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BCTYII

3 2011 poky B VYkpaiHi mpd po3paxyHKax 3ali300eTOHHHX
KOHCTPYKLIH BUKOPHUCTOBYIOTh J€PXKaBHI CTAaHOApTH, WO 0a3yroTECA Ha
fedopmaniiiHii MeTOAMII PO3INAdy HaNpyKeHO-1eOPMOBAHOIO CTaHy
nepepizip [1, 2]. Jlepopmauiiina MeTonMKa pPO3paxyHKy nepenbadae
BMKOPMCTAHHA jiarpam AepopMyBaHHs MaTepiais. CTOCOBHO OeTOHY - Ue
JiarpamMa  KOPOTKOTPUBAJIOTO ~ OCHOBOFO HABAHTAXEHHA Yy  BUIIIAA]
nonisomy 5-ro crynens (popmyna 3.5 [1]). B Toit xe uac (n.3.1.6 [1]),
NpH  BMKOHAaHHI TEPeBipOYHMX pPO3paxyHKiB abo OM3bKHMX [0 HHX
[PUIYCKAETbCS  BUKOPUCTOBYBATH  CIpPOLIEHY JBOMiHiHHY —giarpamy
JedopmyBaHHs OETOHY.

B HOpMax NpOEKTyBaHHs 3ali300eTOHHMX KOHCTpyKuii [2] B
J0aTKy A HaBeJEHO aJllOPUTM PO3B’si3aHHA CHCTEMH HeNiHifHuX piBHAHB
piBHOBArH 3ani306eTOHHOTO PO3PaxyHKOBOIO nepepisy 3a AepopmauiiiHum
MeTOAOM. B HhOMY MoOKa3zaHa peasiiallis JaHOrO METOAY 3 BUKOPHCTaHHAM
niarpamu neopmyBanHs y Buraadi nomiHomy. IloaiGHoro amropurmy
pO3B’A3aHHS 3azavi y BHIAAKY BMKODMCTAaHHsS [BOMIHIHHOI niarpamu
aehopmyBaHHA GETOHY, Ha XKalTb, HEMAE.

B Toif jXe uac, IpM BUPIWEHHI BENMKOTO CHOEKTPY 3ajay
NPAKTUUHOTO NPOEKTYBAHHS 3a/1i300€TOHHIX KOHCTPYKLiH icHye morpeda
y HAABHOCTI MPOCTUX, DOCTYIHMX I pO3B’s3atHs 0€3 BMKOPHCTAaHHA
BE/IMKMX MPOrPAMHMX KOMILIEKCIB, PO3PaXyHKOBUX amapariB, B OCHOBY
SKUX MO3Ke GyTH NoKJaieHa 1BoiHiliHa Qiarpama nepopmyBatHs GeTOHY.

Bakko nepeouiHUTY HAsABHICTH TAKOTO PO3PAaXyHKOBOTO anaparty y
BIKODHCTAHHI B y40OBOMY [pOUECi MNpM HABYaHHI  iHXKeHepiB-
npoekTyBanbHuKiB. [IpocTOTAa y BHKODHMCTaHHI LBOrO amapaty MpH
pO3rasAi HAnpyskeHo-AeOPMOBAHOTO CTaHy 3aNi300€TOHHOrO mepepisy
703BONUTD 3PO3YMITH eTany poGOTH KOHCTPYKLT Mi Ai€10 HABaHTaXEHHHA;
ouiHuTH e(eKTUBHICTb BUKODHCTAaHHS apMaTyph B DO3TATHYTIH Ta
CTHCHYTIfi 30Hax 3a/1i300eTOHy; 3PO3YMITH OCHOBM PALiOHAILHOTO
NPOEKTYBaHHs KOHCTPYKLUiH.

B [0JaiblIoMy HABEJEHO Pe3y/bTaTé HAIpPaLlOBaHb, BUKOHAHI HA
kadenpi mpomucnoBoro Ta uyBineHoro GyniBuuuTBa  BiHHMIBKOTO



HAIIOHATBLHOTO TEXHIYHOTO YHiBepcHTeTY Ta y Bildinmi HamiHHocTi
KOHCTpYKII¥ OyxaiBens i coopyld ZIepXKaBHOTO HayKOBO-JIOCIHiAHOIO
iHcTHTYTY OyHiBeNBHUX KOHCTPYKLil Ul mepepisi, mo Haibinem qacto
BUKOPHCTOBYIOTbCS B IPAKTULi IPOEKTYBaHHS.

KpiMm mnpocToTM Ta JOCTYDHOCTi, 3allpONOHOBAaHAa METOAWKA
nepeifauac BUKOPWCTAHHA BioMOi MeTomoJioril po3p’s3aHAS 3ajadi
pO3paxyHKy 3alli300eTOHHMX KOHCTPYKUil 3 ypaXyBaHHAM XapaKTepHUX
BUMAAKIB PYyHHYBaHHS HOPMAJIbHWX Tepepi3iB Ta yMOB pallioHaBHOTO
TIpoekTyBaHH# [3].

TIpuitMaeThcs, MO HOPMaJBHUM Mepepis Moxe 3pyHHyBaTuch Mo
JIBOM  XapakTepHuMm BumnankaMm. [lepmmii  XxapakTepHuil  BMIaIok
BinOyBaeTbCA I[IpM pYHHYBaHHI CTUCHYTOro O€TOHY Ta HasBHOCTI
TEKy4OCTi B pO3TATHYTIl apmarypi. Jpyruii — pyiiHyBaHHi CTUCHYTOrO
OeToHy TIpH IPYXHili poGOTi pO3TATHYTO! apMaTypH.

Iin6ip pobouoro apmyBaHHsd OaJKOBMX €JEMEHTIB BUKOHYEThCS 3
YMOBM palliOHaJbHOrO MPOEKTYBaHHS, TOOTO LIAXOM peanizauii MoBHOT
miarpamMu poGOTH GeTOHY B CTHUCHYTIH 30HI Ta JOCATHEHHI TIpaHMuUi
npyxHOI po6OTU B pO3TATHYTiH apMartypi.

Slkmo npu  UpYXHHX gepopMmanifx B pO3TATHYTiH apmartypi
nedopmanlii B O€TOHI CTUCHYTOI 30HUM CATalOTh TPAHMYHMX 3HAUYEHb,
HeoOXiNIHO TependadaT po3TallyBaHHs poGOYOi apMaTypu B CTHCHYTIH
30HIi OeroHy. Ilnoma cTHCHYTOI apMaTypu TNpHU3HAYaETbCs 3 YMOBH
O/IHOYACHOTO PYHHYBAHHSA CTHCHYTOTO GETOHY Ta HAasBHOCTI TEKy4OCTi B
PO3TATHYTIt apMaTypi.

ABTOpU IMpPO BAAYHI npO(becopleSapamnKOBy A Sl.|3a MeToanuny
JIOIIOMOTY Ta KOHCYNBTallii, IIOA0 BUKOPHCTAHHA CHPOMIEHMX jiarpam

nebopMyBaHHs GETOHY IPH pO3paxyHKax 3ai300eTOHHUX KOHCTPY KUl
Insgxu peanizatii TaKoOTo TiJXOLY HABEACHO Y JaHOMY HOCIOHWKY.



1. ®I3UKO-MEXAHIYUHI XAPAKTEPUCTHUKH BETOHY.
EINNIOPU JE®@OPMYBAHHSL.

1.1. TlocranoBka 3amadi

Jlano: BimoMi NpoeKkTHUH Ki1ac 6eToHy.
BusHauutu: OCHOBHI (i3MKO-MeXaHiYHi BIIACTMBOCTI OETOHY Ta
noOyayBary Ha OCHOBI O/IepXKaHUX JAHUX eNOPU AeOopMyBaHH.

1.2.  3aransHi BimomocTi

[Ipy BHUKOHaHHI PO3paxyHKiB 3a MILHICTIO HOPManbHUX nepepiliB
3rMHANBHUX €JEMEHTIB KOPUCTYIOTBCA PO3PaxyHKOBMMHM 3HAYECHHAMM
MiLHOCT] GETOHY MPH CTUCKY Ta apMATypPU [IPH PO3TATY, Ki OTPUMYIOTh 3a
CXEeMOI0:

.. HOPMAaTHBHA MILHICTb
Po3spaxyHKoBa MILHICTE = — — - - 1.1
koedillieHT HAAIMHOCTI 3a MaTepianom

3HaueHHs KoediUieHTIB HamilfHOCTI 3a MarepianoM Ajs IpaHU4YHMX
CTaHiB nepiuoi rpynu HaseneHi B Tadmn. 2.1 [1] (aus. moa.1).

HopmatmBha MilHiCTh MaTepiany Ha po3tar abo Ha CTHMCK, iHmi
OCHOBHI  (pi3uko-MexaHiyHi Ta  OedOpMaTHBHI  XapaKTEePHCTUKU
BU3HAYAIOTHCS 3riAHO MOTO POEKTHOrO Kiacy.

PosrnsiHemMo, K 1O 3aMaHOMy TMPOEKTHOMY IKJlacy MaTepialy
BU3HAYAIOTLCA HOro OCHOBHI (hi3MKO-MeXaHiIYHI XapaKTEPUCTUKH.

1.3. Minuicui Ta neopMaTHBHI XapaKTEPUCTUKH OETOHY

Jlns cydyacHmx 3ani300eTGHHHMX HECYYHX KOHCTPYKLiH HaiuacTime
BHUKOPHCTOBYIOTb:
- BaxKi 6ETOHM Ha IEMEHTHOMY B'SXKY4YOMY;
- nerki 0eTOHM Ha ILIEMEHTHOMY B'SXKY4OMYy (KepaM3HTOOETOH,
[TaKOOETOH Ta iH.).



OCHOBHOIO XapaKTepUCTHKOI OeToHy € Knac 6eTony C 3a MiLHICTIO
Npd CTHCKY, fka (QaKTHYHO € HOPMATUBHOK MilHICTIO O€TOHY,
BU3HAYEHOIO 3 iMOBIpHIiCTIO 95% LUIAXOM BHUIPOOYBAHHS NOCTATHBLOI
KilbKOCTi Ky6iB 3 posmipamm cropin 150 MM Ha 28-if neHb TyXaBiHHs
GeToHy, skuii 36epirascs rpn remmneparypi 20°C ta osorocti W=75%.

Jlo ocHOBHMX  ()i3UKO-MEXaHIYHUX  XapaKTepUCTUK  OeToHy
BITHOCATBLCH:

f, -y, — PO3paxyHKOBE 3HAYCHHS MIilIHOCTi OETOHY Ha CTHCK;

ne Y, — koe(ili€HT, 110 BpaxoBY€ TPUBANiCTb BNJIUBY CTaTHYHOIO
napanTaxedHs (m. 3.1.2.5, [2]); Y. =1 — npu HerpuBaniii (koporkoyachii)
nif HaBaHTaxeHHs; Y, = 0.9~ npu TpuBaniii niil HaBaHTAKEHHS;

E_, — pO3paXyHKOBE 3HAYEHHs TOYATKOBOTO MOMIYJS [IPYXKHOCT]
OeToHYy;

€, — 3HAYEHHs BiXHOCHMX JAedopmauili CTHCKy OeToHy npu

MaKCUMaTBbHUX HalpyXKeHHAX f,;

€. — 3AAYEHHS MaKCUMAIbHWX BIHOCHUX Jedopmauili cTHCKY

OeToHy;

f ,— PO3paxyHKOBe 3HAYEHHs MillHOCTi OETOHY Ha PO3THT;

£, — 3HAYEHH MAaKCUMAaJbHUX BiAHOCHMX jJedopmauiil posrary
GeToHYy.

Po3paxyHKOBi 3HAaY€HHS MILHOCTI GETOHY MPU CTHCKY Ta po3TSTY (3
flesKMM  OKpYTJIEHHSM), a Takok HaiOinbm BXWBaHi AedhopMaTHBHI
XapaKTepUCTHKHN OeTOHIB Kiaci o C60 BKIOYHO HaBezeHi B Tab. 3.1 [1]
(nuB. nox. 2).

V zarankHOMY BUN3JKy AJii BHU3HAYEHHS Hecydoi 31aTHOCTI,
KPUBH3HH, NepeMillieHb, TepPePO3NOAITY 3YCHIb Y CTATUYHO HEBU3HAUEHUX
KOHCTPYKIIiSX HEOOXIAHO BUXOONTH 3 HanpykeHo-Ae(pOopMOBAHOTO CTaHy
3a71i300€TOHHMX Tepepi3iB, BH3HAYEHOr0 Ha OCHOBI  BUKOPUCTAHHS
HesiHiliHOT AiarpamMy HanpyxkeHHs-aehopmauii. Ls 3anexHicTs Mixk 0.1 €

nokaszana Ha puc. 1.1.
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Puc. 1.1. HeniniitHa niarpama HanpysxeHHs-xedopmMalii 6eToHy
3anexHicTb Mik 0.1 € , IO NokasaHa Ha puc. l.1 omucyerbes

PiBHAHHAM
cC:fcd.Zak-nk, (1.2)
k=1

Je a4, — koeQilieHT MONIHOMA, SIKMI BU3HAYA€ThCA 3 BUKOPHCTAHHIM
napameTpiB, HageneHux y noa. J.1{1] (aus. noxn. 3);

8C
n=— (1.3)

E:cl.cd
Jns  po3paxyHKy 3a1i300€TOHHMX KOHCTPYKLIH MOXYyTb OyTH
BMKOPUCTaHI CIpOLUEHi Jiarpamy 3alleXXHOCTi HalpyKeHHI-aedopManii
GeToHy /I eKCIePTHUX Ta NepeBipoyHUX poOiT, HAIPUKIAX, ABOJMiHIlHA,
IHO Nnoka3aHa Ha puc.1.2.

3anexHicTh MK 0.1 €, moka3aHa Ha puc. 1.2 i OnMACy€eTECS CHCTEMOIO
piBHSHb:

Gc = 8(. ) Ecd’ le/l 8ctl”,od <8c <Sc3,cd

Gc = fcd’ npya 803,cd < SC <€Cu3,0d (1 4)

Gc :_fctd’ ﬂpl’l 80!3,06‘ < 8C <8ctu,cd

11



f:d ””””””””””

Eu Eanpi Bered o &
i

' Eered Eowd et A
. f
ot

A\

Cu

Puc. 1.2. JIBoniniifHa 3anexHicTs HarpysxeHHs-aedopmauii 6eToHy

BemuuiHa po3paxyHKOBO! MillHOCTi OETOHY Ha PO3TAr BU3HAYAETHCH
3a GOpMYNOI0

f
fcld - ctk.0.05 , (] 5)
Vet

ne f 05 —OMip GETOHY MPH OCLOBOMY PO3TATY (AMB. A0 2);
Y — KoedilieHT HagiitnocTi Ang 6eToHiB (auB. m10x.1).
I'panvyni medopmauii GeToHy Ha po3TAr €, .4 BU3HAYAIOTLCA 34
bopmyoto
2-f
ctd . ( 1 6)

cd

gclu od T E

.

Hedopmanii posrary €, WO BiAMOBiKarOTe MilHOCTI 6eToHy Ha

PO3TAT, BU3HAYAKOTHCA 38 (POPMYIIOIO

- (1.7)

Po3paxyHkoBe 3HaYeHHS MOJIYJIS IPYXKHOCTI OETOHY BU3HAYAETLCS 3a
thopmynowo

E, = (1.8)

sclcd
OTpuMaB OCHOBHI MilHicHi Ta nedopMaTvBHI XapakTepHCTHKU
Oetony 3 hopmyn (1.2)...(1.8) 6yayrors miarpamu gedpopMyBaHHs GETOHY.



1.4. Anroput™M po3paxyHKy

1. [Tpuitmaemo ¢izuko-MexaHiuHi XapaKTepUCTUKM st GETOHY:

— Po3paxyHKOBe 3HaUeHHs MillHOCTi GeTOHY Ha CTHCK f,-v,, (MIla).

Jins o6y 08U MOBHOT HiarpaMul 1e¢hopMyBaHHs:

— 3HayveHHs BifIHOCHUX nedopMalliil cTUCKY OETOHY €, 4.

— 3HayeHHS MaKCHMalbHMX BIIHOCHHMX JedopMauiil cTucky OeToHy
€aled -

— 3 nopatky 3 npuilMaeMo koe(illieHTH ay, 1O BiATIOBIAANOTH KJacy
OeToHy .

Jlns noGyA0BU CHipOLLIEHOT liarpaMu 1e(popMyBaHHS

3HavyenHs aedopmallii mpu MaKCHMalbHUX HANPYKEHHAX Eg 4 -

— 3HaveHHs MakCUMATBHOT JleopMariii OETOHY €344 -

— Onip 6eToHY IPU OCHOBOMY PO3TATY f, . -

—Koeodiuient HanifiHocTi 10 6€TOHY v, .

— Po3paxyHKOBe 3HayeHHs! MOJLYJISt [IPYKHOCTi 6eTOHY E,, .

2. PospaxoByemo TIOBHy (HemiHiliHy) niarpamy jedopMyBaHHs
OeToHy:

— Posousaemo abeiucy aedopmaniii €, Ha TOUKH.

— Po3paxoByeMo HarnpykeHHs, ke BUHUKae npu aedopMalisx, Io
XapakTepHi BUOPaHUM TOUKaM.

— 3a ¢opmynoro (1.3) pospaxoByemo KoedillieHT, IO BiAMOBiLAE
BiZIHOMIEHHIO MOTOUHUX aedopmauiit (&, ) X0 BinHOCHWX Aedopmaniit
CTHCKY OETOHY (£, .4).

— Hanpysxenns B 6eToHi O, po3paxoByemMo 3a dopmynoro (1.2).

AHaNOTiYHO BHM3HAYAEMO HANPYXEHHA CTHCKy B OETOHi IIpH
nedopMallisX, AKi XapakTepHi IS iHIIMX OOpaHWX TOYOK Ha abCLwci
nedopmaniii €

— Po3paxyHKoBi napameTpu, siki HeoOXiaHi 1 noOyIoBU HETIHIAHOT
JiarpaMu HanpyxeHHs-IedopMmauii 6eTOHy 3aliCyeMo B TabiIuLIO.
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3. PozpaxoByemo cnpouieHy niarpamy aehopmMyBaHHs OCTOHY
~ OOpaxoByeMo rpaHuuHi Aedopmallil Ha po3Tsr €, .

— PospaxoByemo aedopmalii po3rary e, .

— Jna nobynoBu ABOMIHINHOT 3anexHOCTI HanpyXeHHs-nedopmauii
CTUCKY OeTOHY HeoOXiHI napaMeTpH 3BOAUMO Yy TabJIULIO.

INepeBipsemMo 3Ha4YE€HHS PO3PAXyHKOBOIO MOJIYAS MPYXHOCTI 6ETOHY
3a popmynioro (1.8).

4. AHaniz oTpHMaHUX JaHUX Ta No0GyaoBa fiarpamu aedopmyBaHHs.

Kopucryrouucs puc. 1.1, puc 1.2, a Takox 3a 3BefleHUMM TaOnuUAMU
Oynyemo HeniHiliHy niarpamy Hanpykenss-nedopmauii  Getony Ta
JBOJiHiiiHY 3aNeKHICTb HanpyxeHHs-aedopmatiii GeToHy.

1.5. Ilpukmaan po3paxyHky

[puxnan Ne 1.1

Bxinni naui:

beron knacy C30/35 5y, =1,0.

YMmoBn 3anadi: BusHauutu  (i3pko-MexaHiYHI  XapakTepucTHKH
Oerody, noOynyBaTd TOBHY Ta IBONIHIHHY 3aeXHICTb HampyKeHHs-
nedopmanii 6eToHy.

Po3B’s3apns:

1. Bunucyemo }i3uko-MexaHiuHi XapakTepuCTUKH [y GETOHY Kiacy
C30/35.

PospaxyHkoBe 3HaueHHs MiLHOCTI OeToHy Ha cruck (mom. 2):
f,-v,=19,510=19.5 (MIla),

i moOynoBy HesiHiHHOT AiarpaMu e opMyBaHHS:

— 3HayeHHs BigHocHuWX Jedopmanii  cTucky OeToHy mpu
MaKCHUMaJIbHUX HalpyXKEHHSX €, 4 =172 107;

— 3HAa4YeHHA TPaHMYHMX BiJHOCHUX ZAedopmauiii crucky OGerony
€oureq =310-107°,

3 modatky 3 BHIIMCYEMO KO€QILEHTH a, WO BiAMOBIOaoTh Kiaacy
6erony C30/35 (tabn. 1.1).
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Ta6muns 1.1. Koediuienty a, ans kiacy Gerony C30/35

a) a as s as

2,6219 -2,425 0,98327 -0,17908 -0,001067

st no6ya08HM cpoLLeHoi AiarpaMi ae¢opMyBaHHS:
— gedopMalliss NP1 MaKCUMAIBLHUX HATIPYKEHHAX €304 = 72:107;
— rpannuHa AeopMallis GETOHY &,y =280-107;
— koediuicHT HagiliiHocTi 15 GETOHIB Y = L5;
— onip GeTOHY MPH OCBOBOMY PO3TATY f, . =2 MIla;
— pO3paxyHKOBE 3HaUeHHs MOAYJs NpyXKHOCTi OETOHY E, =27-10" MlTa.
2. PospaxoByemo [OBHY (HellifliliHy) miarpamy nedopMyBanHs
GeToHY.
Jlnst Ginbll TOYHOT NOOYZOBM HENiHiAHOI Aiarpamu HarmpyKeHHs-
nedopmatii GeroHy po3i6’emo abcumcy Aedopmauiif €; Ha Taki TOYKH,

npu AkKx pedopmalis €; Gyje piHoto (Tabs. 1.2):

Ta6nuus 1.2. Jedopmanis 6eToHy

Ne touku g,
1 2
1 Eoted
4
2 €oacd
3 Ecyed
2
4 3-8
4
5 t"cl od
6 £+ (Eqyrca ~Eorea)
4
€t ed ~ 8l e
7 euer( gumz cied)
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Iponosxenns Tabaunmi 1.2

1 2
8 3 (Eaies ~Earea)
€y g+ —uled ~ Fered]
cled 4
9 Eoured
10 8cu) cd

P03anOBy€M0 HaIIpyXXC€HHA, AKE BUHUKAE y BUITAOKY, KOJIU :
L :%-172»10‘5 =43-107,

SQI:Z c!

3a dopmynorw (1.3) pospaxoByemo koedimieHT, WO BiANOBiac

. . 1 .
BiAHOIIGHHIO HOTOYHMX Jedopmaniii  ( €0 =7 Foia ) A0 BinHOCHMX

nedopmariii crucky GetoHy (&, ):

Hanpysxenns 8 6eToni 0, po3paxoByemo 3a gopmysoto (1.2):
o, =19.5(2,6219-0,25' +(~2,425)-0,25" + 0,98327-0,25" +
+(=0.17908) - 0,25 +(~0,001067) - 0,25°) = 10,112 (MITa).

AHaJIOriYHO BH3HAYAEMO HANPYXEHHs CTHCKY B OETOHI npH

nedopmaitisx, ski npuseneHi 8 tabn. 1.2.
. Y T1abn. 1.3 mpeacrtasneni Bci pPO3paxyHKOBI napameTpu, sKi

HeoOXigHi M8 NoOyAoBM HeNiHilHOI Aiarpamu HanpyxeHHs-Aedopmauil

Gerony.
Tabnuug 1.3. BusHaueHHs HanpyKeHb CTUCKY B OETOH]
Ne Touku £, 1073 Ul S, MITa
1 2 3 4
L] st = 0250 | 10,112
2 Eo T Ecrca = 12 0,420 | 14,415




b L6 5

TMponosxenns Tabmaui 1.3

1 2 3 1
3 B =300 =86 0.500 | 15919
4| rmdem129 0,750 | 18,725
5 By =By =172 1,000 | 19,500

6 £, =y +(’ﬁﬂ%ﬁ:206,5 1,201 | 19,096

7 . +‘il_—2‘£——)~ 241 1401 | 17.972
8 o =ty EmeBaw) o755 | 1,602 | 16,160
9 N 280 1,630 15,869
10 e =310 1.802 | 13,552

cul.ed

3. Po3paxoByeMo cripoleHy aiarpamy AehpopmyBaHHS OETOHY.

BenuuuHy po3paxyHKOBOT MilIHOCTI OETOHY Ha PO3TAI BU3HAYAEMO 32

dopmysoro (1.5)
f,, = 2 1,33 MITa,
L5

["panuuni nedopmauii 6eToHy Ha PO3TAr BU3HAYAEMO 32 hopmyIioro
(1.6)

. 2-1,33
ctu.cd __27.]03

Jledopmaltii po3Tary, Lo BiANOBiNAOTE MiLHOCTI GETOHY Ha PO3TAL,
Br3HAYaeMo 3a popmyitoro (1.7)

=-9,85-107,

€

N
o 27.10°
Jns noGymoBM CTIPOMIEHOT 3aNeXHOCTI HanpyxeHHs-1edopmanii

=-4,23-107.

cTucKy 6eToHy HeoOXiaHi mapaMeTpu 3801WMoO y Tabn. 1.4.

HTb BHTY
MBiHHHuﬂ____ 17




Tabnuug 1.4. Buxinui nani s nobynosn AROMIHIHHOT 3a51€KHOCTI
HanpyxeHus-aedopmaiii 6eToHy

f

cd?

MIa | f., Mla | ¢ 107 | g, -10° [ 107 | &,-10"

cul.ca ctu.cd

19,5 1,33 72 280 -9,85 -4,23

[epeBipsiemMo 3HaueHHS PO3PaXyHKOBOrO MOAY.IS NPYXKHOCTi GeTOHY
3a popmynoro (1.8)
' u =7—21%5)75:27,()83~103 (Mla).

llopiensiBiun Tabnuuue 3uaveHHs (n04. 2) Ta o6paxopaHe, MOKHA
3poOUTH BHCHOBOK, 1110 BOHY NPUGIN3HO ONHAKOBI.

4. AHani3 OTpMMaHHX NaHHX Ta NOOYyAOBa Aiarpamu aedopMyBaHHS.

Kopucryrouucs puc. 1.1, puc 1.2, a Takox 3a 3BeA€HUMH TaGiANLAMY
1.3, 1.4 6ynyemo neniniiiny niarpamy HarpysxeHHs-nedopmauii 6eTony ta
ABOJIHIAHY 3aNeXHICTh HANPYKeHHs-aedopMauii Getony (puc.1.3).

Omxe, B pe3yibTari po3p'a3anoi 3amadi Oyno BusHaueHo ¢isuko-
MeXaHiYHi XapakTepucTUKn GETOHy Ta apMaTypu, 06yJ0BaHO HemiHiliny
Ta ABOJiHINHY Niarpamu HanpyskeHHs-aedopmaLii 6etony kiacy C30/35.

O

“

Puc. 1.3. [liarpama HanpyxeHHs-negopmauii 6etony kiacy C30/35:
| — Heniniiina niarpama HarnpysxenHs-aedopmaii 6eTony;
2 — cnipouieHa 3aeXHIiCTh HanpykeHHs-Aepopmauii GeTony

18
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[Mpuknan Ne 1.2
; Bxiani nasi:
Beton knacy C20/25;7,=10.
YMoBM 3aiadi: Bu3HAUUTH iznko-MeXaHivHi XapaKTepucTuKy
GeToHy, ToOyayBaT¥ TOBHY Ta JBOMIHINHY 3aNeXHICTh HAUPYKEHHS-
Aedopmallii GeTony.
Po3B’s3aHH:

1. Bunucyemo (iznko-MeXaHiuHi XapakTePUCTUKN s GeToHy Kilacy
C20/25.

Po3paxyHKOBE 3HAUEHHS MitiHOCTI GeToHy Ha CTHCK (IO1. 2):

£y, =14.5-1L0=14.5 (MITa).

Jinst noGynoBu HemiHifiHol niarpamy gehopMyBaHHs:

_ suaueHHst BiZHOCHWX  pedopmamiit - CTHCKY oeroHy ’ TipH
MaKCUManbHUX HANMPYKEHHAX €.\q =165-107;

— 3HadeHHs [PaHMYHUX BiAHOCHUX aegopmailiii  CTHCKY oeToHy
£, = 344107,

3 jgojatky 3 BUTIMCYEMO koedillieHTH ax, WO BiNMOBiAAIOTE KJACY
Gerony C20/25 (tabi. 1.5).

Ta6nuug 1.5. Koediniearu a jnd kiacy Gerony C20/25
aj a 23
2.,8785 -3.1586 1,7454

Jlnst o6y noB) CrpOILEHOT miarpamu aeopMyBaHHs:

-0,52904 6,374-107

— nedopmatlis npy MaKCUMATBHIX HanpyKEeHHAX €. = 63-107;

— rpaHuuHa nedopmaltis OETOHY € = 310-107 .

_ koediuienT HamifiHOCTI ANA GeToHiB Yo =193

— onip 6eTOHY NpY OCLOBOMY PO3TATY £, 005 = 1.5 MITa;

— pO3paxyHKOBE 3HAUEHH MOLYJIA TPy XHOCTi OETOHY E = 23.10° Mlla.

2. Po3paxoBye€MO TIOBHY (HeniwiiiHy) aiarpamy nedopMyBaHHA
OeToHy.
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Hns Ginbur Tounoi noGynoBM HeNiHIAHOT [iarpamu HanpyKeHHs-
nepopmaiii GeToHy po3i6’emo abecuucy aedopmauiii €, Ha Taki TOUKH,

npu sakux gedopmatis €, 6yae pisHoro (Tabi. 1.6):

Tabmuua 1.6. dedopmanis 6eTony

Ne Toukn €.
ci
| 2
1 Eeled
4
€3
3 Ecrea
2
4 3 ) Scl cd
4
5 Ec]vcd
6 P ot ~Eaw)
cled 4
7 € +(8mlc<( —F’clcd)
cled 2
8 € +3.(8cu)od_8clcd)
clud 4
9 € cd
10 8cul.cd

PospaxoByemo HanpysxeHHS, K€ BUHUKAE Y BUTIAJKY, KOJIW:
ﬂziqM:%JQJW%ALym?

3a dopmynoro (1.3) pospaxoByemo koediuieHt, 10 Bianorimae

€

. . 1 .
BiIHOLIEHHIO TNOTOYHHUX [Jdedopmaiit ( S = 70 ) 0 BiZHOCHMX

nedopmariit ctucky 6eTony (€, q).
1 €
3 Celad
n=4—=0,250.

8clod
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HanpyskeHns B 6eToHi O, po3paxosyemo 3a popmyioro (1.2):
o, =14,5(2,8785-0,25' +(=3,1586)-0,25% + 1,7454.0,25" +
+(=0,52904) - 0,25" + (—0,06374)-0,25”) = 7,938 (MlTa).
AHJIONYHO BH3HAYAEMO HANPYXEHHA CTHCKY B OeToHi mpu
nedopMmauisx, ki mpuBeeHi B Tadn. 1.6.
V tabn. 1.7 npeicraBneHi Bci pO3paxyHKOBi TapaMeTpH, sKi
HeobXimHi 11 MoGyNOBM HeniHiliHOl Hiarpamu HarpyskeHHs-aedopmaLii

OeToHy.
Ta6nuus 1.7. BusHaueHHs HaNpyKeHHs CTUCKY B OeToHi
i} -5
Ne Toukn g 10 1 Sc, MIa
1 2 3 4
1 £, = lzdm _AL3 0,250 7,938
€y =€ =63 0,382 10,513
3 . =%Bc, L =825 0,500 12,132
4 €, = %Ec] L =1238 0,750 14,010
5 €, =8, =165 1,000 14,500
6 e =g 4Bl "Baw) _509g 1,271 14,072
¢l cl.ed 4 - -T2
7 e e e faw) 95y g 1,542 12,937
el T Celed 5 5
8 €. =¢ +M—2993 1,814 11,168
“cl cled 4 - ]
9 € =Eua =310 1,879 10,647
10 g =M 2,085 . 8,764

3. P0o3paxoBy€eMO CIpoLLeHy aiarpamy aedopMyBaHHs OeTOHY.
BesmuuHy po3paXyHKOBOT MilIHOCTi OETOHY Ha pO3TAT BU3HAYAEMO 3a
dopmyitoro (1.5)
L5

fo=-2=1,00 MIla,
L5
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['pannuni neopmadii 6eToHy Ha PO3TAT BU3HAYAEMO 3a HOPMYJIOKO

(1.6)
T
23-10
Hedopmarii po3rary, mo BianosinawoTe miHoCTi GETORY Ha po3TAr,
BU3HAYAEMO 33 opmynoro (1.7)

=-8,7-107,

€e3ed =7 L0 3

23-10

Jnsa nobynosu aBoniHIMHOT 3aneXHOCTI  Hanpysxeuus-aedopmauii
CTHUCKY OeTOHY HeoOXinHi napameTpu 3804uMO y TabiL. 1.8.

=-4,35-10",

Tabauusa 1.8. Bxiaui qani 05 noGya0BU ABOMIHIMHOT 3a1€KHOCT]
Hanpy:xeHHs-aepopmatii 6eToHy
foo MIla | foo MITa | ¢ 107 | g, 107 [g  -107 | &, 107

culed

19,5 1,0 72 280 -8,7 -4,35

IMepesipsieMO 3Ha4€HHsS PO3PaxyHKOBOIO MOZYJIS NPYXHOCTI GETOHy
3a opmynomo (1.8)
14,5

S = =23,016-10° (MITa).
763107 (Mt

[opiBusaBmm TabnuuHe 3HaveHHs (104, 2) Ta 0OpaXoBaHe, MOXKHA
3po0MTH BUCHOBOK, 110 BOHM MPUOIM3HO OJHAKOBI.
4. AHani3 oTpuMaHUX JaHHUX Ta N00yAO0Ba Aiarpamu aeGopMyBaHHs.
« Kopuctyrouncs puc. 1.1, puc. 1.2, a Takox 3a 3BeJjeHUMH TabauLsAME
1.7, 1.8 6yayemo HenigiiiHy miarpamy HanpyxeHHs-nedopmauii 6eTony Ta
ABOJIiHIHHY 3aNeXHiCTb HAMpyXeHusA-aehopmarii Getony (puc.1.4).



Puc. 1.4. Jliarpama HanpyskenHs-aedopmailii 6erony kmacy C20/25:
| — Heniniiina giarpama HanpykeHus-iedopmaiii GeTony;
2 — NBONiHIITHA 3aNeXHICTD HAlpyXeHHsA-aehopmaltii OeToHy

OTxe, B pesyibTati po3B'sa3aHoi 3agadi Oyno BU3HAYCHO ¢izuxo-

MeXaHiuHi XapaKTepucTHKK GETOHY Ta apMaTypH, noOyAOBaHO HENiHiAHY
Ta ABOJNiHINAY AiarpamMu HanpykeHHs-Iepopmaltiii GeTony kiacy C20/25.
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2. OCHOBHI ®13UKO-MEXAHIYHI XAPAKTEPUCTHKH
APMATYPMU. EINIOPU JEQOPMYBAHHSA. HAPAMETPHU
ITEPEPI3IB.

2.1. Tlocranoska 3azaui

Jlaso: BimoMi kjac apmarypd, IeOMETPHUUHi po3Mipu riepepidzy Ta
po3TalryBaHHsA po6o4oi apMaTypu.

Bu3HaunTH: OCHOBHI (Pi3HKO-MEXaHiyHi BITACTUBOCTI apMaTypu Ta
noOyayBaTH HA OCHOBI O/IepKaHWX JaHuX emopH Ae(opMyBaHHs, MO
BUXiJIHUM TaHUM 3aKOMIIOHYBATH Niepepi3 Ganku.

2.2. 3arambHi BizoMocti

Tlpu BHKOHAHHI pO3paxyHKIiB 3a MILHICTIO HOpMAaJbHHX Mepepi3iB
3THHAJILHUX €JeMEHTIB KOPUCTYIOTHCS PO3PaXyHKOBHUMW 3HAUYEHHSMU
MIHOCTi 6ETOHY IIPH CTHUCKY Ta apMaTypu IpHU po3Ts3i, sIKi OTPUMYIOTh 3a
CXeMOIO:

HOpPMATHIBHa MilHICTb
koedilieHT HaaiiiHOCTI 3a Marepianom

(2.1

Po3spaxyHKoBa MilLHICTb =

3HaueHHs KoedilieHTiB HaAiMHOCTI 3a MaTepiajioM A rPAHMYHUX CTaHIB
nepioi rpynu HaBexeHi B Tabn. 2.1 [ 1] (nuB. mox.1).

HopmaruBHa MminHicTs Matepiamy Ha postsr a0 Ha CTUCK, iHLII
ocHOBHI  ¢i3uko-mMexaHidydi Ta  AePOPMATUBHI  XapaKTEPUCTHKU
BU3HAYAIOTHCS 3I1JIHO HOTO MPOEKTHOTO KJacy.

Po3rngdemMo, sK 00 3aJaHOMy TIPOEKTHOMY Kjiacy Marepiany
BH3HAYAKTHCS MOr0 OCHOBHI (Di3MKO-MEXaHiHi XapaKTepUCTHKU.

2.3. MiunicTai Ta gepopMaTUBHI XapaKTEPUCTHKH apMaTypu

B  KOHCTpYKIisix 3 HEHalpyXeHOI apMaTyporo  Haifuacrille
BHKOPHUCTOBYIOTh apMaTypy knacis Bpl; A240C; A400C; A500C ta A500.
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OCHOBHi XapaKTepPUCTMKH apMATYPHMX CTajed Ans 3aii300eToHy
(nuB. noa. 4):

f,, — Mexa TekyHocTi a00 HOpMaTHUBHA MilHICTb IPU PO3TALY;

f ..~ PO3paxyHKOBE 3HAUEHHs MiLHOCTI IIOMEPeyHOl apMaTypH;

f,4 — pO3paxyHKOBE 3HAYEHHs MiLHOCTI apMarypu Ha rpaHuLi
TeKyH4OCTi, 5IKa BU3HA4AEThCA 3a popmyromo (1. 3.2.1.4, [2]):

f4= P (2.2)
ae : Vs — koedilieHT HamifBOCTI 1N apMaTypH (mmB.n07.1);
E, - po3paxyHKOBE 3Ha4eHHs MOIYJIA PYKHOCTi apMaTypHOI CTai;

€, — BinHocHi nedopmaulii BUIOBIKEHHS apMaTypu IPH HOCATHEHHI
PO3PaXyHKOBUX HANpyXKeHb, BUSHAYAIOTHCS 32 GOPMYI0f0:
f

vd % .
a) g, =—— — 74 3BU4AAHOI apMaTyph;

E

s

£ (2.3)
6) €, :Eﬂ — [Jif NONEpeJHBO HAIPYKEHO! apMaTypH.
P

€,q — FPaHUYHi BinHocHi Aedopmallil BUIOBXKEHHSA apMaTy PH;
€, — HOPMAaTHUBHE 3HAYeHHs BIMHOCHMX AeopMauiil apMaTypH IpH

MaKCHMAaJbHOMY HaBaHTAXeHH] BU3HAYAEThCA 32 HOPMYIIOH0:
€

Ex = 6—% 2.4)
JlificHi Ta po3paxyHKOBi fiarpaMu « O, —E&,» Ui apMaTypHHX CTaleH
HaBeneni Ha puc.2.1 Ta puc.2.2.
OCHOBHOI0 XapaKTEepPHCTUKOW OMOpPY apMaTypu Hpu po3Tary (abo

CTHCKY) € XapakTepucTuuHe (HOpMaTHBHE) 3HaueHHs f; mna craseil 3
dizMuHO0 Mexer Tekydocti, abo [y, ama craneil 3 yMOBHOW Mexeio

TeKY4OCTi, 10 BiANOBiAA€ 3a/IMIIKOBOMY BUIOBKEHHIO &, =0,2% (IHB.

puc. 2.2).
Mexa TeKydocTi rapsuekaTaHix apmatypuux cranei 3a JICTY 3760-
06 3 MiHIOETBCS B Mexxax Biz 240 no 1000 MITa i no3HauaeThcs B Ha3Bi
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KJlacy apMaTypH YucioM, Hanpukinan: 920A400C — niameTp apmatypn 20
MM 3 HOPMaTMBHHM 3Ha4€HHAM MillHOCTI Ha po3Tar f, =400MITa.

