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OIIIHKA BOTHECTIMKOCTI HEHECYYUX CTIH
3A PO3PAXYHKOBUMU METOJAMHU €BPOKOAY

3anpononosano  Memoouky — OYIHIOBAHHS ~ BOCHECMIUKOCMI  HEHecyyux  CMiH.
Pozeunymo memooonoeito 3acmocyeanus memooié PpO3PAXYHKY MedC 602HeCMmIUKOCI,
3ACHOBAHUX HA BUKOPUCMAHHI MemoOdy KiHYeeux pizHuyb, HA NPUKIadi OYIHIOBAHHS
goenecmitikocmi  308HIWHbLOI cminu. Po3pobreno eumocu 00 6a3u NOYAMKOBUX OAHUX
Wooo mamepianie, SpaAHUYHUX YMO8, NOOYO08U DO3PAXYHKOBUX CXeM ma CIMKO8Ux mooelel,
a maxodic KpumepianvHy 0a3y wooo ioeHmughikayii HACMAHHA 2PAHUYHUX CMAHI8 8mMpamu
Menoi30N08ANbHOI 30AMHOCMI MA YLTICHOCMI 3 OMPUMAHUMU Pe3VIbMAMAaMU PO3PAXYHK).
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OIIEHKA OTHECTOMKOCTH HEHECYIIIUX CTEH
1O PACHETHBIM METOJIAM EBPOKOJA

IIpeonoscena  memoouxa OYeHKU o2HecmouKocmu HeHecyuux cmeH.
Passuma memooonocuss npumenenus Mmemooog pacuema npeoenog O0SHeCMOUKOCHU,
OCHOBAHHBIX HA UCNOIB308AHUU MEMO0d KOHEUHbIX PA3HOCmel, Ha npumepe OYeHKU
ocHecmouKocmu @HewiHell cmenvl. Paszpabomanvl mpebosanus K 0aze UCXOOHLIX OAHHBIX
KAcamenbHo Mamepuanos, cpaHudHblX YCA08Ul, NOCMPOEHUS. PACYEMHbIX CXeM U Cemesblx
MoOenell, a makdxce UCXOOHAsE 0aza no UdeHMUUKaAYuyu HACMYNIeHUs NpeoelbHbIX
COCMOANHULL nomepu Meniou3oauUpyoueti CnoOCOOHOCMU U YeroCMHOCMU N0 NOJYYEeHHbIM
pesyrbmamam pacyema.
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Meni0emKoCb.
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EVALUATION OF FIRE CURTAIN WALLS
ACCORDING TO CALCULATION METHODS OF EUROCODES

The paper presents a methodology for evaluating the fire resistance of non-bearing
walls. A methodology of calculation methods boundaries fire based on FDTD method using
the example of fire resistance evaluation outer wall is created. The requirements for the
initial data base for materials, boundary conditions, construction of settlement schemes and
grid models, but also by criteria framework for identifying the limiting conditions of loss of
insulation capacity and loss of integrity on the results of calculation are developed.
The estimated fire resistance rating is more effective. The alternative calculation methods,
which are lower cost, complexity, does not require expensive and cumbersome experimental
equipment. The technique is based on the standards harmonized with appropriate
methodological and regulatory framework of the European Union. To estimate the fire
resistance is analyzed a wall of ceramic bricks that is built on the edges of the slab.
The impact of fire on the wall can be seen as unilateral thermal effects on infinite plate with a
given thickness. To solve the heat conduction equation temperature dependence of thermal
characteristics of materials according to the Eurocodes is used. For the calculation wall
mesh reinforcement models were constructed. Work fragment in the whole wall is taken into
account by setting the boundary conditions of symmetry on its sides. The temperature
distribution on the section of the wall at different time station of thermal fire effect is
received. Signs of integrity loss are difficult to control according to the calculated data, so
circumstantial evidences are used. These characteristics include the possibility of brittle
fracture. The walls of ceramic bricks are not regulated by current standards of integrity
calculation. The most dangerous place in the masonry of ceramic bricks is brick joint.

The condition of the bearing capacity of storage is the storage integrity of joints.
Analyzing the data, we can see that the temperature on the boundary walls and insulation
cover over the control time 150 min value reaches 140 °C. This makes it possible to assert
that class of fire resistance of the outer wall is not less than EI 150, outer wall conforms to
the standards of fire walls and type. To ensure the appropriate class of fire resistance of
external walls and elements of its reference node fireproof system design is required.
The criteria for assessing fire stone walls set on calculated data when identifying the limiting
conditions of loss of insulation capacity and integrity.

