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PO3PAXYHKOBA OIIHKA MEKI BOTHECTIMKOCTI 3AJII30BETOHHOI BAJIKHA
3A PE3YJIBTATAMMUM BOTHEBUX BUIITPOBYBAHb
BE3 MEXAHIYHOI'O HABAHTAKEHHS

Y 0aniti pobomi poskpumo memoouxy oyiHKu Medxnci 60eHeCmiliLkocmi 3ai300emonHHol OaniKu
3a pe3yibmamamu 802He8UX 8UNPoOY8ansb Oe3 MexamiuHo20 HABAHMANCEHH MA 8PAXYEAHHA 1020
Ha emani po3paxyHK).

Pospobneno ma oxapaxmuzo8ano ancopumm OYiHKU Medici 602HeCMiliIkocmi 3ai300emoHHOT
banku 3a pe3yibmamamiu 802He8UX 8UNpodY8aHbL 6e3 MeXAHIYHO020 HABAHMANCEHHS, WO JiA2dE 8
OCHO8Y 3a2anbHOi MemoOouku. Bin ckiadaemvcsa 3 inmepnoaayii memnepamypuux po3nooinie ma
nOOANLULO2O PO3PAXYHKY 3 BUHAYUEHHS MENCI 80SHeCMIUKOCMI npu CyMICHIU Oii memnepamypHux
Ma CUN08UX HABAHMANCEHb HA DAIKY PeanlbHUX po3mipis. Bpaxosylombcsa cxema ma 6uo apmy8aHis,
a maxkodHc 0cooOAUBOCMI 3MIHU MIYHOCMI MaAmMepianie npu HA2Pi6aAHHI.

Po3pobneno ma obrpynmosano memoouxy inmepnpemayii memnepamypHux NOKA3HUKIG
npoepisy 3aniz00emoHHOI OanKu, HaepiBanHs GpacmMeHmis aKoi 30IUCHI08ANIOCh Y MALI02AOAPUMHIL
neui 3a CMaHOapPMHUM MEeMNEPAMYPHUM PEHCUMOM NONHCENHCI, W0 00380IULO NPAKMUYHO OYIHUMU
medxci i1 ocHeCmIUKOCMI 1 Modice CNy2y8amu YAacmuHol0 eKCnepUMeHmMalbHO-pPO3PAXYHKOB020
Memooy OYIHKU 602HECMIUKOCHII.

Onucano cxemy po3mauly8anHs KOHMPOIbHUX MOYOK 0e 8USHAUAMUMEMbC memMnepamypa,
KA € HeoOXiOHOI0 I 0oCmamHbow 0711 npogedeHHs iHmepnonayii oanux. Ilpedcmaeneno cxemy
iXHb0O20 posmauiysants y epagiunomy euensoi.

Buznaueno memnepamypri po3nodinenns y nepepizax sanizobemonnux banox. Ix posmipu ma
Xapaxkmepucmuky 8i0n08I0anU XapaxKmepucmukam O0O0CHI0NCYBAHO20 3paA3Ka ma memnepamypam
npoepieants ii cioig npu excnepumenmi. JJo0amrko6o 8800UNUCL OAHI U000 O08ICUHU BUPOOY ma
PO3N00JLNEH020 HABAHMANCEHHS, WO 3aANpoeKxmosane npu pobomi Koncmpykyii 6 0yoieni. Taxum
YUHOM, 3MIHUBLUU IX, MONCTIUBO BUSHAYUUMU MENCY BOSHECINIKOCMI OJIs KOJIOH THUUX 2abapumis ma
3 IHwWuUM pobouum HasaumadiceHHAM. IIpooemoncmpoeano, wo npu 30ibUEHHI pobOU020
HABAHMANCEHHS HA 3ANI300eMOHHY OANKY, il Medca 602HECMIUKOCIT 3HUNCYEMBCAL.

KiarouoBi cioBa: oyinku medci oeHecmilikocmi, po3paxyHox, 3ali3obemonHa Oainka,
memnepamypa, Ha8aHMAMCEHHsl, MEMOOUKA, ACOPUMM.

Ilocmanoeka npodaemu. I'apanTyBaHHs 4acy €BaKyallii € MepIIoueproBoio 3a/1a4et0, TOMY
OyIiBesIbHI KOHCTPYKIIT MalOTh BIAMOBIAaTH HEOOX1HINA MexXKi BorHecTiikocTi. [1ix yac momnrykoBo-
paryBanbHuX poOiT, miapo3aiaun OPC 113 maroTh Takok OyTH BIIEBHEHI, 1110 HE BiOyAeThCs 00Bay
BHACIIIJIOK HarpiBaHHsS OyIBEIbBHUX KOHCTPYKITIH.

[Topymenns 3aranpHOi CTifiKOCTI OyZiBii B yMOBax MOXeXi BiAOyBaeThCs BHACIIIOK
pyWHYBaHHSI OKpPEMHX €JEMEHTIB B KapKacli CHOpyJd. 3Ba)KalOUM Ha I, OJHHUM 13 acCIEKTIiB
3a0e3nedeHHs MOXKeXKHOT Oe3MeKn y Halll yac € 3aCTOCYBAaHHS HECyuuX OyiBeNbHUX KOHCTPYKLIH
13 rapaHTOBAHOIO MEXEI0 BOTHECTIHKOCTI.