O |

R : ;

B

fat

SR

el L

Puc. 2.1. [iarpama « G, —€ » [id rapsiueKkaTaHoi HeHarpyXeHoi
apMaTypu: a — JificHa U1 apMaTypH, o Mae Gi3udHy NIoWaaKy
TeKy4OoCTi; 6 — ifneanizoBaHa (A) Ta po3paxyHkosa (B) cnpoiueni niarpamu.

Os/

fuk e e e e e
f‘w}»; e e ey

-
{}?&
o

po

2

Puc. 2.2. Jliarpama « G, — € » Ans rapsyexaranol apmarypu 6e3 diznunol
TOLAIKX TEKYUOCTi

~—

¢

OCHOBHI XapaKTepUCTUKY HaMpPyXeHOT apMaTypH (IHB. H0A. 5):

f . — XapakTepuCTHYHE 3HAYEHHs MILHOCTI MONEPEAHBO HanpyKeHOi
apMaTypH;

foone — apakrepuctugHa 0,1% yMOBHA TIpaHUUs TEKY4OCTi
NoNepeiHbLO HaNpyXeHOo! apMarypu;

f s — pO3paxyHKoBe 3HAYEHHS MIlHOCTi TOIEPENHBO HATIPYKEHOT

apMatypu:
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f

_ 'poik
fa =" (2.5)

s
E, — pospaxyHkoBe 3HaueHHS MOIy/s TPYXHOCTI MONEPEaHbO

HaIpy>KEHOT apMaTypH;
JlilicHi Ta po3paxyHKOBi aiarpamu O, —€ A58 HanpyxeHoi apMaTrypu

HaBeneHi Ha puc.2.3 1a puc.2.4.

G‘? 8
Ay
t{zk e
{
PR Y 7 i
i H
H H
; i
H ¥
i 3
i i
J i
H H
i i >
i 3 {‘).\
i § oy
1RLH -
0.1% i}lik
Puc.2.3. [liarpama Hanpy>eHHs-gedopmaLii 41 3BHYaiiHOT HaITpyKeHOi

apMmarypu

G
fok
f T EN S
ﬂxi

e Eud Euk

Puc. 2.4. lneanizoBana i po3paxyHKOBa Jiarpama HaIpyXeHH-
nedopmaulii ans HampyxkeHoT cTani

['eoMeTpryHi XapaKTepUCTUKN apMaTypH HaBeEeHI B JOAATKY 6.
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2.4,  IlapaMerpu mepepizis

[lpu pospaxyHkax 3a7i306eTOHHUX GanoK BCi nepepisn, sk NpaBuUno,
PO3TTISIalOTECS K IIPIMOKYTHI a60 TaBpoBi (puc. 2.5).

Puc. 2.5. T'eoMeTpuyHi XapakTepuCTHKHN HOPMAILHOTO
NPAMOKYTHOTO (@) Ta TaBpoBoro (6) nepepisis

OcCHOBHI TapaMeTpy PO3paxyHKOBOTO Mepepisy:
. . . .
A1 A, ~ BinnoBigHo po6oua MOB3IOBXKHS CTHCHYTA i PO3TACHYTA

s
apMmarypa;

1 — cTicHyTa 30Ha nepepisy;

2 — pO3TArHYTa 30Ha Mepepisy;

3 — poboua monepedHa apMarypa;

4 — TouKa, e NPUKNa/eHa PiBHOAI0YA 3YCUIIb B CTHCHYTOMY GETOH;

"B" — weHTp Barm nepepisy;

d — poGoua BHcOTa mepepisy — BiAcTaHb BiJ UeHTPY Baru yciei
PO3TATHYTOI apMarypu 10 kpalfHeoi Halibinew BigmaneHol Bix
HEeHTpanbHOI OCi TpaHi CTMCHYTOI 30HW OETOHY, BH3HAYAETHCA 34
¢dopmynoro

d=h-a_; (2.6)

a,(a, ) — BiAcTaHb Bif rpaHi GETOHY JO UEHTPY BarkM pO3TATHYTO!

(cTrCHYTOT) NOB3AOBXKHBLOI apMaTypu;
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a_ — BiacraHp Bia rpaHi GeTOHy 4O LEHTPY Baru MNONEpe4Hoi

sw
apMmarypu,

C — 3axucHuii wap 6eToHy ans po6OYoi MOB3NOBAKHBOI apMAaTypH
(Bincranp Bin rpani OeToHy no HalOnmx4oi rpaHi apmarypu),
BU3HA4YAETHCA 32 GopMyIIOoK0

c=a,——*; 2.7

ae d, — niametp poGoYol apMaTypy B PO3TATHYTiH 30Hi.

€., —Tex, ANd DONEPEUHOT apMaTypH, BU3HAYAETECS 33 (POPMYIO0

w

%=%-%; (2.8)

X — BMCOTa CTUCHYTOI 30HHU 1Iepepisy; .

h — BycoTa nepepisy;

h 4 — BucoTa nonuuxy;

1 — miede BHYTPILIHBbOI Mapy cun (BiZCTaHp MiX piBHOAIIOYUMH
3yCMIUIIMM B PO3TATHYTiM apmarypi i B CTUCHYTi#i 30HI OeToHy),
BU3HA4AEThCA 32 GOPMYJIOH

z=h-§ (2.9)

b — wupuHa 6aNKK MPSIMOKYTHOTO Nepepisy;

b, — IIMpPMHA MONHYKM TABPOBOrO TEPePisy;

b, — wmpuna pe6pa TaBpoBOro mepepisy.
2.5. Anroput™ po3paxyHKy

1. Ipuitmaemo §iznKo-MexaHi9Hi XapaKTePUCTHKH /I apMaTypu:
— IlpuiiMaeMo xapakTepUCTH4YHE 3HAYEHHS MIIHOCTI apMaTypu Ha

rpani Texyuocti f, (y BUNaJKy HONEPENHBO HAMPYXEHOI apMaTypd —

fas Tonn)-

~ Ipuiimaemo koediLlieHT, KUl 3aNeXKNTh BUI KIIaCy apMaTypH Y.
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— Bu3HavaeMo po3paxyHKOBE 3HAYEHHST MILIHOCTi apMaTypu Ha TpaHi
Texydocti £, (f,).

- IMpuiimaeMo po3paxyHKOBE 3HAu€HHS MOIYJS TPYKHOCTI
apmatyproi crani E; (E)).

— PospaxoByemo BinHOCHI edopmaliil BUIOBKEHHS apMaTypu npu
JOCSTHEHHI PO3PaXyHKOBHMX HANpyXKeHb £ .

— IlpnitMaemo rpaHudHi BiIHOCHI Aedopmallil BUOBXKEHHS apMaTypy
€id -

— IlpuiiMaeMo HOpMaTHBHE 3HA4€HHS BIOHOCHUX Jedopmaiiii

apMaTypH NpH MaKCUMaJIbHOMY HaBaHTAXEHHi €, .

YV BHNagKy BIACYTHOCTI €, abo €, HEZOCTaTHIO BeNUYHHY
nopaxyBaTi 3a popmynorw (2.3).

Jns noOynoBM poO3paxyHKOBOI Aiarpamyl HanpykeHHs-gedopmarii
cTani HeoOXiHi TapaMeTpu 3BOAUMO Y TabIHIIO.

3a BM3HAYEHUMH (Pi3UKO-MEXaHIYHHMH XapaKTepucTHKaMu OyayeEMo
JiarpaMy HampyXeHHs - nedopmalii apMatypu y BHMAIKy ABOJiHIHHOT
3aJ1eKHOCTI.

2. BuszHayaeMo mrapaMeTpy repepisy:

— I1puiimaeMo Bucoty nepepizy h.

— [IpuitmaeMo wupuHy niepepizy b.

— TlpuiimaeMo BiAcTaHp BiA rIpaHi OeTOHy JO UEHTPY Baru
PO3TATHYTOT apMaTypH a,.

— I1puitMaeMo BHCOTY CTUCHYTOT 30HH Hiepepi3y X.

— Bu3HayaeMo miede BHYTPilIHBOT napu cun Z.

— BusnHauaemo po6ogy Bucoty nepepizy d .

— BusnadaeMo 3axucHMH wap O6eToHy ans pobouol NOB3A0BKHLOI

apMaTtypH c.

— Bnsnavaemo 3axucHuii mwap OeToHy ans poOouoi TronepeqHot
apMmatypu C,, .

— [lpuiiMaeMo poOouy MOB3IOBMKHIO apMaTypy B PO3TATHYTIH 30HI
6eToHy.

— TpuiiMaemo poGody nonepeyuny apMarypy.
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— BW3HA4YaEMO KOHCTPYKTMBHY MOB3JOBXKHIO apMaTypy B CTHCHYTili
30H] OETOHY

— Bu3navyaeMo BiAcTaHb BiA rpaHi 6eTOHY JO LEHTPY Baru CTUCHYTOI
apMartypH.
Byly€Mo 3a OTpUMaHMMH AaHUMU [IEpepi3.

2.6. Ilpuxnany po3paxyHKy

IMpuknaa Ne 2.1

BuxiHi AaHi:

Apmarypa kiacy AS00C.

VMmoBu 3ahaui: Busnaumtn  (i3uKo-MeXaHiuHI  XapaKTEePUCTHKU
apmatypH, 1100y/LyBaTH PO3paxXyHKOBY Aiarpamy Hanpymeﬂuﬂ-ﬂeq)opmaui"f
crai.

Po3B’s3anna:

Bumucyemo dizuko-MexasitHi XapaKTepUCTUKY [UI1 apMaTypH Kiacy
AS500C:

XapakTepuCTHUHe 3HAUYEHHS MILHOCTi apMaTypu Ha rpai TeKY40CTi
(non. 4): f, = 500 (MIla);

Koediuienr, sikuii 3a€KuThb Bia K1acy apMatypu (moa. 1): v,=L2.

Po3paxyHKOBe 3HaueHHsi MILHOCTi apMmarypu Ha rpaHi TEKy4OCTi
BHM3Hauaemo 3a popmyiioto (2.2)

fa= 0 416,7 (MIla);
1,2

Po3paxyHKOBe 3H@UeHHsS MOLYNs TPYKHOCTI apMaTypHol craii
(non. 4): B, =2,1-10°(MIla).

BinnocHi nmedopmanii BUIOBKEHHs apMaTypu Npu. AOCATHEHHI
PO3PAXyHKOBUX HANPYKEHb BU3HAYAEMO 32 OPMYJIOHO 2.3)

., = 416,75 ,
o2,1-10

I'pannuni BinHOCHI nedopmauil BULOBXKEHHS apMmatypu (mon. 4):

g, = 200040 ";

=198-10"".
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Hopmatusne 3HayeHHs BigHocHUX aedopmauiil apmatypu npu
MaKCUMalbHOMY HaBaHTaXXeHHI BU3HaYaeMo 3a Gopmysiowo 2.4
~2000-107°
0,9
Ana nobyoBu po3paxyHKOBOI JiarpamMul HampykeHHs-aedopmarii
craji HeoOXinHi napamerpu 3804uMo0 y Tab1. 2.1.

=2222,2-107

uk

Ta6muus.2.1. Bxinsi qaui aj1s mo6y10BH ABOMiHIHHOT 3aMeXHOCTI
HanpykeHHs-AedopMarii GeToHy
f, Mlla f,s MIa €

€

uk Sud s.0

500,0 416,7 | 2222,210° | 2000-10° 198-10°

3a BU3HAYEHUMU ¢isuxo-MeXaHIYHUMU  XapaKTepUCTHKAMU
CKJIaa€EMo Jiarpamy HarmpyXeHHs - aedopmauii apMarypu y BUnaaky
ABOiHiIHOT 3anexkHOCTI (pHC. 2.6):

e L
f416.7 MTTal —

e 108107

2000 178 €220 2

Puc. 2.6. PospaxynkoBa niarpama HarpyxerHs-aedopmauii
crani kacy A500C

Otxe, B pesynbTaTi po3s's3aHol 3amaui Oyno Bu3HAYEHO (i3nKo-

MeXaHi4Hi XapaKTepUCTHKH apMaTypH, No0yI0oBaHO IBONIHIHAY miarpamy
HarnpyxeHHs-nedopmauii crasi knacy AS500C.
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[Mpuknan Ne 2.2

BxinHi nasi:

Apmarypa knacy K1400.

VMoBM 3ajaui: BusHauutH  (i3uMKO-MeXaHiYHI XapaKTEPUCTHUKH
apmatypu, no0yayBaTy po3paxyHKOBY Aiarpamy HampyxeHHs-gedopmauii
crani.

Po3B’A3aHHs:

INpuitmaemo Gi3uKo-MeXaHIuHi XapaKTePUCTUKN 1)1 apMATypH Kiacy
A500C:

XapaxkTepuCTUYHE 3HAYEHHS MILHOCTI IOMEPENHBO HANPYIKEHOI
apmarypu (non. 5): £, = 1470(MITa);

Xapakrepuctuuna 0,1% yMOBHA TpaHuL TEKYYOCTi IONEPENHBO
HarnpyxeHol apmarypu (noa.5): £, = 1335(MIla); ’
Koedilient, akuii 3anexurs Bix kiacy apmarypu (mon. 1): ¥, =12.

Po3paxyHKoBe  3HAYEHHS MIUHOCTI  NONEPEAHBO  HAIpPYXEHOI
apMarypu Br3HadaeMo 3a popmyJoro (2.2)

PospaxynkoBe  3Ha4deHHs  MOAYJA  INPYXKHOCTI  IONEPEIHBO
HanpyskeHoi apmarypu (n0a.5): E, =1,8-10°(MIIa)..

BinHocui nedopmauii BUIOBXKEHHS apMaTypH IpH JOCATHEHHi
PO3pPaXyHKOBUHATIPYKeHb BU3HAUYAEMO 3a (opmy.oto (2.3)

5, = 1225
“1,810°7
HopmaruBHe 3HaveHHs BiJHOCHMX nedopmalidi apMmarypd Ipu

=681-10".

MaKCHMAaIbLHOMY HaBaHTaxeHHi (10A. 5):&, = 140010° %
T'pannuHi BiaHOocHI nedopMaiiil BHAOBKEHHS apMaTypu BU3HAYAEMO
3a popmyomwo (2.3)
£, =0,9-1400-107 =1260-10"".
Jina noGyaoBM PO3pPaxyHKOBOI miarpamM HanpyskenHs-gedopmarii
HanpyxeHoi crani HeoOXinHi mapameTpy 3B014MO y Tabu. 2.2.
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Tabmuug 2.2. BuxinHi gaHi 11 106y10BK ABOJHHIKHOT 3aJIeXKHOCTI
HanpysxeHHs-gedopmaiii 6eToHy

f, Mila fouMlila | f ,Mlla € €4 €0
1470 1335 1225 1400-10° | 1260-10°° 681-107°
3a  BHM3HAYEHWMW  (i3HKO-MEXaHIYHUMU  XapaKTepHCTHKAMU

CKJIafaeMO Jiarpamy HarpyXeHHs - Aedopmallii Hanpyx)eHol apmarypu y
BUNAAKY ABOJIHIMHOT 3aexHOCTI (pHc. 2.7):

(;>
2

{1430 M
fonl3:

&

o 260 163 war 1900 1770

b8 HEE

Puc. 2.7. Po3paxyHkoBa JliarpaMa HanpyxeHHs-aedopmadii
crani xiacy K1400

Otxe, B pe3ysbTari po3B's3aHol 3amadi Oyno BH3HAUEHO (i3UKO-

MEXaHiYHI  XapaKTepHCTHKM  HampykeHoi apMaTypH, MoOyJ10BaHO
NBONIHIMHY AiarpaMy HampyeHHs-Aedopmanii HarnpyxkeHol apmarypu

kracy K1400.

IMTpuxnag Ne 2.3
Bxinui gani:
h=500 MM; b=200 mMM.

a, =40 MM, x=115 cm.

Apmatypa kmacy AS00C - poGoua
MOB3JI0BXHA; KIJIbKICTb CTEPICHIB - 320 ;
Apmarypa kiacy A240C - poboua

nornepeyHa; KiJlbKiCTb CTEPXKHIB - 38,

a_, =30 mMm.
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VMoBM 337a4i: BH3HauMTH IIapaMeTpu nepepisy.
Po3zg’d3annd:

Busyauenns napamerpis nepepisy :

Bucota nepepizy: h=500 mm.

Ilupusa nepepizy: b=200 mm.

Bincranb Bia rpani GeTOHY IO LEHTPY Bard pO3TATHYTOI apMarypu:
a, =40 mMMm.

Bucota cTucHyTol 30HM nepepisy: x=11,5 cm.

Bu3HayaeMo nueue BHYTPiLIHBOI Iapu cui 3a Gopmynoo (2.9)

1:500—1155—=442,5 MM.

PoGoua BUCOTa Nepepisy, Aka BU3HauaeThes 3a Gopmyoro (2.6) ’
d=500-40=460 mm.

3axucHuit wap OeroHy Aai pobOuOl IMOB3AOBXKHLOI apmarypn
BU3HaAuaeThCA 32 popmynoro (2.7)

c:40——222=30MM,

BaxucHUii wwap GeroHy 111 podOUHOi IMOMEpPEeYHOl  apMmarypu
BU3HA4aeThes 3a hopmynoio (2.8)

¢ =30-8-26wm.
2

w

PoGoua TOB3IOBXKHS apmaTypa B PO3TATHYTiH 30Hi GeToHy:
320 AS00C.

Poboua nonepeqHa apmarypa: 328 A240C.

KOHCTPYKTHBHA MOB3JOBXKHS apMaTypa B CTHCHYTiH 30HI GeTOHY:
3210 AS00C.

Bincranb Bim rpasi GeTOHy N0 LEHTpY Baru CTHCHYTOI apMmarypu:
a,'=40 mm.

Orpumanuii nepepis nokasauunii Ha puc. 2.8.
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Puc. 2.8. 'eoMeTpuuHi XapakTepucTHKu MPIMOKYTHOTO NiEpepisy

Omxe, B pesynbTaTi po3s'a3anol 3amaqi Oyo miaibpano reoMeTpuyHi
XapaKTEpUCTUKU Tiepepisy.

[MTpuknang Ne 2.4
Bxinui mani:
heg=80 MM; bey=800 MM.  Apmatypa kiacy A500C — poboua TOB3IOBKHS;
b, =200 MM, x=2,8 cm,  KIJIBKICTb CTEPXHIB — 2016 ;
h=400 mwm, a, =40 mm, Apmatypa kmacy A240C — poGoua nonepedna;

KiIbKiCTb CTEpIXKHIB - 2056 .
a_, =30 MM.

VYMoBH 3a1aui: Bussauutu napamerpu repepisy.
Po3B’s3amHs:

BusnayeHns napaMeTpiB nepepisy :

Bucora nepepizy: h=400 mm.

Bucora nonnukn: heg=80 M.

Mupuna nepepisy: b,=200 mMm.

MupuHa nonuuku: bey=800 MM.

Bucora ctucHyToi 30HM mepepisy: X=2,8 cMm.

Biacrans Bia rpaui 6eToHy M0 LEHTPy Bark po3TsrHyTOi apmarypu:
a, =40 mm.

Busnauaemo 1meve BHyTpiwrHbOI Tapm  cun (BiACTaHbL  Mik
PIBHOMIIOYMMH 3YCHITAMUM B PO3TSATHYTIH apMaTypi i B CTHCHYTiH 30Hi
6ertony) 3a popmyioro (2.9)

36



28
z :400——5:386 MM.

PoGoua BHCOTa repepisy, fka BU3HA4YAeThCs 3a hopmyoro (2.6)

d=400-40=360 mm.
3axdcHMii wap OeToHy mia poOoYoi MOB3AOBKHBO! apMaTypy
BH3HayaeThed 3a hopmyioro (2.7)

c=40-16 =32 mm,
2
3axicHuil wap OeToHy Juis  poGouoi  romepevHoi  apMarypu
BU3HAYACTLCs 3a hopmMynoro (2.8)

¢, =30-8=27mm
2

PoGoua TOB3MO0BXKHA apMaTypa B pO3TACHYTIH 30HI OeTOHY:

2016 AS00C.

PoGoua nonepedna apmatypa: 206 A240C.

KOHCTPYKTHBHA TIOB30BKHS apMaTypa B CTUCHYTil 30HI OETOHY:
2010 A500C.

Bincraub Bin rpai 6eToHy A0 LIEHTPY Baru CTMCHYTOI apMaTypu:
a,'=30 Mm.

Orpumannii nepepis nokasanuit Ha puc. 2.9.

ox:

3%

Puc. 2.9. ['eoMeTpuuHi XapakTepPUCTUKN TaBPOBOIO Nepepisy

OTxe, B pe3yJibTaTi po3B'si3aHOl 3a1a4i Oyno maidpaHo reOMeTpHYHI
XapakTepuCTUKN nepepisy.
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3. PO3PAXYHOK HECYYOI 3JATHOCTI 3AJ130BETOHHUX
KOHCTPYKUI, SIKI IPALIOIOTh HA LEHTPAJIbHUNA
PO3TST

3.1. OCcHOBHI NOHATTA PO 3a1i300eTOHHI KOHCTPYKLIT, WO
MPaLIOOTh HA UEHTPaIbBHUIA po3Tar. OCHOBHI PO3paxyHKOBi epellyMoBH

I1in KOHCTPYKIiSIMM, ILO MPALFOIOTh Ha LEHTpanbHuid  po3Tsr
PO3YMIKOThCSt 3a1i300€TOHHI €J1€MEHTH, B SKMX TOYKAa MNPHUKIANAHHSA

piBHOMIFOHOT 30BHIMIHIX PO3TAryOYMX 3ycuib F,

CniBrMagae 3 LEHTPOM
BarM po3TarHyToi apMatypu. Hanpuknan: nmksi noscu ¢depm i apok,
PO3TATHYTI pO3KOCH (pepM, CTIHKM KPYIJIuX pe3epByapis Towo. Ha puc. 3.1
HaBeJEHO Mepepi3 Ta HaNpyXeHO-AeOPMOBaHMM CTaH, 1O BUHUKAE B

nepepisi 3a71i300€TOHHOT KOHCTPYKUIT IpY HEHTPANbHOMY PO3TALY.

a)

Fs/?
-

Fed

——

Fs/2?
—~——

LY
N
| SN

Puc. 3.1. 'eomerpuuHi po3mipu nepepisy (a) Ta HanpyxeHo-
AedopMoBaHuii cTaH (6) Npy LEHTPATLHOMY PO3TATY

V BUMOAAKY, SKUIO TOYKA NPUK/IaJaHHs PiBHOAIOYOro 30BHIlLIHLOIO
3ycunns F,, Oyze He CIiBOAaaty 3 LEHTPOM Bark poGovOl apMmaTypH, TO
taki enemeHTH OyayTh Ha3MBAaTUCh  I103aLEHTPOBO-PO3TAIHYTHMH.
Hanpuksiaz: CTiHKW IPSMOKYTHUX B IJIaHi CUIOCIB Ta pe3epBsyapis.

3rino 3 m.2.2.1.6 [l1] npm po3paxyHkax Hecydoi 34aTHOCTi
HOPMaJIbHUX Mepepi3iB poboTa pO3TATHYTOrO OETOHY HE BPAXOBYETHCH.
KpurepieM  pyiiHyBaHHS  LUCHTPAIbHO-PO3TATHYTMX — KOHCTPYKUii
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IpHIMAETECSA JIOCATHEHHS B PO3TATHYTIH apMaTypi rpaHMYHHUX 3HAYCHb
BinHocHNX Aedopmalliil €, 3 BIIMOBIAHUX AiarpaM iX cTaHy.

3rigHo 3 11.4.9.2 [2] npu po3paxyHKaxX UEHTPabHO-PO3TATHYTHX
eNeMeHTIB Ma€ NepeBipATUCE:

— Hecydva 3JaTHICT HOPMaJTbHUX TIepepisiB;

— IOCTATHICTH 30HM AHKEPYBAHHS POOOYNX CTPIIKHIB.

BpaxoByroun Te, MO BCe 30BHIIIHE HABAHTaXEHHs B LEHTPAIBLHO-
PO3TATHYTHX €NleMEHTax CIpUiiMae apMaTypa, MpH MPOEKTYBAHHI TaKnX
KOHCTPYKLi#i BUKOPMCTOBYETHCS BUCOKOMILIHA apMaTypHa CTajlb y BUMJIAL
crpmkHiB [4] abo npososioku [5] um xaHaris [6].

Po3rnsHeMO sK 3a0e3neuyroTbcs 3a3HaueHi BMIIE YMOBH TIpH
pO3paxyHKax [HEHTPATbHO PO3TATHYTHX 3a/1i300€TOHHUX €NEMENTIB. .

3.2. Po3paxyHOK HeCy4ol 30aTHOCTI 3aJ1i300eTORAUX KOHCTPYKIIiH,
1O MPALOIOTL Ha UeHTpanbHUid po3Tar. [puHUKMIKg po3TalLyBaHHsA
apMmatypu

Hecyya 3paTHicTh 3ani300€TOHHMX KOHCTPYKLIH, 1O MPaLioioTh Ha
LEHTPANBHAIIA PO3TAT NepeBipseThCs 10 HopMyJIi
F, <F,, (3.1)
ae Fgq — pe3yabTyrode MakCHMalTbHe 3yCHILIS PO3TATY;
F, —~ Hecy4a 34aTHICTh PO3TArHYTOrO 3a1i300€TOHHOTO €JIEMENTA.
BpaxoBytouu po3paxyHKOBI TIepeayMOBY 3a3HaueHi BULIE
F,=f,-A

u yd'

(3.2)

s.tot °
Ae fyq — po3paxyHKOBa Mil(HICTE apMATypH Ha PO3TAT,
A, — myowma Beiel pobovoi po3TATHYTOT apMary pu
Tnowa sciel poGouol apMaTypy 10piBHIOE
A=A, TA,, (3.3)
ne: Ay, — Molla MonepeiHbOo-HaNPyKEHOT apMaTypu;
A, — njlowa HeHanpyxeHol apmarypu.
[Mpr  TIpoOeKTYBaHHI  TONepeqHBO-HANPYKEHUX  3alli300eTOHHHX
KOHCTPYKUiH MpUiMaroThb, [10:
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— 80% BCBOro 30BHINIHBOrO 3yCWLIA CrpuiiMae OCHOBHa poboua
nionepenHLO-Hanpy KeHa apMaTypa;

— 20% 30BHILIHFOrO HABAHTAXEHHs CIpUiiMae HeHarpyeHa podoua
apMarypa.

Buxoasuy 3 ymMoBM 3abe3neueHHs Hecy4yoi 34aTHOCTi, HeoOXinHa
IO OCHOBHOT po6040i NoMNepeiHbO-HAPYKEHOT apMaTypu

=28 (3.4)
£
a HeoOXiJIHa ITOMIa HeHanpyKeHoi apMaTypH Oyze 10piBHIOBATU
A, = 0?‘& . (3.5)

vd

OCHOBHI BUMOTH J10 TiAOOPY Ta pO3TallyBaHHIO apMaTypu B nepepisi
eJIeMEeHTa HACTYIHI.

Henanpysxxena poboua apmarypa A, npuiiMaeTbcs y BHUIIANI 4-X
CTPHDKHIB, SIKi PO3TAIOBYIOTbCS i3 HEOOXIAHMUM 3aXMCHUM LIAPOM a, B
KyTax mepepi3y (auB. puc. 3.2). 3axucHuii wap OGeToHy a, Mae€ OyTW He
menie 1,50 uiel apmatypu i He MeHure 30 mM.

OcHoBHa MoMepenHbO-HANpYyKeHa apMarypa A wmae Oyt

piBHOMipHO po3aifneHa 1o mnoui NpAMOKYTHHMKA (3alUTPUXOBAHO HA pHC.
3.2), 010 YTBOPIOETHCA MIXK HEHATIPY )KEHUMH CTPHKHAMMU.

ds
As
m—

' ds
: Asp

ds
. As

ds

Puc. 3.2. Jlo posTauyBanna po6040i nonepeaHbo-HanpykeHoi A, 1a
HeHanpyXeHoi A, apMarypy B Ilepepisi LEHTPaIbHO PO3TATHYTOIO
eJIeMEeHTa
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3.3. IlepeBipka IOCTATHOCTI HOBXHHU aHKepYBaHHS poOOIHX CTPHIKHIB B
3ai300e TOHHUX KOHCTPYKLISX

TTepeipka DOCTaTHOCTI HOBKWHY aHKepyBaHHA POOOUUX CTPHIKHIB
31iICHIOETHCA BUKOHAHHAM YMOBH

log g 2145 (3.6)

ne: l,, — haxTHYHA NOBXKUHA aHKEPYBAHHS pOOOYOT apMaTypHs;,

l,; — po3paxyHKOBa IOBKHHA aHKepyBaHHs PoOOYOl apMaTypH.

dakTHuHa JOBXKHUHA aHKEPYBAHHs 3AJIEKWUTh Bl TOr0, IK OCHOBHE
poboue apMyBaHHs PO3TAlIOBAHE B TIepepi3i KOHKPETHOI KOHCTPYKIIIL.

Ha puc. 3.3 HaBemeHo TIIpHKNagM po3TaimyBaHHs —pobodoi
nonepeHLO-HAMPYKEHOI apMaTypl B ONOPHUX By3Jax depm (a) Ta 6anok
(6).

dakTHYHa JOBKHHA 3aaHKepyBaHHS l,, 1e BiIcTaHb Bil Mmicus
nepeTHaHHs poOoyOi pO3TArHYTOI apMarypu 3 YMOBHOW TOXHJIORO
TPIIMHOIO 1O MiCUs 3aKiHYEHHs Li€l apMaTypud Ha ONODHiM aisIstHII
(puc. 3.3).

leg gp=tor-tan/ 2- 3

153-lotn

3)

e ¢:lnﬁr:rl.’m/2»ad
lnach/2

N
; =
-

Puc. 3.3. o po3paxyHKy hakTudHOT TOBKHHN aHKEpYBaHHS 1y, JId
POGOUHX CTPUIKHIB, IO PO3TALIOBYIOThCA B By3nax (epmu (a) abo Gajtok

Q)
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B 3aranbHOMY BUIIsi/li PO3paxyHKOBA NOBXMHA aHKepYBaHHsi poboyol
apMaTypH BM3HAYaeThCA 32 GOpMYJIOL0:

lbd = aia2a3a4a51b rqd 2 lb min » 3.7)

1e: lpg — pO3paxyHKOBa JOBXKMHA aHKETYBAHHS;

I, ¢ — HEOOXinHa 6a30Ba JOBXKUHA 3aaHKEPYBAHHA;
0.0, — KOeDILieHTH. IO BPAXOBYWTh BILIMB pi3HMX (akKTOpis Ha

3aaHKePYBaHH;
1t min — MiHiMa/IbHA JOBKHHA 3aaHKEpYBaHHs.

MiHiManbHa JOBXKUHA AHKEPYBAHHA NMPUAMAETLCS K MaKCHMaJibHE
3HaYEHH 13 TPHOX [10KA3HUKIB

Iy i > max{0,31, : 1025; 100 mm} . (3.8)
HeoOxigga 6a3oBa JNOBXMHA 3aaHKEpyBaHHA 3HAXOAUTHCA 32
(hopmyJior0
g\ o
By =| — |- =, 3.9
b.rgd (4) fbd ( )

ne & — giameTtp pobouoi apmMaTypH, AKa 3aaHKEPOBY€ThC;
o, — PO3paxyHKOBi HaNpyXeHHd B Wil apmarypi

cm=%ﬁ&; (3.10)

A — npuiiHaTa IUI0111a apMaTypH,
F,, — PO3paxyHKOBE 3yCHJUIs B €NIEMEHTI.
fyd — PO3pAXyHKOBE 3HAYEHHS IPAHUIHUX HAMPYKEHb 3UETNICHH
foo = 2,25yt (3.11)
f.¢ — pO3paxyHKOBe 3HAYEHHS MILUHOCTI O€TOHY Ha PpO3THr, fKa

BH3HAYAETHCS 3rAHO HOro Kilacy
Fus = fsco0s /Y - (3.12)
11— koeditieHT, OB’ 13aHui i3 AKICTIO YMOB 34eIlICHHA
1, = 1,0—xopou1i ymoBy,
b . (3.13)
1, = 0,7 —HenocraTHl yMOBHU.
Ha puc. 3.4 HaaroThCA NMOACHEHHs MO0 BUOOPY XapaKTepuUCTUk
YMOB 34ereHHs. Y BUIAAKY, KO APMaTypa 3HAXOAUTBCS B NONOKEHH],
K 1[l€ [I0Ka3aHo Ha puc. 3.4,a, 3.4,6, aG0 3HAXOAUTHCA B HE 3aUITPUXOBAHII
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30Hi puc. 3.4,8, 3.4,r, TO YMOBH 34eruieHHs xopouii. B iHIIUX BUTIAAKAX —

HCD,OCTaTHi YMOBH 3YECITICHHA.

a) & 3) LY docqams yrody
+ it 103 * / anrepybasin
yBanns . a
/
h=250 M @
p - HanpsKy
demcrydanng

N Joemams goby

h’ZSO MM h>60() MM AHKEY

Puc. 3.4. 10 BU3HA4EHHS XapaKTEPUCTHK YMOB 3UETUTEHHS
a, 6 — XOpOIi yMOBH 34€TICHAS ISl BCIX CTPUIKHIB; B, I — HE
3aIITPUXOBAHA 30HA — XOPOIIi YMOBH 34CIUICHHS, 3alITPUXOBaHa 30Ha —
HEJ0CTaTHI YMOBH 3UETIIEHHS

12 — koeiLieHT, 110 OB’ A3aHNH 3 liaMeTpoM apMarypu
n, =1 s & <32mm,
n2=1,32—1—?—0 st &> 32mMMm. G-14)

Koediuienty o, B popmyni (3.7) BU3HAUAOTHCA HACTYNIHUM HYUHOM.

o, — KoedilieHT, 1O BpaxoBye BIUTHE (QOpMY CTPUXKHIB 33 YMOBH
HeoOXiIHOro 3axHMcHOro wapy GeToHy (Cq — 3aXMCHUI wap apMaTypH —
BijICTaHb BiJl FpaHi apMaTypH 10 HaliGmK101 rpaHi OeTOHY)

Ja, = | IpK HPAMOMY aHKepyBaHHi ab0 HEpIMOMY TIpH C, < 3(J, (3.15)
1@, =(),7 Op¥ He PIMOMY aHKepyBaHHi Ta ¢, > 3.

TIpnKTaju HEMPSMOTO aHKepYBaHHS HaBe/IeHi Ha PHC. 3.5.
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o
ol

a)

e R

B} 1}

L ———————————— -
m-—-—-—’-

R ot

Puc. 3.5. npuxiaau HEMPSIMOrO aHKEPYBaHHS: a) FTHYTUM CTPUXKHEM;
0) rakom; B) feTJ€I0; T') IPUBAPEHUM [IONEPEUHUM CTPHKHEM

0, — KoedillieHT, IO BPaxOBY€E BIIMB MIHIMATLHOTO 3aXMCHOTIO HIApy
6eToHY, BU3HAYAETHCS 13 3aNEHKHOCTI

1 9)
~10-0,582) G.16)

0,7 <a, <1,0.
a3 — KoedilieHT, LI0 BpaxoBY€ CTPUMYIOYMiIl BIUIMB [OOEPEUHOT
apMaTypu HenpuBapeHoOl N0 OCHOBHOI po6ou4oi apmarypu (momepe4i
CTPIDKHI IPUKPYUeHi TPOBOJIOKOKO 1O OCHOBHOT apMaTypH)
{aa =1,0-kA, 3.17)
0,7<a,<],

« ne k — xoedinient; mosxe gopishroraru 0,1; 0,05 abo 0 B 3amexHocTi
Bid MicList po3TarlyBaHHA pobouoi Ta ronepeyHol apMatypu (4B puc. 3.6);

A — KoedilLlieHT, 1110 po3paxoByeThCA 32 GOPMY o0

ZA ZAS‘ = (3.18)

3

Jie A — TJIOIA OJIHOTO 3aaHKEPOBAHOTO CTEPIKH;
D A, — ILIOWa NIepepisy BCiX NONEPeYHUX CTEPXKHIB, IO 3HAXOAATHCA HA

JOBXKHHI 3aaHKEPYBaHHS;
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D A mn — 11710 NEPEPIi3y MiHIMANLHOT KiJIbKOCTI [10MepeYHNX
apMaTypHIX CTPHKHIB (UTS INMTHUX KOHCTPYKLUiA > A .. =0} Ans

BaJIKOBUX ZA

=0,25A,).

st.min

5 A
A L b0
_-\/// ///f///’/z/f Z 20,05

7

7 / 7% ’/"//? 2

B) As s S/ oS 7
N7
v/
As

‘',
s
/

s

Puc. 3.6. Jlo BusHauenns koediuienta k y gopmyi (3.16):
a) BY3/IOBE PO3MILLIEHHS apMaTypu A Ta A ; 6) npaBuiibHe PO3MIILCHHS
MoTepeyHol apMaTypi A ; B) HENPAaBUIIBHO PO3TalIOBaHa MolnepeyHa

apMatypa A

04— KOEiLi€HT, [0 BPAXOBYE BILIMB OAHOTO a00 Oiblue NPHBapeHuxX
TIOTIEPEYHNX CTEPKHIB 110 poBOUOT apMaTypH B Miclli 3aaHkepyBaHHsl. [Tpu
LBOMY JliaMeTp TIOMEPETHOTo CTPUKHA Mac OyTH He MeHie &, > 0,67,

TOOTO
o, =07, I >0,62,
¢ ' ) (3.19)
o, =1 &, < 0,63 abo HeMae PUBAPEHUX CTEPIKHIB.
0s — KoedilieHT, IO BpPaxoBy€ BIUIMB TIOMEPETHOro TUCKY Ha

IJIOUIMHY PO3KOJIOBAHHST B3J10BXK PO3PaXOBAHOT JOBKHUHU aHKEPYBAHHS
(HAaNpPUKNAK, 3YCHIUI CTHKY Vg, WO MEepefacThes B By301 (epMu Bix
BEPXHBOIO MOACY YH CTHCHYTOTO po3Kocy — pHc. 3.7).
os =1-0,04
s P (3.20)
0,7<0a,<L0;

ac. p — nonepe'muﬁ THUCK B3JIOBX IOBXHWHU aHKEPYBaHHA



\'
p=—1, Mlla (3.21)

e V., KH — BepTukasnbHa CKIanosa I0mepeyHoro THCKY
Vi =N, -sina — npu cermenTHii depmi, (3.22)
Vg =N;+N, -sina. — npu depmi 3 napanenbHMMH NOACAMHU. ’

A, M —nowa 0eToHY, B AKOMY Bi/10YBa€TbCs aHKepyBaHH.

a) N2 0) Y

Vg =N, sing Vo =N, +N.-sinu

Puc. 3.7. Ilpuknagy BU3HAYEHHs BEPTUKAIbLHOI CKJIa0BOT IONEPEYHOI0
TUCKY V,, Ha IUIOLIMHY PO3KOJIIOBAHHA A7 By3/1a (pepmu:

a) CerMeHTHOT; 0) 3 napae/bHUMU MoscaMu

[HONMi BMHMKAIOTb BMIMAJAKHU, KOJU MM HE MOXEMO KOHCTPYKTURHO
3abe3neunTy HeoOXigHY JIOBXHUHY 3aaHKepyBauHs poOouoi apmarypu
UEHTPAJbHO PO3TACHYTUX €NEMEHTIB (HANpHUKIaJ, PpO3MIpU ONOPHOro
By3Jia hepMu 0OMEXYIOTECS MapaMeTpamMu KOJIOHN).

B rtakomy pa3i Tpeba Buxkopuctatu oauH abo Bech KOMILUIEKC
HaCTYIHHX 3aXOAiB:

- 3mertnuTy [Ipo6oyoi apmatypy;

- 3011bLUMTH KJ1ac GETOHY;

- IOKPALMTH YMOBH 34YETLIEHHs 33 PAXyHOK BCTAHOB/EHHS (3-23)
JOJATKOBHX DOMEPEYHHX CTEPIKHIB, 110 MPUB’ A3yI0ThCs 200

HPHBAPIOIOTLCS 10 PoOoYOT apMaTypH.
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3.4. AnTOpUTM pO3PAXYHKY

1. Bumncyemo iznko-MexaHiuHi XapaKTepucTUKH OeToHy Ta
apmarypu:

— ansi Gerouy: Ty 0050 7.3

— anst apmarypu: €05y 5f, .

