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AHOTANIA

Camuenko T. B. JlocaimKeHHs BOTHECTIMKOCTI OTOPOJIKYBUTBHUX
KOHCTPYKIINA KaOeIpbHUX TYHENIB 3a YMOB pealbHuUX Moxex. — KBamidikamiiina
HAyKOBa Ipallsd Ha MpaBaxX PyKOIUCY.

Hucepraliiss Ha 3700yTTS HAYKOBOTO CTYIIGHsS JOKTopa ¢inocodii 3a
cnemianbHicTIO 261 «Iloxexxna Oe3meka». — UepkachbKuil 1HCTUTYT MOXKEKHOI
oesneku imMeHl ['epoiB YopHoOwsiss HaimioHaJIBHOTO YHIBEPCUTETY IIMBIJIBHOIO
3axucty Ykpainu, Uepkacu, 2020.

Y Berymi OOTpYHTOBAaHO AakTyalbHICTh TE€MH, CHOPMYIHOBAHO METy U
3aBJaHHS POOOTH, apryMEHTOBAHO i HayKOBY HOBHM3HY Ta MpPAKTUYHE 3HAUYCHHS,
MPE/ICTABICHO 3arallbHy XapaKTePUCTUKY JOCITIHKEHHS.

AKTyabHICTh. JIOCHI/DKEHHSI TEMIIEPAaTypHOTO PEXKUMY TOXKEXKl €
aKTyaJIbHUM MUTAHHSIM, TaK SK B KaOEJIbHI TyHENl BIIPI3HAIOTHCS T€OMETPUIHOIO
KOH(Iirypamiero, BUAOM KabOemiB, [0 MNPOKIAAEHI Yy HHUX, [OXKEKHUM
HABAHTAKEHHAM Ta aepOJMHAMIYHUMU XapakTepucTukamu. Lle Moxe nmpuBecTu 10
TOTO, 110 TEMIEPATYPHUIN PEKUM MOKEXKI Y TAKUX TYHEJSIX MOXKE BIIPI3HATHUCH SIK
Bl CTaHJApPTHOTO TaK 1 MiX c00010. Y TakoMy pa3l HE MOXKHA TrapaHTyBaTH
BIJIMOBIJTHICT MEX BOTHECTIMKOCTI BHUIPOOOBYBAHUX KOHCTPYKIIM YHUHHUM
HOpMaTHBaM. B 1[bOMy BHIAJKy MO>KE ICTOTHO 3HU3HMTHCS O€3MeKy JIIoAeH 1
MaTepialbHUX [IHHOCTEH 1] Yac MOXKEX y KaOeIbHUX TyHEsIX.

Jlist Toro 1mo6 He MPOBOAUTH JOPOTT BUIPOOYBaHHS MO BUBUYEHHIO JIaHOTO
MUTaHHS, ICHYE MOJIMBICTD 31MCHUTH TaKl JOCIIKEHHS HA OCHOBI pe3yJIbTaTIB
OOYMCITIOBAJIbHUX ~ €KCIIEPUMEHTIB. MOJenoBaHHA, SK METOJ HayKOBOTO
JOCIIIJIKEHHSI Ja€ MOXJIMBICTh, HE BHKOHYIOUM MarepiajlbHO 3aTpaTHUX Ta
TPYJIOMICTKMX HATypPHUX E€KCHEPUMEHTIB Ha MOJENSIX MPOBOAUTH BCl HEOOXI1JHI
JOCIIA MO0 BU3HAYCHHS TEMIEPATYPHUX PEKUMIB TIOXKEKl y KaOeIbHUX
TYHEJSIX, @ TaKoX OOIPYHTYBAaTH TEMIIEpaTypHI PEKUMH MOXKEX1 y KaOeabHUX
TyHENSIX JUIsi TPOBEJEHHS BHUMPOOYBaHh Ha BOTHECTIMKICTH OYJIBEIBHHUX
KOHCTPYKIIIH, 110 3aCTOCOBYIOTHCS Il Yac iXHbOrO0 OYJIBHUIITBA K MIATPYHTTS

JUTSl OLIIHFOBAHHSI BOTHECTIMKOCTI OTOPOIKYBAIbHUX KOHCTPYKIIIH.