IcHytOTH pi3HI cOCOOM OIIIHKM MEXi BOTHECTIHKOCTi, IPOTE HE ICHY€ YHIBEpCAIBHOTO.
Heo0xinHo 3a0e3meunT KOHCEHCYC MK €KCTIEPUMEHTaMH Ta MOJAIBIINMH po3paxyHKaMu. Tomy
BUKOPUCTAHHS CHELiaJbHUX MajorabapuTHUX 3aco0iB, IO OAHOYACHO 3a0€3MEUUTh BPaxyBaHHS
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0COONMBOCTEH 3ai300€TOHY Ta PO3PaxXyHKOBOI METOIWMKH, IO CYMiCHI TEeMIIepaTypHO-CHIIOBI
BIUIMBU € aKTyaJbHHM 1 CIPUSTHUME BHUPIMIEHHIO TpoOiieMru e(eKTUBHOCTI BUMPOOYBaHb 3
rapaHTyBaHHsI MEXi BOTHECTIHKOCTI 3al1i300€TOHHUX OyIiBETbHUX KOHCTPYKIIH JJIs eBakyalii Ta
MPOBE/ICHHS MOIIYKOBO-PATYBAIBHHUX POOIT.

Ananiz ocmannix 0ocazrHens i nyonikayii. Y X011 BOTHEBUX BUIIPOOyBaHb MPU HATrPiBaHHI
3a511300eTOHHOT Oanky 6€3 MeXaHIYHOTO HaBaHTAKEHHSI 3a CTAaHIAPTHUM TEMIEPaTyPHUM PEKHUMOM
MOXKEX1 y MajorabapuTHIM BOTHEBIH 1eui 0yJI0 OTpUMaHO pe3yJIbTaTH MPOTPIBY B HEOOXITHUX IS
PO3paxyHKy KOHTPOJbHUX Toukax [l]. HacTymHuMm eramoMm € OIliHKa BOTHECTIMKOCTI JaHOTO
€JIEMEHTY KOHCTPYKIIIi 32 HECY4Or 3JaTHICTIO PO3PaxXyHKOBHUM IIUIIXOM, IO 1 BiJIOOPaKEHO Y
JaHii poOoTi.

Metoanka 03BOJISIE HA OCHOBI JJAHWUX, OJICPKYBAHHUX B XOJli €KCIIEPUMEHTAIBHOT YaCTHHU
meroxy [1], mo 3acHOBaHa Ha TPbOXCTOPOHHHOMY HarpiBaHHI 3alli300€TOHHOI Oanku 3a
CTaHJAPTHOIO TEMIIEPATYPHOIO KPUBOIO MOXKEXK1 Y BOTHEBIH 1medi 0€3 MeXaHIYHOTO HABAHTAKCHHS B
pO3pi3i 3ampONMOHOBAHUX Y CTaHAapTax [2, 3], OIMIHUTH MeXy BOTHECTIMKOCTI 3a1i300€TOHHHX
O0aJloK MPSMOKYTHOTO Tepepidy 3a HEeCy4or 3[aTHICTIO TPH 3acTOCYyBaHHI pO3paxyHKYy Ha
MIIHICTB (puc.1).
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Pucynokx 1 — 3miHa minHOCTI B mepepi3i Oanku B 3aJIe)KHOCTI Bif Temrmeparypu (a) Ta
po3paxyHKoBa cxema Oanku (0).

Ilocmanoeka 3adaui ma iV po3ze’azanna. Meroro poOOTH € PO3KPUTTSI METOJIUKU OLIIHKU
MEXI BOTHECTIMKOCTI 3a7i300€TOHHOI Oalku 3a pe3ylbTaTaMd BOTHEBUX BHIIPOOyBaHb 0€3
MEXaHIYHOTO HaBaHTAXKCHHS Ta BpaXyBaHHs HOTO Ha €TaIrli po3paxyHKYy.

Jist TOCSITHEHHST METH MTOCTABJICHO Ta BUPILICHO HACTYITHI 3aBAAaHHS:

CTBOpUTH aJTrOPUTM OILIHKU MEKI BOIHECTIMKOCTI 3a11300€TOHHOI Oallku 3a pe3yibTaTaMu
BOTHEBUX BUIIPOOyBaHb 0€3 MEXaHIYHOTO HABAHTAXXEHHS, 1110 JISITA€ B OCHOBY METOMKH.

OOrpyHTYBaTH MaTEeMAaTHYHWN amapar s anpoKCHUMAIli TeMIepaTypHUX pPO3IOIiICHb
BCEpEIMHI 3a11300€TOHHOT OaJIKH.

Omnwucaty cxeMy po3TairyBaHHsI KOHTPOJIBHHUX TOUOK, /1€ BH3HAYATHMETHCS TEMIIepaTypa.

[IpoBecTn po3paxyHOK MeXi BOTHECTIHKOCTI Ha KOHKPETHOMY MpHUKIai 3ai300€TOHHOI
0anku, pe3yJabTaTh BOTHEBUX BUIIPOOYBaHb K01 OyJio onucaHo B [1].