2. Bu3HayaeMo po3paxyHKOBI XapaKTEPUCTUKH:

fcﬂ( 0 0_‘

— Oeronyf,, =

ct

~ . . f
— pobodoi HanpykeHoi apmatypu f, = 00,1k

S

f,
— HeHarnpyxeHoi apMatypu f, = vk

s

3. TlinbupaeMo IIONLy HeHarpykeHol apMaTypu A 3a GOpMyIIok
(3.5).

4. Tligbupaemo Tiolty poOOUOi HAIpPYKEeHOl apMatypu A, 32
¢opmy:ioro (3.4).

5.  BigmosigHo 0  mpuifHATOrO  apMyBaHHd  BUKOHYEMO
KOHCTPYIOBaHHSI nepepizy.

6. BusHauaeMo koedillicHTH «,...a, 3a popmynamu (3.15...3.20).

7. 3a dopmynotw (3.10) 3HAXOOMMO PO3PAXyHKOBI HAMpyXKeHHs B
apmarypi O,.

8. 3a dopmynoto (3.11) 3HaXoouMo poO3paxyHKOBE 3HAYCHHA
PpaHUYHUX HATIPyKeHs 3uerieHns f .

9. 3a dopmynoto (3.9) BusHauaeMo HeoOXiaHy 0a30By IOBXKUHY
3aaHKepyBaHus | .

10. Bu3HauaemMo pO3PAxXyHKOBY JOBXKHHY 3aaHKepyBaHHs [, 3a
thopmyoio (3.7).

11. I3 cnieBigHomenHs (3.8) 3HaXOOUMO MiHIMAIBHY HOBXHHY
aHKepyBsaHHs |

b.min *
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12. IlepeBipsiemo ymoBy (3.7) npuiiMacmMo ocTaTo4yHe 3HAYEHHS
PO3PaxyHKOBOT IOBXHHH aHKEPYBAaHHS |,,.

13. Posrnsagaemo By3on oODMpaHHs KOHCTPYKUii | 3HAXOAHMMO
¢akTuyne 3HAaYeHHs [OBXMHH aHKepyBaHHA poGouoi  HanpyxeHol

apmatypu 1y, .

14. Tlepesipaemo BukonaHHs ymoBU (3.6). Skwo us ymosa
BUKOHYETBCA, Haemo 10 m.15. AKWo yMOBa He BUKOHYETHCH — HAEMO 110
n.16.

15. Po6uMO BMCHOBOK MNpPO NOCTATHICTH JOBXHHU aHKEpyBaHHs
po6o4oi apMaTypu i NpUHMaEMO OCTAaTOUHE PillIeHHS IOA0 PO3TAllyBAHHS
apMaTypu B Iiepepisi elneMeHTa.

16. Bukonyemo onus abo Bech KOMIUIEKC 3axo4is (3.23).

17. IlocniaoBHO yTOYHFOEMO BCi MOMEPEAHLO 3HANAECHI BEIMYUHM Ta
xoe(]ilieHTH, MOKH He MePeKOHAEMOCs Y BUKOHAHHI yMOBH (3.6).

18. IlpuiiMaeMO ocTaTOuHe pilIeHHA NPO PO3TALTyBaHHA pPOGOUOT
apMaTypu B Iepepi3i pO3TATHYTOrO ejleMEHTa.

3.5. Ilpuknan po3paxyHky

Hano: Cxema omnopHoro By3ma cerMeHTHOi ¢epmu (puc.3.8) i3
NPUKNAJEHUMH CHJIaMHU Bill 30BHILIHBOTO HABaHTaxXeHHS. BetoH, 1o
BUKOPUCTOBYETHCS 11 BUIOTORNEHHA depmu — C20/25; apmarypa mns
apMyBaHHs HIKHBOIO MOACY: poboua — kaHaT 6K7; KOHCTpYKTMBHA —
A500C.

Busnaunty: [lnouty Ta posTanlyBaHHs apMaTypy B HUXKHBOMY MOSCI
¢epmu. [lepeBipuTH yMOBH 1OCTATHOCTI JOBXXMHM 30HM AHKEPYBAHHS.
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N1=1689,3 kH

-

EXPE

30

40

21349, KH
i 36000

=7 J, R

Puc. 3.8. Cxema onopHOro By3ja Ta NPHKJIALAHHs 30BHILIHIX 3yCHb B
eleMeHTax Qepmu

1. Bunucyemo ¢i3uko-MexaHiuHi XapakTepucTuku OeTOHy Ta
apMarypu:

—6eton C20/25 {5 =1,5Mlla; v, =15;

— pobouyoi HampyxeHoi apmartypa 6K7 (K1500) f,, =1430MIla ;
V=123

— HeHanpyxeHoi apmatypa ASO0C f, =500Mlla; y, =1,1.

2. Bn3HayaemMo po3paxyHKOBi XapaKTePUCTHKH:

f
— Getony f,, =-"22 = 11—2— =1,0MIla;
. . fon 1430
— po6ouoi Harpy:xeHoi apMatypu f =———= 12 - 1192 Mlla;
. fi 500
— HeHanpyeHoi apMarypu f, =——= - 454,5 MIla.

s B

3. [lin6rpaemo oMy HeHanpyKeHoi apMaTypu 3a Gopmynoro (3.5)
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0,2:1689,3
T 454,5.10°
To Tabnuui 1 [3] npuiimaemo 4G16AS500C 3 A =8,04 cm?.

4. Tlinbupaemo mronty po6ouoi Hanpykeroi apmaTypu 3a GopMyor
34

=7,43-10"" m* = 7,43 cm?.

_0,8-1689,3
¥ o1192-10°

Ho-rabnuui 1 [5] npuiimaemo 9015K7 3 A_=12,51 cm®.

=11,33-10"*M? =1 1,33 cum?.

5. Posramosyemo mpuitHsTe apMyBaHHS B nepepisi HIKHBOTO Nosica
(puc. 3.9).

00
0 ,.,.70.70, 30
A Vs woe

¢ | 9p15K7

0| g 2006 ASOC

Pric. 3.9. Cxema posrauryBanns apMaTypu B riepepisi HHKHbOIO nosicy
dhepmu

6. Busnagaemo koedinieTn o,3a hopmynamn (3.15-3.20):

— o, =1,0 TaK Sk MaeMO BHIIAJIOK NPsAMOTO aHKCPYBAHHSA

Cy :50—E =42,5MmMm,
2

- ~ 5
— 3ri1HO0 3 (3.16) o, =1,0—0,15%®—)=1—0,15ﬁ2’{—5]i):0,725>0,7,

Ipuitmaemo o, =0,725,

—a,; =1,0, Tak SK HeMae B’A3aHOi MoTepevHOi apMaTypu 10 KaHaTis
(ams. 3.17);
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— o, = 1,0, TaK sIK HEMa€ NPUBAPEHOT 0 KaHATIB MOMepeYHOT
apMarypu (aus. 3.18);
— oy =1-0,04-4,93=0,803>0,7,
Je BepTHKaldbHA CK/13a40Ba [MONEPEUHOr0 TUCKY BU3HAYAETHCA 3a
¢dopmyoto (3.22)
V,y, =2162,2-sin39° =1360,7xH .
[TonepeuHuii TUCK B3AOBX NOBXMHHU aHKEPYBaHHs BU3HAYACTBLCH 32
dopmyiowo (3.21)
p= 103’62%2 49301:/152 =4,93 MIla,
ne: A=0,24-115=0,276 m* — nnowa nepepisy 6eToHy, B SKOMy
aHKepyeThCs podoya apMaTypa B OIOPHOMY BY3/1i.
[puiimaemo o, =0,803.
7. Buznayaemo pozpaxyHKOBE Halpy)KEHHs B apMaTypi 3a popmyio
(3.10)
Oy :%)1252116'——?83;3=1080096%:1080Mﬂa<fpd =1192MITJa.
8. 3HaxoauMo po3paxyHKOBE 3HAYEHHS TPAHUYHUX HaNpyXKeHb
3uenieHHs 3a gpopmysioro (3.11)
f,,=2,25-1,0-1,0-1,0=2,25MI1a,
ae: w, =1, 806pi ymoBu 3uenneHHs (auB. 3.13); n, =1,0 Tak sk
B =15<32mm (nuB. 3.14).
9. bazoBa n0BK¥Ha aHKepyBaHHs BU3HA4aeThes 3a hopmynoto (3.9)
Ly raa :(2)1080 =1800 mm.
4 /2,25
10. Po3paxyHkoBe 3HaueHHS JIOBXUHY aHKEPYBAaHHS BU3HAYAETHCH 3a
dopmynoto (3.7)
1 =1.0-0,725-1,0-1,0-0,803-1800 =1048Mm.
11. MidimanpHa NOBXKHUHA aHKEPYBaHHs 00UUCITIOETCA 33 (POPMYIIOH0

(3.8)

Ly win = {600MM; 150MM; 100mM }.

[puiimaemo 1, . =600mm.

h.min
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12. Tlepesipsemo ymosy (3.7).

Tak sk 1,=1048 MM >1 _ =600Mm > OCTATOYHO  TipHiiMaeMmo

b.min

PO3paxXyHKOBE 3HAYEHHS JOBXMHU aHKEPYBAHHS 1,, = 1048 wmu.

13. 3Haxomumo (akTuyHy nOBXUHY aHKepyBaHHA pobouoi apMarypu
B OLIOpHOMY BY311i hepmu (auB. puc. 3.10)

Puc. 3.10. lo pospaxynky daxTHYHOT TOBKHHM AHKEpYBaHHS

po6ouoi apmarypu 1, ¢

3 puc. 3.10 BugHo, 1m0
ligp =415+320-30=705mm.
14. Tlepegipsemo ymony (3.6)
Ly =705MM<], =1048Mmm,

YMOBa He 3a0e3neuyeThes.

15. JIns BUKOHaHHS yMoBH (3.6) 3MeHIIyeMO giamMerp poBouoi
HampyxeHol apmatypu 3 915 ao 09, To6T0 npuiiMaeMo  podoue
apMyBaHHA y BUrNISai 2409K7, A =12,72 cm®.

16. IMocninosro nepepaxoByemo paHile 3Halieni BeaUIHY:

U
(v



o, = 0,1, OCKiIbKH MaEMO BUIA/I0K IIPAMOTO aHKepyBaHH,
9
Cy= 50——2— =45,5mMM,

(45,5-9)

o, =1-0,15 =0,392<0,7,

npuiimMaemo o, =0,7.
a, =1,0, a, =1,0, o, =0,803 (1B. pO3PAXyHOK BHILE).

JogxuHK 6a30BOro aHKepyBaHHA

911210
I =| — [——=1210 MM,
burgd (4)2,25

ae

Gy =M—6—8—94:- = 1062453ﬂ, =1062,45Mlla~f ; =1192MIla.
o 12,72410 M~ P

Po3paxyHKOBa JOBXHUHA aHKEpPYBaHHA
g =1,0-0,7-1,0-1,0-0,803-1062,45=597,20 Mm.
Mpuiimaemo 1,y =597mm.
MiHimMallbHa 1OBXKMHA aHKEPY BaHH:A
Ly min = {363MM; 150 Mp; 100MM | .
=363 MMm.

1,y =597 MM >1

b.min
[puiimaemo 1

b. min

. V)
bomin = 303 MM.

17. 3HoRyY nepeBipseMo yMOBY (3.6)
lyay =597 MM >1, =499Mm.

TakuM YMHOM, YMOBa JIOCTATHOCTi JOBXXUHU 3aaHKepyBaHHA Oyne
BUKOHYBATHCh.

18. Ocraroyny cxemy apMyBaHHS Iepepily MpUHMaeMO TaKow, SK
noxazano Hapuc. 3.11.
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e 240 Py

7 T
Puc3.11. Ocratouna cxema apMYBAHHS POOOUNMHE CTPHAKHIMU
HUKHBOTO Mosicy dhepmu

3.6. IMuranns qus CaMoOTIEPEBIPKH

1. Ska pi3Huns B po3paxyHkoBHX cxemax UeHTPalIbHO-PO3TATHYTOrO i
TIO3alEHTPOBO-PO3TATHYTOrO 3a/1i300eTOHHUX eNleMeHTIR?

2. SIxy apMatypHy crans HalGibI eeKTHBHO BUKOPMCTOBYBATH 1ipH
TIPOEKTYBaHH| LEHTPANILHO-PO3TATHY TUX €JIEMEHTIB | yoMy?

3. SIki ¢axropu Heo6ximHO BPAaXOBYBaTH NPH  TMPOEKTYBaHHi
UCHTPaNbHO-PO3TATHYTHX €1eMEHTIB.

4. SIxa oCHOBHa YMoBa 3abe3reucHus HECYY0l 30aTHOCT] UEHTPATILHO-
PO3TATHYTHUX elleMeHTIB?

5. 3 saxux npuHUMOiB NiAOMpaeThes  nioma pobouoi Ta
KOHCTPYKTHBHOT apMaTypu?

6. Sk BU3HaYaeThCH PO3paxyHKOBa TOBXKNHA aHKEPYBAHHSA?

7. SIx BU3HaUaeThCH GazoBa JOBXKHHA aHKepyRaHHS?

8. SlkuMW YMHHMKaMU MOXKHA TOKPAIUMTI YMOBH 34EINEHHs poBoyol
apMatypu 3 GETOHOM Ta  3MEHIUIHTH PO3PaXyHKOBY — [JOBXUHY
aHKEpYBaHHS?

9. Sk Bu3Hayaerncs dakTHuHa goBkHMHA 3€HKEpYBaHHd pobovof
PO3TATHYTOI apMarypu.
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4. PO3PAXYHOK HECYUYOI 3JJATHOCTI
3AJIIBOBETOHHUX EJEMEHTIB IPAMOKYTHOI'O
MEPEPI3Y HA A110 3rUHAJIBHUX MOMEHTIB I3
OAUHOYHUMM APMYBAHHAM

4.1. TTocrasoBka 3ajaui

Jlano: Bimomi posmipu mpsAMOKyTHOro nepepisy 6anku (puc. 4.1, a),
krac 6erony C, knac apmarypu A, KinbKicTh i po3raiiyBaHHs poGouoi
apmarypu A,. Binomuit po3paxyHKkoBud 3ruHanbHuii MOMeHT M, sKuii
BMHHMKAE B PO3PaxyHKOBOMY Tiepepisi Bifl il 30BHIlIHIX HaBaHTaXeHb Ha
banky.

BuU3HAYMTH: HECydy 3JaTHICTE PO3PAXyHKOBOIO  HOPMa/LHOIO .
nepepizy danku.

4.2. Hanpyxeno-1ehopMoBaHuii CTaH nepepisy

IlepeBipka Hecy4oi 3JaTHOCTI HOPMaJIbHUX IepepiiB  Oaiox
BUKOHYIOTb 32 YMOBOIO
Mg, <M, 4.1)
ae: Mgy — 3ruHagbHMI MOMEHT, AKMH BHHHMKae B mepepi3i Bin aif
30BHIILHIX HABAHTAXEHb;
M, — Hecyua 34aTHICTb HOPMAILHOTO repepidy abo, iHIIMMHU CIIOBaMH,
MaKCUMallbHE 3HA4Y€HHS 3rHHANLHOrO MOMEHTY, fKE MOX€e BUTPHMATU
HOPMasbHHI nepepis A0 pyHHYBaHHS.

Slkwo ymoBa (4.1) BUKOHY€TbCS, TO HECy4a 3aTHICTb HOPMAJBHOIO
nepepizy Gankn 3a0e3neyena. To6TO 3rvHaNbHUA MOMEHT, SKHH BHHHKA€E
Bin il 30BHINIHIX HABaHTaXeHb, HE MEPEBULLYE HECY4ol 3JaTHOCTI
HOPMAaJTLHOTO nepepily Oanxu i 6ajka He 3pyHHYETHCS.

Sxio ymoBa (4.1) He BHKOHYETbCS — HECY4a 3J1aTHICTh HOPMAIBHOTO
nepepisy Oanku He 3abesneueHa. Y BUNAAKy Ail TaKuX 30BHILIHIX
HaBaHTaKeHb BiOOYNEThCs PyHHYBaHHA OasKu.
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ITix 9ac po3paxyHKy GaOYHMX €NEMEHTIB Ha MiLHICT po3rnsgacTees
HI  cramis HanpyxeHo-TeopMOBaHOrO CTaHy, WO BUHMKAE B
HOpMAallbHOMY TIepepisi.

PosrisiHeMo HanpyxeHo-1e(opMOoBaHUii CTaH HOPMAJILHOTO nepepizy
6aJiKu IPSIMOKYTHOTO TIepepisy 3 ONMHOTHUM apMyBaHHAM (puc. 4.1, 6).

.3 0
u) . N 6) €oi1s
—— ik \ “
? /] e %
| Ecran—/ #
: / _
oo > £ S
T % Sczz\/ ) A s
............ Do xAS

Puc. 4.1. Tlonepeunuii nepepis (a) Ta HanpyxeHo-xedopmosanuii ctaH (6)
HOPMaIIbHOTO Tepepisy Ganky 3 OXMHOKWM apMyBaHHAM

3rigHo 3 M. 2.2.1.6 [1] kpuTepiem pyitHyBaHHS Gaku npuitMaerbest
AOCATHEHHS IpaHUIHUX Aedopmarili a6o B po3TArHyTIH apmarypi, aGo B
CTUCHYTOMY OeTOHi, a came:

€. €
(1) =~ “cu3.cd
{ . (4.2)
8s - Eud’

€ ¢4 Ta e~ NeopManii Ha piBHi KpaifHbOi cTHCHYTOT rpani 6eTony
Ta PO3TATHYTOI apMaTypu (BiAMOBIIHO) B MOMEHT pyiHHYBaHHS;
€anca Ta £, — TPAHATHI TepopMallii cTHCKY GeTOHyY Ta po3TATHYTOT
apmarypu (BiANOBiAHO).

3 I0CBiNly eKCIIEpUMEHTANBHUX TOCHiKEHb poboTH 3ai300eToHHUX
6asox BiTOMO, IO ANd GiABLIIOCTi 3ami306eTOHHNX BANOK XapaKkTepHUM €
PYHHYBAaHHA N0 CTUCHYTOMY GeTOHY, TOGTO KOJM BHKOHYEThCS YMOBA

€y = Euzed *

56



Hlo crocyereca poGord apMaTypd B MOMEHT pyHHyBaHHS
3a71i3006TOHHOrO0 HOPMAJIBHOIO Oepepily, TO TyT MOXKe BimOyBaTuch o
ABa XapaKTePHUX BUMNAAKH.

Ilepwnii BAMaAoOK — KOAM BiAOyBa€TbCs PyHHYBAaHHS CTUCHYTOIO
OeToHy, a B PO3TATHYTiH apmaTypi BinOyBaeThCs TEKYUiCTh, TOOTO
cud,ed » €0 <& <Ey. (4~3)

HApyruii Bunagok — Konm BigOyBaeTbCs pyMHYBaHHS CTHUCHYTOrO

€ =€

c(h)

0eTOHy, a PO3TATHYTa apMarypa Npairoe MPYKHO, TOOTO

Ec(l) = 8cu3‘cd ; 0 < gs < 850 s (44)
f,
ae € = % . 4.5)

OueBunno, wo nepexin Bia 1-ro go 2-ro BUNamky pyiiHyBanHs Gynae
PO3ALIATHCE  TAKUM  Halpy:KeHO-Ie(pOPMOBAaHHM  CTAaHOM  nepepizy
(Ha3BeMO HOro KOHTPOJBHUM), IPH IKOMY Gy/ie BUKOHYBAaTHCh YMOBA

80([) =€

cu3.cd

. —c. (4.6)

Jns  TOoro, 1mo6 BM3HAYMTHCH SKMIl XapakTepHUN BHIAIOK
pyiHyBauHs Oyne BMHMKATH B Till 4 iHINiH Gamui, TpeGa po3risHyTH
KOHTPOJIbHUH HaNpyKeHO-Ae(pOPMOBaHUI CTaH HOPMAJBHOIO Nepepisy B
MOMEHT BUHUKHEHHS YMOBH (4.6).

Bucora CTUCHYTOI 30HM O€TOHY IHpU TakOMy KOHTPOJILHOMY
HanpyKeHo-1eOpMOBaHOMY CTaHi Moxke OyTH BU3HAYEHA 3 ABOX Pi3HUX
ymoB. Onna — ymoBa JiHiliHocTi posnominy aedopmaniii Mo BHCOTI
nepepizy. 3 ui€i yMOBM MM 3HAHNEMO BEIHYUHY X, — KOHTPOJBHE
3Ha4€HHs BUCOTH CTHMCHYTOI 30HM. [Ipyra — yMoOBa piBHOBar# y BHFisni
cymu npoekuil Bcix cun Ha Bich X. 3 uiel yMOBM Mu 3HalpmeMo iHLie
3HAYEHHS BACOTH CTHCHYTO! 30HU OETOHY X, .

Toni, six 1o Oy/ie BUKOHYBAaTHCh YMOBA

X, 2X, 4.7)
TO py#HyBaHHA nepepidy Oyne RiANOBiNaTU 1-My XapaKTepHOMY BHIIAJKY,
TOOTO B mpoleci pyiiHyBanHs B poOouili MOB3JOBXHiM apmarypi Gyne
BUHUKATH TEKYyqiCTb.
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Y Bumanky komy 6yae BUKOHYBAaTHCE YMOBa
Xy, <X, (4.8)
pyWHyBaHHSA Tiepepidy Oyne Biamosinath 2-My XapakTepHOMY BUTANKY,
TOOTO B Tpoueci pyitHyBaHHS poGoua Ppo3TATHYTA apmarypa Oyze
[IpaLrOBaTH PYIKHO.

4.3. Bu3HaueHHs KOHTPONLHOTO 3HAYEHHS BUCOTM CTHCHYTOI 30HH
6eToHy -

KoHTponbHe 3HaueHHs BUCOTH CTHCHYTOT 30HH GeTOHY (x,,), IpH sixii
BUKOHY€TBCA yMOBa (4.6), MOXHa 3HaliTH 3 pO3MIALY NOAiGHOCTI
BIATIOBIAHMX TPUKYTHHKIB Ha Jiarpami nedopmaltiii (puc. 4.1, 6)

g +€

o 57w (4.9)

X, d
Hincrasnsemo B (4.9) Bixnosiani 3Hauenns 3 (4.6) tTa BpPAXOBYIOUH Te,
o x,=x, Ta g =g, , OTPUMAEMO KOHTPOJBHE 3HAYEHHA BHCOTU
CTHUCHYTOI 30HHU
X, =d—Casd (4.10)
acuB cd + 8so
3 iHworo 6oky, i3 po3risLy YMOBM piBHOBAry y BUFMIsI CyMH
Mpoexii BCix cnit Ha Bick X (puc. 4.1, 6), a came
E-F =0, (4.11)
Ae F, — piBHOZIIOYE 3yCHIUIS B CTUCHYTOMY GETOHI;

F, — piBHOZ{I0Y€ 3yCUIINA B PO3TATHYTiH apMarypi.

3Bigku
F=E, (4.12)
BryTpimne sycunns F,, ske cripuiiMae cTHCHYTHI GeTOH
E=E,+F,, (4.13)

A€ HacTKa 3YCHIUIL Ha MJISHLI 3 TIPIMOKYTHUM pO3NOAITOM
HaTIpyX€Hb N0 BUCOTI CTUCHYTOI 30HH (1UB. puC. 4.1, 6)

Fcl :fcdkxlb’ (4.14)
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YyacTKa 3yCUJIIsg Ha ﬂ,iJ'IFIHU,i 3 TPUKYTHHUM p03HOlIiHOM HaIIpy>XX€Hb

F,= %1;d (x, ~Ax,)b, (4.15)
3Bigku
P :%fmbx, (1+1) =g, -x,. (4.16)
e
a, :%fmb(lﬂu). 4.17)

Koediniedt A MoxHa 3HalTH 3 po3rnsALy NoAiOHOCTI TPUKYTHHKIB Ha
emopi posznoainy aedopmaniii no BUCOTI HOPMANBLHOTO Nepepisy (1uB.
puc. 4.1,6)

€

c(l) €

c3.cd

X, = ————-Xl A, (4.18)
3BiKH
€m X —AX) €y T Xy (4.19)
Jie X| — BUCOTA CTUCHYTOI 30HH.
B pesynbTari oTpuMaemMo
A= €ouzed ~ €3 ) (4.20)
Eculcd
PiBHojitoue 3ycuiinst B po3TATHYTiit apMaTypi 3 ypaxyBaHHAM (4.6)
FE =c.E, =f,A,, (4.21)
[incrapusiuu (4.16) ta (4.20) B (4.12) oTpumaeMo
s (4.22)

RREVETI(ETYE

4.4 BusnaueHHs Hecyqol 37aTHOCTI nepepisy mpu 1-my
XapaxkTepHOMY BUIIAAKy pyHHyBaHHS
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PosriisHemo HanpysxeHo-1eopMOBaHHiT cTaH HOPMAJTLHOIO Tiepepisy
JUlA BUTIAZIKY KONK BUKOHYETbCA yMoBa (4.7), ToOTO ko Apu pyiiHyBaHHi
B PO3TArHYTIl apMaTypi BAHHKAE TEKYHiCTb.

Jnst BU3HAYeHHs HeCyuoi 3/aTHOCTI HOPMallbHOrO mnepepizy Galku
3aMHCY€EMO ApYTe PiBHAHHA PIBHOBArM Y BUIVISII CyMH MOMEHTIB BiIHOCHO
PO3TATHYTOI apMaTypu EM +=0,acame

M, -Fz, =0, (4.23)
3BinKu
M,=Fz =F(d-a), (4.24)

nle d — myede Mapu BHYTPIWHIX CUiT (aue. puc. 4.16);

a, — BIICTaHb Bill HAlGINbLI CTUCHYTOT (BEPXHBLOT) rpaHi GETOHY 10 TOUKH
TPUKITAaHHS PIBHOMIIFOYOr0 3yCHIINS CTHCKY GeToRy F..
3HaueHHs a_ BU3HAYaeMo i3 posrnaay puc. 4.2.

Puc.4.2. Jlo BU3HAUEHHS BEIMYHHY a,

LleHTp Baru MpsMOKyTHOT Tpareuii 3HaXOAUTHCS Ha BigcTaHi

a =x,-k,, (4.25)
ne
1+A(1+R)
=—_— 4.26
P31+ (4.26)
BpaxoByrou, 3a3HaueHe BHINE
M, =x,-q(d—x, k). 4.27)

BusHauuBM  BenuuMHy Hecywoi 3maTHOCTI M, Mepexomsith 10

u

nepeBipkd yMOBA (4.]) Ta BHUCHOBKY 4YM BUTPUMAE Gajka 30BHilIHE
HaBaHTAKEHHSA, YU 3pYHHY€ETECS.
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4.5 Bu3HaueHHs Hecyuoi 3larTHOCTi  mepepisy  TpH 2-My
XapaKTepHOMY BUMAIKY PyHHYBaHH

Jins Jpyroro xapakTepHOro BUMAJIKy BUUYEpITaHHA HECY4Oi 34aTHOCTI
3rigHo 3 mepenymoBaMu (4.4) 3ycunns B posTaTHyTiil poGouiit apmatypi
JOpiBHIOIOTE

E=EgA,. (4.28)

Jlns BU3BHAUEHHS 3HAYCHHS BHCOTU CTUCHYTOI 30HM O€TOHY X
migcrapnsemo (4.28) Ta (4.16) B mepuie pPiBHAHHA pistosaru (4.11),
OTPUMYEMO

e AE —q.x =0, (4.29)

Jlna Toro, o0 3B’A3aTH BENUUYKHY nedopmauiil B POSTATHYTIH
apmaTypi &, i3 BHCOTOIO CTUCHYTOI 30HH OeroHy X, , PO3[ITHEMO
MOMGHICTs  BIAMOBIIHMX  TPUKYTHHKIB ~ Ha  EIMOpi nedopmartiif
(nuB. puc. 4.1, 6)

€ € +¢€
c(1) s c(l)
— = 4.30
. - (4.30)
[Tpy BHYEpraHHi HECYUOT 3JJaTHOCTI MaEMO
8c(l) = 8<;u3,cd . (43 ])
Y TakoMy BUMaaxy AedopMariii po3TArHYTOT apMaTypH
85 zﬁcuBCd(i—IJ' (432)
| %

Micnst mincrasasuuas (4.32) B (4.29) Ta BUpIUIEHHS KBAIpaTrHOTO
PiBHSHHS BiIHOCHO X; OTpWMaeMo, LIO BUCOTA CTUCHYTOI 30HU OETOHY

TIpH 2-MYy XapakTepHOMY BUII/IKY PyHHYBaHHS ZOpiBHIOE

-£ . EA ) - )
xl - Ecui;cd s° s +\/I1—ll R (433)
2q,
Nle BeMNYrHa AVCKpUMiHaHTa JI; 3HaXOAMTLCA 33 (hopMyJI0t0
I, = 603 0B, (Beps caBA + 4q.4d). (4.34)

Tlicng 3HAXOMKEHHS BUCOTH CTUCHYTOI 30HHM X; TO anamorii 3

HorepeHiM  BUNQAKOM PyHHYBaHHA BU3HAYalOTh HECYdy 3aTHICTH
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nepepisy M, no dopmyii (4.27) Ta nepexoasnts 10 nepeBipku ymoBu (4.1)
Ta BUCHOBKY 4M BHTpUMAae Oanka 30BHIIIHE HABAHTAXKEHHS, uM
3pYHHYEThCS.

4.6. AnropuT™ po3paxyHky

1. 3rigno 3 Tabun. 2.1 ta 3.1 [1], Tabn. 3.4 ta 3.5 [2], Taba. 1 Ta Tabn.
A.1[3] 3HaxonsTh (i3uko-MexaHiuHi XapaKTepucTUKH marepianis Ganku:
— s 6etony f,, v, , e

endied * Ecied s

—Ans apmarypu f,, E, vy, A, ¢, .

2. Bu3Hayaotk BenuduHu:

—d pobouy BUCOTY nepepisy;

- fyd PO3paxyHKOBY MIlIHiCTh apMaTypu 3 hopmyn ( 4.28);

- ¢, 3 dopmysn (4.5);

— A 3 opmynu (4.17);

-k, 3 popmyau (4.33).

3. Bu3HauawThL ycepemHeHy BeiMUMHY pPO3MOAiNeHHX BHYTpilIHIX
3yCub B CTUCHYTIii 30Hi GeToHy q, 1o dopmyni (4.17).

4. 3HaxoATh KOHTPOJILHE 3HAYEHHS BUCOTH CTUCHYTOI 30HM GETOHY
x,, 1o ¢opmyi (4.10).

5. O6G4HCIIOI0TE BUCOTY CTHCHYTOI 30HH GeTOHy 3 yMOBM HOYarTKy
TEKy4oCTi apmMatypu x, no gopmyi (4.22).

6. BU3HauaroTbCs 3 XapakTepHUM BUNANKOM pyiiHyBauHs,

Ao BUKOHYeTbCs ymoBa (4.7), pOOASATh BHMCHOBOK, 1O MAeMo
crpaBy 3 1-UM XapakTepHMM BHIAJAKOM pPYHHYBAHHS — B MOMEHT
PYHHYBaHHs B PO3TATHYTi# apMaTypi BHHMKAE TeKydicTs i HayTh 1o n.7.

Sk BUKOHyeThCs ymoBa (4.8), poGmsiTh BUCHOBOK, LI0 MaEMo
Crpasy 3 2-UM XapakTeDHHM BUNALKOM pYHHYBAHHS — B MOMEHT
PyHiHyBaHHS PO3TArHYTa apMaTypa NPALOE NPYXHO i Wy Th 70 1.9,

7. O64HMCIIOIOTh HeCyvy 31aTHICTL nepepizy M, 3 dopmynn (4.27).

8. IlepeBipsitoTh yMOBY 3a0e3neyenns Hecyuoi 34aTHOCTI 3 thopmynn

@A.1).



9. BU3HaualoTh 3HAUEHHS IUCKpUMiHaATa JI, 3 bopMyH (4.34).

10. O6UMCTIOTL BUCOTY CTHCHYTOI 30HH OeToHy X, TO hopmymi
(4.33).

11. 3uaxomsth jedopmauii po3TArHYTOI apMarypu & 1o dopmyni
(4.32).

12. TepesipsioTh YMOBY TIPYXHOT poOOTH PO3TATHYTOI apMaTypy 10
popmyi (4.4).

Sikio ymMoBa BHKOHYEThCS, HIYyTh 1O n.13. Slkwo ymoBa HE
BIKOHYETBCS — OBEPTAIOTHCSA J10 11.4.0.

13. Bu3HauaoTh Hecydy 3aTHICTb M, TIo hopMyi 4.27).

14. TlepesipsitoTb yMOBY 3a0e3licHeHHS Hecyuoi 3JaTHOCTI Ti0

dopmyi (1.1) Ta pobsiT BACHOBOK 10O 11 3a6e3neueHHs. ’

4.7. Tlpuxnaan po3paxyHKy

Mpuknag Ne 4.1. Tlepunit XapakTepHUii BUTIALOK pyVtHYy BaHHS

Bxinni naHi:

Beton knacy C30/35 5y, =10. Apwmarypa kiacy AS00C;
h=500 mMm; b=200 mMm; KiNBKICTh CTEpIKHIB - 3220,
a, =40 mm. v, =1L2.

VmoBH 3amavi: ITepeBiputyt Hecyuy 3IaTHICTE HOPMAJIHOTO nepepizy
3211306 TOHHOT GaKH TIPH 30BHIITHBOMY HABAHTAXEHHI MEee=300xHmM.
Po3B’s3aHHA:
1. Bunucyemo ¢i3uko-MexaniuBi XapakTepuCTUKH MartepiaiiB OaJkn:

— qns OetoHy f,=19.5-10=195MIMa ( v,=L0 ). Eone = 28107,

£ =0.72:107;
— JuTA apMaTypu L =2.1-16° Mlla, f,, =500 MIa, v, = L2, A, =942cM,
£, =20-107,

2. BusHaqaeMo BeIUUUHY:
d= 500—40=460 mm;
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£, :f%:50%2:416,7 MIla;

fe 4167

o= = -=1,98-107;
E. 2,110
A= Ceauzed B3 - 2,8 10” —0‘:7;2 107 = 0,743;
8qu,cd 2’810 .
- 1+ A(1+2) _1+0,743(1+0,743) ~0,439.
3(1+4) 3(1+0,743)

3. Bu3HauaeMo ycepejlHeHe 3HaueHHA PO3NOALTEHHX BHYTPILLHIX
3yCuJib B CTHCHYTIH 30Hi 6eToHi q,

q = —%fcdb(l +1)= -;—19,5-10’ +0,2(1+0,743) =3399 kH/m.

4. 3HaX01MMO KOHTPOJILHE 3HAYEHHS BUCOTH CTHUCHYTOI 30HH GeTony

€ 1073
Xlr — d cul.cd =460- 2,}8 10 __ 269’ San '
€eired T Eqo (2.8:107°+1.98:107)

5. OG4HCII0EMO BUCOTY CTHCHYTOI 30HH GETOHY 3 yMOBH O0YaTKY
TEKY4OCTi apMaTypu
_faA 416,7-10°-9,42.10°
g 3399
6. BusnauaeMo XapakTepuuii BUnajok pyiinyBanss. Tak ak
X, =269,5 MM >Xx, =115 MM

=0,115(m) =115 mm.

pyfiHyBanHa Ganku Oyae BinGyBaTMCh NpH TeKyuqocTi apMaTypu i
pOOMMO  PO3paxyHOK AK Ui [EpLIOro  XapakTepHOro BUTIAAKY
pYHHYBaHHS.

7. 3naxonumo AeopManii posTArHyTOT apMaTypy €,

3 =8M[—d——1)=2,s-1o~3[%—1j=8,40-10”.
|z

]

8. IlepeBipsaemo yMOBY HeIpyXHOT po6oTH PO3TATHYTOT apMaTypu

£ - 7.10°
£, =20-10% >5, =8,40-107 > ¢, = ¢ = 216710
‘ ©°TE 2110

s

=1,98-107,

T06TO apMaTypa Npawkoe B IIaCTHYRIM cTazii, ane He pyiiHyeThes.
9. O6UMCII0EMO HECYdY 3aTHICTh Mepepizy M, .
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M =%, -q(d-x, k)= 0,115~3399(0,46—0,115-0,439)= 160,1 kH-m.
10. [MepesipseMo yMOBY 3a0e3mnedeHHs Hecyqol 3maTHOCTI. Tak K
M, =300 kHm >M, =160,1 KHM.

— Hecyya 31aTHICTb PO3PaxyHKOBOIO HOPMAJILHOTO Tiepepisy Oayiku
He 3abesnedeHa. banka 3pyHHY€ETbCA.

Mpuknan Ne 4.2 Jipyruit XapakTepHUii BUNAZOK PyHHYBaHHS

Bxinui gai:

Beron knacy C30/35 5y, =10. Apmarypa knacy A500C;
h=500 mm; b=200 mm; KINIBKICTB CTEPHHIB - 336 ;
a =50 mm. Y. =12,

VMoen 3anaui: [lepeBipuTy Hecyuy 3AaTHICTbL HOPMAJIILHOIO nepepizy

3aNi300eTOHHOT GaTKK TIPH 30BHILIHBOMY HaBaHTaxeHHI M=300xHMm.
Po3B’s13aHH:

1. Bunicy€emo (iznko-MeXaHiuHi XapaKTepucTuku MaTepiaiis Gasiku:

— mas Gerony fi,=19,5-1,0=195MITa ( v,=10 ), Eusu =2,8-10" |
Eye = 0,72:107;

— i apMarypu E,=2,1-10° MiTa, f, =500 MIla, v, =12, A,=30,54 oM,
g, =20-107,

2. Busnayaemo BEJIUUYMHHU:

d= 500-50-450 mm;

£, :f,vk/ =500 ~416.7 MITa;

s

fa 4167

g, =2 -=1,98:107;
. 2,110
7\ — Scu}.cd _gtlﬂd — 2’8‘10“3 _0’12 -10—3 = 0,743;
Eculcd 2’8 ) 10
L LeMed) 1407430 10.743) 4 439
©3(1+2) 3(1+0,743)
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3. Bu3HauaeMo ycepeiHEHEe 3HAueHHs PO3MOALNEHNX BHYTPILIHIX
3yCHJIb B CTUCHYTIH 30Hi OeToHi q,

q :%fcdb(l +1) :%19.5 -10°-0,2(1+0,743) =3399 KkH/m.

4. 3HaX0/IMMO KOHTPOJIPHE 3HA4YEHHS BUCOTY CTUCHYTOT 30HU OETOHY

€ -
Xy =d et s BNy
8Cu3 cd +Ssv (23810 ok 1,98]0_‘)

5. O6uMCMOEMO BUCOTY CTHCHYTO! 30HM GETOHY 3 YMOBH HOMATKy
TEKy4O0CTi apMarypu
fa A, 416,7:10°:30,54-107
3399

X, =

=0,374(m) =374m.
9.

6. BuzHauaeMo xapaxTepHUii BUNANOK pyiHyBaHHa. Tak Ak
X,, =264MM < X, =374MM

py#iHyBaHHs Oanxu Oyne BiAGyBaTuCh MpU MNpYxHUX Aedopmalisx

apMatypH i poOMMO po3paxyHOK siK I APYroro XapakTepHOTO BUIIA/Ky
pyHHyBaHHs.

7. Bu3HauaeMo 3HaUeHHS AUCKPUMIHAHTA J],
I, =t EA, (2, EA, +49.d)=2,8-1072,110°
><30,54-10”4(2,8-10’3 -2,1-10%-30,54-10™ +4A3399-0,45):1421 1495 xH>.
8. O6uHCA0EMO BUCOTY CTUCHYTOT 30HH OeTOHY X,

€. EA I, -2.8-107-2,1.10°-30,54-10~ + 14211495
2q, 23399

X, =

=(,290 M.