Inest poGoTn mosisirae y CTBOPEHHI MepeAyMoOB 3a0€3MEUYeHHS] HOPMOBAHO1
BOTHECTIHKOCTI  OTOPOJUKYBAJIbHUX  KOHCTPYKLIA  KaOCNbHUX  METOAOM
OOIpYHTYBaHHSI TEMIIEPATYPHOTO PEKUMY, IO Oyjie CTBOPIOBATUCH BCEPEIUHI MPU
TTOYKEXKI.

O0’ekT po0OTH — MOBEIIHKA OTOPOKYBATBHUX OyAiBEIbHUX KOHCTPYKIIIN
KaOeNbHUX TYHENIB B YMOBaxX TEMIEPATyPHHUX PEKUMIB MOKEK HAOIMKEHHUX /10
peasbHOTO.

IIpeamer po00TH — BIUIMB KOHCTPYKTHUBHUX MapaMeTpiB Ta MOKEKHOTO
HaBaHTAXXEHHS KaOeJIbHUX TYHEIIB HAa BOTHECTIMKICTh iXHIX OTOPOJKYBAJIBHHUX
OylIBEIbHUX KOHCTPYKIIiil.

Meta po0OTH — pO3KPUTTS 3aKOHOMIPHOCTEW 3aJ€KHOCTEW MapaMeTpiB
TEMIIEPATYPHOTO PEKUMY TOXKEXKI Y KaOETbHUX TYHENSX BiJl iX KOHCTPYKTHBHUX
O0COOJIMBOCTEM Ta TOXKEKHOIO HABAHTAXEHHS $K HAyKOBE MIATPYHTS IIOAO
METO/IB  MPOTHO3YBAaHHS  BOTHECTIMKOCTI  OTOPOJKYBAIBHUX  OYJIBEIBHHUX
KOHCTPYKIIIH KaOeJIbHUX TYHEIIB.

JlJIg  JOCATHEHHS1 TOCTABJIEHOI MeTH Oyam cQOpMOBaHi HACTyIHI
3aB/JIaHHSL:

1) IMpoanamizyBaTH CydYacHHH CTaH TIOXKEKHOI HEOE3NMeKn KaOeIbHUX
TyHEeNB B YKpaiHi, O0COOJUBOCTI MPOKIAIKU KaOeTpHUX JIiHIM Ta HeOe3medHi
¢dakTopu, M0 BUHUKAIOT MIPH MOXKEKAX B TYHEIAX.

2) TlpoaHaiizyBaTH METOIM MOJICITIOBAHHS MPOIIECY TEIJIOMACONEPEHOCY Ta
HaIpY>KEeHO-1e(POPMOBAHOTO CTaHy OTOPOHKYBAILHUX KOHCTPYKIIIA B TM1I3€MHHX
CTHIOpY/JaxX TyHEJIbHOTO THITY Ta OOTPYHTYBaHHS METOJUKH MOJICTIOBAHHS.

3) CTBOpHTH MOCTIIOBHICTh MPOIEIYP 3 JACTAIbHUM BHOOPOM 00J1aTHAHHS
Ta 3pa3KiB g BUNPOOYBaHb 3 METOK  3a0€3IMEuUeHHs]  JOCTOBIPHUX
EKCIIEPUMEHTATILHUX JTAHUX MPHU JOCIIHKEHH] TEMIIEPATyPHOTO PEKUMY TTOKEKI Y
Ka0eIbHOMY TYHEJII.

4) TlpoBecTd HATYpHHIA CKCIICPUMEHT 3 MOJCIIOBAHHS TIOXKEKI Yy
Ka0eIbHOMY TyHEJ1 Ta MpoaHalli3yBaTy pe3yJbTaTh MPOBEIECHOTO EKCIIEPUMEHTY 3

BU3HAYECHHS TEMIIEPATYPHOIO PEXUMY TOXKEXKI y PI3HUX 30HAX KaOeJIbHOIro
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TYHEJIO JUIsl BUKOPUCTAHHA iX Yy MOJAJbIIOMYy IMpH Bepudikaiii MaTeMaTHYHUX
MOJENEN.

5) IlpoBecTH MOJCITIOBAHHS MOXKEKI Y KaOCIbHOMY TYHEIII 3 IMapaMeTpaMu
aHAJIOTIYHUMHU 70 HATypHOTO  EKCIIEpUMEHTY 3aco0aMu  KOMIT IOTEPHOT
ra3oriapoANHAMIKY Ta MEPEBIPUTH aACKBATHICTh CTBOPEHOI MaTEMaTHYHOT MOJIEJI.