Memoou oocnioxcenns (memooonozia oocnioxycenns) (Methods)

3arampHa  EKCIIEPUMEHTAIBHO-PO3PaXyHKOBAa  METOJMKA  JIO3BOJISIE  MPOBOJUTH
BUNIPOOYyBaHHA OallkOBUX €JEMEHTIB OyJiBEJIbHHUX KOHCTPYKI[If Ha BOTHECTIHKICTH 3a
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TEMIIEPATYPHUM DPEXKUMOM 3riHO 3 [3] 0e3 mpuKiIagaHHS MEXaHIYHOTO HABAHTAXCHHS, IO
BPAaXOBYETHCS Ha €Tali po3paxyHKy, BXITHUMH JaHUMU [T IKHX € eKCIIepuMeHTabHi [1].

MeTonnka BUKOPUCTOBYETHCS JIJISi BUSHAUYCHHS MEX1 BOTHECTIHKOCTI OaKOBHX €JIEMEHTIB
OyiBEeTbHUX KOHCTPYKIIH, SIKi MiJIAI0THCS BIUTUBY BOTHIO 3 TPHOX OOKIB.

MeTon BpaxoBye 3MiHM MEXaHIYHMX BJIACTUBOCTEH KOXXHOTO IMapy OETOHYy 1 apMaTypHOi
CTaJIl 3aJIe)KHO BiJ 1X TemIiepatypu HarpiBy. [IpuHIUI 3MiHM MEXaHIYHUX BJIACTHUBOCTEH OETOHY i
apMaTypHOI CTalll TOKa3aHuil Ha puc. 1-a. BkazaHa 3MiHa BpaxoBYEThCS TIPH PO3TIIAII TapaMeTPiB
Hanpy>kKeHO-1e()OPMOBAHOTO CTaHy B TMepepi3i Oamky BIANOBITHO [0 IIAPHIPHOI CXEeMH i
3aKpIIUICHHS, TEOMETPUYHUMHU TIapaMeTpaMH, KJacy MIIHOCTI OETOHy 1 apmaTypHOI cCTali.
PiBHSIHHSI, IO OMUCYIOTH HANPYXEHO-1e(hOPMOBAHUH CTaH, B3STI BIINOBITHO A0 peKOMeHallii [4].

Jlns BpaxyBaHHsS 3MIHM MEXaHIYHHUX BJIACTUBOCTEH Yy 3aJIe)KHOCTI BiJ Temmeparypu Oyia
BUKOPUCTAaHA IHTEPHOJIALIS TEMIIEpaTyp Y BY3JOBUX TOUKAX Iepepi3y MpU 3aCTOCYBaHHI 3HAYCHb
TEeMITepaTyp, K1 BUMIpSHI Y KOHTPOJbHHUX TOUYKaX MEpepidy y XOAl MpoBeaeHHs BUMpoOyBaHb. Ha
puc. 2 nojaHa cxema po3OUTTs mepepizy Ha MPsIMOKYTHI 30HHM 3 BY3JIOBUMM TOYKaMH, e OyayTh
BU3HAYATUCS TEMIIEpaTypH INUIIXOM iHTeprnoismii. Takok Ha IbOMY PHCYHKY TIOJaHa cxema
pO3TallyBaHHS KOHTPOJBHUX TOYOK, J€ BHU3HAYATUMEThCA TeMIleparypa BIANOBIAHO 10
pexkoMeHanii cranaapty [2]. Ockiibku Oanka HarpiBaeTbcs 3 TPbOX CTOPIH, TO 3 METOKO
HEJIOMYIIEHHS! TOPYLIEHHs ii LUTICHOCTI HUISXOM BCTAHOBJIGHHS TEpMOIAp, CXEMa BPaxoBYE
CUMETPUYHICTh KOHCTPYKITii.
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Pucynox 2 — Cxema po3ranityBaHHsI TEpPMOIIAp Ta PO3OUTTS mepepizy OaJIKu Ha 30HHU.

Crnioci0 1HTepnoJIALii MosITaE Yy BUKOHAHHI TAKUX MPOIEYD.

1. 3a mokazHukamu tepmonap 0;.s, 0.1.c; 3HAXOIUTHCS BUPa3, IKUN allpOKCUMY€ 3aJI€KHICTb
TEMIIEpaTypH BiJl BEPTHKAIBLHOT KOOPAMHATH B3I0BXK IMO3I0BXKHBOI BICl Mepepidy s KOKHOTO
KOHTPOJILHOT'O MOMEHTY uacy k. Bupa3 mae Takuii BUrisim:

I R
Hvk,i:6k+(9i,k_9(i—1)k) ™ "
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Qv — TMOKa3HUK CTYyIEHs, IO BHU3HAYAETHCA IUIAXOM MiHIMI3AIMIl CepeIHbOKBAAPATHIHOL
HEB’SI3KOCTI 3 BUKOPUCTAHHSM BHPA3Y:

D= (0,3, — 0,5 min

1

1 ; 2)

m
i=
JIe M — KUTBKICTh IPOCTOPOBO-YaCOBMX KOHTPOJIBHUX TOYOK;

O O, — eKCIepUMEHTANbHE Ta pPO3paxOBaHE 3HAYEHHS TEMIepaTypu B i-TiH MPOCTOPOBiH
KOHTPOJIbHIM TOYIll Y KOHTPOJIBHHI MOMEHT 4acy k.