9. 3Haxoaumo nedopmalii po3TATHyTOl apMaTypu €
€ =€ [%AJ: 2,8~10‘3(£%—1)=1,54-10'3
10. ITigTBEpAXKYEMO YMOBY NPYKHOT pOOOTH PO3TArHYTOI apMarypu
0<eg, =1,54-10" <g, =1,98-10"
— YMOBa BHUKOHY€TbCS, apMaTypa NPalOe MPYyKHO.
11. Busnayacmo Hecyuy 31aTHICTh niepepizy M,
M, =x,-q.(d-x,-k,)=0,290-3399(0,45-0,290- 0.439)=318.1 kH-m.
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12. [MepesipsieMo yMOBY 3a0e3rieyeHHA Hecydoi 31aTHOCTI Ta poGrMo
BHCHOBOK MO0 11 3a0e3MeueHHs

M., =300 kHm <M, =318,1 kHm.

YMOBa BHKOHYETHCA — Hecyda 3JaTHICTB  PO3PaxXyHKOBOTO
HOpPMaJILHOTO Tiepepisy Ganky sabesneuena. Banka He 3pyHHY€ETHCA.

4.8. [Turanns 115 caMonepeBipKy

|. 3anuimiTe yMOBY 3a0e3nedyeHHs Hecyvol 3aTHOCTI HOPMAaJbHOTO
nepepizy 3 OANHOYHUM apMyBaHHAM.

2. SIkuii HanpykeHo - Ae(OpMOBAHNMH CTaH BUKOPUCTOBYETHCA AT
BU3HAYEHHS Hecydol 30aTHOCTi HOPMAJIbHOTO nepepisy.

3. Axi pO3PaxyHKOBi nepeayMOBU Ta npumnyeHHs
BUKOPUCTOBYIOThCS LISl BH3HAYCHHA Hecy4oi 31aTHOCTI HOPMALHOTO
mepepisy.

4. OnvwiTe MOXJIMBI BHMAAKW pyHHYBAHHSI HOPMAITbHOTO nepepisy
TIPY OIMHOYHOMY Py HHYBaHHi.

5. $SIk BA3HAYACTLCS KOHTPOJIbHE 3HAYCHHS BUCOTH CTHCHYTO! 30HH
GeTOHY NMpY BA3HAYEHHI Hecyuol 3ATHOCTI HOPMAJILHOTO MEPEpizy.

6. 3 sikoi YMOBW PIBHOBaiM BU3HAYAETHLCA BUCOTA CTUCHYTO! 30HM
GeToHy Xi.

7.3 siKoi yMOBYU PiBROBAIH BU3HAYAETLCH HECYHa 31aTHICTH Mepepizy.

8. Sk Bu3HauaeThesl KoedilieHT A TIpU pO3paxyHKax Hecy4oi
3MATHOCTI HOPMAJILHOTO T1EpeEPi3y.

9. SIk BU3HAYACTLCS BUCOTA CTUCHYTOI 30HU X IPW MepLIoMy BUIAJIKY
pyHHyBaHHA.

10. STk BH3HAUAETLCS HeCyda 3AaTHICTH HOPMAJIBHOIO niepepizy rnpu
TepuIOMy BUITAZIKY pyWHHYBaHHS.

11. Sk BU3HAUAETHLCH Micue pO3TallyBaHHA LEHTPA CTHCHYTOI 30HH
OeTOHY Ta BEIMIUHA d..

12. Sl BU3HAUAETHLCS BUCOTA CTUCHYTOT 30HM TIPH 2-My XapakTepHOMY
BUMAJAKY pyHHYBaHHS.

13. Slk BM3HAYAETbCA HECyda 3AATHICTh HOPMAIIbHOTO nepepisy npu
JIPYTOMY XapaKTepHOMY BHIIAJIKy pyHHYBaHHS.

67



5. NEPEBIPKA HECYUOI 3IATHOCTI 3AJI30BETOHHUX
EJIEMEHTIB [IPSIMOKYTHOI'O IIEPEPI3Y 3 NOJABIMHUM
APMYBAHHSAM HA A110 3rHHAJBHUX MOMEHTIB

5.1. INocraHoska 3anaui

JaHo: Binomi po3Mipu MPAMOKYTHOro mnepepisy, Kiac oerony C,
Kmacu apmatypu A, KifbKiCTb Ta po3TaulyBanHs poGO4Oi apmarypu
(postarnyToi As Ta ctducHyToi As'). 3amaHuii 3ruHanbHNH MOMEHT Mgy,
AKMH BUHMKAE Yy DO3PaxyHKOBOMY HOPMA/bHOMY mepepisi Bix aii
30BHILIHIX HABAHTAXEHb.

Busnauuru:

— HeCyy 3/IaTHICTb PO3PaxyHKOBOr0 HOPMAJILHOTO Niepepisy GaKu:

— MEPEeBIPHTH YMOBY MilHOCTI;

— BU3HAYUTH K NpaLioe poGoya apMaTypa Mnpu pyiiHyBaHHi.

5.2. Hanpyxeno-nepopmoBaHuii cran nepepisy

Ak i B 3amaui 3 ONMHOYHUM apMyBaHHAM, NPH BU3HAYEHHI Hecyyol
3[aTHOCTi OAKOBMX €NIeMEHTIB 3 NOABIMHMM apMyBaHHIM BUKOPUCTORBY-
FOTBCS PO3PAxXyHKOBI IIEPeayMOBH, 1O 0a3ylOTHCS Ha PO3TIAni HemiHiiiHO
mepopmauiiiHoi Mozgeni pobotn marepianis — GeToHy Ta apmarypu (I
4.1.1 [2]).

TlepeBipka 3a Hecy9ol0 37aTHICTIO HOPMANLHHX Hepepi3iB GATOUHUX
€JIEMEHTIB 3 [I0ABIHHMM apMyBaHHSM BUKOHY€ETBCA 38 ymoBoto (4.1).

Posrnaxemo Hanpyskeno-neopMoBanuii CTan HOPMATLHOTO Hepepisy

Gasky 3 MOJBiIHHHM apMyBaHHSM y I'DaHUMHOMY CTaH] (puc. 5.1).
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. 2ins
¥,
B

GrnenyTs 048/
Besiny

b . \ SN
Puc. 5.1. TMonepeunmuii niepepi3 (a) Ta HampykeHO-AePOPMOBAHNH
craH (6) HOpMANLHOTO Nepepisy Ganku 3 NOABIHHUM apMyBaHHAM

+

Tak K | Y BUTTAOKy OAWHOYHOTO apMyBaHHs, BTpaTa HeCy4oi 31aTHO-
CTi HOPMAJILHOTO Mepepisy Moxe BiAOYBaTHCH 10 JIBOM XapakTepHUM BU-
najkaM B 3a1eXHOCTI Bijl cTajii po6oTn poboUoi MOB3IOBKHBOT apMaTypH
B PO3TATHYTI! 30Hi:
1-if — mpy py#HyBaHHi B pO3TATHYTIHl apMaTypi BiOyBaeThCs TEKYUiCTh;
2-if — y BUMAAKy TPYXHOI POOOTH PO3TATHYTOI apMaTypH B MOMEHT py#-
HYBaHHSL.

AJte s HOPMATbHOFO MeEpepisy 3 MOABiiHMM apMyBaHHS KUIBKICTE
BUMAJKIB 30ibIINTLCS B 3aJ1€XKHOCTI Bill TOro, AK Oyze npaLroBaTH CTAC-
HyTa apMarypa B MOMEHT pyHHYBaHHS.

Bumagok 1.1 — poboua po3TardyTa apMmarypa npautoe Ha cranii
TEKY4OCTi | B apMaTypi CTHCHYTOI 30HH TaKOX BUHUKAE TEKYy4icTh, TOOTO

£, <E, <Eu €, <E, <€y
{ 0T T g ’ (5.1)
O, :fvd' [N :f‘,w
Bunagok 1.2 — po6Goua po3TarHyTa apmarypa Npaltoe Ha craaii
TEKYy4OCTi, a apMaTypa B CTUCHYTili 30HI MPaLio€ NPYKHO, TOOTO

{Es() SES <Ey- Ta JO< €, <£sO’ (5 2)

o, =1 lg}_':gs.Es;
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Bunanox 2.1 — poboua posrarHyra apmarypa npatoe MPYXHO, a

apMmaTypa B CTUCHYTIH 30Hi 3HAXOAUTBCS B CTail TEKy4OCTi, TOGTO
JO <g <g €y < 85, <€

st 2

—e .E - ’ .
l()-s_gs E,: o, =f,.

(5.3)

Bunangox 2.2 — i poGoua posrardyra i apmarypa B CTUCHYTIi{ 30Hi
NPALIIOIOTH IPYKHO, TOOTO

(5.4)

O<g, <g,, O<g <g,,
) o <8
o,=¢g,-E; o =¢ -
st Toro, mo6 BU3HAUMTH AKMIl XapaKTepHAii CTaHy pyHHYBaHHs
MOX€ BUHMKATH B TOMY, 4 iHLIOMY nepepi3i HEOOXiZHO PO3rIAHYTH
KOHTPOJIbHHH  HANPYKeHO-1e(OPMOBAHMIE CTal HOPMANLHOIO nepepidy
JUIsl KOXKHOI'O BUIAJKY PYHHYBaHHS.

5.3. KoHutponbuuii Hanpysxeno-neopmMoBanmii crau nepepizy ans
BU3HAYCHHS XapaKTePHOro TUNY PyiHYBaHHA

[lo ananorii i3 3anavero 3 OIMHOMHUM apMyBaHHAM, nepexin Bin 1-
TO XapaKTepHOro Tully pyHHyBaHHs 10 2-ro Oyne BiaOysatuck npu
HassBHOCTI TaKHUX YMOB.
ko
Xp 2X (5.5)
TO pyHHyBaHHA nepepisy GOyne Bianosisatu l-My xapakTepHOMy
BUTIaJIKY, TOOTO B IIpolieci pyiiHyBaHHs B pobouili M0B310BKHiH apMmarypi
Oyne BUHHKATU TEKYYiCTb.
VY BUnaJKy koam Oyse BUKOHYBATHCH YMOBA
X <X, (5.6)
py#HyBaHHA nepepisy Oyne BilNoBinaty 2-My XapakTepHOMY BMNAnKy,
TOO0TO B mpoueci pyfiHyBaHHs poGoya pO3TArHyTa apmarypa Oyne
[palOBaTH NPYKHO.
KoutposibHe 3HadeHHs BUCOTM CTHCHYTOI 30HM GeTony (x,. ), npu

sKili BUKOHYETHCS YMOBa
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.y = B

£, =g, = f%s ’ (5.7)

MO’HA 3HaiTH 3 po3ryisidy NoAiGHOCTI BiAHOBIAHNX TPUKYTHHKIB Ha
niarpami aegopmatiit (puc. 5.1, 6)
By 5T B (5.8)
X, d
[Tincrapasemo B (5.8) sixnosinxi 3HaueHHs 3 (5.7) Ta BpaxoByOUH
Te, MO X,=X, Ta & =g, , OTPUMAEMO KOHTPOIbHE 3HAYEHHA BUCOTH
CTUCHYTOI 30HH

X

=d €outed . (5.9)

€ +E,

tr
culd.ed

3 jHworo Goky, BUCOTA CTUCHYTOI 30HU OeTOHy X, Moxe OyTH
3HajifieHa i3 po3rIIsLy YMOBH PIBHOBATH Y BUTIISII CyMH TIPOEKLiT BCIX cull
Ha Bick X (puc. 5.1, 6). 3BiIKM OTPUMAEMO

F-F-F=0, (5.10)
e F, — piBHOAIIOUE 3yCHIINS B CTUCHYTOMY OETOHI;
F — piBHOAIIOUE 3yCHIIA B PO3TATHYTIH apMaTypl;
F' — piBHO{fOUE 3yCHINS B CTHCHYTIl apMarypi.
3BinKH
F=F-F. (5.11)

BHyTpiurHe 3ycums F,

1
E:Efm-b‘x,(l+k):qc~x,, (5.12)
1€ q,— ycepeJHeHe 3Ha9eHHs PO3IOIITeHIX BHYTPIIUHIX HalpyXeHb

B CTUCHYTOMY OETOHI
qC:%fm-b(Hk), | (5.13)

A = € ~F

ZER (5.14)

Sctﬁ.cd
3 BpaxyBaHHAM (5.7) piBHOZIIOUE 3yCHIUIS B PO3TATHYTiH apMaTypi
E=oc,E =f,A;: (5.15)

TEK, B CTUCHYTIiT apmarypi
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E' =o,-E =f,-A,. (5.16)

s

TTigctasusim (5.12), (5.14) ta (5.15) B (5.11) oTpumaemo Bucorty
CTUCHYTO! 30HM GETOHY B MOMEHT BUKOHaHHA yMoBU (5.1)
f,-A T A £, -A—f Al
X1 - yd s vd S yd s vd s . (517)
1/ 2f,-b(1+1) q.

5.4. KourposbHuii HanpyxeHo-iedopMmoBanmii cTad nepepisy npu 1-
MY XapaKkTepHOMY THIli pyHyBaHHA

[Mpu upoMmy HampyskeHo aedopmopaHomy crani (puc.5.1) posrarnyra
apmarypa 3HaxoauTbcs B craHi Tekyyocti (- xapakrepHuit Thn
pyliHyBaHHs), a CTUCHYTa apmarypa Moxke ab0 TaKoX 3HAXOAUTHCh B
cTamil Tekydocti (tmi pyiiHyBaHHs 1.1), abo npamoBaTu Opy*HO (TUI
py#inyBauus 1.2).

JIns 3HAaXOIKEHHS KOHTPOJBLHOTO 3HAYEHHA BMCOTHU CTUCHYTOI 30HM
GeToHy x,,, KOJIM BUKOHYIOThCs yMOBH (5.1) Ta

=da =" (5.18)

posriisHeMO emfopy posnoziny Jjedopmauiii Ha puc. 5.1.6, Ta
3amMCyEMO 3B'S130K LIOA0 BigHOCHMX AedopMalliii CTUCHYTOI apMaTypH
€, g’
e (5.19)

Xy X, —a,

3BiTH KOHTpPO/IbHE 3HAUEHHS BUCOTN CTHCHYTOT 30HH, Oy1e

X, =x,'=a,'——wid (5.20)

‘g €'

eun3.ed SO
B Taxomy pasi, sKuo Oyae BUKOHYBaTUCh yMOBa
X 2%, (5.21)
B CTHCHYTIli apmarypi 6yae BMHUKATU TEKy4iCTb i MU OyneMo maru
XapakTepHuil Bunanok tamy 1.1.
SAxino 6yne BUKOHYBaTUCh yMOBA
X <X, (5.22)
TO CTMCHYTa apMarypa Oy/e IpallioBaTH Npu PyiiHyBaHHI mepepizy
npyxHo, T06TO Gyae BinOyBaTUCh XapaKTepHuil TMN pyHHyBanHa 1.2.
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5.5. KourponbHuii HanpyxeHo-aedpopMoBanmii cTaH nepepisy npu 2-
MY XapakTepHOMY TUIIi pyiHyBaHHs

[1pu upomy nanpyxeno-gedopmosanomy crasi (puc. 5.1) apmatypa B
PO3TATHYTI 30HI Npaltoe MPYKHO (IO € XapaKTEPHUM came AN 2-To
TUMY py#HHYBaHHs), a CTUCHYTa apMarypa Moxe aGo TIpalloBaTH B CTafii
Teky4ocri (tvun pyinysawHs 2.1), abo npauroBath nOpyxHO (THR
pylinyBanHs 2.2).

Kputepiem nepexoay Bia 0qHOro Tuny pyiiHyBaHHS [0 iHILOO MOXKE
OyTn NpuiiHATe KOHTPONBHE 3Ha4eHHA AedopMallil B CTUCHYTIH apmaTtypi

(&, '), IpM AKOMY BHCOTA CTHCHYTOI 30HH OeTony
X =X, (5.23)
3 posrnsiy emopu posnoainy nedopmaliii 10 BUCOTI nepepisy (puc.
5.1,6)
8 1

coed o By (5.24)
ir Xlr - as '

3BilKH KOHTPO/bHE 3HAYECHHS BiAHOCHUX Aedopmaniit crucHyTol
apMmarypu

Esr':ScuBCd(lﬂas'j " (5’25)

Xlr
B Takomy pasi, sikujo 6yae BUKOHYBaTHCh YMOBa
£, <€ '<E,, (5.26)
B CTHUCHYTIH apmaTypi Oyne BUHUKATU TeKy4iCTb i pyliHyBaHHS
nepepisy BinOyBaeTbes no tuny 2.1.
V Bunaaky, konu 6yae BUKOHYBaTHCh YMOBA

0<5”'<€s(, s (527)
CTHUCHYT2 apmarypa Oyde npalloBaTd MpPYXHO, 1 pyHHyBaHHS
nepepisy Oyae BinbyBatuch no tumy 2.2.

5.6. Hecy4a 3naTHicTh nepepizy 3 HOABIHHIM apMyBaHHAM
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Hecyya 3pmaTHicTe HOpManmsHOTO Tepepisy Oaiku 3 TOABITHNM
apMyBaHHAM 3HAXOAMThCH i3 PO3IJIAAY IAPYroro piBHSHHs piBHOBarn y
BUTIIAAI CyMH MOMEHTIiB BiITHOCHO PO3TSATHYTOI apMmaTypH ZMA:O, a

came
M,~F -z, ~F (d-a/)=0, (5.28)
3BIJIKA
M, =F -z, +F (d-a) , (5.29)
Ae Z,. — BiICTaHb MiX TOUKAMH NpPHKNANAHHS PIBHOAIOUMX Harpy-

’KeHb B PO3TArHYTil apmarypi Fs ta crucuytomy Gerouni Fe (auB. puc. 5.1,
6), o nopiBHIOE

z, . =d-a_, (5.30)

a_ — BiICTaHk Bill HaiiGiMbL CTUCHYTOT rpaHi GETOHY 0 TOYKM NPUK-

NajlaHHs piBHOMIIOMOro 3YCHIUTS BHYTPILIHIX CTHCKAIOYHUX HAIpykeHb B

Oeroni F,, koedimieHT k, BU3HAYAIOTLCS 3a HOPMYTIAMH:

a =x,-k,, (5.31)
YY) (5.32)
Fo31+a) o

Takum ywHOM, Hecyuya 3AaTHICTH 3a1i300€TOHHOrO nepepizy 3 Ho-

ABiHHHM apMyBaHHSM BH3HAYAETHCS 32 QOPMYTIOr0
Mu:qc'Xl(d—kk'xl)J"Fs’(d_as’)- (5.33)
Sk BunHO 3 popmynu (5.33) Hecyua 31aTHICTL nepepisy 3 MOABIHHKM
apMyBaHHAM 3QJEKUTh Bill BUCOTU CTUCHYTOI 30HM GETOHY X; Ta 3yCHIb B

CTHCHYTI!l apmaTypi F/.

5.7. Bucota cTHCHYTOI 30HW GETOHY X; Ta 3YCHJUIS B PO3TATHYTIii

apMmartypi F 1Ipu pisHNX XapakTepHUX THIax pyiHyBaHHS
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[lpu Tuni xapakTepHoro pykHypaHHa 1.1 mac BUKOHYBaTuUCh yMOBa
(5.1).

B takomy pa3si 8McoTa CTUCHYTOI 30HM OeTOHY X; Oyle BU3HAYATHUCH 3
dopmyim (5.17), a 3ycunna B CTUCHYTIH apmaTypi 1o gpopmyni (5.16).

[1pu xapakrepHoMy THUNi pyiiHyBaHHA 1.2 Ma€ BUKOHYBaTHUCh yMOBa
(5.2).

[lepwe piBusunst pisHosary (5.10) ansg takoro umanky Gyne marw

BUIaAg

fydAA:—qc'Xl CIIBM(I—X_JEA O- (5.34)
1
[Micns po3s’s3aHHs KBAAPAaTHOTO PiBHAHHA (5.34) BIIHOCHO X; OTpH-
Maemo
f

A, —t B A+ (L,

vd s cu;cd
X, == , 5.35
] . (5.35)
Jle BelTU4YMuHa Ill/lCKpl/lMiHaHTa
P =1 A s B A ) 40, g B A (5.36)

3ycunns B CTUCHYTiH apMatypi

F = o [I—E‘L]EQ A (5.37)
X

1

[lpu xapaktepHoMy Tumi pyHHyBaHHs 2.1 Mac BUKOHYBaTMCh yMOBa
(5.3).

ITepuue piBHsiHHA piBHOBary (5.10) 4714 TAKOTO BUMAAKY MaE BUJ

d .

e ) (5.38)
Xl
3BiAKH BUCOTA CTUCHYTOT 30HU OETOHY
I3 ’ 2

fu" A € B A +\/(Scu3.cd Eg-A -1y A ) +4-q, 8450 E A d

X, = , (5.39)
Z’qc
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abo

£, A —e,5. E A, +J1,,
= yd S 8&'\\3,“1 s 5 Ilzk , (540)
z'qc
A€ BCJINYUHA )I[I/ICKpI/IMiHaHTa
2
HZZ = (gcuS.cd 'Es 'As _f;!d' ) As’) +4'qc 'gculcd 'Es 'As : d . (5'4 I )

3ycuiuIs B CTUCHYTIit apMaTypi
E =1, -A/. (5.42)
[Ipu XapakrepHomy Tuni pyliHyBaHHS 2.2 BUKOHYEThcs yMoBa (5.4),
TOGTO i PA3TATHYTA | CTHCHYTA apMaTypa NpaikorTh TPYKHO.
3anuiemo piBHAHHA (5.10) y po3ropHyToMy BULTsII
o (2-1]13«/\)_ QB (1 _L]EA ~o0. (5.43)
X, Xy
[Ticns po3r’sd3aHHS UBOTO PIBHSAHHSA BIXHOCHO X; Ta HEOOXiTHMX nepe-

TBOPEHBL OTPUMAEMO

2
X, = ,(5.44)

8c\.\ c .Es AS+A5,V_ I[Z.
‘ x =2 (_2_q H_’, (5.45)

J€ BeIHUYUHA JII/ICKp]/IMiHaHTa
ﬂz_a = 8cu3‘cd ’ Es ‘:Sculcd : Es (As + As' )h +4- q\; (d ’ As + as, : As’ ):! . (546)

BinnosinHo, sycunns B cTucHytiii apmarypi F' npu Takomy THni
py#iHyBaHHA Oyle 3HaXOAWTHCE 3a ToroMorolo (5.37) 3 ypaxyBaHHAM 10~

TNEPEAHLO BU3HAYEHOTO B (5.45) 3HAaYEHHs BUCOTH CTUCHYTOT 30HH GETOHY

Xi.
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5.8. ANroputm po3paxyHky

1. 3 Bignosigaux Ttabmaus [1], [2] ta [3] Bunucyiots dizuko-
MeXaHi4H1 XapaKTepUCTUKU MaTepiaiB:

—njist 6erony £, Mlla; €,,; 45 €30

— ana apmarypu fy.Mla; £ Mila; E,Mlla, E/,Mlla ; v,; v, ;

A,em’y Alem®; £,
2. PO3paxoByHOTh BeJUUMHU:

. . £,
— {4, MIla no gpopmyni 7{5 ;

", MIla no $popmy:ti f =

s

—f

yd

. f
— €, 0o popmymi ¢ B

s

£, /.

’ - y
— ¢, 00 Gopmymi

~d, no ¢opmyiti d=h-a_;

— A no popmymni (5.14);

— k, no dopmyii (5.32).

3. BusHaualoTe ycepe[HeHe 3Ha9eHHs BHYTPILIHIX PO3NOALIEHUX
Hamfpy>XeHb B CTUCHYTIH 30Hi OeToHy q, mo dopmyai (5.13).

4. Bu3na4aroTh BHCOTY CTYCHYTOI 30Hy 0€TOHY X| 3 YMOBM HasiBHOCTI

TEKY40CTi 1 B pO3TATHYTili, i B CTUCHYTi# apmatypi no dopmyni (5.17).

77



5. Po3paxoBYyIOTH KOHTPOJIbHE 3HAYEHHA BUCOTU CTHCHYTOI 30HK Oe-
TOHY Xj, /1711 BU3HAUESHHSA XapaKTepHOro TUMY pyiiHyBaHHs 1o hopmMyi
(5.9).

6. Bu3nauatoTs XapakTepHuii TUTT pyiiHYBaHHS nepepisy.

SIkmo BWKOHYeThCst yMoBa (5.5), poOnsTe BHCHOBOK, IO Mepepis
3pyHHy€eTbCA BIANOBIAHO 100 1-ro XapakTepHOro THUITY, TOOTO B MOMEHT
pYyHHYBaHHS pO3TATHYTa apmarypa Gyae MmpalfoBat B cTafil TeKyqocTi i
AXyTh 0 MyHKTY 7.

Sxuo BUKOHYEThCS yMoBa (5.6), poOasTh BHUCHOBOK, 1O Mepepi3
3pYHHYETBCS BIIMOBIAHO IO 2-TO XapaKTEpPHOTO THUILY, TOOTO B MOMEHT
pylHyBaHHS pO3TATHYTa apMaTypa Oyle NpalroBaTi MpyxHO i HIyTh Ko
MyHKTY 17.

7. PO3paxoBYyIOTH KOHTPOJIbHE 3HAYEHHS BUCOTH CTUCHYTOI 30HU IS
BU3HAUEHHs cTafdii poOOTH CTUCHYTOI apMaTypw B MOMEHT pyHHYBaHHs
x,.' o dopmyni (5.20).

8. Bu3Ha4arTh CTallil0 poOOTU CTUCHYTOI apMaTypu MpH MepLIoMy
XapakTepHOMY TUIi pyHHYBaHHS.

Sk110 BUKOHYEThCS yMoBa (5.21), poGnsTh BUCHOBOK, 110 Oyne Bij-
OyBaruch THN pyiHyBaHHA 1.1, TOOTO B MOMEHT pyHHYBaHHs i PO3TATHY-
Ta, i CTHCHYTA apMaTypH NpalforoTh B cTafil TeKydocTl, i HAyTh 10 IMMyHKTY
9.

SIKIo BUKOHYEThCST yMOBa (5.22) — pobisTh BACHOBOK, 110 Oyae Bij-
OyBaTHCb pyHHyBaHHsA 3a THIOM 1.2, TOOTO po3TsirHyTa apmarypa Oyne
TIPAIIOBATH Ha CTafil TEKyYOCTi, a CTHCHYTa apMaTypa — TIpyxHo, i i1yTsh
110 MyHKTY 13.

9. BusHawaroTh 3ycHIUTS B CTHCHYTIl apMmatypi F, o popmyii (5.16).

10. TpuiiMaroTh BUCOTY CTUCHYTOT 30HU OeToHY X 3 hpopmyinu (5.17).
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11. BusHauaiots Hecyuy 3aaTHicTh nepepisy Mu 3a dpopmynoto (5.33).

12. I1epeBipstoyu yMoBy (4.1) BU3HAUAIOThLCA 111010 3a0e3eueHHs He-
Cy4oi 31aTHOCTi Ta poOsATh BUCHOBOK 110410 cTail poOoTH poO3TArHyTOl Ta
CTUCHYTOT apMaTypy B MOMEHT pyiHYBaHHS.

13. Bu3xauaroTh 3HaueHHs quckpuminanTa J12.1 no ¢popmymni (5.36).

14. Po3paxoBy1oTh BUCOTY CTUCHYTOIL 30HN O€TOHY X; N0 Gopmyni
(5.35).

15. Bu3naualoTh 3ycU/UIsl B CTUCHYTIit apmarypi FE' no gopmymi
(5.37). _

16. [TocninosHoO BukoHytoTh .o 11 Ta 12.

17. Bu3HauaioTs KOHTPO/bHE 3HAUeHHs ged)opMallili B CTUCHYTI ap-
Mmarypi ¢, ' 1o gopmymi (5.25), npu skomy BinOyBaeThCs ApYruil THM Xa-
pPaKTepHOro pyitHyBaHHS.

18. Bu3HaualoTh CTaii0 podOTU CTHCHYTOT apMaTypu IpH ApyroMy
XapaKTepHOMY THIi pyiiHyBaHHs (PO3TACHYTa apMaTypa Mpalltoe IPYAHO).

K110 BUKOHY€Tbca YMOBa (5.260), poOasiTh BUCHOBOK, 110 B MOMEHT
pyiiHyBaHHsl B CTUCHYTiH apMaTypi BHHUKA€E TEKYJiCTh i AIYTh IO MYHKTY
19.

SKi110 BUKOHY€ETbCS yMOBa (5.27), poOsiTh BUCHOBOK, 1110 CTHCHYTa
apMaTypa [paloe Npy:KHO 1 HayTb 40 NyHKTY 23.

19. Po3paxoBytoTh auckpuMinauT J12.2 no dpopmyati (5.41)

20. Bu3HauaioTh BUCOTY CTUCHYTOT 30HU OeTOHy X, 1o $hopmMyi
(5.40).

21. Po3paxoByIOTb BENMUMHY 3yCUJIb B CTUCHYTI#H 30Hi F' mo dopmymni
(5.42).

22. IMocninoBHO BUKOHYIOTD M.n.11Ta 12,
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23. PospaxoByloTh AuckpuMiHaHT J[2.3 110 dopMymi (5.46).
24. B3Ha4aroTh BUCOTY CTUCHYTOI 30HU GeToRy X; 1o hopMmyii
(5.45).

25. Po3paxoBy1OTh BENMYKHY 3yCUIIb B CTUCHYTIH apMaTypi F 1o ¢o-
pMmyii (5.37).

26. TTocninoBHO BUKOHYIOTE TL.IL. 11 Ta 12.

5.9. Ipuxnan po3paxyHky
Tpuknag Ne5.1

Bxinyi nani:

beron C30/35 Apmatypa A 500C
b=20 cMm A, =336
h =350 cm Al =3016
Yo =10 a, =30 MM
M =400xHm '
a, =20 MM

Po3p’sa3aHns:
1. BuzHauaeMo ¢i3uko-MeXaHigHi XapaKTepUCTHKH :

— A 6etory f,=19,5Mlla; g, , =2,8-107; ¢, ,=0,72-107;

cu3,ed c3.ed
— g apMmatypu f, =500 MITa ; E =2,1-10° MIla, v,=12; v =115
A,=32,4 oM’ A =6,03 eM’ e, =20-107.

2. Po3paxoByeMO BETNYHHU:

_ka =500 e .
—f, = A_ /L2_416,7MHa,
f
-, =/ =500 =434,8 MIla,
vd /ys AIS

£
— ey == 0T 95107,
E, 2010

s
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. ,_fy 4348 Mila 5 07107
YOUE, 2,110°MIla ’

—d=h-a,=50-3=47 cm;
Bored "Bt 2.8-107=0.72-107

- A= = =0,743;
Scu],cd 2‘ 8 : l 0
+1) 1+0,743(1+0,743
A:1+1(1+;): +0,743(1+ )207439_
3(1+4) 3(1+0,743) -

—
3. Busnayaemo Be/NMYMHY YCEpeIHEHUX BHYTPIIUHIX PO3HOAiNEHMX
Hanpy>XeHb B CTUCHYTi# 30Hi 6eTOHY

q. = %fmb(l +1) =%’ 19,5-10"-0,2(1+0,743) =3398,9 (xH / ).

4. BuzHauaeMo BUCOTY CTUCHYTOI 30HH OETOHY 3 YMOBH HAsBHOCTI
TeKy4OCTi 1 B pO3TArHYTil i B CTUCHYTIlf apMaTypi
fa- A~ AL 416,7-10°-30,56-10™ —434,8-10°-6,03-10™*

= = =0,297 (m).
"1/ 26, b(1+A) 3398.9 (m)
5. Bu3HayacMO KOHTpDOJIbHE 3HAYEHHS BMCOTH CTHUCHYTOI 30HH
OeToHy
2.8-107
xlr :d._ E;cu3<:d —_— . j38 O = :27,53(CM).
60\13cd+sso 25810 +].9810

6. Buznauaemo xapakTepHul Tl pyiinyBaHus. Tak sk
X, =297 cm2x,, =27,53 ¢cM  po6umo  BMCHOBOK, 10  pyHHYBaHHS
BigOyneThca Mo 2-My XapakTepHOMY BWIIA[Ky, TOOTO HpH pyHHYBaHHI
pO3TArHyTa apmaTypa Oy/e NpalloBaTU NPYXHO.

7. Bu3HayacMO KOHTpONbHE 3HaueHHA JAedopMamiii B CTUCHYTI

apmartypi
e =6, 1= |=2.8-10%[ 1--2% -2 60.10".
~ : 27,53 ,‘

Ir . ’

8. Busnawaemo cragiro poOOTH CTHCHYTOI apMarypu IpH
pyiinyBanns. Tak sk €,'=2,07-107 <g '=2,6-10" <g,,=20-10" | po6umo
BMCHOBOK, L0 CTHCHYTa apMatypa OyJe NpaiioBaTH B cTalil TeKy4ocCTi,
TOOTO BiAOYBAETLCS XAPAKTEPHUIM THII pyiiHyBaHHs 2.1 .
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9. BuszHauaeMo BeIMYMHY AMCKPUMIHAHTY 3 YMOBH TPYyKHOT pobOTH
pPO3TArHYTOI apMaTypH

2
IIZ.Z = (gculcd ’ Es ) As _fyd' : As’) + 4 qc 'Ecufncd 'Es 'As d =

:(2,8-10"3~2,1~103-30,54~10“—434,8~103-6,03-I0“')2+
+4-3398,9-2,8-107-2,1-10° 30,5410 -0,47 = 13815755,64 (kH’).
10. Bu3HayaeMo BHCOTY CTHCHYTOI 30HHW GETOHY i3 YMOBW MpYXKHOT
poboTH po3TATHYTOT apMaTypH st THIy 2.1
fo A ~e0 E A+,

vd 5
X, = =
2.q,
_(434,8-10°-6,03-10™ —2,8-107-2,1-10°-30,54-10"* + /13815755, 64)
2-3398,9

11. IepeBipseMo yMOBY TIpYXHOI poOOTH PO3TATHYTOT apMaTypH

€, = €0 4 :2,8~]0“3(—0ﬂ—1 =130-107
" “lx, 0,321

=0,321 (m).

3
sk 6auumMo
£, =1,30-10" <5, =1,98-107,
TOOTO pO3TArHYTa apMarypa AiCHO TPALIOE MPYIKHO.
12. TlepeBipseMo, B siKilt cTaiii npairoe CTHCHYTA apMatypa A,

6 =, 1=3 |=2.8.107[1- 292 )25 63.107
v 0.321

X, 8
K 0a4uMo
£,=20-10">¢/ =2,63-10" >¢ / =2,07-107,
TOOTO CTUCHYTa apMmarypa [HilCHO Tpauroe He MpyxkKHO, ajie He
PYHHYETHCS.
13. Bu3HauaeMo Hecyuy 34aTHICTb repepizy

M, =q.x,(d —k,“x,)+fyd'As'(d —as') =3398,9-0,321(0.47-0,439-0.321) +
+434,8-10° -6,03-107(0,47 - 0,02) = 477,01 (xHwm).

14. llepeBipsieMO Hecyuy 3/1aTHICTh Mepepizy

82



M, =482,65 kHM>M,;; =400 kHm,

BucnoBok: Hecyua 3IaTHiCTL nepepizy 3adbesmeueHa, Oanka He
3pyliHyeThcs. PyiinyBanHs 6anky BinOyaeTbCA 3a XapakTepHUM TUTOM 2.1,
To0r0 B mpoueci pyiiHyBaHHa po0ouya po3TArHyTa apmatypa Oyne
[pautoBaTH NPyKHO, a CTUCHYTA Oy/e 3HAXOJUTHCh B CTalil TEKy4OCTi.

Ipuknan Ne 5.2

BxinHi nasi:

Beron C40/50 Apmarypa A 400C
b=20cm A, =225
h=50cm Al =204 )
Ya =10 a, =30 MM
M,, =180 kHwm 2 =20 o
Po3B’a3aHHs:

1. BusnauaeMo (i3uKo-MexaHiuHi XapakTepUCTHKU
— ans 6etoHy f, =27,5Mlla; ¢ =2.31-10%; ¢, =0,86-107;
— Ui apMatypH f, =400 Mlla; E_=2,1-10° Mila, v,=L11; A =9,82 cm’;

A =308 cv’ig, =20-10".

cu3.ed c3.ed

2. P03pax013y€M0 BEJIMYMHU:

f
- 400/ _
£, / /] =363,6 MIla;

—€ :s,: 363,6 =1,73-107";
oo ;35 2000

—d=h-a,=50-3=47(cm);

— X-80\11cd_ECRC(l 2"3]']0:"‘0’86'104

= A =0,628;
€rseg 2,31-10°
71+x(1+x)_l+0,628(1+0,628)704l4
o3a+a) 3(1+0,628) T

3. BuznayaeMo BeIMYHHY yCEepeIHEHMX BHYTPILIHIX PO3NOAiNIEHUX
HanpyxeHb B CTUCHYTil 30H1 O6eToHy



I 1
q. =5fcdb(l +1) =3 27,5-10°-0,2(1+0,628) = 4477(xH / m).

4. BuzHauaeMo BUCOTY CTUCHYTOI 30HU OETOHY 3 YMOBU HasiBHOCTI
TEKy4OCTi i B pO3TATHYTi#f i B CTMCHYTIli apMatypi
fa-A—fy Al 363,6-10°-9,82-10™ —363,6-10°-3,08-10"*

X = 2 =0,055(m).
! q. 4477 )

5. Bu3Haua€MO KOHTPOJbHE 3HAYEHHS BHUCOTH CTHCHYTO! 30HU
6eTony

Scu3 cd 2,31 . 10_3
xlr -_-d-—-‘-—‘—'——: . = -
8z:l.\3.cd+8so 233110 +1,7310

6. Busnauaemo xapaktepHuii thn pyiinysaHus. Tax sk

=26,90(c™m).

X, =55 eM<x,, =26,9 ¢M po6umo BUCHOBOK, IO pyiiHyBaHHs BiabyaeThea
no 1-My XapaKTepHOMY BHINaiKy, TOOTO TpW PyWHYBAaHHI B PO3TSTHYTii
apMarypi GyJe BUHHKAaTH TEKY4iCTb.
7. Po3paxoByeMO KOHTpOIbHE 3HAYEHHS BUCOTH CTMCHYTOU 30HH
GeToHy JUIA BU3HAYEHHS XapakTepy poGOTH CTHCHYTOI apMaTypu
Sat  _0.00. 2,31-107
€ane —Eo' 231107 -1,73-107

8. Bu3HayaeMo cTafiio pobGOTH CTHCHYTOI apMaTypy IpH pyHHYBaHHi.

=0,08(m).

Tak sx X, =5,5cM<x’, =8,0cM poGUMO BHCHOBOK, O MPW pyiBYBaHHI
Gyze BinOyBaTHCh TU!l XapakTepHOro pyiiHyBaHHs 1.2, ToO6TO CTHCHYTaA
apMarypa Oyze NpallfoBaT NMpy>kHO.

