YJAK 624.012.25

BABIY €. €.

Kang. TexHIYHHX HayK,
HanjonaabHui YHIBEPCUTET
BOAHOTO roCIo4apcTBa Ta
HIPUPOAOKOPUCTYBAHHS,

M. PiBHe, YkpaiHa,

e-mail: e.e.babich@nuwm.edu.ua,
TeA. +38 (097) 795-43-67,

. ORCID: 0000-0003-2900-8156

011,

IMPAKTUYHHUI METO/Z PO3PAXYHKY

CTHUCHYTO-3ITHYTUX 3AAISOBETOHHHUX

EAEMEHTIB 3A TPAHUYHNMH CTAHAMUA
APYTOI I'PYIIH

AHOTAIIIA

CTHCHYTO-3ITHYTI €A€MEHTH, IO CTHCHYTI ITO340BK-
HBOIO CHAOIO 1 CHPUHMAIOTD II€BHI IIOIIEPEeYH] HaBaH-
TaKEHHHA, IHPOKO BHKOPHUCTOBYIOTHCA B OyAiBEAbHIN
HPAKTUINl (PUTEAl i KOAOHHM PaM, €AEMEHTH OIOp
MOCTIB, BEpXHI HOACH PEPM 13 IT03aBY3AOBUM HaBaHTa-
JKEHHSIM TOIO). B 4MHHUX HOpMATHBHUX JOKYMEHTAX
CTHCHYTO-3IFHYTI €AEMEHTH IIPAKTUYHO HE PO3TAsAJa-
I0TbCSAA, aA€ € PO3POOKH, B AKUX BUPIMIYIOTHCS ITHTAH-
HA Hecydol 3/4aTHOCTI TAaKHUX EAEMEHTIB Ha OCHOBI
AepopManiiiHoi MogeAl. Y 3B’S3KY 3 UM € JOIIIABHUM
1 BAKAUBHM PO3POOUTH METO/ PO3PAXYHKY CTHCHYTO-
3IHYTHX €AEMEHTIB 3a TPAHMYHUMU CTAHAMHU JAPYroi
IPYIH.

BigcyTHicTh  HOCIOGHUKIB 13  HPOEKTYBAHHS
3aAI300€TOHHUX KOHCTPYKLIHA € CYTTEBOIO IIEpero-
HOIO B YCIIITHOMY BUKOPHUCTaHHI HOBUX HOPMATHBHUX
JAOKYMEHTIB y IIPOEKTHIH IPaKTHIIL.

Y crarti BHUCBITA€HO PO3POOAEHMIT IPAKTHYHHI
METO/, PO3PaXyHKY CTHCHYTO-3IrHYTHX 3aA1306€TOHHUX
€AEMEHTIB 3a IIHPHUHOI PO3KPUTTS TPIIMIMH Ta 3a
AepopMariisaMu, Tak K B YMHHUX HOPMAaTHBHUX JOKY-
MEHTaX IPeJCTAaBACHI TIABKH OCHOBHI IIOAOKEHHS Ta
IpAaBUAQ IPOEKTYBAHHs KOHCTPYKIN 3a Cy4acHOIO
AepopMaIiifHOI0 MOAEAAIO CTOCOBHO 3THHAABHHX Ta
MO3aIl€HTPOBO CTUCHYTHX eAeMeHTiB. HaBesgeno mare-
MATHYHO Y/JOCKOHAAE€HI PIBHAHHA PIBHOBArd HOP-
MaAbHHUX I€PEepI3iB, B AKUX 3aCTOCOBAHI KoepillieHTH
HMOBHOTH €IIOPH HAIPYKE€Hb y CTUCHYTOMY O€TOHI Ta
BIZHOCHUX 3rHHAABHHUX MOMEHTIB, IIIO JIIOTb Y HOP-
MaAbHOMY liepepisi. 3HadyeHHA KOe(ILIE€HTIB 3ane-
KaTh TIABKH Big KAacy OGETOHY 3 ypaxXyBaHHAM Horo
MEXAHIYHOTO CTAaHY, a TOMY AASl HUX CKAAJ€HA TabAH-
111. Po3p’si3aHHA pIBHAHD PIBHOBArW J4a€ MOMKAHBICTD
3HAXOAUTH MAPAMETPH, IO BXOAATL Y PO3PAXYHKOBI
(POPMYAH AASL BHU3HAYCHHS IMIHPUHH PO3KPUTTS
TPINIUH Ta IPOrHHIB, a came: gedopmauii B GeToHi
Ta apMarypl, HAIPYKEHHS B apMaTypl Ta KpPHBU3-
Hy eAeMeHTa 3a Oy4b-sgKOro pIBHSA HABAHTAKEHHS.
3anporoHOBAHUM METOA JAA€ MOKAUBICTH CIIPOCTH-

TH PO3PaxXyHKH CTHUCHYTO-3ITHYTHX 3aAi300€TOHHUX
€AEMEHTIB 32 TPAHHUYHHMH CTAaHAMHU JAPYroi IPyIH Ta
CHPUATUME BUKOPHCTAHHIO B IIPOEKTHIH IPaKTHIII
AedopmariiiHoi MoJeAl B TOBHOMY 00CA31.
KAIOYOBI CAOBA: cTucHYTO-3IrHYTI 3aAi306€TOHHI
€AEMEHTH, TPIIIHHHU, IPOTUHH, PO3PAXyHOK.
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ABSTRACT

The compression-bent elements, compressed by
longitudinal force and perceive certain transverse loads,
are widely used in building (crossbars and columns
of frames, elements of bridges, upper belts of ferms
with an out-of-nosed load, etc.). In current normative
documents, compressed-bent elements are practically
not considered, but there are developments which
solve the bearing capacity of such elements based on
the deformation model. In this regard, it is expedient
and important to develop a method for calculating
compressed-bent elements by the serviceability limit
state. The lack of manuals for the design of reinforced
concrete constructions is a significant barrier to the
successful use of new normative documents in project
practice.