6) IlpoBecTr OOYMCIIIOBAIbHI EKCIIEPUMEHTH Yy KaOEIbHUX TYHEIIX 3
pPI3HUMH T€OMETPUYHUMH, AaepOJAMHAMIYHUMHU TMapaMeTpaMu Ta TOKEKHUM
HABAHTAKEHHAM, a TaKOXX BH3HAUEHA 3aJIC)KHICTh TEMIEPATypPHOIO PEKUMY
MOXKEXK1 BiJl 3a3HAYCHUX IMapaMeTPiB.

7) JochiauTH BOTHECTIHKICTh OTOPOKYBAILHUX KOHCTPYKINH KaOeTbHUX
TYHEJIIB B 3aJIeKHOCTI BlJ TEMIEPATypHOTO PEXHUMY, IO CTBOPIOETHCS MpPH
MOXKeXKl y KaOeIbHUX TYHEJSX Ha OCHOBI OTPUMAHHUX EKCIEPUMEHTAIbHUX Ta
PO3PaxyHKOBHX JIaHUX.

OCHOBHI HayKOBi pe3yJIbTaTH:

[lonsiratoTb 'y pPO3KPUTTI 3aKOHOMIPHOCTEH BIUIMBY KOHCTPYKTHBHHX
XapaKTEPUCTUK Ta MOXKEKHOTO HABAHTAXKEHHS KaOEJIbHUX TYHEJIB Ha MapameTpu
TEMIIEPATypHUX PEXKUMIB TOXKEXKI Ta BOTHECTIMKICTh  OTOPOJKYBaJIbHUX
OyIiBEIbHUX KOHCTPYKIIA SK HAyKOBOIO MIATPYHTS CTBOPEHHS METOAIB
MIPOTHO3YBAHHS IXHHO1 BOTHECTIHKOCTI.

[Ipu ubomy snepue:

- BUSBJICHI 3aKOHOMIPHOCTI MakcUMabHOT TeMuepaTypH (Tmax), TPUBAIOCTI
MOXEXKI Yy TEBHIM JOKaIbHIH 30HI (Tmax) Ta Yacy IOCATHCHHS MaKCHMaJIbHOT
temmnepatypu (7)) BcepeauHi KaOEIbHOIO TYHENIO IiJ Yac IMOXKEXI Yy BHUIJISIL

perpeciiHuxX 3ajeKHOCTEH:
Tmax=0,097X1-27,92-%2-11,391 -X3+0,01-X1X2-0,001 X1 -X3-5,279X2-X3+0,001 X1 X2 -x3+870,594
71 = 0,002-X1-1,439-x2+0,0125-x3+0.001 X1 X2-0,016-X2-X3+48,969
Tmax = 0,001-X1+0,596-x2+0,05625-x3+0,025-x2-X3+6,55
- 3 ypaxyBaHHSM BUSBIICHUX 3aKOHOMIPHOCTECH BIUIMBY KOHCTPYKTHBHHX

napamMeTpiB Ta TOXKEKHOTO HaBAaHTAXKEHHS OOIPYHTOBAHO Ta 3alpONOHOBAHO

METOJ  MPOTHO3YBAHHS  BOTHECTIMKOCTI  OTOPOKYBaJIbHMX  OYJIBEJIbHHUX



KOHCTPYKIIIH KaOeIbHUX TYHEJB HUITXOM MOOYIyBaHHS TeMIIEpaTypHHUX PEKUMIB
MO>KEX HAOIMKEHUX JI0 PEAbHOTO.

- TIOKa3aHO, IO OTOPOJKYBaJIbHI Oy/iBENIbHI KOHCTPYKII KaOeIbHUX
TyHENB 3aBTOBIIKM 60 MM BIOmoBigaroTh kiacam BorHectivkocTi EI30, EI45,
EI60, mo poOuth iX mpuAATHUMHU 71 BUKOPUCTAHHS B HAMXOPCTKIIINX YMOBaX
MOXKEXKI.

Yoockonaneno:

- HAYKOBO-METOAUYHY 0a3y 3a0e3rnedueHHsI HOPMOBAHOI MEK1 BOTHECTIHKOCTI
OTOPOJKYBAJIbHUX OYIBEIbHUX KOHCTPYKITIH KaOeIbHUX TYHEIIB.