2. 3agaroThcs TOYATKOBI MapameTp (YHKIII, M0 HaOIMXKye 130TepMy, SIKa Ma€ TaKUi

BUTJISII:

N e e
j—X 1_ L 0 ( max O) 0 pO_(pmax_pOJX(r)l
=Xy

Xy
, (3)

e po = 1,8, pma = 15 MiHIManbHMI Ta MaKCUMalbHUN TOKA3HUKHU CTyMHeHs (QYHKII, 10
aMPOKCUMYE 130TEPMHU;

Xo — TIOYATKOBE 3HAYEHHS KOOPAMHATH i (DYHKIIIT, 1110 aIPOKCUMYE 130TEpPMH;

n = ny — NapaMmerp, SKUN MIJAA€ThCSA MOIIYKY NpH HAOJIMKEHHI MOBEPXHI JUISl 1HTEPIOJIALIi
TEMIIepaTyp y By3JIOBUX TOUKAX.

3. B KOXHIM KOHTpOJIbHIM TOYI[l BU3HAYAETHCA Xy LUIAXOM pO3B’S3Ky BHpaszy (3) sk
PIBHSHHS MPH BIJOMUX 3HAUYEHHSX i, j. 32 OTpUMaHUM 3HAUEHHSIM X, BU3HAYAETHCS TEMIepaTypa y
KOHTPOJIbHIM TOYII 32 BUpazom (1).

4. Bapiroroun nmapaMmeTp #n BU3HAYAETHCS HOTO Take 3HAYCHHS, IIPU IKOMY BHpa3 (2) nocsrae
MIHIMyMY. AJITOPUTM MOUIYKY MIHIMyMY 3aCHOBaHUI Ha MeTon1 HploToHa.

5. 3acTocoByOUM ONMUCAHMUN aNTOPUTM 3HAXOJUTHCS 3HAUEHHS TEMIIepaTyp Yy BY3JIOBHX
TOUYKax Nepepizy y KOKHUM KOHTPOJIbHUI MOMEHT Yacy BUIIPOOYBaHHS.

6. B xo>Hill 30H1 BU3HAUAETHCS CEPEHs TEMIIepaTypa 3a YOTHUPMa By3JI0BUMH TOUKAMHU.

7. TemnepaTypu B apMaTypHUX CTEPXKHSX, € HE B1I0OYBaIOCs BUMIPIOBAaHHS, BU3HAYAIOTHCS
3a QJITOPUTMOM, SIK 1 JUIs OY/1b-SIKOi BY3JI0BOI TOUKH Iepepizy.

3amaua MIITHOCTI BU3HAYAETHCS BUXOSIUH 13 3HAUCHHS MaKCUMAJIBLHOTO MIPOTUHY OaJIKH, 110
BU3HAYAETHCS 32 (HOPMYJIOIO:

L2
D=—
400-b (4)

3a 1aHUM 3HAYCHHSM MaKCUMAJIbHOTO TPOTHUHY BH3HAYAETHCS MaKCHMallbHA KPUBU3HA 32
dbopmyoro:

48 D

o =24-10"p !

5

3a B1IOMMMH HaiOUIBIIO KPUBU3HOIO, CEPEIHIMU 3HAUCHHIMH TeMIepaTypH KOXKHOI 30HH
1 TeMIepTaypy apMaTypHUX CTEpXKHIB, a TaKOXX KOOpJIWHATaMH JaHOI 30HU 1 LEHTpa mepepizy
apMaTYPHOT'O CTEPKHS BU3HAUAIOTHCS CepeIHI HAIIPY>KEHHS KOXKHOI 3 30H Ta apMaTypHUX CTEPXKHIB
3a BIJANOBIIHHMMH JllarpaMaMiy «HaIpyxeHHs-nedopmaris», 1o pekoMmenaosani [4]. [diarpamu
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nedopMyBaHHSI OCTOHY Yy 3aJISKHOCTI BiJl TEMIIEpaTypy HarpiBy nojaHi Ha puc. 3 1 OyayrOThCs 3a
bopmynamu:

o _ SebRb’T
b(gb)_ 3
€
€1 2+ -
mpu 0 < & < &1, cL.T , (6)
R Rb,T(gb_gcl,T)
Gb(gb)_ .
OPH E.1,7 < & < Ecul, T b2 TelT |

Iie & — BITHOCHA Aedopmariisi 0eToHY,

Ry, r— po3paxyHKOBHH oI1ip OETOHY Ha CTUCKaHHS, 3aJIeKHHUH BiJ] TEMIIEpaTypH HarpiBa OeToHy,
&1, — TPaHWYHA BIIHOCHA Jedopmarlisi 3poCTarovoi rijIku aiarpamu (puc. 3);

€.1,r — HAMOLIBIIA BiTHOCHA nedopMarttis aiarpamu (puc. 3);

Ob Ob

01
(73

Ecul. T

Pucynoxk 3 — MexaHi4Hi BJaCTUBOCTI OETOHY IPH BUCOKUX TEMIIEpaTypax.