This article describes the developed practical method
for calculating compressed-bent concrete elements for
the width of crack opening and deformation, as in the
current normative documents only the main provisions
and rules for designing constructions according to the
modern deformation model in relation to bending and
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non-centered compressed elements are given. The
mathematically improved equilibrium equations of
normal sections are presented, in which the coefficients
of the completeness of the stress diagram in compressed
concrete and the relative bending moments acting
in the normal section are applied. The values of the
coefticients depend only on the class of concrete,
taking into account its mechanical condition, and
therefore for them a table is drawn up.

The solution of the equations of equilibrium makes
it possible to find the parameters that are included in
the calculation formulas for determining the width
of the opening of cracks and deflections, namely:
deformation in concrete and reinforcement, stress in
the reinforcement and the curvature of the element
at any load level. The proposed method makes it
possible to simplify calculations of reinforced concrete
compressed-bent elements by the serviceability limit
state and will facilitate the use in the design practice of
the deformation model in full.

KEY WORDS: compressed-bent, reinforced concrete
elements, cracks, bends, calculation.

IIOCTAHOBKA METH JOCAIZKEHb TA ii
3B’A30K I3 TIPAKTHYHHUMH 3ABAAHHAMH

CTHCHYTO-3ITHYTI 3aAi300€TOHHI CTEP;KHEBI €AEMEH-
TH, I1J0 O HOYACHO CHPUIMAIOTD 1103 /40BKHI 1 ITOTIEPEYHI
HABAHTAKEHH:A, € HAUOIABII HONIMPEHHUMH B CKAAJl
6yaiBeAb Ta ciopyg (puc. 1). ITozamenTposo cruchyti
3aAI300€TOHHI €A€MEHTH MOKHA PO3TASAAATH SAK OKpe-
MUl BHUIIQ/JOK CTUCHYTO-3ITHYTUX, Yy AKHUX €KCI€HTPH-
CHTET NPHKAAJAHHSA T03/40BKHBOI CHAU IO /JJOBXKHHI
IPAKTHYHO IIOCTIHHMII, a IIOllepeYyHe HaBaHTAKEH-
HA BigcyTHE. /[0 CTHCHYTO-3ITHYTHX 3aAi300€TOHHHX
KOHCTPYKLIH BIAHOCATH KOAOHH O/JHOIIOBEPXOBHUX
BUPOOHNYHNX OyAiBEAB, OKpEMI KOAOHH Oararornosep-
XOBHX Oy/iBEAb Ta PI3HOMAHITHHX CIIOPYJ, €A€MEHTH
HIAIIPHUX CTiH, CTOSAKH TPAHCIIOPTHUX €CTaKa/, TOMIO.

B ocHOBy cydacHHX HOPM HPOEKTYBaHHHA
3aAi300€TOHHHMX KOHCTPYKIH IHpHifHATA TeopeThd-
HO 1 EKCIIePUMEHTAaAbHO OOIDYHTOBAHA HEAIHINHA
Aedopmaniiina Meroguka [4], mo nepeabadae Bpa-
XYBaHHA HE 3yCHABb, a JedopMauiili MarepianiB y
repepisax eAeMeHTIiB. B ocHOBY gepopmaniiiHOl MeTo-
AVKH IIOKAAQZ€HO JlarpaMu craHy (gepopMyBaH-
H:A) GETOHY 1 apMaTypH, IO BCTAHOBAIOIOTH 3B’A30K
MUK HOPMAABHHUMH HAIPYKEHHAMH Ta BIAHOCHHMHU
MO3/40BXKHIMH gepopMaliiAMu Yy pasi  OCbOBOTO
CTUCKY uM poatary [1, 2]. Y Hopmax HpOeKTyBaH-
HA 3aAi300€TOHHUX KOHCTPYKLiH [3] peraameHTo-
BAaHO OCHOBHI BHMOTH MO0 3a0e3le€YeHHS HEeCydoi

q
N m N
> # ————+
S ¥
1
Puc. 1. PospaxyHKoBa cxeMa CTHUCHYTO-3ITHYTOTO
eAeMeHTa

34aTHOCTI, IPUAATHOCTI 40 €KCIIAyaTamii, HaAlifHOCTI
Ta 3JaTHOCTI yCIX KOHCTPYKIiH 36epiratu HeoOXiAHI
eKCIAyaTaliiiHi  BAACTUBOCTI IPOTATOM  yCbOTO
TEPMIHY CAYKOH HE3AAEKHO Bl XapaKTepy iXHbOrO
HaIPYKEHO-A€POPMOBAHOIO CTaHYy.

Y mnpaBHAAX IHPOEKTYBAaHHA 3aAI300€TOHHHUX
KOHCTPYKIil [4] BCTaHOBAEHO IIepeJyMOBH pPo3pa-
XYHKY O€TOHHHX 1 3aAi300€TOHHHX KOHCTPYKIIH 3a
IPAHHYHUMHU CTaHAMH IHepIIol 1 gpyroi rpym. Biapm
AOKAAQAHO PO3TASHYTO BH3HAYECHHs HAIIPYKEHO-
A4epOPMOBAHOIO CTAHY EAEMEHTIB IIPU II03aLIEHTPO-
BOMY CTHCKY Ta 3THHI, a CTHCHYTO-3ITHYTI €A€MEHTH
He 3ragylorscs B3aranl. Kpim nporo, B [4] He HaBo-
AUTBCSL JOKAAZHO METOJ PO3PAXYHKY 3aAi300€TOHHHX
€AEMEHTIB 32 TPAHUYHHUMH CTaHAMH JPYroi IPYIIH.
Taxi 0O6CTaBUHH CIPUYMHAIOTH IIEBHI TPYAHOIIL B PO3-
PaXyHKaX KOHCTPYKIH 1 CTPHMYIOTh YCIIIIHE BHKO-
pucraHHa gepopMaliifHOI METOAHKH B IIPOEKTHIH
npakTumi. TakuM 9MHOM, Hapasi IPaKTHYHO BIACYTHE
MeToJH4YHEe 3a0€3IIeYeHHs YCIIIHOIO BHKOPHCTAH-
HA B IHPOEKTHIH npakruni gedpopmariiiHol MoAeAl
3aAiz00eToHYy.