Keywords: fire test, fire resistance, fire resistance class, FDTD method, insulating
ability, thermal conductivity, heat capacity.
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Beryn. J[ns o1iHIOBaHHST BOTHECTIHKOCTI OYiBETbHUX KOHCTPYKIIHM 3 ypaxyBaHHSAM ixX
CyMicHOi poOOTHM BOTHEBI BUIPOOYBaHHA LUX KOHCTPYKIH, 00’ €IHAHUX Yy BY3JIH, €
Hee(DEeKTUBHUMH, OCKUTBKHU Mepe10avaroTh BUMPOOYBAHHS ACKIJIBKOX €JIEMEHTIB KOHCTPYKIIIT,
HANPUKJIQ] caMoOl CTiHM, pUTENliB Ta KOJOH, MOB’s3aHMX 13 Hew. lle o3Hagae, 1m0
pO3paxyHKOBE OIIHIOBAHHS BOTHECTIMKOCTI TaKO1 CTPYKTYPH € OLIbII €(h)eKTHBHUM.

AHaJi3 ocCTaHHIX [Kepesa JocTilxkeHb i myOaikaumiii. 3 ornsmy Ha 3a3HauYeHi
0CcO0IMBOCTI OyJia CTBOpEHa METO/IMKA, 3aCHOBaHA Ha 3aCTOCYBaHHI PO3PAXYHKOBOTO METOY
OLIIHIOBAHHS KJacy BOTHECTIHKOCTi, MOB’S3aHOTO0 3 BUKOPUCTAHHSM UYMHHHX B YKpaiHi
HOPMAaTHBHUX JOKYMEHTIB. Po3poOieHa meroamka 0a3yeThCs Ha CTaHIAapTaxX, TapMOHI30-
BaHUX 13 BIJIMOBIJHOI0 METOJAUYHOIO Ta HOPMATUBHOIO 0a30i0 €C, a TaKOXK y3TOMKYETHCS 3
pe3yabTaTaMu JOCIIKEHb BITYM3HSIHUX 1 3aKOPIOHHUX aBTOPIB, K1 anpoOoBaHi, 00roBopeHi
Ta BH3HAHI HAYKOBOIO CIIIJIBHOTOIO 1 BXOJAATH B OCHOBHY 0a3y JiTepaTypHUX IMOCHUJIaHb Ta
nuTyBaHHA (paxiBIsiMu qaHoi ramysi [1 — 4, 6].

BujineHHs1 HeBUpilIeHUX paHillle YACTHH 3arajbHOi Mpo0JjeMu. AJIbTEpHATUBOIO
METO/IaM OIIIHIOBAaHHS BOTHECTIMKOCTI HEHECYYHX CTiH 3a JOIMOMOIOI BUIIPOOYBaHb MOXKE
OyTH 3aCTOCYBaHHSI pPO3PaXyHKOBHMX METO[IB, IKi MAalOTh MEHIIY BapTiCTh, TPYAOMICTKICTb,
HE BHUMAararoTh JOpPOTOro M TIpOMI3JIKOr0 €KCHEpUMEHTANbHOIo ycTarkyBaHHsS. OTpumani
pe3yabTaTh MOXKYTh OYTH BUKOPHCTaHI SIK MIATPYHTS JUIsl BCTAHOBJICHHS B1JIOBITHOCTI KJIacy
BOTHECTIHKOCTI JOCIIKYBaHUX KOHCTPYKTHBHUX €JIEMEHTIB BUMOTaM OyAiBETbHUX HOPM.

IMocTaHoBKa 3aBaaHHs. MeTa poOOTH — PO3BUTOK METOOJOT] 3aCTOCYBaHHS METO/IIB
pPO3paxyHKiB MEX BOTHECTIHKOCTI, 3aCHOBAaHMX Ha BUKOPHUCTAaHHI METOJYy KiHIIEBHX PI3HHUIIb,
Ha TPUKIAAl OI[IHIOBAaHHS BOTHECTIHKOCTI 30BHIMIHBOI cTiHU. CIOIU BXOAHWTH PO3POOICHHS
BUMOT 0 0a3W MOYaTKOBHX JaHWUX IIOJ0 MarepiaiiB, TPaHUYHUX YMOB, MOOyHOBa
PO3PaxXyHKOBHX CXEM 1 CITKOBUX MOJETEH, a TaKoK KpuTepiaabHa 0asza mojo igeHTudikarii
HAaCTaHHS TPAaHWYHUX CTAHIB BTPATH TEIUIOI30JIFOBAJIbHOI 3JAaTHOCTI Ta IUTICHOCTI 3a
OTPUMAHUMHU PE3YJIbTaTaMHU PO3PaAXYHKY.