9. Po3paxoByeMO BEIMUUHY IUCKPUMiHAHTA

2
)121 = (f)dAs —Ecu.'i.chsAs’) + 4qc8cu3,chsAs’as, =
=(363,6-10°-9,82-107 -2,31-107 - 2,1-10* -3,08-10"*)2 +
+4-4477-2,31-107-2,1-10°-3,08-107* -0.02 = 96629,17 (kH?).
10. O6YMCIIOEMO BUCOTH CTHCHYTO! 30HW GeTOHY AN XapakTepHOTo
TUIy pyiiHyBaHHs 1.2
- fydAs _gcu3,chsAs’ + ﬂzn —
2q,
363,6-10°-9,82-10 —2,31-10™ -2,1-10°-3,08-10 + /96629,17
2-4477

X;

=0,058 (m).
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11. TlepeBipsicMO TIPaBUITBHICTD HALIMX BHCHOBKIB, IIOAO NMPUMHATHX
HaMu CTajiil podOTH apMaTypu:
— AN CTUCHYTO! apMaTypu
£ =6, 1-2 12231107 1—-0’—02— =1,51-10"
- X 0,058

! ,
TakK K
g =1,51107 <g, =1,73-107,
TO CTHCHYTa apMaTypa HiliCHO NPALIOE MPYKHO;
— U1 PO3TATHYTOI apMaTypH
€ =y (-}—1] =2.31-107 (g%—lj =16,4-107

1 ,
Tax sk
£,=173-10" <g,=16,4-10" <g,4 =20-107,
TO PO3TATHYTA apMaTypa Gy NificHO MpalloBATH B CTajlii TEKYHOCTi.
12. Po3paxoBy€eMoO 3yCHILIs B CTUCHYTIl apmartypi AJis XapaKkTepHOro
TUNY pyiHyBaHRns 1.2

F'=¢ -E A '=151.107-2,1.10°-3,08-10 = 97,67 (xH).

s

13. Buznauaemo Hecyvy 3AaTHICTb Nepepisy
M, =q.x,(d=kx,)+ FS/(d - aS') =
=4477-0,058 ~(0,47 -0,414- 0,058) +97,67-(0,47~0,02) =159,76 (xH-M).
14. [MepeBipsieMo Hecyuy 31aTHICTB EpeEPizy
M, =159,76 kH-M<Mg, =100 kH-M_

BHMCHOBOK: Hecyda 3jaTHiCTL Mepepily He 3abesnedena, Oaska
3pyitHyeThes. PyiiHyBaHHs Ganku BiOyAeThCs 3 XapaKTePHUM TUIIOM 1.2,
ToOTO B Tpoleci pyiHYBaHHA podoua pO3TArHyTa apmarypa oyne
TIpalfoBaTH B CTaLii TEKyqOCTi, a CTUCHYTa Oy/ie TIPaLFOBATH TIPYXKHO.

5.10. TTuTanng AJiA caMorepeBipKu

1. SIki po3paxyHKOBI MepeAyMOBH Ta MPUNYLIECHHS MPUIMAIOTBCA TIPH
pO3paxyHKy Hecydol 3MAaTHOCTI HOpMaJbHHMX Tepepi3iB 3 NOABIHHUM
apMyBaHHAM?
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2. Sxkuii HanpyxkeHo-IedOpMOBAaHUI CTaH HOPMANbLHOTO fepepizy
PO3IJISIAETHCS NPU BU3HAYEHH] HECY4O0l 34aTHOCTI?

3. SIxi MOxTIMBI BapiaHTu poOOTH CTUCHYTOI Ta PO3TArHYTOI pobouol
apMaTypu NpY py#HyBaHH1 6an0K 3 NoABIHHUM apMyBaHHAM?

4. SIkuii KOHTPOJILHUI HanpyxkeHo-Ae(hOPMOBaHUIT CTaH
PO3IIINAETHCS IPH BU3HAYEHHI XapakTepHOro TUMY pYiHYBaHHs Iiepepisy
3 HOJABIHHMUM apMyBaHHAM?

5. OnuigiTe ABa XapaKTepHi TUnM pyHHYBaHHA 6ajnok 3 NMOABIAHUM
apMyBaHHSIM.

6. JIng voro HeOOXiAHO PO3MIAAATU KOHTPOIBHUN HANPYKEHO-
HedopMoBaHuii CTaH 1Py NEPLIOMY XapaKTepHOMY THIli PyHHYyBaHHA?

7. SK 3anMCyIOTLCS YMOBH, 3a IKHMM BU3HA4A€ThCsl XapakTep poboTH
CTUCHYTOI apMaTypH IIPH NEpLIOMY XapaKTepHOMY THUIIi pyiiHyBanHs?

8. Sk 3anucyloThCA YMOBH, 3a SIKUMU BU3HAYAETLCS XapakTep poOoTH
CTUCHYTOI apMaTypU OpU ApyroMy XapakTepHOMY TUIl pyHHYyBaHHM?

9. Sk Bu3HavaeTbcsd Hecyya 3/aTHICTL fOepepidy 3 noAsiiiHum
apMyBaHHAM?

10. 5k BM3HA4Ya€ThCA BUCOTA CTUCHYTOI 30HU 6eTOHY X Ta 3ycuis B
CTUCHYTIiH apMmartypi npu tumi py¥inyeanns 1.17

11.51x BU3HAYA€ETHCS BUCOTA CTUCHYTOL 30HU OeTOHY X Ta 3yCH/UIA B
CTUCHYTIi#i apMarTypi npu Tumi pyiiHysauus 1.27

12. Ik BU3Ha4YaeThCH BUCOTA CTUCHYTOI 30HU Getony X, Ta 3ycunis B
CTMCHYTI# apMaTypl Opu TUni pyliHyBasus 2.17

. 13.5Ix BU3HA4aEeTLCA BUCOTA CTUCHYTOI 30HM GeTOHY X Ta 3yCUIUIS B
CTUCHYTI apMatypi npy Tmi pyliHyBaHHsa 2.27

14. 51k 3a TMIIOM XapakTEpHOro PYHHYBAaHHS MOXHa BU3HAYUTUCH 13
PaliORANLHICTIO BHUKOPDUCTaHHS apMaTypHOi crani B CTMCHYTId Ta
POBTATHYTIiH 30Hi 0anoK 3 MOABIMHUM apMyBaHHIM?

86



6. BA3HAUEHHS TLTOLII POBOYOI MOB3IOBKHBOI
APMATYPH 3rMHAJIbHUX EJJEMEHTIB IMPSIMOKYTHOI'O
MEPEPI3Y 13 YMOB PALIIOHAJIBHOI'O NPOEKTYBAHHS

6.1. Tlocranoska 3amadi

Haifuacrinre B MpaKkTUILi MPOEKTYBAHHS Tlepesl KOHCTPYKTOPOM CTOITh
3aja4a 3a pe3y/IbTaTaMH CTaTHYHOTO PO3paxyHKy Oyaisni abo okpemoi
KOHCTpYKUiT nigiépatn miouly poOo4oi apMaTtypud Ta TpaBHILHO
pO3MICTUTH i B mepepisi.

Came B TakoMy 3arajibHOMY KOHTEKCTi O0YMOBJIIO€THCS TIOCTAHOBKA
niet 3ana4i Ta ii peasizauis. ,

Jlano: Binomi posmipu momepeuHoro mnepepisy Oanku (AuB. puC.
6.1,a); kiac Getony C Ta yMOBH HOro poGOTH Y.1; KNac apMatypu A, sSkui
mae OyTM BUKOPUCTAHMi B PO3TATHYTI Ta CTUCHYTIfl 30Hi Oamiu;
BEJINYMHA 30BHIUIHLOrO MOMEHTY Mgq, KHM.

BusHAuWTH: KiTbKiCTh poGOYOi apMaTypyl B PO3TATHYTIH 30Hi, a TpH
HeoOXIIHOCTI — B CTUCHYTIit 30Hi GeToHYy.

6.2. OcHOBHI poGoui FiNoOTe31 Ta NEPefyMOBH, LG BAKOPHCTOBYIOTHCH
py BUPITTEHH] NaHoT 3a1a4i

VYMOBOIW  palliOHafbHOTO  TIPOEKTYBaHHA €  MaKCUMalbHe
BUKOPHCTAHHS MOXIMBOCTell podOTH Marepiallis 3 SKuUX 3pollieHa Ganka,
a caMme GeTOHY B CTUCHYTIil 30HI Ta poGOUOI MOB3AOBXKHBOI apMaTypu B
PO3TATHYTIH, @ 1PU HEOOXIAHOCTI i CTUCHYTI 30HiI OANKU.

MOXIHUBOCTI cTUCHYTOTO GeTOoHY Gyl IOBHICTIO BUKOPUCTAHO, SKIIO
B MOMEHT pyiiHyBaHHs Ha CTHCHYTiii rpani GeToHy Oyae pealnizoBaHa
YMOBa

{Ec(l) =Ered> 6.1

o .=t,.
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Ilo crocyeTsea po3rsardyToi apmarypd, TO 1i MOXIMBOCTI OyayTh
HOBHICTIO peali3oBaHi, AKIIO B MOMEHT PYiiHyBaHHA B Hill BUHHKAIOTH
TaKi Hampy>xeHds i negopmauii

g =g, = f.Vd /E,, 62)
c,=1f,.

Illono ymoBH pallioHanbHOrO po3MiL€HHS PO3TACHYTOI apMarypu, TO
Tpeba cTapaTuch PO3MICTHTH L0 apMaTypy siKHaUOIMK4e A0 pO3TIrHYTOI
rpadi 6eroHy. Ilpu upoMy Mae 3abe3nedyBaruch MiHIMajJbHE 3HAYEHHA
3aXHMCHOro wapy 6eToHy.

Slxuio nepepi3 nigiépaHo palioHANBHO, TO PYyHHYBaHHA CTHCHYTOrO
OeToHy 1 BHMHUKHEHHS TeKydyocTi B pO3TATHYTiH apmarypi Oyne
BinGyBaTHCh OAHOYACHO.

3 npuiiHATHX BHLLE NepeIyMOB BUILIMBAE, 110 YMOBOK HEOOXiAHOCTI
posramyBaHHs po060YOi apMaTypy B CTHCHYTill 30Hi 0ETOHY € JOCATHEHHS
yMoBH (6.1) (T06TO pYyHHYBaHHA CTHUCHYTOrO GETOHY) NPH TOMY, IO
PO3TATHYTa apMaTypa ILe TIPalloe OPYHKHO:

b P (6.3)
o <f,

IHwi poGoui rimoTesu Ta nepeayMOBM, siKi BUKOPHCTOBYBAIMCh HAMU
OpH BUPIILEHH| MONepeHixX 3a/1a4 3aTHLIATHCH TAKHMMH 3K CAMAMU:

— PO3IIIANAEThCS TPETiH HAIPYKeHO-NeOPMOBAHUIl CTaH Hepepisy;

- eMopa HaIpyXeHb B CTUCHYTIH 30Hi OeTOHY MpUiMaeThes y
BUI/ISUI IPAMOKYTHOI Tpanewii;

— Ppo6OTOI0 PO3TATHYTOIO OETOHY HEXTYEMO;

— B MOMEHT pyHHYBaHHs 3a/lMDIA€ThCA B CWII JiHIMHMA Xapakrep

posroaity aedopMmaliiii o BUCOTI nepepisy.

6.3. YmoBa HeOOXiZHOCTi po3TalllyBaHHi po6OuOi apmarypu B
CTUCHYTIli 30Hi 6eTOHY

PosriasiwemMo  Hampy»eHO-7e(pOpMOBAaHUM  CTaH  OPSIMOKYTHOIO
nepepisy 6anku npy oJMHOYHOMY apMyBaHHI HaBeleHuil Ha puc. 6.1 (6).
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a)

Puc. 6.1. TeomeTpiusi po3mipu (a) Ta HanpysxkeHo-aedpopMoBaHuit
cTaH (6) HOPMaJILHOTO Mepepisy 1TPK MOOAUHOKOMY apMyBaHHI

Bu3HaueHHs KOHTPOILHOTO 3HAUeHHS BUCOTH CTHCHYTOI 30HU GeToHy
(Xy;), TIPM AKOMY MO%e BifOyBaTHCS OJHOYACHE BUKOHAHHA yMoB (6.1) Ta
(6.2), HAMW BKE BUKOHYBAJIOCH PaHiIle i po3paxoBYETLCS 32 HOPMYJIO0

€

X, =d—Caas 6.4
e L e ©4)

culed

[Ipu BH3HAYEHHI poGOYOi BUCOTH Tepepisy d Mac BUKOPHCTOBYBATUCH
TaKe 3HAuUCHHA 3aXMCHOro lapy OeTOHY a_, SKE € MiHIMaJbHUM 3 OISy
Ha KOpo3iifHy CTiMKicTh Ta MOXexHy Oe3neky. 3 TaKAX MIpKyBaHb U
PO3pPaxyHKiB B NepiloMy HaOJMXKeHHi npuiiMaeTbes a =50 mv (SKIIO L4
BEJIMUMHA HE HAJAETHCS Yy BUXIAHUX JaHHX).

3 igmoro 60Ky, BHCOTa CTHCHYTOi 30HH OETOHY X, 3al€XHUTh Bill
BENMUMHM Jif090ro B Tiepepisi MoMeHTy 30BHIMAIX can Mgs. L
3aleKHICTh MOXe OYTH BH3HA4eHA i3 pO3TNALY YMOBM piBHOBaru y
BUTIISII CYMH MOMEHTIB BiIHOCHO LEHTPY Barl po3TarHYTOl apMaTypu
(. A Ha puc. 6.1, 6), a came:

M, -F -z, =0, “ (6.5)

PiBHozifoua 3ycwilb B CTHUCHYTOMy OeToni F, (ro awamorii 3
MonepenHiMy 3aJauamn)

F=x-q, (6.6)

Jie BeTMUKMHA ycepeqHeHHX BHYTPIlIHIX HANPYXKeHb B CTHCHYTOMY
HeToHi

89



q.= %fcdb(l i) (6.7)

a koeiuieHT

}\‘zgcﬂcd —E

sist 6.8)
€

culd.cd
[1neye BHYTpilIHBOI Napu cui B nepepisi
z,, =d—a_, (6.9)
J€ BIACTaHb BiJ CTHCHYTOI rpaHi OETOHY 10 LEHTpY Baru emnopu
CTUCKY

a,=x,-k,, (6.10)
a KoepiieHT
= M (6.11)
3(1+2)
IMincraBuBmu 3Hauvenus (6.6) + (6.11) B (6.5) ta Bupiuwyroun

KBajipaTHe PiBHAHHS BITHOCHO X |, OTPUMAEMO

:ﬂg___@, (6.12)

x‘ 2k7\qc

Jie BeJMUMHA ANCKPUMiHaHTa
1, =d’q.” - 4k,q.M,,,. (6.13)

B Takomy pasi, ymoBa HeOOXiZHOCTI po3TalyBaHHA podouol
apMaTypy B CTHCHYTIll 30HI OeTOHY Moe OyTH 3amucaHa HacCTyNHHM
IUHOM.

Sxuio Oyie BAKOHYBaTHCh YMOBa

X, <X

L<X, (6.14)
TO (i3uKO-MeXaHiYHNX BIACTHBOCTEH CTUCHYTOro OeroHy Oyne
JOCTaTHbO, 00 BiAOYyJIOCH OJHOYACHE PYHHYBAaHHA i CTUCHYTOIO GETOHY,
i posrsarayToi apmatypu. To6TO, JOOATKOBO BCTAaHOBIIOBATH apMaTypy B
CTHCHYTY 30HY O6eToHY HaM He 6yae moTpiGHo.
Sxmo x 6yae BUKOHYBAaTHCh YyMOBa
X, 2 X,,, (6.15)
TO 1e Oyle O3HauyaTH, IO CTMCHYTA 30Ha OETOHY 3pyHHYyeTbCs npu
OPYXHi# pobOTI PO3TArHYTOI apMaTypH i s BMKOHAHHS ONTUMAIbHUX
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YMOB TPOEKTYBaHHs HeoOXilHO TOCTABUTH JOJATKOBY [TOB3JOBKHIO
apMatypy B CTUCHYTY 30HY OeTOHY.

6.4. T[linbip pobouoro apMyBaHHs y BUNAAKY OAMHOYHOIO
apMyBaHHS

PO3rJisHEMO BUITAIOK, KOJTW He MOTPIOHO BCTAHOBIFOBATH apMaTypy B
CTUCHYTIH 30Hi GETOHY, TOGTO BUKOHYEThCS yMOBa (6.14).

Jlns Bu3HaueHHs Towli poGOYOT apMaTypu 3anmcyroTh PiBHAHHS
piBHOBArM y BUTJIALI CyMHM MpoeKIiif Beix cun Ha Bick X (puc. 6.1,6):

FE-F =0, (6.16)
Jie piBHOIfOUE 3YCHILIS B PO3TAIHYTIlH apMarypi i
E =1 A,. (6.17)

ITincrasnsoun (6.6) Ta (6.17) B (6.16), OTPUMYIOTh  HEOOXiAHY
oy poGoUoi MOB3A0BKHBOT APMATYPH B PO3TATHYTiH 30HI

As:%ﬁ, (6.18)

yd

Jie BUCOTY CTHCHYTOT 30HH OETOHY X BU3HauaroTh 3 dopmynu (6.12).

6.5. Tlinbip poOouoro apMyBaHHS y BUMAAKy TMOABIHHOTO
apMyBaHHS

PO3rsSHEMO BUIIA/10K, KOMM HEOOXIAHO MOCTaBHTH AOJATKOBY poGovy
apMaTtypy B CTHCHYTY 30Hy 6€TOHY — BUKOHY€ThCS yMOBa 6.15.

Jist 11b0ro HaM HeoOXiZHO PO3MISTHYTH HanpykeHo-aedopMoBaHui
cTaH riepepisy Gaiky 3 NOABIMHUM apMyBaHHAM (puc. 6.2, 0.)

Crnouyarky BU3HAYMMO TUIOLLY apMaTypy B CTUCHYTIH 30Hi A, Tnomy
Hi€l apMaTypy 3HaXOAMMO i3 NPUMYWIEHHS, LI0 B MOMEHT pyHHYBaHHA
BUCOTa CTUCHYTOT 30HU
(6.19)

X, =X

Ju
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Puc. 6.2. ['eomerpuuni po3mipu (a) Ta HanpyxeHo-aehopMoBaHuii cTan
nepepisy (6) y Bunanky noABiitHOTO apMyBaHHS

Toni i3 posrmamy nomgibHOCTI  TPUKYTHHMKIB  Ha  Jiarpami
nedopmyBanHs (puc. 6.2, 6) 3HaxonaTh AedbopMauii B CTUCHYTIN apmarypi

’

€

s

L= (6.20)
3BiaKH
X - S
85 :Scu3cd_’ (621)
X
ITnomy CTHCHYTOI apMaTypu A, BM3HAYalOTh i3 PO3TNsLY APYroro
PiBHAHHSA piRHOBArM y BUTJISIII CYMUM MOMEHTIB BIIHOCHO T. A, a caMe:
M, ~Fz_ - FS'(d—as') =0. (6.22)
PiBHogiro4e 3ycuiia B cTucHyTOMY OeToHi F, Ta miede BHYTpilHbOT
mapu Cun z, Bm3HadawTbh 3 dopmymu (6.6) ta (6.9), BinnosixHo, npu
X =Xy
3ycuid B CTHCHYTIl apmatypi B Gpopmyni (6.22) 10piBHIOIOTE
E'=c/A,. (6.23)

HanpyxenHs B cTUCHYTii1 apMaTypi BU3HAYAKOTh B 3a]€XKHOCTI Bil
piBHa nedopmaliit, a came:



o/ =¢/E, ,npu 0<g <g _fu - (6.24, a)

s K
s

o, =f,, ,npue, <g<g, . (6.24, 6)

s

[3 3a3HaueHOro BHLIE, TUIOWY CTUCHYTOI apMarypu 3HaXOmATh 3
bopmynu

A= M 70X, (025X, (6.25)
’ o, (d-a)

ITnowy po3TArHyTOi apMarypH BHU3HAYalTh 3 PO3MIISAY MEPLIOTO
PIBHSIHHS PiBHOBAarv y BUIIISAI CyMH ITPOEKIIii BCiX cuil Ha Bick X (IMB.
puc. 6.2, 0)

F-F -F =0. (6.26)

I3 BpaxysaHHsaM (6.17), (6.6) mpu x, =%, , (6.23) miAcTaBIAOTH
BiANOBiAHI BenuumHu B (6.26) Ta OTPUMYIOTH HEOOXilHY I[UIOLLY

pO3TATHYTOT apMaTypu

e A (6.27)
vd

6.6. ANTOpUTM pO3paxyHKy

1. BuricytoTh i3uKko-MeXaHiuHi XapakTepHCTHKY MaTepiaiB:
T T .

— AnA GCTOHy [ Scu}‘cd 2 €30 fcd = fod : ycl ?

— L1l apMaTypu:

- f
PO3TATHYTOT £, B, 7,, €4, T, =-%;

CTHCHYTOT £,', E, v, ) £, T
Ys
2. Bu3HauaroTh HAaCTYNHI 3HAYEHHS:
— poGouy BHCOTH Tiepepizy d;
— rpaHryHi neopMaii MpyKHOCTI CTHCHYTOI € Ta PO3TATHYTOI €
apmarypu;
— koediuieHT A o dpopMyi (6.8);
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— xoedinienT k, no gpopmyni (6.11);

— ycepeiHeHe 3HAYCHHS PO3MOALIEHMX BHYTPILIHIX 3yCuib B

cTHCHYTOMY GeToHi q, 1o dopmyni (6.7).

3. Bu3nayaroTh KOHTPOJIbHE 3HAYEHHS BUCOTU CTUCHYTOI 30HM OETOHY
X1 0 Gopmyni (6.4).

4. BuzHayaroTh BeIMYMHY TUCKpUMiHaHTa J1; 110 dopmyni (6.13).

5. BusHaualoTh BMCOTY CTUCHYTOI 30HM OeroHy x, no dopmyai
(6.12).

6. IlepeBipAl0Tb YMOBY HEOOXIZHOCTI pO3TAlLYBaHHS apMatypu B
CTUCHYTi#1 30Hi GETOHY.

Ko BUKOHYETbCst yMOBa (6.14), inyTs 10 11.7.

SKILO BUKOHY€ThCS YMOBa (6.15) — no n.9.

7. BuzHauaioTs poboye apMyBaHHA B PO3TATHYTIH 30Hi no dopmyni
(6.18).

8. [To Ttabn. 1 [3] mimOupatoTh  KijbKiCTb Ta AiaMeTp CTEpPKHIB
HeoOXinHOro Kiacy.

9. 3uaxomaTe Aedopmailii B cTUcHyTil apmarypi £ no dopmyni
(6.21).

10. Bu3HauaioTk B AKii cTamil mpauoe CTUCHYTa apMaTypa i 3HaueHHs
HalpyXeHb o .

SIKIO BMKOHYETbCA YMOBa (6.24,2) poOAsTh BUCHOBOK, 110 CTUCHYT2
apMmarypa npauoe npyxHo i o, =¢ E,, .

Sk w0 BUKOHyEThCS ymoBa  (6.24,6) poOATb BUCHOBOK, IO B

CTHCHYTiif apMarypi Gy/ie BUHUKaTH TeKyuicts i o, =1/, .

11. 3HaxoasTh HEOOXiAHYy MNOLly CTHCHYTOI apMarypu AS' no
dopmyi (6.25).

12. 3HaxodsTh HEOBXiAHY IIONly pO3TATHYTOi apmarypu A, o
dopmyi (6.27).

13. TTo Ta6n. 1 [3] minOuparoTh KinbKiCTh Ta AiaMeTp apMarypH B
PO3TArHYTIM Ta CTHCHYTiHl 30HI 6€TOHY, Ta 3anUCYIOTh (GAKTUUHY [JIO0LLY

!
apmatypu A, Ta A .

94



6.7. Tlpuxknaau po3paxyHKy

[puknan Ne 6.1. Po3paxyHKy OIHHOYHOTO apMyBaHHA

Bxinni gaui:
beron C30/35 Apmatypa A400C
b=20cm a, =50 Mm
h =45 cm
Y, =09
M =75 kHm
Po3p’s3anns:

1. BunmcyeMo Qi3nko-MexXaHigHi XapakTepucTHKH MaTepianis:
— nast 6etony f,"=19.5Mla, ¢, ., =2,8-107, ¢, =0.72-107,
f,=0,"v,=19.5-0,9=17,55 MITa;
— I8 apMaTypu
£, =400 MTa, y =11, E =2,1-10° Mlla, ¢, =25-10",

£ :%=%?T0:364MT[3.

2. BuznavaeMo BeNHYHHN:

— poGoua BucoTa nepepisy
d=h-a, =450-50=400 mm;

— rpanudHi JdehopmMaliil IpyKHOT podOTH apMaTypu

flq 364

£ == _=1,73-107,
E, 2110
— 103 103
— A= Eora " Feica = 2,8:10 0"_7;2 10 =0,74,

€ned 2.8-107
- 1+0,74{1+0,74

_k}:HMHk): +0,74(1+0 ):0’44’

: 3(1+2) 3(l+0,74) ’

~  yCepelHEHi 73HAYeHHs pO3NOJINEHUX BHYTPILIHIX 3yCHilb
CTUCHYTIH 30Hi OeTOHY
H

2

17,55-10°

1. 1 K
9. =5 fab(l+ ) =3 " 0.2n(1+0,74) = 3054 KF/
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3. Bu3HayaeMo KOHTPOJIbHE 3HAUeHHS BUCOTH CTUCHYTOI 30HM 3 YMOB
ONTHMAILHOI'O TIPOEKTYBaHHSI
fan g g 28107

Xlr:d_’——_:

N N ———'—4—3:0,247M,
€ +€, 2,8-107 +1,73-10

cul.cd
4. Bu3HayaeMo BeIMUYMHY JTUCKPUMiHAHTa
I, =d’q.? —4k,q. M, = 0,47 -3054" —4-0,44-3054-75=1089179 xH’.
5. Bucora crucHyToi 30HM OeroHy npu Ali  30BHILIHBLOTO
HABAHTAXEHHA

= % — I, _0,4-3054— /1089179 0,066 M
2k, q, 2-0,44-3054
6. [MepeBipAeMO yMOBY HEOOXiAHOCTI po3TalllyBaHHsi B CTUCHYTiH 30Hi
apmarypu
x, =0,066 m <x, =0,247 m,
TOGTO JJOAATKOBO BCTAHOBJIIOBATH apMaTypy B CTUCHYTY 30HY O€TOHY
He MoTpibHO.

7. BusHauaemMo poGode apMyBaHHsI B PO3TATHYTIi 30Hi

54 - 5
A= 9eXs 303400665 510yt 25,54 on?,
TR, 36410

no tabm. 1 [3] npuitmaemo (2216+@14) A240C, To6TO (pakTUHHA MAOLA
apMyBaHHsA A, =(4,02+1,539)=5,559 cm’ >5,54 em’ (nepeBuILeHHS

MNpUMHATOTO apMyBaHHa cknamae 3,4%, 1o MeHlle AOnyCTUMOro
3gayeHHs B 15%).

Bucuosok. Ilpu 3aqaHoMy nepepisi 6anku Ta BeJM4MHI 30BHILUIHBOTO
HAaBaHTAXeHHS] Mgy HallGUILII  palioHaNLHUM 3 Orisily Ha 3abe3neveHHA
HECy4o]l 34aTHOCTI € apMyBaHHS CTEPXKHAMH B PO3TATHYTIH 30Hi GETOHY Y
BUrANi (2016+214)A240C nuowero A, = 5,559 oM’ .

[Mpuknag Ne 6.2. Po3paxyHOK NOABIHHOIO apMyBaHHst

Bxiaui maui:

beron C12/15 Apmarypa
b=35cm — posrarHyTa A 400C
h=80 cm — crucHyTa A240C
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Yo =10 a, =80 MM

M =750 xHm as, — 50 s

Po3B’sa3aHHA:
I. Bunucyemo isuko-MexaHiyHi XapaKTepUCTHKY MaTepiais:
~ans G6erony f,"=85Mlla, ¢,  =3,33-107, 6.1 =0,52-107,
fcd = ch Ya =8,5-1,0=8,5MIla;

— 1151 apMatypu:

PO3TATHYTOT f, =400 MIla,y, =11, E, =2,1-10° MIla, ¢, =25-107,
f
y Zln 40044, MITa ;
ve L1

CTUCHYTOT f,’ =240 MIla, v, =105, E, =2,1-10° MITa, &, =25-107,

s

. £
Sl 240 508 6 MiTa.
Y. 105

2. Bu3znauaemo BennuusM:

vd

— poboya BUCOTA nepepizy
d=h-a =800-80="720 mm;
— rpaHuuHi nedpopmauii npyxHoi poSoru apmarypu

f, 364 s By 2286
Eo= == ——==173107, g == "0 2108107,
B 2,1-10° B 2,110°

. Fena “Fau 3,33-107-0,52-107

= - =0,84,
Eaured 3,33-10™
“1+k(l+k)_1+0,84(]+0,84)_046
o3+ 3(1+0,84)

— ycCepelHeHi 3HAYEHHA PO3NOAINEHUX BHYTDIIHIX 3yCHMIb B
CTUCHYTIl 30Hi GeTony

1 1 :
Q=5 £ab(1+2) = 28,510 —=-0.35m(1+0.84) = 2737 /.

3. Bu3znasaemo KOHTPOJIbHE 3HAY€HHS BUCOTH CTHCHYTO'I. 30HU4 3 YMOB
ONTUMAJIbHOI'O ITPOEKTY BAHHA
£, 3,33-10°
X =d—md g7 2 _0474m,
Eanes +Eu 3,33-10% +1,73-10

4. BusHauacMo BeIMUMHY JUCKPUMiHAHTA
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I =d%q.’—4k,q Mg, =0,72>-2737" —4-0,46.2737-750 = 106362 «H".
5. Bwucotra crucHyToi 30HM GeToHy npu  Jii  30BHIIUHBOTO
HaBaHTaXeHHs

_dq, - I, 0.72-2737-/106362

X, =
' 2k.q, 2.2737-0,46

=0,653m.

6. IlepeBipseMoO yMOBY HEOOXIAHOCTI po3TallyBaHHs B CTUCHYTIl 30H1
apMarypu
_ x, =0,653 Mm>x,,=0,474 M,
T0OTO TpebGa cTaBUTH poboUe apMyBaHHS B CTHCHYTY 30HY O€TOHY.
7. Nebopmarii B cTUcHYTi# apmatypi npu X, =X,

, %, =8, 4 s 0 0:474-0,05

e/ =¢ =2,979-107,
X, 0,474

s “eulded

TakK sIK
£,=25107 >  =2,979-10% ¢ =1,08-107,
CTHCHYTa apMarypa OyzAe NpauoBaTH Ha CTajil TeKywocTi, ale He
Oyae pyliHyBaruch, TOOTO

o,/ =1, =2286Mlla.

s

8. Heobxiana mrowa pobodoi apMaTypy B CTHCHYTIl 30Hi GeToHy
M., —q.x, (d~k,x,) _750-2737-0,474(0,72-0,46-0,474)
o/d-a)) 228,6-107 (0,72-0,05)

Al = =6,81 cM?,

no Ttabdn. 1 [3] mpumiiMaemo 222A240C 3 GakTHUUHOK NJOWIEH
apMyBaHHA A = 7,6 M’ (TiepeBUINEHHS ckiaanae |1,6%, 1o He nepeBulLyo
MAaKCHUMAalIbHOTO 3Ha4eHHs 15%).
9. HeoOxinHa muioma pobGodvoi apMaTypu B pO3TACHYTIH 30HI npu
’ 1
g >E€,

_q.x, +9/A]  2737-0,474+228,6-10°-6,81-107

A, g
£, 364-10°

=39,92-10™ m* =39,92 cm*,

mo tabn. 1 [3] npuiimaemo 42536 A400C 3 (HakTHYHOW T[UIOUIEIO

apMyBaHHA A =40,72 oM’ (nepeBuileHHs cknmagac 2,0%, wo He
MIEPEBUILLYIO AOTYCTHUMOTro 3HaueHHs 15%) .

Bucuosox. Ilpu 3ananoMy nepepizi 6anku Ta BeIHYHMHI 30BHILLHLOIO
HaBaHTaXeHHS Mgq HallGibIn  pallioHAThHUM 3 Oruisny Ha 3abe3nedeHHs
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Hecyuyoi 34aTHOCTI € NoABifiHE apMyBaHHA, a came: CTepPXKHAMH B
po3TArHYTIl 30HI OeTony 436 A400C 3 GaKTUUHOO MO0 apMyBaHHS

A,=40,72¢cM’; B CTMCHYTI 30HI GETOHY CTEpKHAMH 2022A240C 3

(haKTUUHOIO MJOLLEIO APMYBAHHA A =7,6 cm”.
6.8. [luTanHa A1 camonepeBipku

1. SIki yMOBHM palliOHANLHOTO INPOEKTYBAHHS BUKOPUCTOBYIOThCS IPU
BU3HAYEHHI PO3MIillleHHS Ta IuIoLli po6oyoi OB30BKHLOT apMaTypn?

2. Sk Bu3HayaeThCs  HEOOXiJHICTh  pO3TallyBaHH® pobouvoi
MOB3I0BKHBOT apMaTypyu B CTHCHYTi# 30HI 6eToHy?

3. 3 skoi 3a0exHOCTI BU3HAYAETHCA TUTOLIa pobouoi HOB3,£(0B)KHB(;T
apMaTypu Npu OAMHOYHOMY apMYBaHHi?

4. 3 gK0i 3anexHOCTi BM3HAYAEThcA ILTOLWAa poOOYOT MOB3AOBKHBLOT
apMatypu B CTUCHYTi 30Hi 6eToHy?

5. Slk BuU3Ha4aeThCs Mionja podoyoi apMaTypu B PO3TATHYTIH 30Hi
GeTOHY IpH HAsBHOCTI apMYBaHHs B CTHCHYTiH 30HI GETOHY.

6. Slk BniMBae BUCOTa nepepidy, MILHICTh OSTOHY Ha BeJIMYUHY
KOHTPOJIbHOTO 3HAYE€HHA BHCOTH CTUCHYTOI 30HH G€TOHY x,, ?

7. Sk  BIUIMBAE  CHIiBBIAHOLIEHHS  BEJUYMHM  30BHILIHHOTO
HaBaHTaXeHHs Mgy Ta knacy OetoHy C Ha HeoOXiOHICTb PO3MilLEHHA
pobouoT apMaTypu B CTMCHYTIl 30Hi 6eToRY?
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7. PO3PAXYHOK POBOYOI'O MOB3I0OBXHLOI'O
APMYBAHHS BAJIOK TABPOBHUX IIEPEPI3IB 3 YMOBU
3ABE3NNEYEHHS HECYYOI 3IATHOCTI

7.1. Tloctanoska 3adaui. Po3paxyHkoBi posmipu mepepisy Ta
[IepeTyMOBH

TaBpoBuii Ta 1BoTaBpOBME (opmMu Tepepizis € HaHGimBIN
eeKTUBHUMA 1T TIPOEKTYBAHHs 3aJ1i300€TOHHUX 6anox.

3 po3rNALy Hampy)KeHO-IepOPMOBAHOrO CTaHy Mepepi3y BiAoMo, 110
B cepenHilf wacTuHi nepepisy OankoBuX enemeHTiB aedopmauii Ta
HampyXeHHd € a0 HyJIbOBMMH, a00 OJM3BKI 110 CBOIX MiHIMATBLHUX
3Ha4eHb. TOMy € OTiYHAM MAaKCHMalbHO 3MEHLIUTH KilbKicTh GeTony Ta
apMaTypH, IO B Lill YacTHHI nepepisy.

3 iHmworo GoKy, 3 Ornfgy Ha Ti PO3PAaXyHKOBI MepelyMoBH ki
BUKOPHCTOBYIOTBCS IPH PO3paXyHKaX HECYUOi 31aTHOCTI MepepisiB Ha Aito
3TUHATBHUX MOMEHTIB, pOOOTO 6ETOHY B PO3TATHYTIH 30HI HEXTYIOTE.
Beron B po3TsArHyTiit 30Hi HaM moTpiben ana Toro, mo6 3abe3neunTH
CYMICHICT POGOTH CTHCHYTOI Ta pPO3TATHYTOI 30HM Gankh, a TaKoX
CyMiCHiCTb poGOTH apMaTypu 3 GETOHOM.

Tomy GinbiicTe 36ipHMX 3a1i300€TOHHMX GaJOYHUX KOHCTPYKLiii
(pebpucti Ta 6araTomyCTOTHi TUIATH TEPEKPUTTS i TOKPUTTH, OGalkn
TIOKPUTTS, MiAKPAaHOBi DATKH TOIIO) IPOEKTYIOTHCS CaMe 3 Takolo (GOpMOto
nepepizy. Ilpu pospaxyHkax 3a Mepiuol TPyNOK TPaHWYHMX CTaHiB
TEpepi3n TaKUX KOHCTPYKUIM pO3rIsAaloThes AK TaBpoBi (3 MONUYKOIO B
CTUCHYTIHl 30Hi), a TpW pO3paxyHKaX 3a JPYrol0 TPYMOK TPaHUUHUX
CTaHiB — 5K ABOTABPOBi.

3 METOI MiATOTOBKW CTYIJEHTIB 10 po3paxyHkiB, siki HeoOXiAHO
BUKOHYBATH MpY IIPOEKTYBaHHI 30ipHUX KOHCTPYKUIH Ha [MOAANbLILKIX
€Talax HaBYaHHs, MOCTAHOBKA 3aJadvi Ta BUXIAHI JaHi HagawTbCs B
TaKOMY BUIJIALI.

HaHo: reomeTpuuHi PO3MipH TaBPOBOro (IBOTABPOBOIO) Mepepizy
(puc. 7.1,a). Bigoma BenuuuWHA 30BHILIHBOrO HaBAaHTAXKEHHS, Y BUTIIAMI
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Airo40ro MoMeHTy Mgy Binomuii knac Ta ymoBu po6oTn GeToHy, Kiac
apMarypHoi cTaji, sKa BHKOPUCTOBYETBCA AJS POGOYOi I0B3LOBXKHBOT
apMaTypH B PO3TATHYTIiH Ta CTHCHYTIH 30Hax.

HeobOxiaHo Bu3nauuTu KinbkicTh Ta aiameTp poGouoi apMarypu B
pO3TATHYTIH, a Ipy HEOOXiAHOCT] — B CTUCHYTIH 30Hi GeTOHYy.

Ilepen pospaxyHKOM nepepidy HeoOXiqHO BH3HAYMTUCL i3 THM, SKa
BeNMYMHA MMPUHK BepxHbOi nonuuxy (b; ua puc. 7.1,a) mpuiiMaerscs B
po3paxyHKax.

SIKIO pO3paxyHKOBe 3HaueHHA b; Oyne MeHie ¢axtuyHoro, To B
pO3paxyHKax BPaxOBYHOTh PO3PAaXyHKOBE 3HAUEHHS IIUPHHU TIOJHYKH.

SIKWo po3paxyHKOBe 3HaueHHs b; Gyne Ginbime ¢dakTU4HOrO, TO B

NOJANBUINX  PO3PAXyHKAaX Mae BPaXOBYBAaTHCh (AKTUYHA LIMPUHA
OJHUYKH.
PO3paxyHKOBOro 3HaueHHs MIMPUHM TMOJMYKM b, 3anexurth Big

cniBBiiHOWeHHs BucoTn nonuuky (g ) no Beiel Bucotn nepepizy 6anku
(h).
h A
— AKIUO —;1—20,1, TO
by =b, +12h; (7.1)
— Ko 0,05< Ehi <0,1, 10
by =b, +6h; (71.2)

—@L<0,05
—AKio A , TO
b;=b,. (7.3)

[lpy pospaxyHkax [BOTAaBPOBHX ME€pepi3iB HUXKHA TONMYKA B
po3paxyHkax He BpaxoByerbcsi (puc. 7.1,a) i Homamblumii po3paxyHOK
BEJIETHCA sIK i [/11 TABPOBOIo mepepiay.

Bei iHuii po3paxyHKoBi nepesyMOBH Ta riloTesn BUKOPHCTOBYIOTH
TaK €amo, fK 1 [IpY BUpilIeHHi NONepenHix 3a1ay.
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Jnist pospaxyHky HeoOxifHoOi miowmi pobo4voi apmarypu Ham Tpeba
pO3rAsAHYTH  HamnpyxkeHo-ZedhopMOBaHUN cTaH, sKUH BHHHKAE B
pO3paxyHKOBOMY Tiepepisi (auB. puc. 7.1,6-1).