MeToI0 AOCAIAKEHb € BU3HAYECHHSI YMOB pIBHOBAru
HOPMAaAbHHUX IIE€PEPI3iB CTUCHYTO-3IIHYTHX €AEMEHTIB
3a PaxXyHOK MaTeMaTHYHHX II€PETBOPEHb, CIPOCTHU-
TH PO3PAXYHKOBI (POPMYAH Ta PO3POOHTH JOKAA/]-
HUH METO/J BU3HAYEHHS IPOTHHIB Ta HIMPHHU PO3-
KPHUTTS TPiliuH, o Oyse MaTu 6e3nocepeHiil 38’ 130K
i3 gepopMaliiiHOIO MOJEAAIO IIPH BHUPIIIEHHI HpaK-
TUYHHMX 3aB/JaHb IIPOEKTYBAHHA 3aAi300€TOHHHUX
KOHCTPYKIIIH.

AHAAI3 OCTAHHIX IIYBAIKAIIIM TA
HEBUPIIIEHI PAHIIIE IINTAHHSA

TeopernuHHuX Ta €KCHIEPUMEHTAABHHUX JOCAIAKEHD
POOOTH CTHCHYTO-3ITHYTHUX 3aAI300€TOHHUX EAEMEHTIB
BUKOHAHO OOMEKEHY KIABKICTb. OCHOBHI ITOAOKEHHSA
PO3PAXyYHKY CTUCHYTO-3ITHYTHX €AE€MEHTIB BHCBITACHO
B [b], Ae HaBegeHO IXHI OCHOBHI XapaKTEPUCTHKH,
BIAMIHHICTD Bi/J I103aIJ€HTPOBO CTHCHYTHUX EAEMEHTIB
Ta 3aAEKHICTb IIE€PEMIIIEHHA IIPYAKHOTO CTEPKHA Bij
BEAMYMHU CTUCKAIOYOI CUAU.

JocaigxeHHI0 po60TH 3aA1300€TOHHHUX EAEMEHTIB,
IO CTHUCHYTI IIO340BKHBOIO CHAOIO, B IIPOIIECi
eKCIAyaTanii cupuiiMaloTh 3rUH Big Ail moneped-
HOIO KOPOTKOYACHOTO AHHAMIYHOTO Ta CTaTHYHO-
ro HaBAaHTAKEHHA, NpHcBAYeHAa pobora [6]. Ha
OCHOBI €KCIIEPUMEHTAABHUX JaHUX POOUTHCA BUCHO-
BOK, IIJO MIITHICTb CTUCHYTO-3ITHYTHUX CTEP KHIB IIpU
IIOIIEPEYHOMY 3THUHI CTaTHYHUM ab60 JHUHAMIYHUM
HABAHTAKEHHAM 3POCTAa€ IPU 30IABIIEHH] piBHA
CUA OOTHCHEHHH, a TaKOK IIPOI€HTA ApPMyBaHHA.
OgHak, i3 30IABIIEHHAM 3YCHAb I0340BKHBOTO
OOTHCHEHHs €AEMEHTIB 3MEHIIYEThCA IX 34aTHICTDH
A0 HENpY:KHOTO AepOpMyBaHHHA, IO NPU3BOAHTH
A0 KPHUXKOTO pyiiHyBaHHA O€TOHY IO BCiii BHCOTI
IIONIEPEYHOro Iepepidy B HAHOGIABIT HAIIPYAKEHOMY
Micri. BUKOHaHI €KCHEPUMEHTH JO3BOAHUAH TaKOXK
IIEPEBIPUTH 1 YTOYHUTH POPMYAY YHHHHX HA TOH dac
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nopm (CHull II-21-75 "BeronHsle u KeAe306€TOH-
Hble KOHCTPYKLUH ) AAS BU3HAYCHHS yCepeFHEHO]
AKOPCTKOCTI CTHCHYTO-3ITHYTHX E€AEMEHTIB i3 ypaxy-
BAHHAM TPINIUH Yy PO3TATHYTIH 30HI, IO3ZO0BKHBOI
CHAU Ta IHIHX PaKTOPiB.

BeAuKy rpyny KOHCTPYKLiil, B HOPMaAbHHX
nepepisax SAKUX BHHUKAIOTh 3YCHAASL CTHCKY 31 3ru-
HOM, IPEJACTABASIOTH IIONEPEJHbO HAIPYKEHI eAe-
MEHTH Ha CTail BUTOTOBACHHS Ta MOHTAXKY. Y IIbOMY
BHIIA/KY I103/OBKHBOIO CUAOIO € 3YCHAAS OOTHCHEH-
Hsa. B poGorti [7] BHCBITA€HO pPE3yABTATH JOCAIAIB
TAKHX €AEMEHTIB, IO MiATBEPAUAN HEUPUIHATHICTH
BUKOPHCTAHHA Koe]illleHTa THYYKOCTI €AEMEHTIB
7, BHU3HAYEHOIO AK JAS I03ALEHTPOBO CTHUCHY-
THX EAEMEHTIB, y PO3PaxyHKax CTHCHYTO-3IFHYTHX
eAeMeHTIB. ABTOpH [7] 3aIIpOIIOHYBaAH POPMYAH AAS
BH3HAYEHHS KOePIIiEHTa 7, AA€ TIABKH JAS BUIIAJKY,
KOAHU Jl€ O/Ha IIoIepeYHa CHAA B CepeJHHI JOBKU-
HU eAaeMeHTa. OTKe, BpaXyBaHHs IHYYKOCTI B po3pa-
XYHKaX CTUCHYTO-3ITHYTHX €A€MEHTIB oTpebye yrou-
HEHHSI.