Hiarpamu neopMyBaHHS apMaTypHOI CTalli y 3aJIEKHOCTI BiJl TEMIIEpaTypH HAarpiBy IMo/IaHi
Ha pHc. 4 1 OyayroThcs 3a popmynamu:

pu 0 < & <¢g, O, = E ré;

TpH &, < & < &, 0, = Ryr— k+(0/q)[q°— (65 — €)1,

TIpH &y, < &, < & 0, = Ry, (7)
pH & < & < Eun O, =Ry [1 — (65— &)/ (650 — €41)],

MIPH Ep < & o, =0,

Ie ¢, p, k — nesiki mapaMeTpH, 10 BU3HAYAIOTHCS 33 (DOPMYyITaMH:

qz = (Ssy - SSp)(SSy —&p T k/Es,T)a p2 = k(gsy - gsp)Es,T + K
2
(RS,T_RSP,T) (8)
ES’T—Z(RS’T—R

(E _gsp

k= "sy SP,T),

Y dopmyny (7), (8) BXOAATh Takl mapaMeTpH:
&yp = Ry 7/ Eyr— nedopmallis, IpH sKiii HacTae Mexa IpornopLiiHOCTI,
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&y = 0,02— nedopmariis, mpu AKiil HacCTa€ Meka TEKy4OCTi.

&x = 0,15 — nedopmartis, mpu SKii MOYMHAETHCS CIaIHA TLIKA Jgiarpamu,
&un = 0,2 — HaliO11b1Ia nedopmartis.

Ry, 7 — Mexa NpomnopIiitHOCTI cTai, R, — MeXa MIIIHOCTI cTai

E 7 —Moynb NpYyKHOCTI CTall, 3aJIeKHUN BiJl TEMIIEpaTypH HarpiBy

Os
A

RS,B

Faspf

&0 Es
1Esy

Est -

Esu2

PucyHnok 4 — MexaHiuH1 BJaCTUBOCTI apMaTypHOI CTajl MpU BUCOKUX TEMIIEPATypax.

3a BiIOMHUMH HAaNpYXXEHHSIMH KOXHOI 3 30H mepepidy Oanku Ta apMaTypHHX CTEp)KHIB
BU3HAYA€THCSI MOMEHT, NPH SKOMY JOCSATA€ThCS KPUTHYHA KPUBU3HA OalKd 3 BUKOPHCTAHHIM

dbopmymu:

I
.)Ab. dy ."‘Zasd,(e’gsd.)Asd.dsd.
1, l_] l=1 1 1 1 1

J 3

1

m n 1

Z Zﬁb. .(9’51; )Ab. ."'std (G’ESd.)Asd.
l_] l:1 1

i=1 ]:1 L,] L] > 1 1 , (9)

o (9 € )
b. |75& . ) )
i,j i,j) - Hanpy>keHHS y O€TOHI, sIKi BU3Ha4YarThes 3a opmynamu (6), Ui CEPEIHBOTO

.. o_|[0,e o (0,5 )
3HAYEHHS TEMIIEpATypH MOTOYHOI 30HM OETOHY y Tepepisi; i %), *di *di) -
HaANpyXeHHS y poOoUiil Ta MOJAaTKOBIN apMmarypi, ki BusHayaroTecs 3a hopmymnamu (7), (8); dpj,
d.; — BIICTaHI BIAMOBIJHO BiJl LIEHTPIB 30H O€TOHY mepepidy, Oceil JOJATKOBHX apMaTypHHUX
CTEp>KHIB J10 OCl, LII0 MPOXOJUThH Yepe3 LEHTPpU poOouoi apMaTypH, MIPUUOMY JIsi CTEPHKHIB HIDKYE
L : .. b
TOPU30HTAJIbHOT EHTPAIbHOI BiCl B1ICTaHb Ma€ BiJl'eMHE 3HadueHHs. Jledhopmanii: i,J= x;;; X, A€

&
. . s s . sd .
Xpi; — BIICTAHb LIEHTPY 30HH J0 FOPU3OHTAIBHOI IIEHTPAIBHOI BiCi IEPEPI3Y;  i= Xei" Xy 1€ Xsaij —

BIJICTaHb OCI JOJJATKOBOTO apMaTypPHOTO CTEPKHS J0 TOPH3OHTAILHOI IEHTPAILHOI BiCl mepepily;

J€
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£
Si= x, ; X, 1€ Xy;; — BIACTaHb OCi POOOYOro apMaTypHOIO CTEPXKHS 1O TOPHU3OHTAIBHOL

e . . Ab. . . " . Asd Asd
LEHTpaJIbHOI BiCl mepepidy;  i.J - IJolla 30H, Ha sKi po30uUTUil mepepi3 Oakwy, i, i -
IUIOIII MONEPEYHUX Mepepi3iB CTEPKHIB poOOUOi Ta 101aTKOBOT apMaTypH.