ﬁ] b

et

Tt

Puc. 7.1. 'eomeTpruti po3Mipu nepepisy (a) Ta TP MOXKIIMBI BapiaHTu
HaIpyXeHo-1e(hOPMOBAHOrO CTaHY B IEpepi3i B 3aNekHOCTI Bij
MicClIe3HAXOMKEHHS HeWTpanbHoi oci (6-T)

B 3anexHocTi BiA Micld 3HaXOJKEHHS HeWTpallbHOI OCi BUHUKAIOTDH
HacTyIHi BapiaHTu:

— CTMCHYTA 30HA OETOHY 3HaXOAUThLCA B nonuywi (puc. 7.1,0);

— CTHCHYTa 30HA OETOHY 3HaXOANTHCH B NOJIM4LI i B pedpi, npH UuboMy
TIOCTiHHi HANPyKeHHs CTUCKY 3HAXOAATHCS i B TIONNYIL, i B pedpi
(puc. 7.1,B);

© — CTUCHYTa 30HA 3HaXOAUThbCA i B MOMWYL, i B pedpi, mpu UbOMYy
NOCTilHI HAPY>KEHHS CTHCKY 3HaXOIATLCA TNLKA B oy (puc. 7.1,1).
3po3ymino, W0 TpH  pi3HUX  BapiaHTax  MiCUE3HAXODKEHHS
HelTpanbHOI oci OyXyTh BUHHKATH Pi3Hi Hampy)keHo-nepopMoBaHi CTaHu,
a 3HAYMTH 110 pi3HOMY Oyjle BUpIlllyBaTHChL TWTAHHS 3HAXOMKEHHS
HeoOXiAHOo1 miowi poboyoro apMyBaHHs.

IIpm pospaxyHKy pob6oHOTO apMyBaHHS BUKOPHCTOBYIOTBCH Ti K caMi
pO3paxyHKOBi MEPeAYMOBM | Taki K [PUHUWIH  PaLiOHANLHOIO
MPOEKTYBAHHS, SKi BUKOPHCTOBYBAMCH TPH PO3B’SI3aHHI TOMepeaHbol
3ajaui i3 6akaMut MPAMOKYTHOTO Tiepepi3y.
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7.2. Bu3nauenHs MicL@3HaxX0MKeHHs HelTpanbHol ocl

Micle3vaxomxeHnss HelTpanbHOli OCl BM3HAYAOThb  MOPIBHSHHAM
BEJIMUMH JIIFOUOTO MOMEHTY 30BHILIHIX CUJI My, Ta KOHTPOJbHOTO 3HAYeHb
MOMEHTY M, , Opu fKOMYy He#TpalbHa BiCb TPOXOOUTL MO IpaHi Mik
OJIHUKOIO Ta peOpoM (AHB. pUc. 7.2), i MOMEHTY M, [IpU AKOMY HOCTiHHI
CTUCKaroui HanpyxeHHs B OeToHi OyAyTh 3HAXOJAUTHCh MOBHICTIO B
noauuui (puc. 7.3).

V Bunanky, konu 6yje BUKOHYBAaTHUCh YMORA

My, <M. (7.4)

HelTpasbHa BiCh 3HAXOANTHCA B MEXaX NMOJUUKU. '

B pasi, kosnu ymoBa (7.4) He Oyne BUKOHYBaTMCh — HEHTpasibHa BiCb
Oyze 3HaxOaUTUCh B pedpi.

[lpu npomy, axio

M; <M, <M, (7.5)

CTUCHYTa 30Ha OeTOHY 3HaxoAuThci i B fonuuui, i B pebpi. [lpn
LbOMY MpyxHi Aepopmauii crucky OeToHy OynyTh 3HAxXOOMTUCHL i B
nonyyi, i B pedpi (puc. 7.1,8).

IHmmii MoxNUBUI BapiaHT Hanpy:KeHo-AeOpMOBaHOro craHy Oyze
BHHUKATH OPHU YMOBI , KOJIK OyIle BUKOHYBaTHCh YMOBA

Mg >M;,. (7.6)

B upoMy BUIIaziKy CTUCHYTa 30Ha OyJe 3HAXOOUTHUCH i B MOJAHYLI, i B
pebpi. [lpu upomy npysxHi aedopmauii cTHCKY OyAdyTh 3HAXOIUTHCH
TifbkH B pedpi (puc. 7.1.r).

7.3. Bu3HaueHHs KOHTPOJIBHOIO 3HAYEHHA MOMEHTY M;

PosrgsHemo  HanpyxeHo-aedopmoBaHMiE cTaH — mepepisy Opu
MPOXOJKEHH] HeHTpapHOT Oci o Mexi nosu4ky i pedpa (puc. 7.2).
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b

Puc. 7.2. Jlo Bu3HaueHHs MiCle3HaXOMKEHHS HeATPaNbHOT oCi:
reoMeTpis mepepisy (a) Ta HanpyxeHo-nehopMoBanuii cTau (6), pn
NPOXOJXKEHHI HEUTPATLHOT OCi MO Meki MiXk NONIMYKOIO Ta pebpom

KoHTponbHe 3HayeHHs MOMeHTY M, 3HaXO#sTh i3 PO3CASLY

HalpyXeHo-1e(OPMOBAHOTO CTAHY, HaBEAEHOrO Ha puc. 7.2,6, a caMme:
M, =Fz,, (7.7)
ne
z, =d-—a_; (7.8)
BiJICTaHb BiJl CTHCHYTOI IpaHi IO piBHO{t0YO] 3yCHUIL B CTUCHYTOMY
GeToni (abo meve BHyTPIUHBOT Tapy cui)

a,=hg -k, ; (7.9)
koediuienr
k, = 1+A0+D) ; (7.10)
33+2)
piBHOJII}OYE 3YCHILISA B CTHCHYTOMY GETOHi
F =hy-q; (7.11)

ycepeqHeHe posnoIiieHe 3yCUILIs B CTHCHYTOMY GeToHi

Q.= 3Tabi1+0) (7.12)
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7.4. BA3HAUeHHS KOHTPOJIBHOIO 3HAYE€HHA MOMEHTY My

KOHTpO/IbHE 3HAYEHHA MOMEHTY M pO3paxoBYfOTb 3 pO3risly

HAnNpykeHo-1e()OPMOBAHOr0 CTaHy mnepepisy , NpM sSKOMY HEmNpyKHi
neopmarii cTUCKY GeTOHY 3HAXOAATHCA TUILKY B MOMYLI (AUB. puc. 7.3).

V pasi, KonM y Noauyli BHHUKAIOTH TilbKM HEmpyxHi neopmanii
CTUCKY

AXizhett

[mucnyma :
| 3cHa Bemomy : .

ol

Puc. 7.3 Jlo po3paxyHKy Be/lIM4MHHA MOMEHTY My, , pu KoMy Ax, =h

3 posrsiay HanpysxkeHo-1eGopMOBaHOro cTany nepepisy (puc. 7.3,0)

Mﬂch(d—ac), (7.13)
Jle piBHOJiF0Ye 3YCUIUIS B CTUCHYTOMY OETOHI
Fc = fcdheﬂ'Bl ’ (7 ] 4)

BiACTaHbL Bi# CTHCHYTOl rpaHi OeTOHy 4O TOYKM MpHUKIaJaHHA

pieHoaitoyoro sycuus F,
a,=h;—*; (7.15)
a iHIi BETUYUHH

0,5(1-A
B = b +—ﬂ}Hb (7.16)

w?

0,5(1-2) 1+23

B, =0,5b; +b,,
A 3

(7.17)
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7.5. PospaxyHoK po6OYOTO apMyBaHHS TpPH  3HAXOMKEHHI
HEWTpanbHOI OCi B MOJIMYILL

PosrisHemo  HampyxeHo-nedopmoBannii  craH nepepizy  npu
3HaXOIKEHHI HelTpasbHOT oci B monuui (puc. 7.4,6).

.1 ' [ o fea Eoe
.......... P
...Emuchyma ’ / b
30Ha Jemosy /
ol wf: /
As Mu /
LI S E - /—* 2
b €

-

Puc. 7.4. JTo po3paxyHKy 6anok npu 3HaXOMKEHHi HeHTpabHOT OCi
B MONWYLI:

—  reoMeTpUuHi po3MipH nepepisy (a);

—  HampyxeHo-AedopMoBaHnit cTad 1epepizy(6).

Y pasi, xoiM BUKOHYeThCs ymoBa (7.4) HeiiTpanbHa Bich 6yne
3HAXOAUTHUCH B MOJNHIL.

[omanbwmit anropuT™ po3paxyHKy poGOHOTO apMyBaHHs MOBHICTIO
CHiBTANa€e 3 THM, 110 BHKOPUCTOBYBABCS B TOTIEPEAHBOMY  PO3AISH i3
nbnnymeHHﬂ, o b=b;.

7.6.  Po3paxyHok poGOYOro apMmyBaHHSA TPU  3HAXO/LKEHHi
HedTpanbHOi oci B pebpi i mpyxmi jaedopmauii crTucky Geromy
3HAXONATHCA TiNIbkY B pelpi

V Bunazaky, konn Gyne BUKOHyBaTHCh YMoBa (7.6), HelTpaibHa Bick
Y

Oyne sHaxomutueh B pebpi i npyxni aedopmauii crucky 6Gerony
3HaXOIATHCA TiBKU B pebpi (auB. puc. 4.5).
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ol b €
SR €q
wt - TR =
S ol /
{muckyma /=
2o0H Demony ..
B /G
As { MU /’
e a1
i mbx””, Eum

Puc. 7.5. Tlonepeunuit nepepis (a) Ta HanpyskeHo-1edopMoBaHUi
craH (6) mpu M =M,

Bu3nauaroTb BUCOTY CTUCHYTOFO OETOHY

—_ 2 2
_ dqcl d qc] 4qc1kle (7 l 8)

X s
29k,
Jle ycepeqHeHi HarpyKeHHs CTUCKY B O€TOHI
1
q, =§fcdbw(1+7\), (7.19)
MOMEHT, 11O crpuiiMae cTUCHY Tl OeTOH y pebpi
Mw = M - Meff > (720)
MOMEHT, LIO CIPUAMAE CTUCHYTHI 6ETOH B MOMUILE
M,y =, (b —b, )hy (d=0,5h,). (7.21)

[lepeBipsitoTb YMOBY HEOOXINHOCT! pO3TallyBaHHsA apMarypu B
CTUCHYTIl 30Hi OeToHy

X, <X, ‘ (7.22)

e
=q—Cedal (7.23)

8cu3.cd + 85.0

X

Ir

ko ymosa (7.22) BUKOHYETbCA, poOATE BHCHOBOK IO pofody
apmMatypy B CTUCHYTHM 30HY OETOHY 10JaTKOBO HE TOTPiGHO
BCTAHOBJIIOBATH | BU3HAYAIOTH MJIOLLY PO3TATHYTOI apMaTrypyu
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A ==, (7.24)

Jie piBHOTi10Ye 3yCHIA B GETOHI
E =f,[h (b} =b,)+0,5x,b, (1+2)]. (7.25)
Skwo ymosa (7.22) He BUKOHYETLCA, POGISTH BUCHOBOK npo
HEOOXIHICTE JOTaTKOBOTO BCTAHOBIIEHHS apMaTypH B CTHUCHYTIH 30Hi.
CnovarKky BH3HAYaOTh IUIOLLY apMaTypu, SKy HEOOXiAHO MOCTABUTH
B CTHCHYTI# 30Hi 6eTOHY
Al = Mg, ~My; —x,9,(d —ac)
| £ (d- a))
Ze BIICTaHb BiX CTHCHYTOi rpami 1o piBHOIIOUOL 3ycuiib B
CTHCHYTOMY OeToHi

, (7.26)

a =x, .k)L :Xh_w_ﬂ.
3(1+21)

Ilicast yoro BU3HA4AIOTH MUIOWLY apMaTypH B pO3TArHYTIA 30Hi 3a
bopmyoro

(7.27)

F—f /Al

yd
7.7. PospaxyHok poGo4oro apmyBaHHs MpyU  3HAXOMKEHHI
HEHTpanbHOi oci B pebpi mpu ToMy, WO MOCTiiiHi HAmpyXeHHS CTHUCKY

OETOHY 3HAXOAATHCA TiNLKU B IOJWYLI

Posrnsimemo  HanpyskeHo-nepopMmoBanuit - cran nepepisy, Akui
BHHHWKAE NpH BUKOHaHHi ymoBY (7.5) — nuB. puc. 7.6.
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U‘) b'r

p=l

L,__" B - [
| ‘ Ec

Puc. 7.6 Po3mipu nionepeqHoro rnepepisy (a) Ta HallpyXeHo-
nedopMoBaruil cTaH riepepizy (0) mp M, <M <M,

Sk | B momepenHiX BWMAjKaX, CIIOYATKY BM3HAYAEMO YU TMOTPiOHO
BCTAHORJTIOBATH POGOYY TNOB3NOBXKHIO apMaTypy TillbkM B pO3TATHYTIM
30Hi, Y4 HEOOXiJIHO BCTAHOBMIOBATH POOOYY MOB3ROBXKHIO apMaTypy i B
pO3TATHYTI 30Hi, i B CTHCHYTI 30Hi GeTOHY.

Jlnst bOro nepesipsoTh BAKOHAHHA YMOBH (7.22).

Sxmo ymoBa (7.22) BHKOHYETbCH, poOAATH BHUCHOBOK IO
HEOOXiAHICTh BCTAHOBIEHHA POGOYOro apMyBaHHs TilbKUA B PO3TATHYTIMH
30Hi 6eTOHY 1 PO3paxOBYOTH i1 IOy 33 OPMYIIOO

A, =—l-:—°-, (7.29)
flq
Jie piBHOZFOUE 3yCHILIA B CTUCHYTOMY G€TOHi TOPIiBHIOE
‘ (X1 —h )2
F =0,5f | bix (1+1)—(b; ~b_)-——"—|. 7.30
¢ cd fXI( ) ( f \\) Xl(l—l) ( )
ae
I M, -M_.[1

—h . |——tu cal 2 1], 7.31
X it lik M“ “Mf (7\. j] ( )

V Bunanky, koyin ymoBa (4.22) He BUKOHYEThCA, pOOJIATE BUCHOBOK
Npo HeoOXiXHICTh BCTAHOBJIEHHS POGOYOro apMyBaHHI i B CTHCHYTI, i B
pO3TArHYTi# 30HaxX GeToHY.
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CriouaTKy BM3HA4aI0TL HEOOXi/HY MIOLLY apMaTypy B CTHCHYTIH 30mi
OeTony no ¢popmyni
My =My, (7.32)

Al = = .
f)d (d-—a;)

s
e BeJIMuKHA 3rMHaIbHOTO MoMenTy M, mpu X, =X, , To6T0

M,, =0,5f, b;xh(1+7.)(d—xhk,_)—(b}—b“)—(%—[d—hm—f“—?ﬂ—ﬂ- (7.33)
x, (1= %

[1nouty po6GoUOi NOB3IOBKHLOT APMATYPU B PO3TATHYTIH 30HI MOKHA

3HAX0AATh 3a (OPMYJIO

F—f,Al
a - (7.34)
£
e pe3yﬂbTy101{e 3yCUUIA B CTUCHYTOMY 66TOHi JJ14 TAaKOIro BUNaaKy
X, —h )2
F =0,5f | bix, (1+X)—(b. —b LL )
=038 | b (1+2) = (b7 =0, ) %, (1-%)

(7.35)

7.8. AJrOpHTM pO3PaxyHKy

|. Bunucyrots i3nKo-MexaHiuHi XapakTepUCTUKK MaTepianis:
T T .
— Ans 66T0Hy ed » Eeusea? Ecrca fcd = fcd ’ Ycl ’

— IIJ1s apMarypu:

.. £
PO3TATHYTOl fﬂ » B v 805 £y = —y&;
s

. A . . B ’
ctucHytoi £,', E', ¥, » B4 s fg =2
¥s

2. BuzHauawTh CIIBBIAHOIIEHHS BUCOT —}:“—

3. B 3ajexHOCTi BiJ CHiBBLAHOMIEHHS h}—l“— no dopmynam (7.1+7.3)

BU3HAYAIOTH PO3PaXyHKOBE 3HAUCHHA LIMPUHY NOJHYKH b}
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4. Bu3sHa4aroTh TpaHWuYHE 3HaYeHHS BUCOTH CTUCHYTOI 30HW OETOHY
X,, 1o opmyi (7.23).

5. Mo dopmynam (7.7+7.12) BU3HAYAOTL BEIMYUHY MOMEHTY M, ,
TpU SKOMY HeHTpalibHa Bick TIPOXOIUTH MO MEXi MoSWYkH pedpa.

6. ITepeBipsemo ymoBy (7.4).

Axio ymoga (7.4) BUKOHYETBCS, poOIIATE BUCHOBOK, 110 HENTpaIbHa
BiCb 3HAXOAMTLCS B MEXaX MONHUUKY, i HayTb 1o n. 7.

Slkio ymoBa (7.4) He BUKOHYEThCS, pOONSATHL BUCHOBOK, WIO
HelfTparnibHa Bich 3HaXOAMTRCS B Mexax pedpa i aemo ao n. 14.

7. Tlo ¢popmyni (7.13) 3 BukopucTantam (7.8+7.14) 3HaxonaTh BUCOTY
CTUCHYTOT 30HH OeTOHY X, TIpH YMOBI, 0 b=1by.

8. lNepesipstoTh ymoBy (7.22). ]

Slkmio ymMoBa BUKOHYETBCS — pOONIATH BUCHOBOK TIPO HEOOXiAHICTB
BCTAHOBJICHHS  TMOR3A0BKHLOrO pO0OYOro apMyBaHHA  TilbKU B
pO3TArnyTiHl 304i, i HayTb Ao m. 9.

Slkuro yMoBa He BHKOHYETBCS, pOOISTH BHCHOBOK MPO HeoOXiaHICTH
BCT@HOBJIEHHS MOB3A0BXHBOI pobGoUOi apmarypd i B CTHUCHYTIH, i B
po3TArByTiil 30Hax 6eToHy i WayTb o m. 11,

9. BusnavatloTe  po3paxyHKOBE 3Ha4deHHs Tomli  pobouol
MOB31OBXKHLOT apMaTypH B pO3TArHYTii 30H1 A, no dopmyni (7.19).

10. TTo ta6u. 1 [3] rinGuparoTs giaMerp i KifbKiCTb CTEPKHIB podouol
apMaTypu i BiATIOBIAHO (pakTHYHY Moy wi€i apMatypn A, .

11. [lo dopmyni (7.26) 3 BukopuctaHHaM (7.24+7.25) 3Haxomsathb
PO3paxyHKOBe 3HAYEHHs [UIOLli poOOY0i NMOB3IOBXKHBOI apMaTypd B
CTHCHYTIl 30Hi GeTory A!.

12. Tlo dopmyni (7.28) 3HaxomsATh po3paxyHKOBE 3HAYSHHS TUIOWI
poGOUOT MOB310BKHBOT apMATYPH B PO3TATHYTIii 30Hi GeToHy A, .

13. To Ta6n. 1 [3] ninOupatoTh giaMeTp i KiJbKiCTb CTEpkHIB poGouoi
apMaTypu B CTUCHYTIll Ta po3TArHyTili 30Hax Ta BiNMOBIAHO UMM JaHUM

!
daxTvune 3Hauenns A, ta A
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14. Tlo dopmyni (7.13) 3 Buxopuctauasm (7.14=7.17) BU3HA4AOThH
KOHTPOJIbHE 3Ha4EHH:A MOMEHT M, IpU SKOMY Ax, =hg.

15. Bu3HAyaloThCs i3 BapiaHTOM pPO3TAlllyBaHHA €/I0pHM CTUCHYTOT
30HM GETOHY, KA pO3TalloBaHa i B Noau4i, i B pedpi.

SIKIIO BUKOHY€ThC yMoBa (7.5), TO poOIATH BUCHOBOK, LIO GETOH B
CTHCHYTIH 30Hi Ipautoe npy>KHO i B pebpi, i B nosmui Ta fayTs 10 . 16.

SIKImo BUKOHy€ThCst yMoBa (7.6), TO poOnsTs BUCHOBOK, 1110 OCTOH B
CTHCHYTI# 30Hi NPALFOE HPYKHO TiMbKK B NOMMLI, 1 HmyTh 10 1. 23.

16. 3HaXO/STh 3HAYEHHs BUCOTH CTHCHYTOI 30HK 1o ¢opmyni (7.18) 3
Bukopuctanuam (7.19...7.21).

17. IepesipstoTh BUKOHaHHA yMoBH (7.22).

KO BOHA BHKOHYEThCS — pOONATH BHUCHOBOK, L0 HEOOXiaHo
BCTAHOBHMTH TOB3JOBXKHIO Po6OYY apMarypy Tillbki B PO3TATHYTiH 30Hi i
Hmyth mo . 18.

SIKLIO YMOBA He BUKOHYETHCS — POGMMO BMCHOBOK MPO HEOOXiAHICTh
BCTAHOBJIEHHS TIOB3JOBXKHLOT poBOYOT apMatypu i B CTHCHYTiH, i B
PO3TATHYTIHN 30HaX OeToHy, Ta HayTs 0 m. 20.

18. Tlo dopmyni (7.24) 3 BuxopucranHam (7.25) 3HaX0AATb
PO3paxyHKOBE 3HaYEHHs: geobxigHoi miow(i po6oY0i NOB3A0BXHBOI
apMaTypH B POSTATHYTil 30Hi A, .

19. Tlo ta6xn. 1 [3] niabuparots giameTp i KibKicTh cTepxHiB po6ouoi
apMatyp, il paKTUyHy IJIOLLY A,

20. 3HaxOATh PO3PAXYHKOBE 3HAYEHHsA HeoOXinHoi mnowi podoHoi
TIOB3JI0BXHbOT apMarypy B CTHCHYTiii 30Hi GeTOHY A. no gopmyi (7.26)

3 ukopucranusaM (7.19; 7.21 ta 7.27).
21. 3HaxoiTh PO3PAXYHKOBE 3HAYCHHS HEOOXimHOI nuowii poSouol

apMarypd B PO3TATHYTiH 30HI A, no ¢opmyai (7.28) 3 BUKOPHCTaHHAM
(7.25).

22. Ilo Tabn. 1 [3] mimbuparoth OiaMeTp i KiNbKiCTh CTEPKHIB
apMaTypu B CTHCHYTiH i po3TArHyTii 3oHax GeToHy Ta BIAMOBIAHO UM

faHuM dakTudHe 3HaueHns A, Ta A’

23. 3HAXOIATh BUCOTY CTMCHYTOT 30H1 GeTOHY X, 1o gopmyni (4.31).
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24, TlepeBipstoTh BAUKOHaHHSA YMOBY (4.22).

SIKIO BOHA BUKOHYEThCS — POOJIATH BUCHOBOK, 00 HEOOXiJAHOCTI
BCTAaHOBNIEHHSI po00Y0i MOB3IOBKHBOI apMaTypu TiBKA B PO3TATHYTIH
30Hi, 1 HAYTH 10 0. 25.

SIKIIO yMOBA HE BUKOHYETHCS — POBNITH BUCHOBOK IPO HEOOXIAHICTH
BCTaHOBNIEHHS POoOOYOI MOR3JIOBXKHBO! apMaTypH i B CTHUCHYTIH, i B
pO3TATHYTii 30Hax GeToHy, Ta iimyTh 10 1. 27.

25. BU3Ha4aloTh pO3paxyHKOBe 3HAYEHHS HeoOXigHO! momi poboyoi
apMaTypu B po3TarHyTill 30Hi A, mo ¢opmyni (7.29) 3 BUKOPUCTaHHAM
(7.30).

26. TTo ta6. 1 [3] mizbuparoTs giaMeTp i KiTLKiCTL CTepkHIB poboUoi
apMaTypw i ix axtiany ruoiy A,. ‘

27. TTo dopmyii (7.32) 3 BukopuctanusM (7.33) 3HAXOASTh HEOOXiAHY
TiomLy pofoyoi apMaTypy B CTHCHYTIH 30Hi 6eTony A"

28. TTo (opmyai (7.34) 3 BukopuctanHsM (7.35) 3HAXOAATH HEOOXiAHY
nnouty po6oyol apMaTypi B PO3TATHYTIH 30Hi A, .

29. IMo Tabm. 1 [3] mig6Gupatots AiameTp i KiABKiCT poOOYMX
CTEpXKHIB apMaTypd B CTHCHYTIi i po3TArHyTtiii 30Hax OeTOHy Ta

BiMOBITHO LM JaHuUM dakTHYHe 3HaYeHHs A, Ta A

7.9. TTpuknaau po3paxyHKy

[Tpuknan Ne 7.1. Bunanok, Kony CTACHYTa 30HA 3HAXOAUTHCS B
noJmui, poGoya apMarypa noTpibHa TillbKH B PO3TACHYTIH 30Hi GeTOHY

BxigHi nani :

Beron C20/25 Apmarypa A400C
b“:’_ZOCM a, =40mm=0,4 M
h=40 c™m

h, =5cm

¥, =10
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M =300 xHwm

Po3e’a3aHnd:
1. Bunucyemo i3zuko-MexaHiuHi XapaKTepUCTHKY MaTepianis:
—and 6erony f,"=14,5MIla, ¢, ., =3.1-10", &, =0,63-107,
fa=fy v, =14,5-10=14.5 Mlla;

— st apmarypu £, =400 MIa, y —13, E, =2,1-10° Mlla, g, =25-10",
£,
£, =—‘L=51919=364mna.

¥

2. BusHayaeMmo cniBBiAHOIIEHHSA BUCOT h}—;ﬂ- = Zi(% =0,125>0,1.

3. BusHayaeMo WHpHHY MOJWYKK b, , AKy Oyaemo mnpuiiMatu B

MoJATBLINX PO3PAXyHKaX
bi=b_ +12h_ =200+12-50 =800 Mm=0,8 M.

4. Bu3HayaeMo rpaHy4YHe 3HAYEHHS BMCOTH CTHCHYTOI 30HU OETOHY

Xlu
. S . —3
X, =d Cozed . 3_,31 10 _ ~0.231 u.

€uied TEso 3,1-1077 +1,73-10™

z,=h-a =400-40=360 Mm=0,36 ™,
f ~

g, = 3% -=1,73-10"

E. 2110

5. Buspauaemo BenuuuHy MOMeHTY M, Npu KoMy HeHTpanbHa Bich

TPOXOMMTH MO MEXi MONHYKK pebpa
M, =Fz, =521.13-0,3374=175,83 xHm;

¢ins

z, =d—a_=0.36-0,0226 = 0,3374 M;
q.= %fwb}(l +A) :%14,5 10°-0,8(1+0,797) =10422.6 kH/m ;

F =h, -q, =0.05-10422.6 = 521,13 kH;
a, =h -k, =0,05-0,451=0,0226 m;

C1HAMI+A) | 140,797(140,797)

= = =0,451;
) 3(1+4A) 3(1+0,797)
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£ 3,1-107 —0,63-107

lzgcuBCd— 3ed _ 20’797
€ s e 3.1-107
6. Tlepesipsemo yMoBY My, <M,
Mg, =100 kHM <M, =17583kHm -~  omke,  HelTpanbha BiCh

3HAXOAMTHCS B MeXax IONNYKU, 3alaua po3s’a3yeThes, Ak 3anaya Ne3 i3
MpUTTYUIeHHS, 110 b=bi =0,8 M.
7. BuszHauaeMo BeJIMUMHY INCKPUMiHAHTA
TI, = d’q,” —4k,q Mg, = 0,367 -10422,6” —4.0,451-10422,6-100 =12198287,52.
8. BU3HAUAEMO BUCOTY CTHCHYTOI 30HH GETOHY MpH i 30BHilHBOrO
HABAHTAXKEHHS
_dq, ~JIL, 0,36-10422,6 - [12198287,52
2K . q, 2-0,451-10422,6

1
9. [NepeBipsieMO YMOBY HEOOXiAHOCTI PO3TALTYBAHHS B CTHCHY TiH 30HI

=0,0276 M.

apmarypn X, =0,0276 M<x, =0,231M, 10670 10AATKOBO BCTAaHOBIIFOBATH

apMatypy B CTUCHYTY 30HY OETOHY He NOTPiOHO.
10. Bi3HauaeMo poboue apMyBaHHs B PO3TATHYTil 30HI OeTOHY

22.6- ,
A =9 _10422,6-0.0276 _ ) 46479 y* = 7,9 cur’,
Cf, 36410
no Tabn. | [3] npuiiMaemo 2316 A400C , TOOTO (akThUYHA Mowa

apmyBanHs A, =8,04 o’ >7,9 om’.

TTpuxinazn Ne 7.2. Bunamok, Kojiu HefiTpaibHa OCh TIPOXOINTE B MEXAX
pebpa, GETOH B CTUCHYTIli 30Hi NPALIOE NPYKHO i B rioandtt i B pedpi, Ta
apMyBaHHs HeOOXiAHE TILKU B PO3TATHYTIH 30Hi

BxigHi nari :

Beron C12/15 Apmarypa A400C
b, =20cm a, =60 MmM=0,6 M
h =60 cm

h; =12cm
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1a=0.9
M =270 xHwm

Po3B’s13aHHA:

1. Bunucyemo izsuko-mMexaHiuHi XapakTepPHCTUKN MaTepianis:

— anda 6eToHy f,"=8,5Mlla, €, =3,33-107, £,,=0,52-10",
f,=f,"y,=85-0,9=7,65 Mlla;

— ist apmarypu f, =400 Mila, y =11, B, =2.1-10° Mlla, €, =25-10",

f,
£, == =300 364mita.
w 1.1

2. BuzHayaeMo crisBigHOIUEHHS BUCOT h?“ = :‘—‘(2)% =0,2>0,1.
3. BusHayaeMmo WMPHHY TOJUHKM b, , AKy Oyaemo mnpuiimMaru B
MOJATBLINX PO3PAXYHKax
b =b_ +12h 5 =200+12-120=1640 mm.

4. Bu3Ha4aeMoO rpaHAyHe 3HAYeHHs BUCOTH CTHCHYTO] 30HU OETOHY

xlu
-3
x, =d—uid =054 333107 355w,
€uied +Ss_() 3,3310 ? +1,7310 ?
d=h-a, =600—60 =540 Mm=0,54 M,
f, 364

£o= =" =17310"
: TOE, 2,110°

5. BU3HA4aeMO BeNUUMHY MOMEHTY M, , Ipy AKOMY HeTpasibHa BiCh

TMIPOXOUTh 110 MEXi NMOJIMYKU pebdpa
M, =F.z,, =338,56-0,485=164,2 kHwu;;

z, =d—a, =0,54-0,055=0,485 M;
q. :%fwb;(l +x):%7,65-103 -0,4(1+0,844) = 2821,32 kHim;

F.=h,-q =0,12-2821,32 =338,56 kH;
a_=h -k, =0,12-0,462=0,055 m;
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C1eAI+A) 1+0,844(1+0,844)

. 0,462
31+ 3(1+0,844)
o Bt B 3331072052107 o,
e 3.33-10

“cus.cd
6. Ieperipsemo ymMoBY M, <M,
M, =270 xHm > M, =164,2 kHmM — 0TKe, CTUCHYTA 30HA 3HAXOAUTHLCA B

peopi.
7. Bu3HagacMo MOMEHT M,

M,, =F (d-a,)=383,7(0,54-0.063) =183,03 kHwm;
F, =f h,B, =7,65-10°-0,12-0,418 =383,7kH;

0,5(1-2) 0,5(1-0,844)

B, =bl + b, =0,4+ 0,2=0,418Mm;

s

a =h,B2o012. 222
B, 0,418

=0,063M;

[

0.5(1-% ' 0.5(1-0.844) 142
B2=0.5b;+b“——(———)~1+2} 050440223 ) 1+2:0.84

=(,22M.
A 3 0,844 3-0,844

8. [lepeBipsieMO yMOBY

M, =270 kHm > M,, =183,03 kHu — GeTOH B CTHCHYTIA 30Hi Mpatitoe
MPYXKHO i B pelpi, i B MOmHYL;.
9. 3HaxoAUMO 3HaYEeHHsS BUCOTH CTHCHYTOI 30HU

X = dqcl - \/azqcl2 _4qclkkM»\ —
] zqclkk
_ 0,54-14]0,66—\/0,542 -1410,66° ~4-0,462-1410,66 -181,87
2-0,462-1410,66
M, =M, -M,, =270-88,13=181,87 kHwm

=0,334 M

M i :bfcd (b,t —bw)heﬁ‘(d_O’Sheﬂ”) =
=7,65-10°(0,4—0,2)0,12(0,54—0,5-0,12) = 88,13 xHm;

q = —;—t'cdb“(l )= %7,65 10°-0,2(1+0,844) =1410,66 KH/wm.
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10. INepesipsaemo ymoBy X, <X,

x,=0,334m<x,=0355M ~ ymoBa  BuKOHAHA,  HEOOXiTHO

BCTAHOBUTH T1IbKY IOB3J0BKHIO poOOHy apMaTypy B PO3TATHYTIH 30HI.
11. 3HAaxX0AMMO pO3paxyHKOBe 3HaueHHs HeoOXiauoi momi podouoi
apMartypy B PO3TATHYTiH 30H1
_E _ 654,76
Tf, 364-10°

=0,001799m =17,99 cm?;

F = £,[hy (b} =b,) +0.5x,b, (1+1)]=7,65-10°[0,12(0.4-0,2) +
+0,5-0,334-0,2(1+0,844)] = 654,76 kH

no tabn. 1 [3] npuiiMaemo 4325 A400C , TOOTO QaxTH4HA nIOWE@
apmyBanHa A, =19,63 cm’ >17.99 em’.

Tpuxmag Ne 7.3. Bunanok, Ko HeATpansHa BiCh POXOAMTE B MeXKaX
peGpa, GeTOH NpALIoe NPYXKHO TIILKA B MEXKAX NMOJINIKA, APMY BAHHA
noTpiGHE TUILKU B PO3TATHYTIH 30Hi

Bxiaui naui :

Beron C12/15 Apmarypa A400C
b, =20cm a, =40 Mm=0,4m
h=40cm

hg=5cm

Yo =10

M =100 kHm

Po3B’g3aHH4:

1. Bunucyemo hisuko-MexaniuHi XapaKTepucTuKn Matepianis:

— st GeToHy £,7=8.5Mlla, &, ., =3,33-107, £, =0.52-107,
=17, =8,5-0,9=7,65Mlla;

— juist apmatypu £, =400 MITa, y 13, E, =2,1.10° Mlla, £, =25-10",

fi 400

f,=—"—=——=364MIla.
Y, L1
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2. BusHauaemo CTiiBBiTHOMEHHA BUCOT hy (50 0,125>0,1.
h 400
3. Bu3pauacMo WHPUHY TONHYKA b, , AKy OyAeMo mpuimatd B
MOAATBINAX PO3PaXyHKax
b, =b,, +12h_, =200 +12-50 =800 Mm=0,8 M.

4. Bu3HA4aeMo IpaHUYHE 3HAYEHHS BUCOTHU CTHCHYTOI 30HH OETOHY

Xlu
-3
X, = d——is_ =0, 33300 9237w
€onsea T Eeo 3,33-107 +1,73-107
d=h-a_=400-40=360 Mmm=0,36 M,
.
Jhe 364 a0

£ = =
CUE, 2110°
5. Bu3HayaeMo Belnuuay MOMEHTY M, , lpu skoMy HeWTpajbHa Bich

MPOXOIUTH O MeXi NONUYKK pedpa
M, =F.z,_ =282,13-0,337=95,08 kHm;

z_ =d—a,=0,36-0,023=0,337 M;
q. :%fcdb}(l +1) :%7.65-103 -0,8(1+0,844) = 5642, 64 kH/x ;
F. =h, -q, =0,05-5642,64 = 282,13kH;
a_=h_ -k, =0,05-0,451=0,0226 m;

CEEMIHA) | 140,844(1+0,844)
3(1+2) 3(1+0,844)

) =0.462;
6. IMepeBipsemo yMoBY M, <M,
Mg, =100 xHm > M = 95,08 kHv — oTXe, CTUCHYTa 30Ha 3HAXOMUTHC B
pebpi.
7. BuznauaeMo MOMEHT M,
M, =F (d~a )=312,89(0,36~0,026) = 104,51 kHn;
F =f h,B, =7,65-10°-0,05-0,818 =312,89 kH;

¢ te

0,5(1-0,844)
0,844

0,5(1-1)

B, =bl + b, =0,8+ 0,2=0,818 m;
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B 0,42

a, =h, —2=0,05—-—=0,026 M;
B, ,818
0,5(1-2 0,5(1-0,844 -0,
B, =0,5b, +b, 220ZM 12h 5 040,25 ( ) 1+2:084 oy
A 3A 0,844 3-0.844
8. IlepeBipsgeMO YMOBY
M, =95,08 kHM< My, =100 kHm <M, =104,51kHM  —  BMKOHYETbLCH

yMOBa, ToOTO OETOH B CTUCHYTii 30Hi MPALIOE NPYHKHO TiJIbKY B OJHL.

9. 3HAXOIMUMO 3HAa4YEHHs CTHCHYTOI 30HH

X, =hg l—w[lwl) ~0,05| — 104512100 f_1__, =0,0547 M
A My, -M; (A 0,844 104,51-95,081 0,844

ITepesipsiemo yMOBY X; <X,

X, =0,0547mM<x, 0,237M — ymOBa  BHMKOHY€TbCA,  3HAXOLUMO
Heo6X1aHy 1oLy po6040i NOB3I0BKHBOI aApMaTypH
F 302,7

.= —f— =m =0,000832 m* = 8,32 cm”.

yd

F, 05fcd[b’ x,(1+2)—-(b:=b )( ‘(1 ‘;g]

2
=0,5-7,65-10° {0,8 -0,0547(1+0,844) ~(0,8-0,2) (0,0547-0.05)

0,0547(1-0,844)

nmo Tabn. 1 [3] npuiiMaeMo 2225 A400C . TOOTO (aKTU4HA [UTOIIA

=302,7 kH

.apmyBanHs A, =9,82 cv” >8,32 oM’

7.10. [uranys s camMoIepeBipKu

1. YoMy TaBpOBi mepepizu € Gibill eeKTUBHUMH Y [IOPIBHAHHI i3
OpSMOKYTHUMH?

2. Bin uoro 3ajexuTh BeTM4MHA PO3PAXYHKOBOT INMPAHHU MOTHIKH?

3. Sk 3HAXOAMTHCA Micle PpO3TaillyBaHHi HeHTpanbHOI oCi mpu

pO3paxyHKax TaBpOBUX Mepepisia?



4. Sk po3paxoByrOTh €JEMEHTH TABPOBOr0 TEpepily, AKILIO
HeHTpasbHa BiCh 3HAXOJUTHCS B IOTULI?

5. Sk BuM3HAya€TbCs HEOOXiNHICTH PO3TAlllyBaHHA pPo6OYOro
apMyBaHHS B TUCHYTi{f 30Hi 6eTony?

6. SIK11O CTHCHYyTa 30Ha 3HAXOJHUTHCH B pelpi, siki MOXKIMBI BapiaHTH
3MiHH HanpyXeHb B CTUCHYTOMY OeTOHI?

7. SIkwio 3ajayero po3paxyHKiB Oyzae mepeBipka Hecyuyol 34aTHOCTI
nepepisy, Ak 3MiHUTBCS aNITOPUTM PO3PAXYHKIB?

8. 3 sKuX piBHAHb DIiBHOBarW 3HaXOJATHCS OCHOBHI (opMynH i3
BU3HAYEHHS HEOOXiNHOI IOl apMyBaHHS B CTHCHYTIH i PO3TArHYTIH

30Hax nepepizy 6anok?
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8. MIABIP POBOYOI0O MOMMEPEYHOTO APMYBAHHA 3
YMOBH 3ABE3NEYEHHSA HECYYOI 3JATHOCTI BAJIOK 1O
IOXWJINM T1EPEPI3AM

8.1. OCHOBHI BiIOMOCTi pO3paxyHOK Hecywoi 3AaTHOCTI Ganok ro
noxuiaM TiepepizaMm. OcHOBHI poBoui TiepeyMOBA Ta pO3PaxyHKOBE
MONOXKEHHS

PosrasHeMo poGoTy Gasku, po3paxyHKoBa cXeMa sikoi HaBe/eHa Ha
puc.8.1,a. Ha mpuonopHux HiNgHKax Takoi Gaiky Iit0Te MaKCHMallbHe
3HAueHHs TOTEPeYHOi CHIM Vi T2 MOMEHT My, , SKWH 3MiHIOETHCS Bill

HyJISL IO SKOTOCH BIANIOBiAHOTO 3HaveHHs. Ha nboMy % pUCYHKY TTOKa3aHOo
JiarpamMy 3MiHM TOJOBHMX CTHCKalouuX (G,) Ta FONOBHMX PO3TACYHOHUHX

(©,) HampyXeHb MO JOBXHUHI Oankn. Take po3TalllyBaHHA TOJOBHUX
PO3TATYIOUHX HAMpPyKeHb (o,) HA MPUOMOPHUX AiAHKAX Ganky MOsICHIOE

[PUYHHA BUHVKHEHHS caMe MOXMIMX TPILUH B LIHX MICLAX.

