezo
criocoba oxnaxdeHuss 6emoHa, nodsepaaruie2ocsi 8030elicmeuro
8bICOKUX memrepamyp.

Memodei: [ns docmuxeHusi uyenu uccrnedogaHusi bbina nposedeHa
cepusi MexaHU4YecKux U @uaudyeckux ucrnbimaHuli obpa3yos
Auamempowm 40 mm u ebicomoli 40 mm, nodeepaHymbix 8030elicmeuro
ebicokux memnepamyp 200, 400 u 600 °C. 3amem ucribimyemble
obpasubl  ObiIu  Mods8epeHymbl  MpeM  pasfuYHbIM - pexumam
oxnaxo0eHusi, a UMEHHO: c80000HbIM MOMoOKoM 6030yxa, godol U
ogHemywumersnem.

Pesynbmamebl:  Pe3ynbmambl  00HO3Ha4YHO  [oKasbigarom, 4mo

ucrnosnb308aHue osHemywumerns yesnecoobpasHee, yem 08a Opyaux
MemoQda oxnax0eHusl, a UMEHHO: 8030yxoM U 8000U.
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Bbig00bI: Pe3ynbmambl 3mo20 3KcrepuMeHmabHo20 uccriedogaHusl
Mo2ym O6bimb 0/1€3HbI Ha Mpakmuke npu MmyweHuu foxapa e
6EMOHHOM COOPYKEHUU.

Knroyessie crnosa: 6emoH, rnoxap, aKcrnepumMmeHmarbHoe
uccriedosaHue, myuweHue, 80da, 8030yX.

ExcnepvmeHTanHa aHanusa M3noxeHocT 6eToHa TEPMUYKUM
npomeHama

Capa 3atap?, Hacp Paxan®, aytop 3a npenucky, Xyda bargex®,

A60ynajzus Cyajecun®, Xanuma Tyayan®, Xanud E6Gmmaxamn®

2 Yuusepautet Taxpu Moxameq y Beliapy, Ogersere 3a apxuTekTypy u
ypbanusam, bewap, HapogHa [lemokpaTtcka Penybnvka Amkup

6 Yuueepantet Myctada Ctambonu, Oacek 3a rpafhesuHapcTso, Mackapa,
HapogHa [demokpatcka Penybnuka Amxup;
YHUBEP3UTET NPUPOLHUX Hayka u TexHororuje, JlabopaTopuja 3a MalLUHCKe
CTPYKTYpe 1 CTabunHocT KoHCTpyKumje, OpaH,
HapopgHa [lemokpaTtcka Penybnvka Amxup

& YHuBep3uteT Myctada Ctamboynu, Oacek 3a rpahesBnHapcTBo,
Mackapa, HapogHa JemokpaTcka PenyGnvka Amxmp

OBJIACT: maTtepwjanu, rpaheBrHapcTBO
BPCTA YJTAHKA: opyrnHanHu Hay4Hu pag

Caxemak:

Yeod/yurb: Kada cy Oenosu 6emoHcKe cmpyKmype U3foxeHu oejcmey
gampe, a 3amum 6p3om usiu criopom xnahersy, 0onasu 0o pasIUYUMUX
fpoMeHa y 2yCmuHU, MOPO3HOCMU, MEePMUYKOM owmehemy, 6p3uHu
wupera 38yka, MOOyMycy enacmuyHOCmu, KOMIPEeCcUsHOj CHa3u,
ancopnyuju, umo. PawupeHa ynompeba 6emoHa y epalhesuHapcmesy, ¢
jedHe cmpaHe, u npobnemu Hacmanu ycred U3JIoXKeHoCmuU roxapy, C
Opyee cmpaHe, 3axmesajy OemasbHO pa3ymesar-e ymuuaja eampe Ha
rnoHawar-e cmpykmype bemoxa, Hapo4umo rocrie xnahera. [o cada cy
KopuwheHa dea memoda xnahewa 3a eawere eampe — 68000M U
crnoboGHUM cmpyjarbeM 8aslyxa. Y pady je ekcriepumeHmarnHo
aHanusupaHo Kopuwhere npomusroxapHoe arnapama Kao mpehee
Ha4yuHa 3a xniahiere 6emoHa U3/10KeHo2 8UCOKUM memrepamypama.

Memode: U3splieHa je cepuja MexaHUYKUX U DU3UYKUX ucriumuearba
y3opaka, rpeyHuka 40 mm u eucuHe 40 mm, U3MIOXEeHUX BUCOKUM
mewmriepamypama o0 200, 400 u 600 °C. Samum cy mecm-ernpyseme
nodspeHyme xnahemy Ha mpu pasfuduma  HaduHa: criobo0HUM
cmpyjarbeM  8aslyxa, rnomanakem y 800y U  Kopuwherem
rpomuerioxapHoe anapama.
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Pesynmamu: Pe3ynmamu jacHO nroka3yjy O0a je kopuwhere
rpomueroxapHoe arapama Mo200HuUje 00 npeocmana dea memoda
xnahera, mj. npupodHoe xnahera Ha 8a3dyxy U Hamarnara 8000M.

Sakrbyyak: Pesynmamu oege ekcriepumeHmarnHe cmyduje moenu 6u da
umajy npakmuy4Hy npuMeHy Mpu awery eseHmyarsnHoe roxapa y HeKoj
6eMmMOHCKOj cmpyKkmypu.

KrbyyHe peyu:. 6emoH, eampa, ekcriepuMeHmarHa aHanusa, eawere,
g800a, rpupodHo cmpyjare sasdyxa.
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