I PYHTOBHI A0CAIAKEHHS POGOTH CTHCHYTO-3ITHY THX
eAeMEeHTIB BUKOHaHI B HamionanpHOMY yHIBepcHTETI
BOJHOTO TOCHIOJAPCTBA Ta HPHUPOJOKOPUCTYBAHHSA
[8-10]. Bumpobysano 24 KOAOHH 3 IONEPEYHHM
nepepizom 100x160 mm ta gosxunoio 150 i 300 cm.
KoAonn migaasaru Ali MO340BXKHLOI OCbOBOI CHUAU
TA IHOIEPEYHOr0 HABAHTAKEHHA 3a CXEMOIO YHCTO-
ro sruny. HaBanraxeHHs MPUKAAZANH OFHOPA3OBO
Ta MOBTOPHO. ITpu boMy CHIBBIAHOIIEHHS 1103/0BK-
HBOI'O 1 MOTEPETHOTO HABAHTAKCHHS BapiioOBaAOCH.
Ha ocHOBI OTpUMaHUX €KCIEPHUMEHTAABHHUX
AAHUX 1 TEOPETHYHUX JOCAIAKEHb Ie A0 HajgaH-
HA YUHHOCTI gOoKymeHTaM [3, 4] 6yAo migTBEpAsKeHO
AOLIABHICTD BHKOPHCTAHHA JepopMariilHOl MogeAl
IepepisiB, OCKIABKM II0Ka3aHO, IO Iepes PpyiHy-
BAHHAM MaKCHMaAbHI gedopmanii crucHyroro 6ero-
HY MOXKYTb BABIYI IEepEeBUINYBATH Aeq)opMaui'l‘,
BH3HAYEHI IIpHU 0ChOBOMY CTUCKaHHI 6GeTOHHUX
npu3M. BamAUBUM € 1 TOIl BUCHOBOK, IO pPE€3yAbTa-
TH BU3HAYCHHS HANPYKCHO- ,Z[e(I)OpMOBaHOI‘O crany
[MOIEPEYHUX IePEPI3iB CTUCHYTO-3ITHYTUX €ACMEHTIB
3a 4epopMaliftHOI0 MOAEAAIO Y BHKOHAHUX JOCAiZax
HE 3aAeKaAH Bl BHOOpPY POPMYAH JASA OIHCAHHA
Adiarpamu gepopMyBaHHA GETOHY.

Y poborax [11, 12] posrasanyTo GpopMH HALIPYAKEHO-
A4€pOpPMOBAHOTO CTAHY HOPMAABHUX Hepepisin
CTHCHYTO-3ITHYTUX EAEMEHTIB, HABE/JEHO PIBHAHHA
ix piBHOBAarM, BHXOASYHU 3 PO3PAXYHKOBUX 3HA-
YeHb MIIHOCTI 1 gepopMamiiiHUX XapaKTePHUCTHK
MaTepiaAiB, Ta HOAAHO METOZJ PO3PAXYHKY HECYydoi
3gatHocTi eaemenTiB. [lokasaHo, mo TeopeTHyHi 3Ha-
YeHHsI HECyqol 34aTHOCTI EAEMEHTIB MAIOTh 33J0OBIABHY
301KHICTD 13 €KCIIEPUMEHTAABHUMH JAHUMH.

X BHAHO 13 3a3HAYEHOrO, JOCAIKEHHAM Ta PO3-
POOAEHHIO METOAIB PO3PaXyHKY CTUCHYTO-3ITHYTHX
€AEMEHTIB 32 TPAHUYHUMH CTAHAMH APYroi IpylIH He
HAaBaAACh HANECKHA YBAra, O CTAAO OOIPYHTYBAHHAM
AOCALKEHDb, BUCBITA€HUX V IIilf CTATTI.

YMOBH  PIBHOBATH  HOPMAABHHX
IIEPEPI3IB CTHCHYTO-3ITHYTHX
3AAIBOBETOHHUX EAEMEHTIB

Y  HpaBHAAaxX IPOEKTYBAHHA  3aAI300€TOHHHUX
KOHCTPYKIi [4] BiAIOBIAHO A0 [3] AN eAeMEHTIB LIps-
MOKYTHOTO nepepisy npu TMOZAIEHTPOBOMY  CTHCKY
1 3rUHI PO3rAsAAAIOTBCS ABL popmn PIBHOBAru: BECh
repepi3 CTUCHYTUH; B Iepepisi € 30Ha po3rary. /as
mux GpopM HaIpPYKeHO-AePOPMOBAHOIO CTaHY HaBe-
JAEHO YMOBHU pIBHOBard B PO3TOPHYTOMY BHIAsAL [4].
OCKIABKH B CTUCHYTO-3ITHYTHX €AE€MEHTAX IIOIePEeIHHN
repepi3 3aAeKHO Bl/ CIIBBIZHOIIEHHS 3HAYE€Hb OCbOBOL
CHAH 1 IIOIIEPEYHOTO 3THHAABHOTO MOMEHTY TAKOK MOKE
6yTH IOBHICTIO CTUCHYTHM a0 9aCTKOBO CTHUCHYTHM I
YACTKOBO PO3TATHYTHM, TO 1 AASl HUX MOKHA BBAKATH
crpaseAAUBUME PopMH piBHOBAry, HaseseHi B [4]. /[Bi
$opMH PIBHOBATM JASA CTHCHYTO-3ITHYTHX EACMEHTIB
BKE€ BHUKOPHCTaHI IIpH POo3poOAEHHI MeToAy IX pospa-
XYHKY 3a Hecy4olo 3jaruicrio (puc. 2) [11].
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Puc. 2. Ilepma (a) Ta gpyra (6) ¢popMHu HAIIPyKEHO-
4epOpMOBAHOIO CTaHy CTUCHYTO-3ITHYTUX €AEMEHTIB
IIPSAMOKYTHOTO IIEPEpPI3y

Y po3paxyHKaxX CTUCHYTO-3IrHYTHX €AEMEHTIB 3a Ipa-
HUYHUMU CTaHAMH JAPYyroi TPyHH HEMa€ JOLIABHOCTI
po3rasijaru iXHiil HapyKeHO-4ePpOPMOBAHUN CTaH 32
nepioo GopMoIo (puc. 2, a), TOMy IO B LILOMY BHIIAJ-
Ky BUHUKHEHHs TPIIMHM HEMOKAMBE, d KpPHUBHU3HA
eneMeHTa HecyTreBa. OTKe, OIABII JOKAAAHO PO3TAS-
HEMO YMOBH PIBHOBaru CTHUCHYTO-3IPHYTHX EAEMEHTIB
3a Apyroio GopMOIO HAIPYKEHO-4e(POPMOBAHOIO CTAHY
(puc. 2, 6), mpu 1ILOMY B PO3PAXYHKOBUX (POPMyAax
HeoOXi/JHO BUKOPUCTOBYBATH XapPAKTEPHCTUYHI 3HAYCH-
HA MIITHOCTI Ta gepopMaTHBHOCTI 6eTOHY 1 apMaTypH.