3a ¢dopmynor (9) Oyayerbes rpadik 3aJeKHOCTI BHYTPIIIHBOIO MOMEHTY BiJl KPUBHU3HU
Oanku. Ilpu mnoOynyBanHI rpadiky (IiKCyeTbcsi MOMEHT 3 HAWOLIBIIMM 3HAYEHHSIM, SKHUH
PO3MIIAAETHCS SIK MAKCUMAJIbHUM MOMEHT, 1110 3/1JaTHa BUTPUMYBATH Oajika y JaHUA KOHTPOJIbHUHN
MOMEHT 4Yacy BUIPOOyBaHHSI.

3a OTpUMaHUMH 3HAYCHHSIMHU OyAyeTbcs rpadik 3a1eKHOCTI MAKCUMAIbHOTO MOMEHTY BiJl
yacy BunpoOyBaHHs. [IOpiBHIOIOYM MOTOYHE 3HAYEHHS MAKCHMAaJIbHOTO MOMEHTY BHUIPOOYBaHOT
OaJKH 13 J1IF0YMM MOMEHTOM, 1110 BU3HAYAETHCA 32 (POPMYJIOI BU3HAYAETHCSI HACTAHHS TPAaHUYHOTO
CTaHy BTpaTHU HECY4Oi 3AaTHOCTI:

M()d = QOsz/S- (1 0)

Jl1s mpoBeieHHs pO3paxyHKY 11100 OL[IHKK MeXi BOTHECTIMKOCTI 3a/11300€TOHHUX 0ajok 3a
pes3yJbTaTaMH HarpiBaHHs y CreliaibHIi MajorabapuTHi BOTHEBii nedi HeoOX1/1HI HACTYIIHI JjaHi:
MOKa3HUKH TEpMOINap B KOKHY XBUJIMHY BUIPOOYBaHb 3T1JIHO 31 CXEMOIO Ha pHUC. 2; KJIac MIIIHOCTI
OeTOHy Ta apMaTypH; THII KPYITHOTO 3all0BHIOBaYa OETOHY; iaMEeTpH apMaTypH, a TAKOXK KiJIbKICTb
Ta PO3TalllyBaHHs CTepxHiB. Jlajii BHOCATHCS JaH1 II0JJ0 TEOMETPUYHUX PO3MIPIB Iepepizy Oalku i
3aXMCHUH 1ap O€TOHy, pO3paxyHKOBa JIOBKMHA OajJKW Ta pO3paxyHKOBE pO3MOiJIeHe
HaBaHTaXEHHs (puc. 1).

Pezynomamu oocniocennsn (Results and Discussion). Po3risiHeMO KOHKPETHUH NPUKIIAL
3ami300eToHHOi Oanku. Ha puc. 5 monmanuil Burnsg nepepidy Oajku Ta cxema HOro apMyBaHHS,
BIJITIOBIJTHO /10 3aIIPOIIOHOBAHUX Y METOIMILIL.
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Pucynox 5 — [TapameTrpu nepepizy Oanku.
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Ta6mumst 1 — OcHOBHI mapaMeTpu 3a1i300€TOHHOT

[Tapametp [To3HaueHHs 3HaYeHHS OnuHULE BUMIPY
I'eometpuuni po3mipu
* [IMpHUHA a 0,2
* BHCOTa b 0,3 M
* IIMPHHA 3aXUCHOTO IIapy w 0,025
*  JI0BXHHA GaJKu L 4,75

Baxkuuit Ha
Tun Getony rpaHiTHOMY Koac

. C 20/25 (B30)

3MOBHIOBAY1
I'ycruna 6GeTony OB 2230 Kr/m*
Po6oua apmatypa: Kitac A500C
* niaMeTp OUTBIIHIA d; 0,016
* JiaMeTp MEHIIHNHA d, 0,016 M
JlonaTkoBa apMarypa: Kiac A500C
* nmiametp d; 0,016 M

[Ticns iHTepmoONAIii Oy OTpUMaHI PO3MOAUIN TEMIIepaTyp, TOKa3aHi Ha puc. 6.
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Pucynok 6 — PesynpTaT TpOBEICHHS

0
T T
2 4

60 XBUIHH

iy
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IHTEPIOJIAIIT  TemMIepaTyp

TEMIIepaTyp y KOHTPOJIbHHUX TOUKax nepepizy Ha 30-if Ta 60-if XBUIMHAX.
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[Tepepi3 6anku OyB po30UTHI HA IPSIMOKYTHI 30HU PO3MIpPOM 5x4,5 MM.
['pannuHMi MaKCHMaIbHUM NPOTUH OaJIKU CKIIa/laE:

2 42
D= = =0,044
400-b 400-0,9 M.

I'pannyHa kpuBU3HA OAJKH CKIIA/IA€E:
x=24-107°0,97'=0,0027 1

Y KOXHMM KOHTPOJIBHMM MOMEHT uyacy Oynu mnoOynoBaHi Trpadikd 3aleKHOCTI
BHYTPIIIHBOIO MOMEHTY BiJi KPUBU3HHM OaJKU 1 BU3HAYCHI MakCHUMajbHI iX 3HaueHHs. Ha puc. 7
noOy10BaH1 BKa3aHi rpadiku AJis JesIKUX MOMEHTIB 4acy BUIPOOYBaHHS.