Puc. 8.1. Po3paxyHKoBa cXeMa Ta pO3MOIll FOJOBHUX CTHCKAIOYIX (o, ) i
FOJIOBHUX PO3TATYIOUUX (5, ) HAIPYKEHb 1O JOBXUHI Oalku (a) Ta eropu

MOMeHTiB M Ta nonepedrnx cun V (6)
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IlpuonopHa aifsiHKa [0 NOXKIOMY TIepepisi Moxe 3pyiiHyBaTHcs Bin
TaKkuX KOMOiHauil 30BHILLHIX 3YCHJIb:

. Bin mii MOMEHTY;

2. Bix aii nonepeynoi cuy;

3. BiA ogHOuacHii AiT MOMEHTY i OTIEPEYHOT CUNH.

OnumMMO XapakTepHi O3HAKW PYHHYBaHHA Oalku IO NOXMIIOMY
nepepizy 471 KokHOT KoMOiHanii.

B pesynbrari jii 30BHILIHBOrO MOMEHTY M Ha MpHONOpHiA HingHni
BinOyBa€ThCs PyHHyBaHHA y BUIJIAAL HPOKPYyYyBanHs Ooky (1) Ta G1oky
(2) BiOHOCHO UEHTPY CTUCHYTOI 30HH Gerony (T.O Ha puc. 8.2,a) Ha
BeJIMUMHY KyTa AQ.

PyiiHyBaHHsi NpHOMOPHOI AiNAHKM TO NOXWIOMY hepepisi Bim aii
30BHIIHBOI nonepeyHoi cunu V BigbyBaeThest 3 nepeMileHHsM 610Ky (2)
BiHOCHO Gstoky (1) Ha Bennunuy Ay (auB. puc. 8.2,6). ToGTO mpu Takomy
pyliHyBaHHi BinOyBacThCA 3pi3aHHs GalKu.

PyiinyBaunsa 6ajok Big onHOYacHOI mii 30BHiMIHEOrO MOMeHTy M Ta
nonepe4Hoil cuny V BinOyBaeThcs, K IPaBUIO, B 0ankax 3 NepeMiHHUM
nepepizom (puc. 8.2, B). JIns Takux 6anok XapaKkTepHUM € pyHHYBaHHs B
cepeauHl N0 BUCOTI CTiHOK OalKkyl y BUIISAI 3MHUHAHHS O€TOHY Bim Iil
FOJIOBHUX CTHCKAKOUMX Hampyxede o, . [lomanemi po3spaxyHku 3
NepeBipKd YMOBM JOCTATHOCTI po3mipiB mepepisy (aus. m.8.2 wuworo
posainy) OyayTs nepenbadaTd HEMOMUIMBICTh TAKOrO TUILY pYIHYBaHHS
Ganok Mo NOXUIUM Iepepizam.

B skocri pO3paxyHKOBUX  MEpeAyMOB Ta  IOJOXEHb
BUKOPUCTOBYIOTHCS NpHIynieHHs (1. 6.2.1 [1]), 1o B MOMEHT pyiiHyBaHHS
MIOXUIIOTO nepepisy:

— HanpyxeHHs B CTUCHYTOMy OETOHi JOCAraloTh BeIMYHHH f,, a
aedopmauii €,; 43

— HanpyXeHHs B II0B3/I0BXKHIH PO3TArHYTIH apMarypi 1OpiBHIOTH f,;

— Hampy)XeHHA B IONEPe4Hid apMarypi [OCATAOTh IPaHUYHHX
3Ha4eHb Bi[ Aii NOB310BXKHBO-NIONEPEYHOTO 3rUHY f

ywd ?

— poGOTOIO PO3TATHYTOTO GETOHY HEXTYIOTb.
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Paic. 8.2. XapakTepHi THIU pyiHyBaHHS 6aTOK 110 HOXWIUM NepepizaM Bill
Iii: 30BHINIHEOr0 MOMeHTY M (a); Bij [if 30BHIIHBOT IToNepeYHoi cuu V
(6); Bin ogHOuYacHOT Aili 30BHIIIHEOTO MOMEHTY M Ta monepeyHoi cuin V

TMocnigoBHICTL  PO3PAXyHKY Hecydyol 3AaTHOCTI 3anmi300eTOHHMX
nepepiziB MOXWIKMX JO MOB3IOBKHBOI OCi HaBesieHa B 1. 4.6[2].

8.2. TlepeBipka yMOBM JOCTAaTHOCTI PO3MipiB MOMEPEYHOro Tepepisy
€JIEMEHTIB



YMOBY OCTaTHOCTi po3MipiB Hepepi3y MepeBipsioTh 3a PopMy IO

Ves < Vi ma » (8,1)

Ae V,, — MaKCMMa/bHa JIONepeyHa CHJla Ha OMOopi BiA 30BHILIHLOIO
HABAHTAKEHHS;
V,

Rd max

— MaKCHMAa/IbHO JOIyCTHME 3HaueHHS IMONepeyHOol CHITH, IO MOXKE
BUTPUMATHU niepepi3.
VRd.max :O’Swa'd'V‘fcda (82)
ne b, — MiHimManpHa mwMpuHa repepisy 6amku (auB. puc. 8.3);

d — poboua BucoTa fepepisy;

= st
, by y

Puc. 8.3. JIo Bu3Ha4eHHs reOMETPUYHMX XaPAKTEPUCTHK b, Ta d

v — Koe(inieHT 3HWKEeHHs MiLHOCTI 6€TOHY i3 TPILLMHOIO NPH 3CYBi
f
v=0,6 1-A); (8.3)
250

f, — XapakTepUCTHYHE 3HAYEHHS MiLHOCTI O6eToHy Ha ctuck (MIla);
f, — po3paxyHKOBe 3HaueHHs MilHoCTi OeToHy Ha cTuck (MITa).

Skuio ymosa (8.1) He BUKOHYy€TbCsl, 30UIBLIYIOTh PO3MipH Mepepisy B
Mexax

h=(1,5+3)b,. (8.4)

SAxino ymoBa (8.1) BUKOHY€THCS — HPOJOBKYIOTh PO3PaXyHOK JaIi.
8.3. YMoBa HeoOXiZIHOCTI po3paxyHKy IONEPEYHUX CTEPKHIB
YMoBa HeoOXiHOCTI pO3paxyHKY MONEPEYHUX CTEPHKHIB

Via < Via. (8.5)
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pi(s VRd.c — MaKcuMalibHa MmorepeyHa Cujia, AKY MOXKE BUTPUMATH

nepepi3 0€3 BCTAaHOBJICHHSA NnonepevyHoro apMyBaHHs

Veae =] ek (1000,£,)"" +kio, [b,d <(V,,, +kio, )bod.  (8:6)

e ck min
B dopmymi (8.6)

0,18
e (87)
Y

[§

ae v, =1,3 —KkoedillieHT HaliliHOCTi 111 BaXKKOro GETOHY;

p. — BiICOTOK apMyBaHHsS po6oUOi apMaTypy Ha PHONOPHIit JiNsHUi

“l
P, = . 0,02, 8.8
¢ b d< ( )

N
A ,— IJIOW@ MOB3JIOBXHEOT apMaTypH, Ka JOXOAUTh 110 ONOPH;

k,=0,15;

G, — CEpelIHE HaMpyKeHHs CTUCKY, BUKIIMKAHE PO3PaxyHKOBOI OCBOBOIO

CHJIOKO

N .
GCP:A_ETi<O’2de’ (8.9)

zie A, — mnora 6eTOHHOTO Hepepisy;
N, — OChOBa CuJia y TIOTIEPEYHOMY Tepepisi, BUKIIMKaHa HaBaHTaXKeHHIM
abo nonepenHiM HaNpyKEHHSIM;
V. =0,035-kK*f, "7, (8.10)

K=1+ /-2-?1—0<2, 8.11)

d — poboua BHcoTa mepepizy, MM.

e

Axuio ymoBa (8.5) BUKOHYETbCS, TO L€ O3HA4a€, U0 PO3PAXyHOK
TIOTIEPEYHOr0 apMyBaHHS MOXXHA He poOMTH, a Jonepevna apmarypa
BCTAHOBIIOETHCS 32 KOHCTPYKTUBHUMH BUMOTaMH.

Slxmo ymoBa (8.5) He BHUKOHYETBCS, TO BUKOHYIOTB pPO3PAXYHOK
TIOTIEPEYHUX CTEPXKHIB.
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8.4. KOHCTPYKTHMBHi BMMOTM [0 BCTaHOBJNEHHA MONEPEuHOT
apmarypu

[1pu BCTaHOBJICHHI NOMNEPEHHOT apMATYPH i3 KOHCTPYKTMBHUX BUMOT
Tpeba KOPUCTYBATUCh BiNOBiAHMMY MyHKTaMH po3ainis 7 Ta 8 [2].

Tpeba nam’statid, 1110 IONEpPeYHa apMarypa B 3ajli300€TOHHUX
KOHCTPYKLUAX KpiM rOJIOBHUX CBOIX (yHKIIM 10 3a0e3NMeyeHHI0 Hecy4ol
3JaTHOCTI 1€ BUKOHYE (YHKLIl efneMeHTiB, ki (ikCyloTh B NMpPOEKTHE
NOJOXKEHHA PpoGOuy HEHApyXeHy NOB3IOBXHIO apmarypy. Tomy
KiJIbKOCTI.

VMoOBa MiHiMa/IbHOT KiJIbKOCTI MOfepeuHol apMaTypH 3alUCy€eTbCa Y
BULIAAI

s

UL (8.12)
vk

pw min ~ f

ge f, — XapakTepucTHuHe 3HA4Y€HHA MiUHOCTI apMarypH Ha PO3TAr,

MIla.
[Iiowa nonepeynol apMatypu B mepepisi, mo Oyne 3abe3neyyBaTH
MiHiManbHy Ti KiTBKICTb, BU3HAYAETHCS 3 (POPMYTIH

p
A = —vemn 8.13
S, D ( )

tmax T w

ae S — MaKCHMaJIbHMH KPOK IOMEPeyHHX CTEPHKHIB
S, . =0,75d <600 MM . (8.14)

t.max
[lpy OCTaTOYHOMY BHM3HAYEHHi KiIBKOCTI n

1.max

. Ta giamerpa <&
CTEPHKHIB MOIEPEYHOr0 apMyBaHHA BPaXOBYETbCA ymMoBa ix Jgobporo
3BapPIOBAHHS i3 CTEPXKHAMU POGOYOro TMOB3IOBXHBOIO apMyBaHHs (J), a
came

>, =(%+%)@. | (8.15)

8.5. PosrallyBadHs NONEpeYHHX CTEP)KHIB PO3PaXyHKOBUM LUIAXOM
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3rinio 3 n.4.6.3 [2] npu BuU3HAdYeHHI MOTEPEYHOrO ApPMYBAHHS
PO3pPaxyHKOBHM WLIAXOM BHKOPUCTOBYETHCS «(epMoBa» Momens poboTh
€JIEMEHTa, IO NPALoc Ha 3ruH (OuB. pHc. 8.4).

A B
7
N

2T 2T A e N
N ar AN E AN
_vao_te—cota) d h M
_ (o) 2/2
7
/

—— Fyq
T+t

Puc.8.4. «®epmoBa» Mojeb, IO BHKOPHCTOBYEThLCS TP PO3paxyHKax
HeCy4ol 371aTHOCT] 6aJloK MO TIOXUIINM Mepepizam

A — cTUCHYTHU MosC;

B — cTucHyTHit yMOBHUI eneMeHT;

C — po3TarHyTuit eneMenr;

D — nonepeuna apMmarypa;

o, — FOIIOBHI HANIpy>KeHHS CTUCKY;

F,, — pO3paXyHKOBa BENUIHHA 3yCHIIIS CTHCKY GeTOHY;

Fy — pO3paxyHKOBa BEIMYMHA 3yCUIIIA PO3TATY Y MOB3IOBKHII apMatypi;
Z,,, — Ijie4e BHYTPIlIHBOT MapH CHIL.

. 3rigHo «(hepMoBOL» Mozeni momepeyHa cuia Vi, ,

fKa JIOPiBHIOE
OIOpy 3ami300eTOHHOTO Hepepizy 3CYyBY, MPUNHMaEThea SK HaiimMeHwa i3

ABOX BCJIUYNH

A,
VRd.s :-—Sﬂzms 'fywd 'COtea (816)
abo
Vags =0, by, -z, -v- £, /(cot®+cotar), (8.17)

ae o, — Koe}ilieHT, o BpaxoBye PiBeHb HAMPYKEHb ¥ CTHCHYTOMY
Tosci
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t+o,/f, npn0<o,, <0,25f,

o, =11,25 npu 0,25f, <o, <0,5f, (8.18)
c,
2,5(1- f‘p) npu 0,5f, <o, <1,0f,,
cd
G, — CEpelHE HanpyXeHHs CTHCKY B OTOHI BiIl IONEPEYHOro
HarlpyXeHH:
N
O =XED—SO,2fcd, MITa, (8.19)

c

N, — 3yCU/LIS MOMIEPEYHOTO HANPYIKEHHs 3 ypaxyBaHHAM BCiX BTpaT,
xH;
A, — riouia GETOHHOTO repepizy, M.

B dopmynax (8.16) ta (8.17) mieve BHYTPIHBLOI NapH CHIT MOXKE
NIpUMATUCh, AK

z, =09d . (8.20)
3 ¢opmynu (8.16) MiHiManbHO HeOOXiZHMI 3a pO3paxyHKaMu KpOK

TONEePeUHNX CTEPXKHIB JOPIBHIOE

A swzmsfywd cot e
= Zowns yud 7 821

w ’ ?

VED
Ae V., — BeaMuMHA [I0NePEevHOT CHIIH, IO Jli€ B IOXUIOMY Mepepisi

Vl"D' = Vip = QZiness (8.22)

q — piBHOMIpHO pO3MOiIEHE 3YCUILIA Bijl 30BHINIHIX HaBaHTaXeHb
(xH/m);

f..4 — PO3paxyHKOBa MilHiCTs nonepesHoi apmatypu, MIla (Tab:.3.4 [2]).

[Tnomy mnonepeyHoi apMaTypu B IHepepisi A, BU3HAYalOTh 3
HeoOXiaHO! KiIbKOCTI IMOMepeyHux CrepXHIB n, Ta MiHIMaIbHO

HeoOXiIHOTO JiaMeTpa MOMepeyHHX CTEPXKHIB &, 3 ypaxyBaHHSM yMOBH

nobporo 3sapropanis (8.15).
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PesynpTatoM po3paxyHkiB Mae OyTH BUKOHaHHS yMOBHU 3a0e3MeueHHs
Hecy4oi 31aTHOCTI MTOXMUIOTO Tepepizy
Veas > Vi - (823)

8.6. Anroput™ po3paxyHKy

1. BunucyioTh ¢i3zuko-MexaHiqHi XapakTepuCcTHKN MaTepialliB:
T T .
— A 6eT0Hy fck H de > 8cu},c(.l > 8c.’i‘cd * fod = fcd ’ Ycl s

— Anst poboyoi nonepeunoi apmarypu f,, f ;.
2.3 po3paxyHKOBOI CXeMH Ta MOMEpPeyHoro rmnepepizy Oankn
BU3HAYAIOT:

— MaKCHMaJIbHY TOIIepedHy CHITY, 10 Ji€ Ha 6anky V, kH;

— TOTEpeYHy CUMy, WO Ji€ B TOXwioMmy Tepepisi V. .kH o
tdopmyi (8.21);

— poGouy BHCOTY Mepepizy d .M.

3. BusHauaroTh MaKCUMallbHO JOIYCTUME 3HAYEHHS TIONEpEeHHOl
CWJTH, L0 MOXKE BUTPUMATH TIepepi3 Vg, ... 1o dopmyni (8.2).

4. TTepeBipstoTh YMOBY IOCTaTHOCTI pO3MIpiB ITonepeuHoro rnepepizy
8.1).

SIKIo yMoBa BUKOHYEThCS — iIyTh 10 11.5.

SIkuio ymMoBa He BHKOHYETHCS, 30UIBIIYIOTH IIHPUHY Oallkin b, M Ta
BHCOTY Oanku h, M B Mexax ymoBu (8.4) moxu ymoBa (8.1) He
3a0e3neynThCsL.

5. Bu3HauaioTh MaKCUMaILHY MONEPEUHY CHITY, AKY MOXKE BUTPUMATU
niepepiz 6e3 BCTaHOBNEHHS MONEPETHOrO apMyBaHHs V,,
(8.6).

6. IlepeBipsstoTs  YMOBY HEOOXiAHOCTI PO3PaxyHKIB TNoOMEpeUHNX
crepxHis (8.5).

Slkmo ymMoBa BUKOHYETLCSA — LAY Th 110 11.7.

kH no popmyni

de?

SK110 YMOBa He BUKOHYETLCS — iAeyTh 10 n.12.
7. BusHayaroTh MiHIMIbHY KUTBKICTh TOTIepeyHol apMarypH p .. 1o

popmyi (8.12).
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8. BU3HaualoTh MakcUMaibHUH KPOK MONEPEeHHUX CTEPXKHIB S

t.max *

MM
no ¢popmyi (8.14).
9. Bu3HaualoTh MiRIManbHO HEOOXiAHY TIIOLY NONEPEYHUX CTEPXKHIB

A, cM’ 1o dopmyi (8.13).

10. BuzHayatoTh HEOOXiIHY KiJIBLKICTH MOIMEpPEeYyHHMX CTEep)KHIB n, Ta
MiHiManbHKi JiaMeTp NomepeuHoro CTepKH 3 yMOB 100pOro 3BaploBaHHS
@.. no popmyi (8.15).

11.1llnaxoM KOperyBaHHs [JaHMX, OTpuMaHMX B M9 Ta n.10,
NpuiMaOTh OCTATOYHE pilleHHA 1Woxo . ; n,, Ta S NPUMHATOrO
TONEepeyHOro apMyBaHHs Ha MPUONOPHUX JLNAHKAX i B POJILOTI.

12. Bu3HaualoTh [OYATKOBI MapaMeTpd IONEPEYHOTO apMyBaHHS 3
YMOB KOHCTPYKTHBHOI'O apMyBaHHs, a came: n, — KiIbKICTb MOMepeyHux
CTEPKHIB Ta MiHIMAJAbHUN [iaMeTp NONePevYHHX CTIEPKHIB 3 yMOBid
n06poro 3sapiopaHa & o gopmyi (8.15).

13.[1o mpuilHATUM JaHuM n_, Ta < 3HAXONATH MIOLLY apMmatypu
A, .cM noTaba. 1 [3].

14.To  ¢opmyni  (8.2]) BH3HA4UAOTh  PO3PAXyHKOBHHA  KPOK
nonepevyHux CTepxHiB S, , M. DakTMYHHA KPOK S NpUiAMAOTh 3
OKPYIJIEHHSM J10 5 MM B MEHIIy CTOPOHY.

15.Tlo ¢opmyni (8.16) Bu3HAualOTL OIIp 3CyBY nepepizy 3
NPUIAHSITHM NONEPeYHUM apMYBaHHAM V,, , KH.

16.T10 dopmyui (5.17) BU3HAYaEMO MAKCUMAIILHO MOXIIMBE 3HAYEHHS

nornepeuHol CUJIK, 110 BUTPUMAE Mepepi3 Vi, ..., KH.
17.3 nBox 3HadeHb, OTpUMaHuMX B M.15 Ta n.16, npuiiMaroTe AJis
NOAANbIUMX PO3PAXYHKIB MEHLIE 3HAUYEHHA V, , KH.

18.[lepesipsitoTs ymoBy (8.23).

SIK1IO0 YMOBA BUKOHYETBCS — MEPEXOIATH A0 11.19.

SIK1110 YMOBA He BUKOHY€ETHCA — 710 11.20.

19.I1puiiMatoTs OCTaToyHe pimeHHs woxo &, , n, Ta S,

[IPUHHATOTO MONMEPEYHOTO0 apPMyBaHHS HA TNPUOIIOPHMX ALIAHKAX i B
HpOJIbOTI.

131



20.36inbIIyroTh  IiaMeTp TOMEpeYHoro CTepxkHi & abo Kiac
[OfiEpEeYHOi apMaTypH.

21.HocninoBHo BUKOHYeMO T.M.12-16 moku He Oyae BHKOHAHO
YMOBY 3a6e3meueHHs HECy4oi 3TaTHOCTI Moxusoro nepepisy (8.23).

22. BUKOHYIOTH 3aX0[H, niependaveHi B .19,

8.7. Ilpuxiaz po3paxyHKy

HaHo: 3anizo0beroHHa Oanka MEpeKpUTT JNOBXKHHOWO 5,6 M 3
po3MipaMu miepepizy: b=300mm , h=600mm ; knac MiuHocTi OeToHy
C20/25; mom3gomkHs apMmarypa kiacy A400C i3 3aXMCHUM IIapom
c=25mm . Ilmoma apMaTypHMX  CTPUXKHIB  BEPXHBOI  30HH
A, =7,63cM® (3D18) , ruxHBoi 30HM — A, =37,7 e’ (3040) . Ha Ganky
nie piBHOMIpHO posnomifieHe HaBaHTaxeHHs 125xkH/m.a. [lonepevna
apMmarypa Mae 6yTu npuiinsra knacy A240C.

3naiitn: Kinekicte n, , AiaMeTp &, Ta Kpok S TomepevHol
apMaTypy Ta po3TalllyBaTH il Mo JOBKUHI 6anku.

1. Bunmcyemo (hi3uko-MeXaHigHi XapaKTepUCTHKU MaTepiatiB:

— mna Geronmy: [, =185MIla , ¢ —14a5Mita , e, ,=3110",
€ =0,63-107, f =f,"-v,=145-1,0=14,5MIlla;

— a5 poGoyoi monepeunol apmarypu: T, =240 MlTa, £, =170 MIla.
2. MakcuManbHa monepueHa cuma, o Aie Ha 6anky

v, = 125-% 350 (kH).
— Iomepeyna cwia, o Ai€ B TOXUIOMY Mepepisi

V. =V, —qz,, =350-125-0,5=287,5 (xH),

ne z,, =0,9d=0,9-0,555=0,5(m).
— PoGoua Bucora nepepisy

d= 60—(2,5 +4’70)= 55,5 (cm).
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3. MakcumanbHO JOMYyCTUME 3HAYEHHS MONEPEYHO! CWIIH, L0 MOXKe
BATpUMATH [epepi3

Vi =0,5-b, -d-v-f, =0,5-30-55,5-0,5556-14,5-10" =670,7 (H),
e bw =30 com;

4, TlepeBipseMo YMOBY AOCTATHOCTI PO3MIpiB NOTIEPEIHOTO IEepepisy
Vi, =350 kH <V, . =670,7 kH — posmipu nepepisy Gasnku noctarHi.

5. BusHadyaeMo MakCHMalbHY MOMEPSUHY CUIlY, SKY MOXKE BUTPHMATH
nepepi3 6e3 BCTAHOBNEHHS MOIIEPEUHOr0o apMyBaHHS

Vise = Crak(100p,£,)" + K0, |bd =

1/3

= [0,138 1,6(100-0,02-18,5)" +0,15- 0}300 -555=122356 (H) =122,4 (xH),

ne Cgy, =0,138,
555 LS;
P, = d 30555_00226>002 , Tomy p, =0,02;
k, =0,15;
ch:O

3 inmoro 6oky
Vige = (V +k,o, )bwd =(0,305+0,15-0)300-555=50783 (H) = 50,8 (xH),

mn

pe V,, =0,035-k*f, ' =0,035-1,6"*-18,5" = 0,305.

3 IBOX 3HAYEHb V,,  NpuiiMaemo Giblie 3HauenHs — Yy, =122,4 kH.
6. TlepeBipseM0O YMOBY HEOOXiIHOCTI pO3paxyHKiB IOMEPEYHUX
crepxnis (8.5). _
Vi, =350 kH>V,, =122,4 kH — mnonepeuny apmarypy Tpeba
BCTAHOBUTH PO3PAXYHKOBUM HLIIXOM.
7. B nepimomy HaOnwxeHHi BH3HA4YaeMO JAiaMeTp MONEPEYHMX

crepxkniB @, i3 ymoBn 106poi 3BaploBaHOCTI 3 OCHOBHOW POGOUOND

SW

TIOB3/10BKHBLOF apMaTypOto
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2., =(l+lj® :[l+—1-j40 =(13+10) MM.
34 34

[puitmaemo J,, =12 mm.
KinpkicTh momnepeyHux CTep:KHIB B Ilepepisi mpuiiMaemo i3 yMOBH

HeoOXiZHOCTI ynawTyBanus 3-x kapkacis — N, =3 wr.

8. [lnowma nonepeusoi apmatypu A, =3,39 oM’ sk ana 3212 A240C.
9. BusHauaeMo MiHiManibHO HEOOXiZHHI 3a pO3paXyHKaMM KpOK
ronepeyHux CTepKHiB
ALz, f,,4C0t0 3,39.50:170-107-1

" Vi, 287,5-10°

OcTaToudo npuiiMaemMo MiHiMasbHE 3HA4Y€HHS KPOKY NONEpevHHX

=10,02 (cm).

CTepKHIB HAa NPHOMOPHIN HiMAHUI JUTS NOAALIIMX PO3PaxyHKiB, a came
S, =100 Mm.

10. Omnip 3cyBy nepepisy i3 OpUAHATUMH NOTIEPEYHUMH CTEPKHAMU

3,39

Veas = %”izmsfywd cotf ===-50-175- 10° -1=296625 (H) = 296,6 (k).

Do

11. MakcumalbHO MOK/IMBE 3HAYEHHA TMONepeyHoi CuiH, Mo
BUTPHMYE Iepepis

Vg = O zv £ / (cotO +tan @) =(1,0-0,3-0,6-0,5-14,5-10") / (1+1) =

=652500 (H) =652,5 (kH),

ne o, =1, rak ax 6, =0

\Z =0,6, Tak sk fck <60 Mla.

12. OcrarouHo mnpuiiMaeMo Oinbllie 3HAYEHHs ONOpY 3CYBY
Vias =296,6 kH.

13. IlepeBipsiemMo yMOBY 3a0e3neueHHs HECy4ol 3JaTHOCTI MOXMIIOTO
nepepisy

Vigs =296,6 kH > V], =287,5 kH — yMOBa MillHOCTI BUKOHY€EThCH.

14. IlepepipsieMo NpuiiHATe MOMEpedHe apMyBaHH:A i3 MiHIMAbHO
JOITyCTAMHUM BiZICOTKOM

B 0,08./f, 0,084/18,5 - 0.00143
240 ’ o

w.min -
£,
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— MakTaunii TIPOUEHT MOMEPEYHOTO apMyBaHHA
_As _ 339 6 01135p, . =0,00143.
b.S. 30-10 '

YMoBa 3abe3neueHHs MiHIMaIbLHOT KUILKOCTI MOMEPeYHNX CTEPIKHIB

Pw

3aJ10BOJLHAETHCS.
15. BH3HauaeMo MakcuMalbHO AOMYCTHMHI KpOK MNONepedHol

VR . I 5600
apMaTypy B IIPOJILOTHIH RinsHLi (1OBKUHONO 3=, = 2800 MM )

“~

S, =150=15-18=270 MM,
Jie & =18 mmaiamerp poGoUol MOB3NOBKHBOI apMaTYpH B CTHCHYTIH

30H1 OeTOHY.
OcCTaTouHO TMpUItMAEMO KPOK TMONepedyHol apMaTyph B TIPOJIbOTHii

AinaHui S, =250 Mm. '
16. Cxema po3TaliyBaHHs MOMEPEIHOT apMaTypH 110 IOBXUHI (a) Ta B

rnepepisi (6) 6anku HageAeHa Ha puc. 8.5.

a) [‘—‘l

Sw=100 Bu=250 Sw= 100
1400 L 2800 L 1400
7 7
5600
_ }
0) l<——
I Y1
o
T g
IR
S 3040 ARDIC
L

Puc.8.5.Po3ramyBants ronepedHoi apMarypy Mo A0BXKHHI (a) Ta B
nepepisi (6) danku ’
8.8. TluTanus 1418 camonepeBipKu
1.UoMy Ha nNpUOMOPHWX [JifsHKaX OalKd 3’ SBIAIOTECA TOXWI

TPILIMHA.
2. 8lki MOXCOTHBI BapiaHTH pyHHyBaHHS 3a7i300¢TOHHHX Oarok Ha

MPUOMOPHHUX IIiIUIHKaX.



3. B yoMy monsrae pi3HULA B PO3TAILyBaHHI MoTIepeyHol apMaTypy B
IPHOTIOPHKX T4 B IPOJILOTHAX AUISHKAX.

4. Onuuwite  «depMOBY» Mogenb, sKa BUKOPUCTOBYETHCS —MpH
pO3paxyHKy Hecy4oi 3/aTHOCT] 6asloK 110 NOXHIMM nepepizam.

5.5[ki OCHOBHI pO3DaXyHKOBi [EPEAYMOBH PO3PaxyHKy Hecyuoi
371aTHOCTI 10 NIOXUUM TIepepizam.

6. 3amuuIiTe YMOBY JOCTaTHOCTi PO3MipiB MONEPEYHOro nepepisy
€JIeMEHTIB.

7. 3anuiiTe yMOBY HEOOXiNHOCTI PO3PaXyHKY NONepeyHnX CTEPIKHIB.

8.5ki KOHCTPYKTHBHI BHMOTM JO BCTAHOBJICHHS monepevHol
apMarypiu.

9. Sk BU3HAYAETLCS NIONEPEYHE APMYBAHHS PO3PAXYHKOBHUM ILIIAXOM.

10.3 SKMX yMOB BH3HA4acThCA KPOK MOMEPEUHMX CTEPXKHIB B
OPOSILOTHUX JiJIAHKAX.
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9. PO3PAXYHOK I KOHCTPYIOBAHHA CTUCHYTHUX
EJIEMEHTIB

9.1. 3arajgbHi MONOXKEHHS

3ani306eTOHHI CTOAKA (KOJIOHW) — ¢ eJEeMEHTH, sKi MOXYTh
3pyHHyBaTHCh Bill Nil 30BHIIIHIX HABAHTAXEHb 5K BiJl BTpaTw# MiUHOCTI
CKNIaZIOBMX MaTepianiB (GeToHy abo apMaTypH), Tak i BiZl BTpaTu CTiHKOCTI.
ToMy Tpw po3paxyHKax 3a 1-0F0 TpYNOI TPaHMYHMX CTaHiB Ma€
BUKOPHCTOBYBATHCh PO3PaXyHKOBMIA anmapar, 1o 00’ €Hy€ po3paxyHKH AK
Ha MiLHICTb, TaK i HAa CTIMKICTE.
Po3paxyHKoBa JOBXMHA CTUCHYTOrO e€JeMeHTa 3aleXuTh Bil
po3paxyHkoBol cxemu (puc. 9.1). '
L=pl ©.1)
ne 1 — koedilieHT, 1o 3aNneXUTh Bill pO3paxyHKOBOT CXeMHU.

N N N N

N7 N \if AL

— =10 ) (p=0,7 — |p=05 . | p=20

Pa® g 3 o S e

Puc. 9.1. Jlo Bu3HaueHHs po3paxyHKOBOI JIOBXWHU eEeMEeHTa
BpaxoBylouH HEMOXIMBICTE BH3HaYeHHs (POPMU BTpaTW CTiHKOCTI,

OCHOBHHM TIPUHLIMIIOM apMyBaHHS KOJOH € CHMETPHYHE pO3TaulyBaHHS
apMatypH 110 30BHILIHIM rpaHsM 6€TOHHOTO nepepisy.
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BpaxoByloun pi3HHLIO B JeOPMATHBHOCTI apmaTypHoi crani Ta
GCTOHY, TIpM  KOHCTpPYIOBaHi  CTOSKiB ~ €KOHOMIMHO  JOULIbHO
BUKOPUCTOBYBATH CTepxHi He Buiie knacy AS00C.

[lpy po3paxyHKax CTUCHYTHX €EMEHTIB MaiOTb BPaxOBYBATHCh
BILIMBY [IEPIIOrO Ta APYLOro NOPAIKY.

9.2. BpaxyBaxHs BIUIMBIB HEPMIOro MOPAAKY

BIIMBOM [€PILOrO HOPSIAKY € BUNAJAKOBHI €KCLEHTPUCHTET €;. Horo
BEJIMYMHA BU3HAYAETHCA K OUTBIIE i3 3HAUEHb!

1,

600 ° g 10 —~PO3paxyHKOBa NOBXUHA €/IEMEHTA,

e = %0 , ae h — Bucorta nepepisy; 9.2)

10 MM.

Sk sunHo 3 Gopmynu (9.2), BUNagOBUil EKCLEHTPUCHTET BPAXOBYE:!

— HETOYHICTh BUIOTOBJIEHHs KOHCTPYKUiH;

— HETOYHICTh BCTAHOBJEHHS KOHCTPYKUIT y BEPTUKANBLHE OJOXKEHHS,

— HeTOUHIiCTh Tepejaui HABaHTAXEHHs {3 €NeMEeHTIB BepxHix
MOBEPXiB HA KOJIOHY.

9.3. BpaxyBaHHs BIUIMBIB APYTOrc NOPSAKY

 Bumoru w00 BpaxyBaHHs BIUIMBIB JIpyroro MopsaKy HaseaeHi B .
5.7 [1]. 3araibhi BLIMBA PYroro MOPSAAKY MOXYTb NPOSBIATHCH I B
KOHCTPYKLISIX i3 THYYKOI B’A3€BON CHCTEMOM. SIKILO BPaxOBYIOTHCA
BILIHBM JAPYrOro NOpsKy , TO PiBHOBAry i omip KOHCTpYKuii noTpiGHO
nepesipsTu y nepopmoHoMy crani. Jedopmauii noTpibHo BM3HAYaTH 3
ypaxyBaHHSIM Bi/IIIOBIZIHOTO BIUIMBY TPillMHOYTBOPEHS, HeNHIHHMX
BIIACTHBOCTeH Martepianis i mos3y4octi. [Ipy po3paxyHKy yMOB JliHIAHOro
Xapakrepy poGOTH MaTepianiB IMMH BIUIMBAaMH MOXHA 3HEXTYBAaTH
IUIIXOM 3HMAKEHHS XapakTePUCTMK JKOPCTKOCTi.  Xapakrep poOoTu
KOHCTPYKLii MOTPiGHO pO3rAAzaTé Yy HaOpsMKy, B SKOMY MOXe
BinOyBaruch nedopmauis, a B HeoOXiZHUX BUMAAKaX CJiJ BPaxoByBaTH

138



ABOBicHWHt 3ruH. HeBW3waueHocti y reoMertpii i po3TamryBaHHi
HaBHTa)keHb CTUCKY MOTPiOGHO BpaxoBYBaTU AK JOAATKOBI BIIUBHU MEPLIOro
MOPAIKY Ha OCHOBI T€OMETPHYHIX HEAOCKoHanocTed. BnvsaMu apyroro
MOPSKY MOXHA 3HEXTYBATH, SKLIO BOHM PAa3OM CTAHOBJIATh MEHIIE HIX
10% BiAMOBIHWX BIIJIMBIB TIEPLIOro MOPAAKY.

SIKIIO MU BpaXOBYEMO BIUIMBH APYTOro MOPAAKY, TO He MOTPiGHO
BUKOHYBATH JOIaTKOBUX PO3paxyHKiB Ha BTpaTy CTiiikocTi. BBakaerncs,
110 BIJWBH APYroro MOPSIKY BPaxoBaHi, AKIIO THYYKICTb A € MEHUIONH
NeBHO! BENMYNWHH (rpaHnyHoi) A;n[2]. ToOGTO HeoOXiaHe BUKOHAHHS
HACTyITHOI YMOBU:

A<hs 9.3)

dopyy =20-A-B-C/n; (9.4)

ne A — koedillieHT, WO BPAXOBYE PEOMETPItO TIepepi3y Ta NMoB3y4icTh
oerony, A=0,7;

B — koeillieHT, 10 BpaxoBye eMMOpy HAMOBHEHHs CTHCKY OETOHY Ta
koediuienT apmyBanns, B=1,1;

C — xoedillieHT, 10 BpaxOBy€ pO3MOALNT MOMEHTIB TO JOBXKHHI
KOJIOHM i KOHCTPYKTUBHY cxemy konoHu, C=0,7;

n — BiZIHOCHA0OChOBA CUja.

_N,
" %Ac ’ fcd ’ (95)

1€ Nog—p03paxyHKOBa 0Cb0Ba CUMA CTUCKY,

BignocHa ochoRa cuja:

A. — myioita 6eTOHHOTO Mepepi3y KOIOHH

A =b-h; 9.6)
f.q— po3paxyHKoBa MilHiCTb 6ETORY Ha CTHUCK.
I"HyuKiCTb TIPH TIOB3I0BXHBEOMY 3THHI BU3HAYACTHCA STK

=l 9.7)

ne i — paniyc iHepuii 6eTOHHOro nepepisy 63 TPilMH.
i=0,289-h. 9.8
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Sxmo ymoBa (9.3) BHUKOHYETbCA, TO BIUIMBaMU ApYroro nOpsAKY
MOXHA 3HexTypaTH. Skilo ymoBa (9.3) He BMKOHYEThCH, HEOOXiAHO
36iIBIIMTH 3arajabHii eKCIEHTPUCHTET

B

g, =€ 1+&”] ) 9.9)
Ned
Ie
2
T
B=—: (9.10)
Co
Co — koedilieHT, IO 3AIEKUTH BiJl PO3NOALTY MOMEHTY 3

ypaxyBaHHSM e(peKTiB NepIoro HOpAaIKy,

Cy=8 — npy MOCTiiHOMy MOMEHTi a0 BiJICYTHOCTI NOMNEPEYHOro
HABaHTAXXEHHS1.

Co=9,6 — npu napaGoiuHiii emopi MOMEHTIB,

Co=12 — npy cUMeTpUHHIN TPUKYTHIH eIMOpi MOMEHTIB.