Habyno nooanvuozo pozsumxy:

- 3aCTOCYBaHHS PO3PaXyHKOBHUX METOIB IMPOTHO3YBAHHS BOTHECTIMKOCTI
OrOpODKYBAJIBHUX OyIIBEIbHUX KOHCTPYKIIM KaOedbHUX TYHEIIB B YMOBax
TEMIEPATYPHUX PEKUMIB MOKEXK HAOIMKEHUX IO PEATIBHOTO.

IIpakTHyHe 3HAYEHHS] OTPUMAHUX Pe3yJbTATIB MOJIATAaE B 3aCTOCYBAaHHI
pe3ynbTaTiB poOOTH MiJ Yac MPOEKTYBaHHS i OyIIBHHMIITBA HOBUX KaOEIbHUX
TYHEJIB 13 BpaxyBaHHSM TEMIEPAaTypHOTO peXHUMY, 110 Oyae CTBOPIOBATHCS B
3QJIEKHOCTI B1J] TOKEKHOTO HAaBaHTAXKECHHSI, TECOMETPUUHUX Ta aCPOJUHUMIUHUX
XapaKTepUCTHK I[bOTO TYHENI0 SK MIAIPYHTS s BIOCKOHAJICHHS YWHHOI 1
CTBOPEHHSI HOBOi HOPMAaTUBHOI 0a3M 11010 MOKEKHOI 0€3MeKN KaOeTbHUX CIIOPY/I.

OTpumaHi pe3ylbTaTd JOCIIKEHb YNpoBajpkeHO B poGoty I
«BunpoOyBansauit ienTp TECT». Pesynbratu mucepTtaiiiiitnoi poOOTH MOKIHUBO
Ta JIOIIIFHO BUKOPUCTOBYBATH MPH TUJIaHYBaHHI Ta MPOBEACHHI BUMPOOYBaHb Ha
BOTHECTIMKICTh OTOPOJKYBAJIbHUX KOHCTPYKIIIH, 110 OyIyTh 3aCTOCOBYBATUCH Y
Ka0enpHUX TyHENsIX. Takoxk pe3yibTaTH poOOTH BIPOBAKEHO B OCBITHINM MPOIIEC
YepkacbKOro 1HCTUTYTY MOXKekHOi Oe3neku imeHi ['epoiB YopuoOwns HVYI3
VYkpainu, 30kpeMa B XOJ1 OMaHyBaHHS AUCUUIUNIHM «byaiBmi 1 copyau Ta ix
MOBE/IHKa B YMOBaxX IOXEX1» Ta HAYKOBY ISJIBHICTh YKpaiHCHKOIO HayKOBO-
JOCIIITHOTO THCTUTYTY HUMBUIBHOTO 3aXHUCTY .

OcoOucTuii BHecOK 3100yBaua nosudrae y (GopMysroBaHHI METU ¥ 3aBJlaHb

JOCIIIJIKEHHS, aHalli31 JITepaTypHUX JKepesl, BUBUCHHI BIUIMBY TEMIEPATypPHOIO



peKMMY TOXEXl y KaOelbHOMY TYHEJIl Ha  MEXY BOTHECTIHKOCTI
OTOpOJIKYBAJIbHUX OyAIBENbHUX KOHCTPYKIIMA, OpraHizamii Ta MNPOBEACHHI
HATYpHUX EKCIIEPUMEHTIB 3 MOJIEIIOBAHHS MOXKEX1 y KaOelbHOMY TYyHENl Ha
nosironi YkpH/IIII3, a Takox B aHaii3i OTpUMaHUX JAHUX EKCIEPUMEHTAJIbHUX
Ta PO3paxyHKOBUX IOCIHIIKEeHb. Pesynbpratu poOOTH BIPOBAIKEHI IHUCEPTAHTOM
0CcOo0uCTO.