3a ymoBH, 1110 BigoMi gepopMmariis KpaliHboi pibpH cTHC-
HyTOrO GETONY €, Ta BIATIOBIAHA i BEANYNHA CTHCHYTOL
30HU GETOHY X = 7, BUKOPHCTOBYIOUH TiIIOTE3y IIAOC-
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KHX IepepisiB, MO;KHA BU3HAYMTH BCl iHIII gepopmariii B
MaTepianax 3aA€KHO Bl 3HAYCHHS &, Ta Z):
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Ana apyroi popmu pisHOBaru (puc. 2, 6) piBHAHHA
CYMH IIPOEKIIii I0340BKHIX cuA 2 N = ( MOKHA 3a1TH-
CaTH Y TAKOMY BUTAAJL:

(1)

Za)

b J-O'cdz +0am AL~ Ton Az —N
0

ae N — IO340BKHS OCbOBAa CHAA Bl 30BHINIHLOIO
HABAHTAKEHHA, IO i€ 3 EKCIEHTPUCHTETOM ¢, IIO0
BIZHOIIIEHHIO JO LIEHTPA Bard Iepepisy.

Bpaxosyroun criBsigHomens:a (1) ta npuiimMaioan
Alarpamy gepopMyBaHHA GeTOHY y PopMi HOAIHOMY
I’'AToro crenens [1], piBHAHHA (2) MOXKHA 3aIIHCATH Yy
BUTASI/AL

(2)

Ee1(1) K

Ae [y — XapakTepUCTHYHE 3HAYEHHA MIITHOCTI 6eTo-
Hy Ha CTHCK; @y— KOe(pII[IEHTH MOAIHOMA JAAA I'PaHUY-
HUX CTaHiB gpyroi rpynu [1]; €, ,— AePpopmarnisa 6ero-
Hy IPHU MaKCHMAaAbHHX HAIIPYKEHHAX IIPH PO3PaxyH-
Kax 3a TPAaHUYHUMH CTAaHAMH /JPYToi IPyIIH.

Ilicast iHTErpyBaHHA Ta BIANOBIAHHX MaTeMaTHY-
HHX IIEPETBOPEHDb PIBHAHHA (3) MOke OyTH IIpe/JcTaB-
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Pisusannaa (4) mMae GIABII YAOCKOHAAEHY CTPYKTY-
Py HIK BIAIIOBiAHE pIBHAHHA, IO HaBeJeHe B [4],
A€ B IEpIIOMY YA€HI pIBHAHHA Iepe/] 3HAKOM CyMH
MICTHUTBLCSA BIZHOCHA KPUBU3HA BUTHYTOI OCl B IIepepisi,
IO YCKAQAHIOE PO3YMIHHA (PI3MYHOI CYTI 3YCUAAS B
crucHyToMy 6eToHi. Y popMmyAl (4) mepes 3HAKOM CyMHU
MICTUTBCSI BHPa3, IO BIANOBIAAE 3YCHAAIO B CTHCHY-
ToMy 6€TOHI 3a YMOBH PIBHOMIPHOTO PO3IOJIAY B

£.b Zy J. iak &, d€c+g°(1) (2o~ 8)E. A~ HbOMY HAIPyKE€Hb, A IIlJ 3HAKOM CyMH KOC(I)iHiGHE
P =1 Eorex Zy, HOBHOTH €IIOPH  HANPYKEHb @y, WO BPaXopye i
KpI/IBOJ\lHII/IHICTb 1 3aA€KHTH TIABKH Big KAacy 6eToHy
£ Ta piBHA AC(I)OPMaHII/I, a TOMY MOZKe 6yt peacraBAe-
- (h— Z, —a ,)E.A, —N =0, (3) | Hmii y TabAmuHii popmi (Taba. 1).
1
® Tabauna 1. 3HadeHHA KOeILIEHTIB IOBHOTH €IIOPH HAIIPYKEHb (@) 1 BIAHOCHOI MIIJHOCTI
6etoHy (f,) AAst PO3PAXYHKIB 32 IPAHUYHUMH CTAHAMH APYTrOl IPyIu
Kahac Gerony
sf?{-ﬁ C16/20 C20/25 C25/30 C30/35 C32/40
i @, B, w, p. w, B, w, )i W, B
0.1 0,133 0,088 0,125 0,083 | 0.119 | 0,079 | 0,114 | 0,076 | 0,110 | 0,073
0.2 |0,247 | 0,162 | 0,235 | 0,154 | 0,225 0,148 0,217 0,143 0,210 0,139
0,3 10,346 | 0,224 | 0,331 | 0,215 | 0,319 0,208 0.310 0,202 0,501 0,197
04 (0,450 0,276 | 0414 | 0,267 | 0,402 0,260 0,392 0,254 0,583 0,249
0,5 |0,50310,320 0486|0311 | 0474 0,304 0.464 0,299 0,456 0,294
0,6 0,564 | 0,355 | 0,548 | 0,347 | 0,537 | 0,341 | 0,528 | 0,337 | 0,520 | 0,333 |
0,7 0,616 0,384 | 0,601 0,377 | 0,591 0,372 0,582 0,368 0,575 0,365
0,8 0,660 | 0,407 | 0,646 0401 | 0,637 0,397 0,629 0,394 0,623 0,392
0,9 [0,696| 0,426 0,684 0421 | 0,675 0,417 0,669 0,415 0.663 0415
1.0 [0.726 0,440 [ 0,716 | 0.436 | 0,708 | 0433 | 0,702 | 0431 | 0,697 | 0.429
1,1 0,751 | 0,450 0,741 | 0,447 | 0,734 0,444 0,729 0,443 0,724 0,442
1,2 10,771 | 0,457 | 0,762 | 0,454 | 0,755 0,452 0,750 0,451 0,746 0,450
1,3 | 0,787 | 0,462 | 0,778 | 0,459 | 0,772 0,457 0,767 0,456 0,764 0,455
14 0,799 | 0,464 0,790 | 0,461 | 0,784 0,459 0,780 0,458 0,776 0,457
1,5 | 0.808 0464 0,799 | 0,461 | 0,793 | 0459 | 0788 | 0.457 | 0,784 | 0456
1.6 | 0813|0462 0,804 0459 0,798 0,456 0,793 0,455 0 388"‘ 0, 4)2**
1,7 10,816 | 0,459 0,807 | 0,455 | 0,801 0,452 0,795 0,450
1.8 0817 | 0,454 0,807 | 0,449 | 0,800 0,447 [0,793%* | (0,442%*
1,9 | 0,816 | 0,448 | 0,805 | 0,443 |0,798%** |(),439%* :
2,0 08120441 0,801 | 0435
2,1 | 0,807 | 0,432 | 0,795 | 0,426
ITpumiTkn:
*- e.,0 — AepopMaliia 6€TOHY IPH MaKCUMaAbHUX HAIIPYKEHHAX IIPU PO3PaxyHKAX 32 FPAHUYHUMH CTaHAMH