OcHoBHUIT MaTepiaJ i pe3yjbTaTu. /{7151 onMcaHHs MOBEIIHKY KaM’ sSTHOT CTIHU 11T Yac
NOXeXi OyJM IpoaHaIi30BaHi MiAXOIH 10 PO3B’A3yBaHH MOAIOHMX 3a1a4 [3].

Jlnst OlHIOBAHHSI BOTHECTIHKOCTI PO3TIIANAETHCA CTiHA 3 KEepaMiuHOl IIeTJd, sKa
3BOJAMTHCA Ha pedpax IUIMTH NEePEeKpPHUTTSA. 330BHI O3HAYEHY CTiHY 3aXHUIIEHO TEIUIo-
130JTFOBAJIBHUM IIIAPOM, a 3 BHYTPIIIHBOI CTOPOHU CTiHA MTOKPHUTA TIMICOBOIO MITYKATYPKOIO.

[Ipu po3rmsai TemaoBoi il MOXKEXI HA CTIHY 3TiHO 3 KOHCTPYKTHMBHHMH CXEMaMHU
JOXOJMMO BHUCHOBKY, IO ii MOXHa pO3MISIaTH SK OAHOCTOPOHHIM TEIJIOBHH BIUIMB Ha
HECKIHUEHHY IUIaCTMHY 13 3ajaHoi0 ToBmIuHOI0. KpaiioBa 3amaua npu mnpomy Oyna
MOCTaBJICHA 3 BUKOPUCTAHHSIM PO3PaxXyHKOBOI cxemu (puc. 1).

HowmiHanbHa Aist noxexi (CTaHaapTHUA TEMM. PEeXuM)

KoHBekKUis + BUNPOMIHIOBaHHS
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Pucynok 1 — Po3paxyHkoBa cxeMa NpH 0JHOCTOPOHHBOMY HATpPiBi 30BHIIHBOI CTIHN
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3riJIHO 3 pO3pOOJICHOI0 METOJAMKOIO JJISI BU3HAYCHHS TEMIIEPATYPHOTO PO3IMOAICHHS Y
nepepisi CTIHM BUKOPUCTAHUIM METOA KIHIEBUX pi3HUIlb. J{i1s floro peamizanii Oyia ckiajgeHa
pO3paxyHKoBa cxema (puc. 2).
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Pucynok 2 — KinneBo-pi3HuieBa cxema /Jisi po3B’si3yBaHHs 3a/1a4i TeNJONPOBiTHOCTI
NPH BU3HA4YeHHi TeMIepaTyp y nepepisi 30BHIIIHBOI CTiHH

Jns po3B’si3yBaHHS pIBHSHHS TEIUIONPOBILAHOCTI TMOTPIOHO 334aTH TeMIlepaTypHi
3QJIEKHOCTI TEMIO(I3MYHUX XapaKTEPUCTUK MaTepiamiB 30BHINIHBOI CTiHH. Y Tadmwmii 1

NOJAHO TerI0(i3UYHI XapaKTEPUCTHKH MaTepiaiB.

Ta6auns 1 — TennogiznyHi XapaKTepuCTHKH MaTepiaiB 30BHIIIHBOI CTiHH

KoeoimieHT TermmonpoBiAHOCTI 00’ eMHa MUTOMA TEILIOEMHICTH ['ycruna,
AM(6), Br/(m-°C) cp (8)-p, Jlx/(m*-°C) Kkr/M°
Kianka 3 kepamiunoi niernu 3a Hopmamu JICTY-H b EN 1996-1-2:2012 [9]