M, H-Mm | I | | |
0 xB.
1x10°} P —
30 xB.
1/prp

5x107 .

60 xB. ———

0 | | |
0 0.02 0.04 0.06 0.08 1/p

Pucynox 7 — I'padiku MOMEHTY MNpH TIpaHUYHOMY 3HAUYEHHI KPUBM3HU Ui 3aJaHUX
MOMEHTIB 4acy BUIIPOOYBaHHS.

3a OTpUMaHUMHM 3HAUEHHSMU MAaKCUMAaJIbHUX MOMEHTIB OyB moOynoBaHuil rpadik
3HIKEHHS HECY4O0i CIPOMO>KHOCTI, SIKHIA MOJaHUi Ha puc. 8.

VY pe3ynbTari IpOBEICHOT0 PO3paxyHKy OyJia BU3HAYEHA MEXa BOTHECTIMKOCTI, sSIKa CKJiaja
59 xB.

Ha puc. 8 mokaszani orpumani pesynbTatd. JlaHi Oanku BIANOBIJAIM XapaKTEPUCTUKAM
JOCTIKYBAaHOTO 3pa3Ka Ta TeMIepaTypaM MporpiBaHHA ii cioiB mpu ekcrepuMenTi [1]. JomaTkoBo
BBOJMWINCH JlaHi 111010 JOBXXKUHU BUPOOY Ta PO3MOJUICHOI0 HaBaHTaXKEHHS, 1110 3alIPOEKTOBAHE MPU
pOOOTI KOHCTPYKIii B OyiBIi.

Takum YMHOM, 3MIHUBIIH X, MOXJIMBO BU3HAYUTH MEKY BOTHECTIMKOCTI I KOJIOH 1HIINX
rabapuTiB Ta 3 IHIIMM poOOYMM HaBaHTaXEHHAM. Ha puc. 8§ mpoaeMOHCTPOBaHO 3HUKEHHS
MIiITHOCTI OaJIKH JOBXKHUHOIO 4,75 M 3 30BHIIIHIM HABaHTaXEHHAM 1,5 T/M>.
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6x10*

4x10*

2x10*
0

20 40 L. XB.

Pucynox 8 — I'padix 3HIWKEHHS HECydoi CHpPOMOXHOCTI Oankud AOBXHHOKO 4,75 M 3
HABaHTaKEHHAM 1,5 T/M°.

Jis Hao4HOCTI Ha puc. 9 MPOAEMOHCTPOBAaHO rpadik 3HMKEHHS HECY4YOi CIPOMOXKHOCTI
OaJKH 3 HABAHTAXKEHHIM 2,5 T/M.

M, H-m

8x10°F

___________________________________________________

6x107 =

4x10*

2x10%
0

20 40 1, XB.

Pucynox 9 — I'padix 3HWKEHHS HECydoi CHpPOMOXXHOCTI Oankud AOBXHHOKO 4,75 M 3
HABAaHTAKEHHAM 2,5 T/M°.

Sk BUIHO 3 PHCYHKIB 8 Ta 9, mpu 3011bIIeHHI poO0YOro HaBaHTAXKEHHS HA 3aJ11300€TOHHY

Oanky 3 1,5 go 2,5 MIla 1i Mexa BOTHECTIMKOCTI 3HU3UIIACH 3 59 10 45 XBUJIMH, 1O MIATBEPIKYE
JOCTOBIPHICTH PO3PaxyHKiB.
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Bucnoeéku. Y nmaniii poOOTI pPO3KPUTO METOAMKY OIIIHKM MEXI BOTHECTIHKOCTI
3a511300€TOHHOI OaJIKM 3a pe3yilbTaTaMU BOTHEBHX BUIPOOYBaHb 0€3 MEXaHIYHOTO HABAHTa)KEHHS
Ta BpaxyBaHHs HOTO Ha eTali po3paxyHKy, OTPUMAaHO KOHKPETHI pe3yIbTaTH.

3a pe3ynbpTaTaMu JaHoi poOOTH BCTAHOBIIEHO HACTYIIHE:

1. Po3pobrmeHo Ta  0XapaKTH30BaHO QJITOPUTM  OIIHKKM  MEXI  BOTHECTIMKOCTI
3a511300eTOHHOT OaJKy 3a pe3yJbTaTaMU BOIHEBUX BUIIPOOYyBaHb 0€3 MEXaHIYHOTO HaBaHTAXKECHHS,
IO JIsira€ B OCHOBY 3arajbHOi METOMMKH. BiH CKIamaeTscs 3 IHTEPHONALIl TeMIepaTypHHX
PO3MOALTIB Ta MOAAIBIIOTO PO3PAXYHKY 3 BH3HAYEHHS MEXI BOTHECTIMKOCTI NMpH CyMICHIN [ii
TeMITEpaTypPHUX Ta CHIOBHX HAaBAaHTA)XEHb Ha OalKy pealbHHX po3MipiB. BpaxoByloThcs cxema Ta
BUJ] apMyBaHHsI, a TAKOX OCOOJIMBOCTI 3MiHM MILTHOCTI MaTepiajiB MpH HarpiBaHHI.