Apyroi rpymu; &~ 6iKyde 3HaUYeHHA gedopmariii 6eTony;

*¥ - IpU BHAYEHHAX €./ €k
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3 YpPaxyBaHHAM BUKOPHUCTAHH KOC(l)iI_Ii€HTa ITIOBHO-
TH €IIOPH HAIIPYKE€Hb y CTHCHYTOMY 6eroni rnepoia
yMOBa piBHOBaI‘I/I Ha6yBae TaKOTO KiHHCBOI‘O BHUIAAAY:

gC
Ok f bz ) + — (zgy —@w)E A, -
Z
£,
@ (h—zy —a,)EA,—N =0. (5)
Z

AHAAOTIYHO MOKHA OTPHMATH PIBHAHHA PIBHOBAarH
CTOCOBHO JIIOYHX B II€pepi3i 3rUHAIOYUX MOMEHTIB,
IO ICAA IHTETPYBAHHA 1 MATEMaTHYHHIX IIE€PETBOPEHD
BHXIJHOTO PIBHAHHA HabyBae BUTAAAY:

k
5
2 Q| ‘e Eeq 2
fckbz(l)E — |+ . (2(1)_31) EA; +

g k+2 €tk o)

£
+ ZC(l) (h—z4 —2,)°E;A, —N(z4 —05h+e;) =0, (6)
(6]

A€ e/ EKCIEHTPUCHTET IPUKAAJAHHA I103/J0BKHbBOI
cuau e,= M/N.

Y piBHAHHI (6) B IEpIIOMY YA€HI IiJ 3HAKOM CyMH
MICTHUTBCS KOE(DIIIEHT f, IO BPAXOBYE KPHBOAIHIHHY
€miopy HAIpPYKEeHb Y CTHCHyToMy O6eToHI mpu
BH3HAYEHHI BEAHMYHHH 3THHAABHOTO MoMeHTy. lleit
Koe(iIieHT, fAK 1 KOepIIIEHT ®|, 3aA€KUTb Bl KAACY
6erony Ta PpiBHA JepopMaliii CTHCHYTOI KpaifHBOI
30HH OETOHY 1 TaKOK MOxKe OyTH IIpPeJACTAaBAECHUM Y
TabamuHil popmi (Taba. 1). 3 ypaxyBaHHAM ITLOTO
piBHAHHA piBHOBaru (6) Mosxe OyTH 3aIIMCAaHHM Y
BUTASI/AL

fbz2 + o0 2E
B fabzyy + (Zgy —a) EA, +
zZ
@
L0 (h_7, —a,)?E. A, ~N(z, —05h+e,) = 0. (7
o — ) EA, @ —UoN+€))=0.(7)
Zqy
®opwma sanucy pisasasb (5) 1 (7) gemo BiAPIBHAETLCS
BiZ (OpPMH 3alUCy aHAAOTIYHHX pIBHAHB, HaBeJe-
HHX B [4], a came, BOHH He MICTATDH y cobl BIAHOCHOI
KPUBH3HH E€AEMEHTIB, Y HHX BBEJEHO KOe(iI[ieHTH
wy 1 i, MO AO3BOASIE CIIPOCTHTH IIPOIEC PO3PAXYH-
Ky HaIpyKeHO-4€POPMOBAHOIO CTAaHY HOPMAABHHX
Iepepi3iB CTHCHYTO-3IFHYTHX E€AEMEHTIB, BHKOPHUCTO-
BYIOYH METO/ ITOCTYIIOBOTO HAOAMKEHHA [4].

BU3HAYEHHA HAIIPYXEHO-AE®OPMO-
BAHOT'O CTAHY HOPMAABHHUX IIEPEPI3IB
CTHUCHYTO-3ITHYTUX EAEMEHTIB IIPAU
EKCIIAYATAIIIMHUX HABAHTAXEHHAX

J A5 po3paxyHKiB €A€MEHTIB 32 TPAHUYHUMH CTAHA-
MH ApPyroi rpynu Heob6XiZHO BU3HAYHTH JepopMarliii B
MaTeplarax HpH All eKCIAyaTalifHOro HaBaHTaKEH-
Hsl, AASL 9OT'O BUKOHYETBCS AHANI3 3MIHH HAIIPYKEHO-
A4epOPMOBAHOIO CTAaHY HOPMAABHHUX IIEPEPIi3iB IIAA-
XOM CIIIABHOTO pimeHHs piBHsHb (5)1(7) 3a yMOBHU IIPH-
pocty Aedopmarniil, BHACAIZOK YOTO BCTAHOBAIOETHCS
3B’A30K “CTHUCKaAbHA cuAa — gepopmarnis” (“N — &).

Leit 38’30k Moxe OyTH HpejcTaBACHUN y TaOAMYHIN
dopmi abo y BUTAAAL BIANOBIAHOI AlarpaMu. 3ajada
BHPIIIYETbCA METOJOM IIOCAIZOBHUX HaOAMKeHDb [4].
ITpu 11bOMy BBaKAIOTLCA BIJOMHUMH BCl F€OMETPUYHI
XapaKTePHCTUKH IIOIEPEYHOro IEpPEpPi3y eAeMeHTa,
IapaMeTpu JAlarpaMm gepopMyBaHHA MaTepiaAiB Ta
€KCIIEHTPHCUTET NPUKAAJAHHA ITO30BKHBOI CHAH €.