0,42 564

npu 0 °C <60 <20 °C, npu 20 °C <0 < 100 °C,

0,42+(2-0,42 (6 - 20))/180 19-564-((19-564-5-564)(0 - 100))/100 205

npu 20°C< 0 <200°C, npu 100 °C <6 <200 °C,

1,26 5-:564-((5-564-564)(6 - 200))/1000

npu 200°C <0 <1200 °C npu 200 °C <0 <1200 °C.
VYremmobau «Wentirock» pipmu «ROCKWOOL» [7]

0,037 | p-1000 | 55
I'incoBa mrykaTtypka [8]

0,47 | p-1009 | 1200

Ha pucynky 3 mnomano rpadiku TeMIepaTypHHX 3aJeKHOCTEH Teruiopi3uyHux
XapaKTEPUCTHK KIIAJKU 3 KEPaMiqHO]T IIETJIH.

Jnist po3paxyHKy He0OXi/IHO 3a/1aTH MOYATKOBY TEMIEpaTypy pO3paxyHKOBOi 00acTi Ta
napameTpy rpaHUIHUX YMOB (TabII. 2).

Jns mpoBeneHHs po3paxyHKy Oynu moOyaoBaHI CITKOBI MOEl 30BHIIIHBOI CTiHH.
3 MeTOI0 3MEHIIEHHS O0CATY PO3PAaXYHKIB PO3TIITHYTO Majdui (parMEeHT CTiHH, OCKUIBKH
HaInpy>KeHO-/1e()OPMOBAHUIN CTaH Y3[JOBXK CTiHHM Maiike He 3MiHIOeTbca. PoboTa gparmenTa y
IIJTIA CTiHI BPaXxOBYETHCS 3a JIOMIOMOTOIO BCTAHOBJIEHHS TPAaHUYHUX YMOB CHMETPIii Mo ii
Ookax. Taki yMoBM 3a0€3MEUYIOTHCS BCTAHOBJICHHSM BIJIOBIIHUX OJHOCTOPOHHIX
MexaHIYHUX B’s31B. HakmamanHs TeMmmepaTyp y BY3JIOBI TOYKH BiIOYBA€THCS IUIIXOM
JHIMHOT IHTEPITIOJIALL].
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Pucynok 3 — TenogizuuHi XapaKTepUCTHKH KJIAAKHU 3 KepaMidHOT Ierjam:
a — Koe(ilieHT TeIIONPOBIAHOCTI; & — MUTOMA TENJIOEMHICTh

Taboauus 2 — [TapameTpu rpaHUYHUX YMOB J1JIsl CTiHH
3a ICTY-H b EN 1991-1-2:2012 [9]

[TapameTtp [To3na- On. BuMm. Bennuuna
YCHHS

OO6irpiBHUH OIK CTIHH

KonBekTruBHa cki1a0Ba KoedilieHTa TEI000MIHY Olc Br/(M*°C) 25

CtyniHb YOpHOTH € 0,8

Heo06irpiBauii 61k cTiHN

KoeoimieHT Temmooominy o BT/(M2°C) 9

Ha pucynky 4 moka3zaHi po3HoJiid TeMIepaTypu Mo Hepepi3y CTIHH Yy pi3HI MOMEHTH
9acy TeMIEPaTypHOTO BILUTUBY ITOXKEXI.
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Pucynok 4 — TemnepatypHi po3noaiiiu 1o nepepisy 30BHilIHbOI CTiHA
Y Pi3Hi MOMEHTH 4acy PO3BHUTKY MOKexKi

Brpara 1mijgicHOCTI CTiHM HacTae y TOM 4ac, KOJIM YTBOPIOIOTHCS HACKPI3HI OTBOPH
Yy TPIIIMHHU, dYepe3 sIKi MOXKYTh IOIIMPIOBATUCSA TMPOAYKTH TOPIHHS, TOJyM'S 1 T.IL
O3Haky BTpaTH LUTICHOCTI TyXe BaKKO KOHTPOJIIOBATH 33 PO3PAaXyHKOBUMH ITaHUMH, TOMY
JUIST KOHTPOJIO IITICHOCTI PO3PaxyHKOBHUM IIUISIXOM 3aCTOCOBYIOTHCS HETPSMI O3HAKH.
Jlo TakMX O3HAaK HAJIEKHUTh MOXIIMBICTh BUHUKHEHHS KPUXKOrO pyiHYBaHHs. BBaxaeTncs,
0 3a BIJICYTHOCTI pHU3UKY KPHUXKOTO pYHHYBaHHS JJIS €JIEMEHTIB 3aJ1i300€TOHHUX
KOHCTPYKLIH HAacTaHHS BTPATH LUIICHOCTI BiAOyBAa€ThCS OJHOYACHO 3 HACTAaHHAM CTaHY
BTpaTH HECYYOl 3/JaTHOCTI.