Y po3npini 1 mpoaHanizoBaHO CTaH O€3MEKM BHUKOPUCTAHHS CIOPY.
TYHEJIBHOTO TUITY, & CaMe: CYYacCHHUM CTaH KaOeJbHUX TyHENIB B YKpaiHi ¥l CBITI;
O0COOJIMBOCTI TPOKJIAJCHHS KaOeabHUX JIHINA; aBapiiiHl cUTyallli B Cy4YacHHX
TyHeJsAX; HeOe3neuHi (akTopu, 0 BUHUKAIOTH IIIJI 4Yac TMOXKEX Yy TYHENSX;
OCOOJIMBOCTI TaCiHHSI TOXEX y KaOelbHUX CIOpYJax, HAyKOBE MIAIPYHTS st
MOJICTIIOBAaHHS MOXKEXK y KabenbHUX KaHanax. [IpencraBieHo Moaens nepeHeceHHs
TEIUIOTH, 110 MOXXKE€ OyTH BUKOpPHUCTaHa ISl MOJEIIIOBAHHS MPOIECY MOIINPEHHS
MPOAYKTIB TOPIHHS B 00’ €M1 TYyHEITIO.

Y posaiti 2 CcXapakTepU30BaHO NPUHIMIN MOJICIIOBAHHSA MPOLECY
TEIJIOMAcONEPEHECEHHs MiJl Yac MOXKeX1 B KabenbHUX TyHemsx. [IpoaHanizoBaHO
OCOOJIMBOCTI Cy4YaCHMX TYHEIIB BEJIHMKOrO Mepepidy; AOCIIHKEHO (pakTopu, IO
BIJIMBAIOTh HA MPOIIEC MOMIMPEHHS TOKCUYHOT PEUOBUHHU T1J 4ac MOKEXK1 B TyHEIl
BEJIMKOTO nepepisy; OTHCaHO METOIU MO/JIETIOBaHHS npouecy
TEIUIOMACOTIEPEHECEHHs] B MIJ3EeMHHUX CIOpyAaxX TYHEIBHOTO THUIYy Ta
OOIPYHTOBAHO METOJUKY MOJIEIIIOBAHHS.

Y poszaiai 3 po3pobiieHo i 00IPYHTOBAHO METOJUKY EKCIIEPUMEHTABHUX
JOCHTIKEHD MOXKEX Y KaOeIbHUX TYHENSAX, a TAaKOXK ONMKHCaHO HEOOX1JAHI 3aco0u.
JloBenieHO aIeKBAaTHICTh KOMII FOTEPHOTO MOJICIIIOBaHHS.

Y po3aini 4 nocnipkeHO TeMIepaTypHI PEXUMH TOXKEeXl B KaOEJIbHHUX
TyHEJSIX 13 pI3HUMU TapameTpamu. BusiBieHo ¢akTtopu, 110 HaWOIBIIT CyTTEBO
BIUITMBAIOTh Ha TEMIIEPaTYpPHHUM pPEXUM IiJ Yac MOXKeXl B KaOEIbHOMY TYyHEII.
CrnyaHoBaHO TOBHMM — (PakTOpHMIA  OOYMCIIOBAIBHUA  E€KCHEPUMEHT  I0J0
BU3HAUEHHS TEMIIEPAaTYpHOTO PEXHUMY MiJ Yac MOXKeXl B KaOeIbHOMY TYyHEI,

IIPEJCTABJIECHO WOIr'0 PE3YJIbTATH.
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Y po3gini 5 po3pobieHo W omMcaHO METOAMKY PO3PaxXyHKOBOTO
OLIIHIOBaHHS BOTHECTIMKOCTI OTrOPOIKYBAJIbHUX KOHCTPYKIINA KaOEIbHUX TYHEIIIB.
JlociimkeHo MporpiB 3a1i300€TOHHUX KOHCTPYKIIIH Mij] 4ac MOXKEX1 B KaOeIbHOMY
TyHENl Ha OCHOBI 3a(iKCOBaHHX 3a TIOBHOTO (PAKTOPHOTO EKCIEPUMEHTY
TEMIEPATypHUX pexuMIiB  moxkexi. CopMylIboBaHO pEKOMEHIAIli 00
3aCTOCYBaHHS 3alPOMOHOBAHOTO MiAXOMY IiJ] Yac PO3PaxyHKOBOTO OI[IHIOBAHHS
BOTHECTIHKOCTI OrOPOJIKYBAIbHUX KOHCTPYKIIIM KaOeIbHUX TyHETIiB.

KawuyoBi cioBa: kalOenbHUE  TyHeNlb, METOAMKA  EKCIIEPUMEHTY,
TeMIEPAaTYpHUM PEKHUM TIOXKEXKI, MeXKa BOTHECTIHKOCTI, OrOpOJIKyBaJIbHI

OyIiBeNIbHI KOHCTPYKIIII.