Y PpIBHAHHAX pPIBHOBArdM IIONEPEYHOTO IEPEpPi3y
(5) 1 (7) npu 3aganomy 3HavenHi gedopmarii Gero-
Hy &, HEBIJOMOI € BHMCOTa CTUCHYTOI 30HHM beTo-
Hy x. IIpakTHdHO 3ajada 3HAXOAKEHHS HEBLJOMOTO
BUPINIYETLCSA METOAOM HaOAMKEHb 13  3aJaHOIO
TOYHICTIO M, Ky MO;KHa BcTaHOBUTH 2% a6o 5%. Ha
HepHIOMY KPOIli HAGAMKEHH S IIPHU £,=¢,;, MOKHA IIPU-
inaTn x = z,, = 0,5di, BuKopucToByoun GopmyAay (5),
BH3HAYUTHU BIAIIOBIAHY MO34OB/KHIO CUAY

N = f bz, +20
= Ty, 0Zyy + (2(1)_31)

(Y

e
EA; - (h- Zyy — a,)EA,. 3)
@
3a 3HaligeHnuM 3HaYeHHAM N ;) IEPEBIPAETHCA BUKO-
HAHHA PIBHAHHA piBHOBAry (7) 3a BUPA3oM

@)

Eeq)
B fbzfy + ,

(2(1) _31)2 EA, ‘*‘%(h_ Zy _31)2 EA,
(1) (1)

Ng, (20, ~0.5h+¢,)

= (1£m). (9)

Y ¢opmyaax (8) i (9) xoedpimienTn o, i f npuii-
MaloTh 3a TabA. 1 mpm ¢akTHyHOMY 3HAYEHHI
BIZHOMIEHHS &) /&, -

Axmo ymosa (9) BUKOHYETBCA, TO II€ CBIAYHUTDH IIPO
Te, IO B/K€ HA IEPIIOMY KpPOIl 3HAHAEHO pIIIeHHA
cucreMu piBHAHB (5) 1 (6) 1 MOKHA 3HAHTH BEAUYH-
Hy 3rHHAABHOTO MOMEHTY My Ta KPUBU3HY €AEMEH-
Ta Y, WO BIANOBIZAIOThL 3HAYECHHSM £, 1 Ny, 32 TaKU-
MU PpOpMyAaAMHU:

Mg, =Ny (2, ~0,5h+g;); (10)

()

S T Es2)
d

A€ Eguy— BiAHOCHA JedopMallis pO3TATHYTOI apMaTypH,
0 BU3HAYAETHCS 32 popMyAroio (1); d — poboua Buco-
Ta IOIIEPEYHOTO Nepepisy (puc. 2, 6).

Axmo ymosa (9) He Z0TPUMY€ETLCA, HEOOXIZHO BHKO-
HATU APYrUil KPOK HAOAMKEHHHA, B AKOMY IIPH TOMY K
3HAYEHHI £ HEOOXIJHO 3MIHUTH BEAUYUHY CTHCHYTOI
30HU O€TOHY, NPUMHABIIN i zp) = (] * i), 4€ i — KPOK
HabAmkeHHA (MoxHa npuiiMatu ¢ = 0,02 a6o 0,05).
IIpu 3HAYEHHI X = Z; BHUKOHYIOTbCS BClI PO3PAXYHKU
1 mepesipAaeTbca ymoBa (9). AKmo 1 Ha 1bOMY KpoIi
BOHA HE BHKOHYETBHCA, POOUTBLCA TPETI KpOK HAOAH-
KEHHs, IPUHMAIOUH 2 = 2 (1 *4). Taxi HabanxenHA
BUKOHYIOTb 40 AOCATHEHH:A yMOBH (9). 32 BUBHAYEHUM
B OCTAHHLOMY HAOAMKEHHI Z, (1 — HOMEP KPOKY OCTaH-

I(]_) = 1 (11)
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HbOro HabAmxKeHHA) 32 popmyramu (10) 1 (11) Busna-
4aloTh 3HAYEHHS 3rUHAIOYOr0 MOMeHTy M, Ta y,,, 10
BIATIOBIAAIOTH 3HAYEHHAM &,y 1 N .

Y pe3yAbTaTi BUKOHAHHX 3a HaBEAEHHM METO-
AOM PO3PAXYHKIB OTPHMAHO IIApaMeTPH JlarpamMu
MEXAHIYHOTO CTaHy Ilepepi3y B IepIIiii ii Toulll, a came,
IpHu 3HadeHHI Jepopmarnii 6eToHY OIABII CTHCHYTOI
rpai, piBHil €. /JAd OTPUMAHHSA HACTYIIHHUX TOYOK
AlarpaMu cTaHy nepepisy HeoOXiZHO BUKOHATH Po3pa-
XYHKH IIPH IHINTUX 3HAYEHHAX JeopMaliiii €, B MeKax
Big 0 40 &,14 SX mpaBHAO, 3 JOCTATHBOIO TOYHICTIO
OTPHUMYIOTb PE3YAbTATH IIPHU 3MiHI gepopMariii depes
Aeqy = 0,le,14. TobTO, £,y = 0,160 € = 0,264
o) = Ecroc 1 TAK AANL A0 g g

JAf TOZaABIIOrO aHAAI3y OTPHUMaHI XapaKTEPHC-
TUKH HaIpyKE€HO-4e(pOPMOBAHOTO CTaHy IIepepisy
3aA€KHO Bl €, 3BOAATHCA B Tabauio abo 3a ix gaHu-
Mu 6y4yioTh HEOOXiAHI JiarpamMu.

Bci pozpaxyHKH A€TKO 1 3 MIHIMAABHOIO 3aTPATOO
4Jacy BUKOHYIOThCs B Iporpami Excel.