VY BuUmajKy CTiH i3 KepaMmiyHOi IeTIM YMHHUMH CTaHJIApTaMH HE PErjJaMeHTYEThCS
pO3paxyHOK UUIICHOCTI. Takuii cTaH 3yMOBJICHHH THUM, IO BHIMAJICHa KepaMiyHa IIeria
e(eKTUBHO OIMUPAETbCS PO3TPICKYBAHHIO IIiJ] TEIJIOBOIO Ji€l0 ToXxexi. Haioumbm
HEOE3MEeUYHUM MICIIEM Y KaM’ sTHIH KA1l 3 KEpaMiYHOI IETJIM € MIBU 3 OyA1BEILHOTO PO3UHHY.
YMoBa 30epiranHsi HeCy4oi 3JaTHOCTI MoJisArae B 30epiraHHi MiTicHOCTI mBiB. OCKITBKU CTiHA
HE € HAaBaHTAXXCHOIO, II€ O3Hayae, M0 BTPATH IIUTICHOCTI Ta HECYYOi 3JaTHOCTI MPOTIATOM
BIJIIOBITHOTO Yacy HE BiI0OyBA€THCA.

AHanmi3yroud AaHi, MojaHi Ha PUCYHKY 4, MOXHA IOMITHTH, IO TEeMIeparypa Ha
TPaHUIll CTIHU Ta YTEIUTFOBATHHOTO IMOKPHUTTS MPOTIATOM KOHTPOJIBHOTO Hacy 150 XB He
nocsirae 3Ha4eHHs 140 °C. Ile mae 3Mory cTBepIKyBaTH, 110 KJac BOTHECTIMKOCTI 30BHINIHBOI
ctinm € He MeHmmM 3a EI 150, 30BHImIHA CTiHa BIANOBIZa€ BHMOTaM HOPM IO
MPOTUIIOKEKHUX CTiH | THIy.

Jiist 3abe3neueHHs BiIOBITHOTO KJIaCy BOTHECTIMKOCTI 30BHIIITHBOI CTIHU Ta €IEMEHTIB
il OITOPHOTO BY3J1a MPOCKTYBATH BOTHE3aXMCHI CUCTEMHU HEMOTPiOHO.

BucHoBku:

1.V pesynbTaTi IpoBeACHOI poOOTH PO3POOIECHO METO PO3PaXyHKOBOTO OI[IHIOBAHHS
BOTHECTIMKOCTI KaM’ SIHUX HEHECYYUX CTiH.

2. ChopmMynb0BaHO BHUMOTH JO KOMIUIEKCY BHXIJHUX JaHUX JJi IPOBEICHHS
PO3paxyHKY 3a 3aPOTIOHOBAHIUM METOIOM.

3. ChopMyap0BaHO BUMOTH JI0 MTOOYTOBH PO3PaXyHKOBHX CXEM Ta CITKOBHX MOJEJCH
KaM’ SIHUX HEHECYUYUX CTiH JUIsl BAKOHAHHS PO3PaxyHKY 3a 3alPOIMIOHOBAHIM METOJIOM.
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4. BuzHaueHO KpuTepii IJis OIIHIOBAaHHS BOTHECTIMKOCTI KaMm SHMX CTiH 32 HaOOpoM
PO3paxyHKOBHX JaHMX 0pH ineHTH(]iKamii HacTaHHS TpPAaHUYHUX CTaHIB BTPaTH
TEIUIOI30JIFOBAIILHOIL 34aTHOCTI, a TAKOX I[IJIICHOCTI.

5. Ha ocHOBI oTpuMaHUX pe3yJbTaTiB OIL[IHEHO KJIaCc BOTHECTIMKOCTI HEHecy4yoi CTiHU 13
nerind. Kitac BOrHeCTIMKOCTI 30BHIMIHBOI CTIHM € He MeHmuM 3a El 150, 30BHIIIHA cTiHA
BiJIMIOBi1a€ BUMOTaM HOPM JI0 IPOTUTIOKEKHHUX CTiH | THITY.
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