SUMMARY

Samchenko T. V. Research of fire resistance of enclosing constructions of
cable tunnels in the conditions of real fires. — Qualifying scientific work on the
rights of typescript.

Dissertation for the competition of the degree of Philosophy Doctor by
specialty 261 «Fire Safety». — Cherkasy Institute of Fire Safety named after the
Heroes of Chernobyl of the National University of Civil Defense of Ukraine,
Cherkasy, 2020.

Introduction contains substantiation of the actuality of the topic, and the
purpose and the tasks of the research, scientific novelty and practical value of work
are formulated, and general characteristic of the work is presented.

Actuality: The problem of fire safety of electric cables became more acute
in the 70-ies of the last century due to the growing number of fires at thermal
power plants and nuclear power plants (NPPs) as well as other large power
facilities. This increase in number of fires in cable communications is largely due
to increase in the number of cables used for power supply, monitoring and control
of electrical equipment in up-to-date industries as well as in the process of soil

laying of industrial cables without additional measures for their fire protection.
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Branched cable communications are not only carriers of fire load, but also
directional systems by which fire can spread across buildings and structures.

Cable products are constantly evolving and improving. To conduct tests for
fire resistance of building structures of cable tunnels a standard time-temperature
fire curve is realized which may not correspond to the fire regime in a real cable
tunnel.

The study of the temperature regime of fire is an actual topical issue as cable
tunnels differ in geometric configuration, type of cables laid in them, fire load and
aerodynamic characteristics. This can lead to that temperature regime of fire in
such tunnels may differ from the standard time-temperature curve and from each
other. In this case it is not possible to guarantee compliance of the fire resistance
rating of the tested structures with the current standards. Moreover, in this case the
safety of people and property during fires in cable tunnels can be significantly
reduced.

In order not to conduct expensive tests to study this issue it is possible to
carry out such studies based on the results of computational experiments. Modeling
as a method of scientific research makes it possible to conduct all the necessary
experiments to determine the temperature of fire in cable tunnels without
performing expensive and time-consuming field experiments on models; moreover,
it allows justification of the temperature of fire in cable tunnels to test building
structures used during their construction for fire resistance as the basis for
assessing of the fire resistance of enclosing structures.

Idea of the work lies in the creation of preconditions of maintenance of the
standardized fire resistance of enclosing structures of cable tunnels by
substantiation of the temperature regime which will be created inside of them
during a fire.

The object of work is the behavior of enclosing structures of cable tunnels
in the conditions of temperature regimes of fires close to the real one.

The subject of the work is the influence of design parameters and fire load

of cable tunnels on fire resistance of their enclosing structures.
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The purpose of the work is to reveal regularities of dependences of fire
temperature parameters in cable tunnels on their design features and fire load as the
scientific basis for methods of prediction of fire resistance of enclosing structures
of cable tunnels.

The following tasks were formulated in order to achieve the purpose
set:

1) To analyze current state of fire hazard of cable tunnels in Ukraine,
features of laying cable lines and hazardous factors that occur during fires in
tunnels.

2) To analyze methods of modeling the process of heat and mass transfer as
well as stress-strain state of enclosing structures in underground structures of
tunnel type and substantiation of modeling method.

3) To create sequence of procedures with a detailed selection of equipment
and test samples in order to provide reliable experimental data in the study of the
temperature regime of fire in the cable tunnel.

4) To conduct a full-scale experiment for modeling a fire in a cable tunnel
and analyze the results of that experiment to determine temperature regime of fire
in different areas of the cable tunnel for their use in the future in the verification of
mathematical models.

5) To carry out simulation of a fire in a cable tunnel with parameters similar
to the field experiment by means of computer gas hydrodynamics and to check the
adequacy of the created mathematical model.

6) To conduct computational experiments in cable tunnels with different
geometric, aerodynamic parameters and fire load and to determine dependency of
the temperature regime of the fire on these parameters.

7) To study fire resistance of enclosing structures of cable tunnels depending
on the temperature regime created by a fire in cable tunnels on the basis of the
experimental and calculated data.