PO3PAXYHOK EAEMEHTIB 3A
PO3KPHUTTAM TPIIINH TA 3A
AE®OPMAIIAMH

Y po3paxyHKax 3aAi300€TOHHHX KOHCTPYKINiil
3a NPHUJATHICTIO JO HOPMAAbHOI eKCIIAyaTalii
PO3TAAAAETLCA  HANPYAKEHO-IePOPMOBAHUI  CTaH
repepisy npu /Jii HaBaHTaKEHb 13 XapaKTepPHCTHY-
HUMH 3Ha4eHHAMH. CTOCOBHO CTHCHYTO-3ITHYTHX
€AEMEHTIB Bl TAaKMX HABAHTAKEHDb BU3HAYAIOTH OChO-
By CHAY Ngs Big IO3J0BKHBOIO HABAHTAKEHHA Ta
MaKCHUMaAbHUM 3rHHAIOYHI MOMEHT Mg ¢ Bl roneped-
HOTO HaBaHTaKeHH:A. CIIABHY A1I0 OCbOBOI CHAH 1 3TH-
HAI0YOTr0O MOMEHTY B PO3paXyHKaxX MOKHA 3aMiHHUTH
Aiero cuAH Ny 3 €eKCHeHTpUCHTETOM ¢, = Mg/ Ngs.
3a HaBeJE€HHM BHIIEe MeToA0oM OyAyeThcA Alarpama
MEXAHIYHOTO CTaHY IOIEPEIHOTO NEePEPi3y (MOKAUBO
B TabAHYHIN PopMi), 3a AKOI BU3HAYAIOTH 3HAYEHHS
IapaMeTpiB HAIpPYKEHO-AePOPMOBAHOTO CTaHy IIpHU
N = Ngs.

Ilupuny PO3KPHUTTA TPIMIUH w, Y HOPMAABHOMY
Iepepisi eAeMEHTa BU3HAYAIOTD 3a POPMYAOIO [4]

W, = Sr,max (gsm ~ Eotm )’ (12)
A€ - &g - Eqn PISHULA MK cepeJHIMH AepopManisamMu
B apMaTypi Ta cepeJHIMH gedopMamiaMu 6ETOHY MK
TPIMIUHAMU, IO 3HAXOAATH 32 POPMYAOIO

ct,elf

f
O, — kt (1+ 8Py it ) P

(1+ a’epp,elf ) o
p.al >0,6—=.(1
E (13)

S S

(gsm gctm) - E

Y ¢opmyai (13) manpyKeHHA B POITATHYTIH
apMmarypl B Iepepisi 3 TPINIMHOIO 0y 3HAXOAATH 32
Alarpamolo MexaHigHoro crany npua N = Ng;. Yci inmi
BEAUYHHH, IO MICTATLCA B popmyaax (12) 1 (13), Ta ix
BH3HAYEHHA HaBedeHl B [4]. AHanoriuno Mmoxe Oytn
BH3HA4Y€HA MIUPHHA PO3KPUTTA TPIIIHUH BiA Aii Z0BTO-
TPHUBAAHX HABaHTA/KEHb.

Takox 13 BUKOPHUCTAaHHAM PO3PaxOBAHOI AlarpaMu
CTaHy HOIEPEYHOro IEPEepPi3y BU3HAYAIOTh KPHUBH3HY
enemeHnTa X 1pu N = Ny, 32 3HAYEHHAM AKOI 3HAXO-
AHUTbCA IIPOTHH €AEMEHTA [ 3a BiZOMOIO pOPMYAOIO, B
AKIA TTO3HAYEHHA NPHIHATI BIAIIOBIAHO 40 [4],

f =k, % (14)

Orixe, i3 3a3HAYEHOT0 BUIIAHBAE, IO JAAS PO3PaxXyH-
KY CTHCHYTO-3IT'HYTHX EAE€MEHTIB 32 TPAHUYHUMH CTaHa-
MU APYroi Ipynu HeoOXiJHO BCTAHOBAIOBATHU Jlarpamy
3MIHH HaIIpYyK€HO-4€POPMOBAHOTO CTAHY IOIIEPEYHO-
TO IIEpEPI3y 3aA€KHO Bl pIBHA HaBaHTAKEHHA (PIBHA
Aedopmanii 6eToHY), IO AA€ MOKAHBICTD BCTaHOB-
AIOBATU HAIIPYKEHHS B MaTepiaJ\ax, X ,z[eq)opMaui'i
Ta KPUBU3HY IPH Jii €KCIAYaTaIHHOIO HAaBAHTAKEH-
HA. KpiM 1jboro, pospaxoBaHi glarpaMH MEXaHIIHOTO
CTaHy 3a HABEJECHHM METOAOM /JaIOTh MOKAHBICTH
BH3HAYUTH pPyHHIBHE HABAaHTAKEHHHA, IO JOPIBHIOE

N, = Ny 1pu dy/de, = 0.

BHUCHOBKU
1. OTpuMaHO MaTEeMAaTHYHO YZOCKOHAAEHI YMOBH
pIBHOBAaru HOPMAaAbHHX II€PEpi3iB CTHCHYTO-

3IrHYTHX  3aAi300€TOHHHUX €AEMEHTIB, IO
BIATIOBIAAIOTL CydacHIl gedopMariiiHiil MogeAl
ix poborm.

2. CmiapHEe pilIeHHSA pPIBHAHD pPIBHOBATH /Ja€
MOKAHMBICTb OTPHMAaTH 3MIHY HaIIPYKEHO-
A4€pOPMOBAHOTO CTAaHY HOPMAALHHX IepepisiB
€AEMEHTIB IIpH pI3HUX PIBHAX HaBAHTAKEH-
HA Ta BHU3HAYWUTU HAINPY:KEHHA 1 AepopMmarnii B
MaTepiarax IpH iX XapaKTePUCTHYHUX 3HAYEH-
HAX, 10 HEOOXIAHI AAA PO3PAXYHKY €AEMEHTIB
3a TPAHUYHUMH CTAHAMH /JPYToi TPYIIH.

3. 3amnponoHoBaHUl METOJ AETKO PEAAI3YEThCS B
nporpami Excel, mo 3abe3nedye BUKOpPUCTAHHS
B NOBHOMY 00csa31 gedopMariiiinoi MoJeAl mpu
IIPOEKTYBAHHI 3aAI300€ TOHHUX KOHCTPYKIIH.
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HBIX, JKHABIX H OOIIECTBEHHBIX 34aHHH M COOPYiKe-
Huii. Pacuerno-reoperndeckuii. Ku. 2 / Ilog pea.
AA. Ymanckoro. — M.: Crpoiinzaar, 1973. — 416 c.
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