2. Po3pobieno Ta oOTpyHTOBAHO METOIMKY I1HTEpHpeTalii TeMIepaTypHUX IOKa3HHKIB
nporpiBy 3ai300eTOHHOI Oasiky, HarpiBaHHs ()ParMeHTIB AKOI 31MCHIOBAIOCH y MajorabapuTHii
nieyi 3a CTAaHJAPTHAM TEMIIEPATYPHUM PEXKHUMOM TT0XKEXI, 10 JO3BOJIMIIO MPAKTHYHO OLIHUTH MEXI
il BOTHECTIMKOCTI 1 MOXe CIYryBaTH YacCTHHOIO E€KCHEPUMEHTAIbHO-PO3PAXYHKOBOTO METOAY
OLIIHKH BOTHECTIHKOCTI.

3. Omnmcano cxeMy pO3TallyBaHHS KOHTPOJBHMX TOYOK, J€ BHU3HAYaTUMETHCS
TeMIIepaTypa, SIKHX HEOOXITHO 1 JOCTaTHBO JJIs MPOBEIAEHHS 1HTEeproisAlii nanux. [IpeacraBieno
cXeMy iXHbOTO pO3TallyBaHHS y TpadiuHOMY BHUIIIAII.

4. BusHaueHO TeMIepaTypHi pPO3MOJiIeHHS y TMepepizax 3ali300eTOHHMX Oamok. Ix
pPO3MIpH Ta XapaKTePHCTUKU BIJNOBIJANM XapaKTEPUCTHKAM JOCIIPKYBAaHOTO 3pa3ka Ta
TeMIlepaTypaM MporpiBaHHA ii CJIOiB npu ekcrnepumMeHTi [1]. lomaTkoBo BBOIWIKMCH JaHI IMOJO0
JIOBXKMHH BUPOOY Ta pO3MOJIEHOT0 HABAaHTAKEHHS, 1110 3aIPOEKTOBAaHE MPU POOOTI KOHCTPYKIIIi B
OyniBmi. TakuM YMHOM, 3MIHUBIIM iX, MOXKJIMBO BH3HAYUTH MEXY BOTHECTIMKOCTI I KOJIOH
1HIIKX ra0apuTiB Ta 3 iHIIUM pOOOYNM HABAHTAXKEHHAM. [IpOIEMOHCTPOBAHO 3HMKEHHS MIITHOCTI
Oanku TOBXUHOIO 4,75 M 3 30BHIIIHIM HaBaHTaXeHHSAM 1,5 /M2 Ta rpadik 3HMKEHHs HEeCydoi
CIPOMOXKHOCTI Oajk 3 HaBaHTaXeHHAM 2,5 T/M2. Ilpu 30inbIIeHH]I poOOYOro HaBaHTaKEHHS Ha
3aimizo0eToHHy Oanky 3 1,5 mo 2,5 MIla ii Mexa BOTHECTIMKOCTI 3HH3UIACh 3 59 1m0 45 XBWIWH, 110
HiATBEPIKYE TOCTOBIPHICTH PO3PaXyHKIB.
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EVALUATION OF THE FIRE RESISTANCE LIMIT OF THE REINFORCED
CONCRETE BEAM ACCORDING TO THE RESULTS OF FIRE TESTS WITHOUT
MECHANICAL LOAD

This work reveals the method of evaluation of the fire resistance limit of the reinforced
concrete beam according to the results of fire tests without mechanical load and considering it at
the stage of calculation.

The algorithm for evaluation of the fire resistance limit of the reinforced concrete beam
according to the results of fire tests without mechanical load, which forms the basis of the general
method, has been developed and described. It consists of the interpolation of temperature
distributions and further calculation of the limit of fire resistance with the combined effect of
temperature and force loads on a real size beam. The scheme and type of reinforcement are taken
into account, as well as the characteristics of changes in the strength of materials during heating.

The method of interpretation of the temperature indicators of the heating of a reinforced
concrete beam has been developed and substantiated, heating of the beam fragments was carried
out in a small-sized furnace according to the standard fire temperature regime, which made it
possible to practically estimate the limits of its fire resistance and can serve as a part of the
experimental and calculation method of fire resistance assessment.

The scheme for the location of control points is described, where the temperatures that are
necessary and sufficient for data interpolation will be determined. A diagram of their arrangement
is presented in graphic form.

Temperature distributions in cross-sections of reinforced concrete beams are determined.
Their dimensions and characteristics corresponded to the characteristics of the studied sample and
the heating temperatures of its layers during the experiment data on the length of the product and
the distributed load designed during the operation of the structure in the building were additionally
input. Thus, by changing them, it is possible to determine the limit of fire resistance for columns of
other dimensions and with a different workload. It has been demonstrated that when the working
load on a reinforced concrete beam increases, its fire resistance limit decreases.

Key words: evaluation of the fire resistance limits, calculation, reinforced concrete beam,
temperature, load, method, algorithm.
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