The main scientific results are as follows:
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They lie in the revelation of the patterns of influence of structural
characteristics and fire load of cable tunnels on the parameters of fire temperature
regimes and fire resistance of enclosing structures as the scientific basis for
creating methods for predicting their fire resistance.

At that for the first time:

— Relations were revealed of the maximum temperature (Tmax), duration of
fire in some local area (zmax) and time interval to achieve maximum temperature (z;)
inside a cable tunnel in the form of the following regressions:

Tnax=0,097x1-27,92x2-11,391 -x3+0,01 -x1:x2-0,001 -x1-x3-5,279-x2-x3+0,001 x1-x2-x3+870,594
71 = 0,002x1-1,439-x2+0,0125-x3+0.001 -x1:x2-0,01 6 x2-x3+48,969
Tmax = 0,001-x140,596-x2+0,05625x3+0,025x2:x3+6,55

—Taking into account identified patterns of influence of structural
parameters and fire load a method of prediction of fire resistance of enclosing
structures of cable tunnels by simulating temperature regimes of fires similar to
real one was substantiated and proposed.

— It was shown that the enclosing structures of cable tunnels with a thickness
of 60 mm corresponded to the fire resistance classes EI30, EI45, and EI60 which
makes them suitable for use in the most severe fire conditions.

The following was improved:

— Scientific and methodological basis for ensuring the standardized limit of
fire resistance of enclosing structures of cable tunnels.

The following gained further development:

— Application of computational methods for predicting fire resistance of
enclosing structures of cable tunnels in the conditions of temperature regimes of
fires close to the real one.

The practical significance of the obtained results is in the application the
results of work in designing and construction of new cable tunnels taking into
account the temperature regime which will be created depending on the fire load as

well as geometric and aerodynamic characteristics of this tunnel as the basis for
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improving current and development of new normative base on fire safety of cable
structures.

Obtained research results were introduced into the functioning of “TEST
Testing Center” PE. The results of the dissertation can and should be used in
planning and conducting tests for fire resistance of enclosing structures that will be
used in cable tunnels. Also, the results of the work were introduced into the
educational process of the Cherkasy Institute of Fire Safety named after the Heroes
of Chernobyl of the NUCP of Ukraine, in particular during the mastering of the
discipline of “Buildings and structures and their behavior in a fire”.

The competitor’s personal contribution is in the formulation of the purpose
and objectives of the study, analysis of the literature sources, studying of the
influence of fire temperature in the cable tunnel on the fire resistance rating of
enclosing structures, arrangement and conduction of field experiments on
modeling fire in the cable tunnel at the testing ground of the UrkCPRI as well as
analyzing data from experimental and computational studies. The results of the
work were implemented by the dissertation author personally.

Section 1 analyzes the state of safety of use of tunnel-type structures,
namely: current state of cable tunnels in Ukraine and the world, specific features of
laying cable lines, hazardous factor occurring in modern tunnels, features of
fighting fires in cable structures, and scientific basis for modeling fires in cable
ducts, in particular, a model of heat transfer was presented which can be used to
model distribution of combustion products in the volume of the tunnel.

Section 2 discusses principles of modeling of the process of heat and mass
transfer in case of fire in cable tunnels. To this end, the features of modern large-
section tunnels were analyzed, the factors influencing the spread of toxic
substances in case of fire in a large-section tunnel were studied, methods of
modeling the heat and mass transfer process in tunnel-type underground structures
were analyzed and the modeling technique was substantiated.

Section 3 develops and substantiates methodology of experimental studies

of fires in cable tunnels and describes the necessary tools.
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The results of field experimental studies conducted at the UkrCPRI test site
were presented. According to the results of the experimental study the temperature
regime of the fire in the cable tunnel with known aerodynamic, geometric
parameters and fire load was derived. Adequacy of computer simulation was
proven.

Section 4 studies temperature regimes of fire in cable tunnels with different
parameters. For this purpose, it was determined which factors affect the most
significantly the temperature regime in a fire in a cable tunnel. A complete
factorial computational experiment to determine the temperature regime in a fire in
a cable tunnel was planned and its results are presented.

Section 5 develops and describes the method of calculation of fire resistance
of enclosing structures of cable tunnels. Recommendations for the application of
the proposed approach to the computational assessment of fire resistance of cable
tunnel structures were also formed.

Key words: cable tunnel, experimental technique, fire temperature regime,

fire resistance rating, enclosing constructions.
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