Jlnst 3aza4, siki My GyZeMo BHDIlIYBaTH B KyPCOBOMY i JMIIOMHOMY

IPOEKTYBaHHi
2
p=21% 1030
KpuruuHa cuiia BU3HAYA€ThCA 38 GOPMYJIOL0
n*-E-1
Ny =—13 9.11)
0

HoMiHanbHa AKOPCTKICTh mepepisy BU3HAYAEThCA 32 OpMYIIOr0
EI=K_ -E,-I.+K -E L. 9.12)
V mepimoMy HabNrKeHH], 1711 TIPAMOKYTHOrO Mepepisy KOJOHU 3 10%
apMyBaHHSIM T4 CTAHAPTHAX yMOBax poGoTH, L0 BUKOPUCTOBYIOTHCA 14
NpaKTUYHMX 33484
b-h’

E[=0,15-E- +0,01-E_-A_(0,5-h—a,")’, (9.13)

1€ Neq — II03aleHTPOBE HOB3JOBKHE HABAHTAXKEHHS HA KOJIOHY.
[Ip¥ BMKOpHCTAHHi cnpouleHoi aiarpamu AedopmyBaHHs OeTOHY
MOXYTb peanizoByBaTuch 1Bi popmMu piBHOBArM repepisy.
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TIpn uepmiti dopmi piBHoBarw Bech mepepis Oyne cruchyruit. Lie
OyJe BUKOHYBaTUCh PH YMOBI

€, =T, 9.14)

Jie r— BiJCTaHb Bill 1l€HTpa Iepepisy A0 KpaiHpOl TOYKH SAPOBOTrO

nepepizy

=< (9.15)

Jlns mepmroi (opMH piBHOBarM BHKOHYETHCA YMOBa, IO BHCOTA
CTHUCHYTOT 30HU OETOHY
X, =2h. (9.16)
Jna mapyroi opMu piBHOBary 4acTWHA Iepepizy Oyle CTUCHYTOIO, a
yacTUHA — po3TArHYTOX0. LI yMoBa Oyzie peani3oByBaruch npu
e, > . (9.17)

9.4, HaripyxeHo-eopMOBaHuii craH mepepisy npu mepuwidt gopmi
piBHOBAaru

Puic. 9.2. HanpykeHo-nedhopMOBaHUIi CTaH nepepisy Npy nepuii
¢opmi piBHOBaAry repepizy

3araneHUil eKCIIEHTPUCUTET 30BHIIIHBOTO HABAHTAKCHHS Nea

e=e,+0,5-h—a,. (9.18)
B MOMeHT pyitHyBatins nedopmailii Ha kpaliHilt cTUCHYTIH rpaHi
) = Eeusea> (9.19)
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Jledopmallii Ha MEHLI CTHCHYTIl rpani 6eToHy

S

SC(Z) = gcuS,cd (1_—;_-); (920)
a BUCOTa CTYICHyTO.l. 30HH 6eTOHy
€
X, =h. ——eed 9.21)

8cu},cd - 85(2)

BucoTa MacTMHM  CTHCHYTOI 30HM O€TOHY 3  NMOCTIHHMMU

HanpyXeHHAMHI
Ax, = x, S Tac, 9.22)
Ecuzad
VY pasi, AKLO
rx, 2 h, (9.23)
BECH Iepepi3 Oyne CTUCHY TUH HANPYKEHHAMU
o, =fy- (9.24)
Toni neopMmalii B MeHI HaNpysKeHil apmMaTypi 6y1yTh NOPiBHIOBATH
& TEused ﬁ_‘_ﬂ’ (9.25)
Xl
ae
d=h-a, (9.26)
Sxuwo
€0 <& <Ey, 9.27)
Ie

f
8s()= % B (928)

B PO3TATHYTi! apMaTypi BinbyBaeThes TeKyHicTb. Hanpyxenus
BU3HAYAETHCA 32 POPMYJIOKD
o, =%, (9.29)
Sxwo
O<eg <gy,, (9.30)
pO3TArHyTa apMarypa npawioe npyxHo. HanpykeHHs BU3HA4A€THCs

3a GOpPMYJIOLO
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c,=¢,-E,
Heob6xinna KiTbKicTe apMaTypH:
— BinbIT HANIpyKEHOT
N e—-f,-b-h(0,5-h-a)

A,'=
fa(d-a,)

— MEeHUI HanpyKeHol
Ny —fy-b-h—f, A’
s fyd :

V Bumnaaxy, Kojiu

Ax, <h,
HeoOXiaHa KiJIbKiCTh apMaTypu:
— OibiI HATIpY>KEHOT
(h+kx1)(d_ h—-2ax,

Nge—f b o )
A= ' ;
fyd(d—as )

— MEHII Hampy»KeHoi

. (h+2Ax)) ,

NEd - 1’cdb *772*]7 - fydAs
A =
f

yd

9.31)

(9.32)

(9.33)

(9.34)

(9.35)

(9.36)

BpaxoBylouu TMPHHLMM CHMETPUYHOrO apMyBaHHs, AK [pPaBuUIoO,

NpUHMaroTh TUTOLLY apMYyBaHHS i3 OLTBIUINM 3HAYEHHAM

A=A,

(9.37)

Kpim wuporo, npuiinste poGode apMyBaHHs Mae OyTn mepeBipeHe Ha

BiANOBIAHICTL MiHIMaILHUM KOHCTPYKTUBHUM BHMOTaM.

ITpu apMyBaHHi KOJIOH MOB3IOBXKHI CTPIKHI MaloTh OyTH AiaMeTpoM

(m.11.8.5.1.4 [2]), sika po3paxoByeThCA 3a GOPMYJIOH

0,10N_,
smin Aslm = fyd 5

0,002 A,

e fyg — rpaHuLs TEKy4OCTi apmMartypu;
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Nea— po3paxynkoBa ocsoma cusa CTHUCKY.

9.5. Hanpy:xeno-nedopmoraunii cran nepepizy npu apyriii popmi
piBHOBaru

Hanpyixeno-nedopmosaunii  cran nepepisy npu  apyriii ¢dopmi
PIBHOBAaru BHHUKAE pu yMoBi (9.17) i HaBeaennii na puc. 9.3.

_Ag

/ 1€s GSA.?

£

Puc. 9.3. Hanpymeﬂo—ﬂe(bopMOBaHuﬁ CTaH 11epepi3y npu apyriii

dopwmi piBHoBaru (e, > r )

He Baxxko mo6auutu, mo HanpysxeHo-aeopMoBanmii cran nepepiy,

. IO HaBeneHUH Ha puc. 9.3, Bignosimae BUNMAAKy, sKuii posrnsnascs

paHime y nonepenHboMy po3gigi Nes «IlepeBipka Hecyuoi 3maTHOCT

3a1i306eToHHKX Gaok HPAMOKYTHOIO Tiepepisy 3 noasiianM apMyBaHHAM
Ha JIi10 3THHAIBHAX MOMEHTIBY.

Pisunns 6yne nonsraru nume Y TUNi 30BHIIIHBOrO HaBaHTakKeHHs, B
po3aini NeS ne OYB MOMEHT Bij1 30BHimHIX HaBaHTaXeHb My, a B Hamomy
BHIIAZKY — OB3/I0BXKHE 3ycunns N, sike nie 3 EKCLICHTPUCUTETOM ¢,

He Baxxo no6aunru, mo HanpyseHo-aepopmoBanuii cray lepepisy,
HaBefeHud Ha puc. 9.3, Bimmominmae BHIAZKaM, SiKi MH po3rnsmany B
HONEPeaHIX po3ainax, mos’s3anHux iz CIEMEHTaMH, 110 IPAUIOIOTE HA 3TUH.
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Pisuuus Gyae nonaraty JMile y B 30BHIIIHPOTO HAaBAHTAXKEHHS,
1110 i€ B nepepisi.

Jlns GankoBuX eneMeHTiB ue OyB MOMEHT BiJl 30BHILIHBOTO
HaBaHTaXeHHs Meg, @ B HALIOMY BMIANKy — [O3M0BXKHE 3yCHILIA Neg, AKE
Jli€ 3 eKCLEHTPUCHTETOM €o (pHC. 9.3).

B 3aieKHOCTI Bia TOro, SKy MM CTaBUMO 331ady, Moxe OyTH
BUKOPHMCTAHHUiL TOH UK IHILWH po3paxyHKOBHi anapar.

Slkmo Ham MOTPiGHO BU3HAUMTH Moy pobouoi apmatypd B
CTUCHYTIH i PO3TArHYTil 30Hi, TO NOTPIOHO BUKOPUCTATH pO3paxyHKOBUH
anapar, TpUAHATHA HamMu B posmini Ne6 «BusHaueHHs IUTOLL]
MOB3JOBXKHBOI apMarypu Oanok MpAMOKYTHOTO nepepisy 13 yMOB
paLiOHANBHOTO NPOEKTYBAHHAY.

[Ipu upomy TpeGa oapasy X PO3[JIALATH BUMANOK noABiiHOro
apMyBaHHsl.

Criouarky Bu3HaunTy feopmauii B CTUCHYTIi apmarypi

€' =%y Bl 9.39)
x]r
ae
X, =d——esd (9.40)
Eased TEs0
Bu3HAYUTY HAMPYXEHHs B CTUCHYTil apMarypi
o,'=¢,~E, npu 0<g '<g, (9.41)
abo
o, =f," npue,<g'<€, (9.42)
Toai muoia CTUCHYTOI apMaTypH
A= Nge—q. %, ([d-k, -X,) . (9.43)

c,'(d-a") ,
Jle € — 3ara’bHUi eKCIEHTPHUCHTET, MO 00UYUCIIOEThCA 32 bopMmyIIot0
(9.17).
BenuuuHa ycepeAHEeHHHX BHYTPIIUHIX HANpyeHb B CTHCHYTOMY
GeToHi
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1
dc =5-fod -b(1+1); (9.44)

€ —E.3,
A = —cuded  “eded . (9.45)
Sv.:u3~,cd
RESNES 5
T 040

Bignosigno, rmioma poGouoi  po3TsrHyroi apmarypu  Oyne
JIOpiBHIOBAaTH
'
A = qc 'Xlx +Gs"As “Ned
s f *
yd
sk i B TMomepeAHbOMY BHNAIKY (IUB. 11.9.4), BpaxOBYIOUM MPUHUAN
CUMETPUYHOr0 apMyBaHHs MPUIiMaloTh MakCUMaibHy ANOULY apMatypu i3

sHayeHb A, i A,' (auB. d-ny 9.37).

(9.47)

[Ticns 1bOTO TMepeBipsloTE mNpwitHare 3uadenns A, i A" 3
MiHIManbHUM HEOOXIZHMM 3HAYeHHAM 3arambHoi Tjomi  poGodol

apmatypu A, , 1Ke 3HaXOANTECH 110 -1i (9.38).

9.6. KOHCTpYKTHMBHi BMMOTH JO IIOMEPEYHOi pPO3MOAUIBLYOi T4
MOHT)XHOI apMarypu

KpiM  poGouMx MOB3NOBXKHIX CTEPKHIB, CTHCHYTI  €JIEMEHTH
apMYIOTCS 1€ [OMEePEYHO0 PO3NOALTEYOI0 Ta MOHTAXKHOKO apMaTy poko.

@OyHKLig HonepevHoi po3NOoAiNLYO0l apMaTypy NoJsrac B 00’ enHaHH1
OCOHOBHUX ITOB3/I0BXKHIX CTEPXHIB B IPOCTOPOBI KapKacH.

KpiM Toro, nomepeyni cTepxui 3abe3nevyrorhb HEMOXKIIMBICTb BTpaTH
CTIKOCTi TMOB3JOBXKHLOTO AapMYyBaHHS, sdKe ClNpuimMae  CTHUCKAKOYE
HaBaHTaKEHHA.

JliaMerp NONEpeYHUX CTepXKHIB &, MNpuilMaeTbes i3 MPUHLMAY

7106pOro 3aproBaHHS 3 MOB3I0BKHBLOKO apMaTyPOIO
11
D= (3 +Z)@ 26 MM, (9.48)

e ¢ — iaMeTp TIOB3IOBXKHIX CTEPXKHiB.
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Kpok nornepevHux CTePXHiB Ma€ BifOBIAaTH BUMOraM

204;

8,: S9b (Mm); (9.49)
400 mwm,

Jie b — MeHLImii po3Mmip mepepizy KOMOHU.

Jina moriepevHMX CTPHXKHIB NpHiiMaeThes apMatypa knacis A240C,
A400C.

MounTaKna apMaTypa cKiaacThes 3 1eTenp Ta TpyOoK.

Moutaxkna Tpy6ka giamerpoM 50 MM 3abe3nedye MOXIMBICTb
BCTAHOBJIEHHS KOJIOHM B INPOEKTHE II0JOKEHHA. BoHa, 4Kk mpaBumio,
BCTAHOBMOETLCS Ha 60 MM BHIIlE BEPXHbOI IPaHi KOXKHOI KOJOHH.

B enemenrax 30ipHuX 3ani300eTOHHUX KOHCTpYKUiH HeoOXigmo
nepenGauyBary MOHTaXHI netii, ski 3ae3nedyroTs iX NiJHIMAHHA MpU
MOHTXi Ta TpaHcrnopTyBaHHi. [l BAIITYBAHHA MOHTAXHHX METEINb
3aCTOCOBYIOTH TUIKM [apsueKaraHy apMalypHy CTane 3 IUIOMIAZ0I0
teky4octi knacy 240C mapku BCr3cn2 ta A300C mapxu 10I'T, sxa mae
pafixpawuii omip Al AMHAMIYHUM HABAaHTAKEHHAM IPU [iAHIMAHHI.
MiuuicTs nepepisy mnetenb MepeBipsAOTh po3paxyHKoM. JliameTp mnetsi
nizoupacrbea i3 Tabnuui 7.1 (qoa. 7), B 3aneXHOCTI Bil HOPMAaTHBHOTO
3yCHJINS Bi/l BarM KOJIOHH, WO NPMIAAA€E HA OJHY HETIHO.

[pu KOHCTPYIOBaHHI MET/i BaXUIMBO BU3HAYUTH BUCOTY MPOYUIMHH
heTa JOBXKHHY 3aITyCKy apMaTypy B 0eToH l,, (puc. 9.4).

lan

Puc. 9.4. Mounraxsa nerns M-1
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Bucoty TpoyIIuHu neTi h.npuiiMatoTs
h, > J+60 (Mm),(9.50)
1ie @ — JiaMeTp CTePXKHS MeTdi.
JIOBXMHa 3aIyCcKy apMarypy B 6€TOH 1y,BU3HAYAETLCS 3 yMOBH

Lo s
L 2 {15‘® (9.51)
e 1y min — 3HaueHHs 3riano 3 Tabm. 7.2 (mon.7).

[TpuxsIan KOHCTPYIOBaHHS KOJIOHH TOKa3aHWH Ha puC. 9.5.
9.7. ANITOPUTM pO3paxyHKy niepepisy KOJOHU

1.BU3Ha4aloTh pO3PaxyHKOBY [OBXKHHY CTUCHYTOrO €JE€MCHTa B
3aJIEKHOCTI BiJl pO3PaXyHKOBOI CXEMH .

2. 3a HaW6iMBIIAM 3HayeHHsM 3 Qopmyan (9.2) BH3HAYANOTH
BHIIAJIKOBHI eKCIIEHTPHCHUTET €;.

3. O6paxoByIOTh MIIOLLY G6eTOHHOTO Nepepisy 3a GopMyNor (9.6).

4. BusHauaioTh pajiyc iHeplii GeTOHHOTO Tepepisy 3a (hopmynowo
(9.8).

5. Bu3Ha4aroTh FHYUKiCTb NMPU TOB3JOBKHLOMY 3IMHI 32 hopmynoro
9.7).

6. 3a hopMyJiow0 (9.5) BU3HAYAIOTH BIAHOCHY OCHOBY CHITY.

7. 3HaXOMATh MiHiMANbHe 3HAUEHHS THYUKOCTi 3a popmyioto (9.4).

8. Ilepesipstors ymoBy (9.3). Y BUDAJAKY BUKOHAHHA YMOBU
BIUIMBAME JIPYroro MOPSAKY MOXHA 3HeXTyBard. SIKulo ymoBa He
BHKOHAJIACh, HEOOXIXHO BPaXyBaTH BILIMBH APYTOro NOPANKY — 301bIKTH
3aralbHUN eKCUEHTpUCHTET 3a hopmynoro (9.9).

9. BH3HAYalOTh HOMIHANBLHY OPCTKICTH Mepepisy 3a (opmyioo
(9.13).

10. O6paxoBYIOTb KPHTUIHY CHITy 32 (HOPMYIIOKO (9.11).

11. Bu3HauaroTh BiACTaHb Bij UEHTpa Tepepisy 10 KpaiHbOI TOUKH
SIpOBOTO Tepepisy 3a popmyioro (9.15).
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Puc. 9.5. [Ipuxuiag KOHCTPYIOBaHHS KOJIOHU

149




12. TlepegipsroTh QopMy piBHOBard 3a opmyramu (9.14-9.16). Y
BUMA[Ky Tepuioi (opMu piBHOBarM BUKOHyBart .13 —n.20. Y Bunauxy
Apyroi gopMy piBHOBArd BUKOHyBaTH 11.21 —1.25.

13. Bu3HavaiOTh 3arajbHUN  €KCUEHTPUCUTET  30BHILIHLOTO
HaBaHTaxeHHs 3a Gpopmynoto (9.18).

14. 3a dpopMy1010 (9.21) 3HAXOAATH BUCOTY CTHCHYTOI 30HU GETORY.

15. BucoTy 4YacTMHH CTUCHYTOi 30HW OeroHy 3 OCTiHUMHA
HANPyXXEHHSIMHI BH3HAYAI0Th 32 HOpMYNIOI0 (9.22).

16. IMepesipsrotb ymoBYy (9.23).

17. 3HaxoaaTh HanpykeHHs 3a hopmynoro (9.24).

18. Jledopmallii B MeHIW HampykeHiil apmaTypi oGuucioloTh 3a
dbopmynoro (9.26).

19. B 3asnexnocti Bifl yMoB (9.27-9.30) 064NCIIOIOTH HAMPYKECHHA.

20. HeoOxigHy KiIbKiCTb Ta TUIONY apMaTyph BU3HA4alOTh 34
dopmynamu (9.32-9.37), MOPIBHIOIOUM 3 MiHIMATILHUM 3HAUEHHIM IJI0LLL
apmatypu (9.38).

21. BusHayatoTh jedopmallii B CTHCHYTiil apmarypi 3a dhopmynoro
(9.39).

22. Hanpy’keHHsi B CTHCHYTi# 30Hi BU3HAYalOTh 32 popmynamu (9.41—
9.42).

23. Thiowa CTHCHYTOT apMaTypy BU3HA4aeThes 3a opmynami (9.43—
9.46).

24. TInoma PO3TATHYTOI apMaTypy BU3HAHACTHCH 32 hopmyioro
(9.47).

25. Tlnoma Ta KiNBKICT apMaTypH YTOYHYIOETBCS 3MiAHO 3
bopmyroro (9.38).

9.8. TTpukIany: po3paxyHKiB

Tpuksiax Ne 9.1. TTepma opma pisHOBarn.

aHo:
ITepepis kononu bxh =400x400 mM. T'eoMeTpuuHA0BKIUHA KOJTOHH
BHYTPilITHBOrO psisy 1-oro nosepxy — 5700 mm. Ha konony Jli€ 30BHILIHE
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HaBaHTaxeHHd N=2910 kH. Komona BurortosneHa 3 OeTOHy Kiacy
C25/30, koediuient ymoBu poboTU 0TOHY Y,=0,9. 3axucHuil 1ap
apMatypy as= a,’=40 Mm.

Busuayuru:

ITnouty pobouoro apmysanHs knacy A400C, poznoninedy nonepeury
apmarypy kyacy A240C Ta HeoOXiTHy MOHTaXHY apMarypy.

1. Bunucyemo po3paxyHKOBi XapakTepucTuKH OETOHy Ta apMarypu
(rabs. 9.1).

TaGnuus 9.1. Po3paxyHKOBI XapaKT€pPUCTUKH OETOHY Ta apMaTypu

beron C25/30 Apmartypa
A400C

£t prisms MITa 22 fy1, MIla 400
f.0, MIla 17-0,9=15,3 f,4, MIla 363,7
£z 107 68 frwas MIla 285
Eeusea 107 300 £4q-107 2500

Yer 0,9 E,, MIla 2,1-10°

E.o. MIa 25-10° ¥s 1,1

2. Bu3HayaeMo BIUTUBH IEPIIOrO MOPSAKY
Bunagkosu#f eKCLEHTPUCHTET MOt KOJNOHA 3 PO3PaxyHKOBOIO
JOBKHHOIO
I, =0,7-5,700 =3,990 M,

JOPiBHIOE

399%00=6,65 MM,
_laoo/ _ :
e, ={4004 =13,33 mm;

10 Mm.

[Ipuiimaemo HailbinbIue 3HaYeHHs, TOOTO e1=€,~13,33 MMm.
3. Bu3znauaemo BIUIMBY JPYroOro nopsaaxky
(dakTHYHA THYHUKICTE KOJIOHHU 3 paJliycoM iHepuii
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i=0,289-400=115,6 mMm

3990 _ .
A= %15’6_34,52,

MiniMansHe 3HaUeHHs THYYKOCTi
)\'min:20'077.191'057/ 1,]81:9,89,

Ac

n=291 =1,189.

0
0,4%-15,3-10°
V 38’43Ky 3 THM, IO
34,52 >9,89
HeoOxigHo BpaxyBaTH BIUTUBH JPYroOro MOPAAKY.
HowmiHanbHa )opCTKicTh nepepisy

3
EI:(),]5-2500-401§0 +0,01-21000-40(0,5-40—4)’ =1660160000 =166,02-10° kH-cm’.
KpurnuHa cuia
3,147 166,0
\ =L—‘l6§—2=10281,7 KH.
399,0

BusHadaeMo BEINYWHY 3arajibBHOro EKCUECHTPUCUTETY

1,232
10281,7 _
2910
4. BusnagaeMo $opMy piBHOBarku

e, =1,33<1+ =1,98 cm.

BimcTaHs Bif HEHTPY Hepepi3y 10 KpalHBOI TOYKU AAPOBOTO niepepizy

r:ig=6,67 CM.
6

Taxk sk
e, =198 cM<r=6,67 cm,
JUTS JaHOT 3aadi BUKOHYEThCS Tiepiua GopMa piBHOBATH.
5. BeiauunHa 3arajibHOr0 EKCEHTPUCHTETY
e=1,98+0,5-40-4=17,98 cm.
6. BuzrayaeMo BUCOTY CTHCHYTOI 30HU
30010

x=40- S - =98,6 cM,
300-10°-179,3-10
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ne
. s 1,98 -
Eq2 =300-10 (1—3—67) =210,9-107.
Bucota niepepizy 3 MOCTIHMMYU HaNpPy>KEHHAMH CTHCKY
300-107° -68-107°

Ax =98,6- S
300-107

=76,3 cm.

Tax sik
Ax=76,3 cM>h=40 cwm,
Bech Mepepi3 ctucHyTuii o, =t =153 Mlla.
7. Hedopmallil B MEHLI HANpYKeHiit apMatypi
98,6—-(40-4)

g, =300-10" =191,1-107
Tak sk
) f
g, =2500-107° >g, =19L1-10° >g = 2 = 363’75 =173,2-10°
E 2,1-10

s

TO L apMaTypa 3HaXOJMThCS B CTaAil TeKyHOCTi, alle He pyHHYEThCH,

,=f,=363,7 Mila.

8. HeoOxigHa KiNbKicTh apMaTypu:
— Oinbll 3aBaHTAKEHOT
2910-17,98—-1,53-40-40(0,5-40-4)

Al'= =11,33 cm?;
36,3(36—4)
— MEHIIl 3aBaHTaXeHO1
—-153. . —_ .
Al =2910 1,53-40-40-36,3-11,33 Z1,40 oM.
36,3
3 NPUHLUIIB CUMETPHYHOTO apMyBaHHs npuiiMaeMo

A =A.'=1133 o',

9. 3HaxomuMoO MiHIMAIBHO HEOOXifHY 3 KOHCTPYKTHBHHX BHMOF

IUTOLIY apMaTypu

0102910 oo
s.min = As.tol = 363ﬁ7
0,002-40-40=3,2 cM?.
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[MpuiiHgTa HaMM 3aranbHa PO3paxyHKoBa TUIOWA apMaTypH 3HAWHO
nepeBUULYE MiHIMaNbHO HEOOXIAHY ITIOLLY apMaTypy.

OCTaToOYHO TIPUIMAEMO B SKOCTi poBouoi TIOB3A0BKHBOT apMaTypH
428A400C 3 A, =24,63 oM’

JliameTp nornepevHuX CTEPKHIB &,
Dy, = (§+2—8) =(9,33+7)=6 mMMm.
3 4

[puitmaemo &, =8 mMm.
Kpox nonepeyHux CTepKHiB Mae BiiNOBinaTH BUMOraMm

20-28 =560 MM;
<<400 MMm;

400 MM,

Sc].t
TOMY OCTATOYHO MPHUHMAEMO S = 400 MM.
Bucora npoywuHE 1eTmi

h, 214+60>74 (Mm),
TTpuiimaemo h, =80 MM.
JIoBKWHa 3aMmycKy apMaTypyu B 6eTOH

300 mwm;
1, =
o 15-14=210 Mm,

Mpuiimaemol,, =300 MM.

2008 -

ALOOC g

88 i

AZROC =3

2008

ALOC o e
W 3 W

-

OTke, B AKOCTi poGOYOI TIOB3AOBXKHBOT apMaTypu TMpPUAHATO
4028A400C 3 As=24,63 cm’, pobouol nonepeuHoi apmatypu — O8A240C.
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Bucora npoywwmnp mnetnm npuiinara he=80 MM, OOBxuHZ 3amycky
apmatypu B 0eToH 1,=300 MM.

Ilpuxnan Ne 9.2. JIpyra ¢opma piBHOBaru.

+ dano:

[lepepis xononu bxh =300%300 mMM. ['eomMeTpuUHa JOBXKUHA KOIOHH
BHYTpilIHbOrO psany 1-oro nmoeepxy — 5510 Mm. Ha xonony nie 30BHiLuHe
HaBaHTakeHHs N.=1800 xH. Kogona Buroropnena 3 GeToHy Kiacy
C12/15, koediuient ymosu pobotu GeroHy y.=1,0. 3axuchuii map
apMatypH a;= a,’=50 mm.

Bussauutu:

[Tnomy poSoyoro apmyBanHs kinacy A400C, posnoaineyy nomnepeyny
apmatypy knacy A240C ta HeOOXiTHY MOHTaXHY apMarypy.

1. Bunucyemo po3paxyHKOBI XapaKTEpHCTUKM OETOHY Ta apMarypu
(rabn. 9.2).

Tabnnus 9.2 — Po3paxynkoBi xapakTepucTUKY OETOHY Ta apMaTypu

beron C25/30 Apwmarypa
A400C
foteprism» MITa 11 £y, MITa 400
f, MIla  [8,5-1,0=8,5| f,, MITa | 363,64
E3ca 107 52 fywds MITa 285
Eeusca 107 333 €4a-107 2500
Yel 1,0 E,MIla | 2,1-10°
E.q, MIa 16,3-10° Ys 1,1

3. BusHayaeMo BILIMBU IEPUIOTO MOPSAKY
BumanxoBHil eKCLUEHTPHCHTET [Jis KONOHM 3 pPO3PaxyHKOBOIO
JOBXUHOIO
1, =0,7-5,510=3,857 M,

JOPiBHIOE
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551%00=6,43 MM;
-1300/ _ .
e, = AO_ 10 MMm;

10 MM.

TpniiMaeMo HaltGinbiIe 3HaYEHHS, TOOTO €,=¢,~10 MM.

3. BusHa4aemo BIIMBU APYTOTO TTOPSIIKY

@axTHuHa THYUKiCTh KOJIOHHM 3 pajiycoM iHepiii
1=0,289-300=86,7 MM

A =385%6 - =44,49;

MiniManbHe 3HaYeHHS THYYKOCTI
A =20-0,7-1,1-0,7/4/2,35 =7,03;
e

n =1800 2,35.

0,3-8,5-10°
VY 3B’A3Ky 3 TUM, 1110

44,49 >7,03
HeobxigHo BpaxyBaTH BIUIMBH JPYTOro HOPAAKY.
HominansHa xxoperkicTs nepepisy

3
EI=0,15-1630~30 30

+0,01-21000-30°(0,5-30—5)" = 35403750 = 35,40-10° xH - cm’.
KpuruuHa cuna
3,147 .35,40-10°
N, =’__3_51_r_
385,77

Buznagaemo BCJIMUWHY 3arajlbHOI'0 €KCUCHTPUCUTETY

=2346,44 xH.

1,232
2346,44
1800
4. BusznauaeMo (opMy piBHOBaru

€, =1,041+ =5,06 cm.

Biacrans Bin uenTpy nepepizy 4o KpaliHbOI TOUKH SAPOBOIO Mepepisy

r:§=5 CM.
6
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Tax sx

€,=35,06 cM>r=35 cmM,
AN aHOT 3a1au1 BUKOHY€ETbCS Ipyra popMa piBHOBAru.
5. Jledpopmariii B crucHyTiit apmatypi

s,'=333-1O‘5w:235,06-10‘5,
s 0,16

>

pi (]
~ . —5
X, =(03-0,05)——210 16 y.
333-107° +173,16-10
Tak sk
€ = 363,64 =173,16-107,
210000

€, =173,16-107 <g '=235,06-10" <g , = 2500-107".
Hanpy:xeHus B cTUCHYTII apmaTypi
o,'=f,'=363,64 MIla.

I'nowa cTucHyToi apmarypu
1800-15,06—2346-0,16((0,3-0,06)~0,46-0,16)
363,64((0,3-0,05)-0,05)

BenuuuHa ycepenHeHHnX BHYTpIUIHIX HanpyXeHb B CTHCHYTOMY

A= =28,17 cm’.

OeToHI
!
q. :;-8,5-103-0,3(1+0,84)=2346;
x=333'10"5_25"°' 0,84
333-10
K, = l+0,$4(1+0,84) ~0,46.
* 3(1+0,84)

€=65,06+0,5-30-5=15,06 cm.
Bigmosigno, mnowma poGowoi  postsarmyTOi  apmarypu Oyne
IIOPIBHIOBATH
3 —4
A, = 2346-0,17+363,64-10 238,]7 10 l800=_11’01'10_4 "y
363,64-10

He 3Baxatoun Ha Te, 10 apMaTypa po3TATHEThCS
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(A, =-11,01-10" ™M*), nnoury apmatypu NpHAMAEMO 32 NPHHLUIOM
CHUMETPUYHOTO PO3TaLlyBaHHA.

OcCTaTouHO MPUIMAEMO B SKOCTi po60od0i MOB3AOBKHEOT apMaTypH
6236A400C 3 A_=61,08 cm’.

JliameTp fonepeuHux CTepKHiB &,

Dy :(§+§4£) =(12+9)2 6 Mm.

HpuﬁMéemo ., =10 mm.
Kpok rmonepeuHiX CTepikHiB Mae BLANOBIIATA BUMOram
20-36 =720 MMm;
S, <9400 MmMm;
400 MM,
TOMY OCTATOUHO MpUIiMAEMO S, = 400 MM.
Bucora npoywuHy neTmi
h, 214+60>74 (Mm),
[puiimaemo h, =80 MM.
JloBKuHa 3aNyCKy apMaTypu B 0€TOH

300 mMM;
I >
= 15-14=210 mm,

Ipuiimaemo 1, =300 MMm.

303  393%
ALOOC G AB00C
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Orxe, B dKocTi poOOYOT TOB3AOBKHBOI apMaTypH UPHWHATO
6036A400C 3 As=61,08 cm’, poGouyoi mnomepeyHOi apMarypu —
©¥10A240C. Bucorta npoywuHe mietsii npuitHata h.=80 MM, nOBXHHa
34nycKy apmarypu B 6eto 1,,=300 mm.
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OOJATOK 1

KoedinienTy HaaiiiHOCTi MaTepiams 1 nepioi rpynu rpaHu4HHX

cTaHiB

Bug marepiaiy Y. Y Y,
BC’EOH KOHCTPYKUifHKHA BaxKKuii Ta ner- 3% 1,5/1,3%*
KU
CTpwKHeBa apMaTypa Ki1acis:
A240C*** 1,05
A400C, A-11I giameTpom, MM:
6...40 1,10
AS500C giamMeTpom, MM:
8...22 1,15
25...32 1,20

A600, A600C, A600K, A800, ABOOK,

A800CK, A1000 1,20
JIpoTsiHa apMaTypa KJacis:

Ipit B, B, 1,25
B500 1,20
ApmarypHi kanatu K-7 ta K-15 1,20

KoediLieHTd v, , v, Ta y, BUIHOCATHCS 10 CTHCHYTOTO OeTOHY, PO3TATHYTOrO
GeToHY Ta apMaTypH BiIIOBIHO.
*) V upcellbHUKy HaBelleHi koedillieHTH HAAIAHOCTI y,, NP [PU3HAYEHH]

foid00s » ¥ 3HAMEHHMKY — xoediuienTu Hapifinocri vy, npu IpU3HAYEHHI

‘fctd,0,95 .

*+) TIpu aBapiiiHUX HABAHTAKEHHAX NPUAMAIOTHCA Taki xoediuieHTH Haii-
HOCTi MaTepiaiB /I PO3PAXYHKY 3a NEpLIOI0 rPyno0 rpaHmHHuX CTaHiB: vy,
- 1,00, v, = 1,00, y, = 1,00.

*%%) ApMaTypHuii MPOKar Kaciz A 240C, A400C, A500C, A600, A600C,
A600K, A800, A8OOK, A800CK, A1000 3rigxo 3 ICTY 3760.

Jpit B i B, 3rinno 3 [OCT 7348 (CT C3B 5728).

Crans rapsiiexarana ajis apMyBaHHsA 3a/1i3066TOHHUX KOHCTPYKUIH
A-11I(A400) 3rigso 3 TOCT 5781.

Crane AJis1 apMyBaHHA 6etony B500 3riguo 3 JCTY 'ENV 10080.

Kanary ctanesi apmarypsi K-7 3rinno 3 TOCT 13840
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TIOJIATOK 2

OCHOBHI XapakTepUCTUKKU MillHOCTI i JedopMaTUBHOCTI 6eTOHY

Knac miunocti 6eToHy

C10

Cl15

C20

C25

C30

C35

C40

C45

C50

C55

C60

ck,cube

(MTTa)

10

15

20

25

30

35

40

45

50

55

60

cm cube

(MTTa)

19

25

32

38

45

51

58

64

71

77

f

ck,prism

(MITa)

7,5

18,5

22

25,5

29

32

36

39,5

43

. fcd
| (MITa)

6,0

14,5

19,5

22

25

27,5

30

33

f

ctm

(MTTa)

1,2

2,2

2,8

3,0

3,2

3,5

3,8

4,1

f

ctk 0.05

(MTTa)

0.8

1,5

2,0

2,1

2,2

2,5

2,7

3,0

E, 10
(MTTa)

20

23

25

27

28,5

30,5

32

33

34

g

cled?

(%)

1,62

1,65

1,69

1,72

1,76

1,80

1,84

1,87

1,91

€

cul,ed*

(%0)

3,70

3,59

3,44

3.28

3,10

2,93

2,72

2,57

243

2,29

8c3,cd’

(%o)

0,48

0,52

0,63

0,68

0,72

0,77

0,83

0,86

0,91

0,97

£

cul.ed?

(%)

3,38

3,10

3,00

2,80

2,64

2,45

2,31

2,19

2,06
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JIOJATOK 3

€1T08°0 | SLITO | 18611°0 |01-88FT~[,.01-691°€~|.01-L90°1~| . 01-S6T €| ,-01-VLED | LOT-LTL'G | 61E1°0 | E991°0 e
901TT€-| 0071~ [TLTOL'D-| 98TOT°0- |,.01-6E8°y=| 806L1°0- | ¥OOSE 0~ | ¥O6TS0- | €ESL°0- | €600°'1- |€TLT - e
10Ty |€69¥0°T) LILET $889°0 €001L°0 | LTE860 | 9T1PET PSPL 9V6T'T | 98S6°T | LESYE ‘e
TELYO'T-|TPIT'T-| vPIT'T- | 6896°1- | POSKI'T- | 0STH'T- | OVOLT- | 98SI°E- | v8IL'E- | TLIV'b- [6SST'S- %
STSOLT [P96¥T'T| 99€TET | 9180F'T | 9I8IST | 6179T YOPL'T $8L8°CT 86L0°€ | 8SEEC | T809°C e
09/0€D |SS/SYD| 0S/0¥D | SP/SED | OV/CED | SE/0ED | 0€/€TD | ST/OTD | 0T/91D | SI/TID | 01/8D \
B IH
MOHLO BH KHOL3Q ORI -1midaoy]

d1HRLO XMHhHHed oiouAdy otomdon ee ammAxedeod srY e niHIMI(GoO)]
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JIOJJATOK 4

XapakTepucTHuHi (HOPMATHBHI) Ta pO3PaXyHKOB 3HAYEHHS oropy Ta
Ae(OpMaTHBHUX XapaKTEPUCTUK rapsyekaTaHol apMaTypu
3a JICTVY 3760-06

XapakTepucTuku Kuracy apwatypu =
A 240C A 400C A 500C B 500
f,, MITa 240 400 500 500
fw> MIla 170 285 300 500
E,. MITa 2,1x10° 2,1x10° 2.0x10° 1,9x10°
€, 0,00107 0,00174 0,0021 0,0023 -
€, 0,025 0,025 0,02 0,02
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JJOJATOK 5

XapaKTepucTHHHi 3HaYeHHs Onopy Ta nedopmallifHMX XapaKTEpHC-
THK HOIEPEIHbO HAIpPYKEHOT apMaTypH
3a JICTY 3760-06

XapakTepucTUki apMaTypu J
Knac apmatypu F«pk, Miia fpm MIla Ep MITa £

A600, A600C, 630 575 190000 0,02
A600K
A800, A800C, 840 ( 765 190000 0,018
A800CK
A1000 1050 | 955 190000 0.018
Bp1200 1260 [ 1145 190000 0,016
Bpl1300 1365 1240 __4__19’00_09___ 0,016 |
Bp1400 1470 1335 | 190000 | 0,016 |
Bp1500 1575 1430 190000 0,016
K1400 (K-7) 1470 1335 | 180000 | 0,014
K1500 (K-7) 1575 1430 180000 0,014 |
K1500 (K-19) 1575 1430 180000 L0,0M
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JIOJIATOK 6

I'eoMeTpuuHi XxapakTepuCTUKH apMaTypy

Hominaneuuii | [iameTp (po3- | Hominanbna | Maca 1 MeTpa JOBKUHU
iaMmeTp Mpo- | paxyHkoBwif), | MIoua mo- ITpOKATy
kary, d,, Mm d, mMm nepeyHoro | Po3paxyHko- | ['pannune
riepepi3zy, | Be 3HauU€HHS, | BiIXWJIEH-
MM KT He, Y%
5,5 - 23,8 0,187
6,0 5,5 28,3 0,222 +8,0
8,0 7,5 50,3 0,395
10,0 9,0 78,5 0,617
12,0 10,9 113,0 0,888 +5,0/-6,0
14,0 12,6 154,0 1,21
16,0 14,8 201,0 1,58
18,0 16,6 254,0 2,00
20,0 18,5 314,0 2,47
22,0 20,8 380,0 2,98
25,0 23,2 491,0 3,85 +4,5
28,0 25,6 616,0 4,83
32,0 30,6 804,0 6,31
36,0 34,3 1018,0 7,99
40,0 38,2 1256,0 9,86

Maca npyra B K ofuicnieHa /Ul HOMiHaNbHUX AiaMeTpiB 3a TYCTHHH cTa-
7, wo aopisHoe 7,85 kr/am’.
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JIOJIATOK 7

Ta6nuusg 7.1. JliaMeTpy CTEPIKHIB [1€Telib, MM

| HopmaTuBHe 3yCHILIs Bark Bu- Knac apmarypu netim
poOy, siKe NpUXOAUTHCS NPY A240C
nigioMi Ha oy netmo, kH
1 6
3 8
— 7 0
[ 9 :
11 12
15 14
20 16
25 18
- 31 1 20
38 22
49 25
61 28
70 -
80 32
65 -

TaGauus 7.2. AnkepyBaHns neresb B 0eToHi

MinHicTh 6eTOHY Ha CTHCK B B
MOMEHT NepINoro nianomy

JIOB)XMHA 3anyCKy B
6eToH Ly, CM

__Bupoby, Mlla ]
Bin 7 go 10 3 35
Binpiue 10 g0 20 30
Bineie 20 25
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Hap4anene Bunanas

Boiiuexieerknii Onekcanap Brnaguciasosuy
Kypagcbknii Osnexcannp AmMutpoBuy
Baiina [lennc Mukonaiiosuu

PO3PAXYHOK 3AJII3OBETOHHUX KOHCTPYKIINA 3
BUKOPUCTAHHSIM CHIPOIUEHUX AIATPAM
AE®OPMYBAHHSI MATEPIAJIB (3A JCTY B.B.2.6-156:201 0)

Yactuua 1
Pospaxynok 3a 1 rpynoro FPpaHUYHHX CTAHIB

Hapuansuuii noci6uuk

Pexarypanns ta kopextypa O./. K] ypascskuii
Komn’worepHe Bepcranns 4.M. Baiida

Iigmucao no apyxy 21.02.2017. Dopmat 60 x 84 /6.
VYMm. mpyk, apk.14,00. O6:1.-Bun, apk. 15,00.
Tupax 200 npum. Bua. Ne 35/1-12 . 3am. Ne154

KHYBA, Iositpodnorcekuii npocriekt, 31, Kuis, Ykpaina, 03680
E-mail: red-isdat@knubaedu.ua

Haapykosauo B penakuiiiHo-BumaBuuyoMy Bigaini

KuiBcbkoro HauionansHoro ynisepcurery GyaiBHuiurTaa i apxiTekTypu

Cainouteo npo BHeceHHs 10 JlepxaBHOro peectpy cy6’exTis BumaBHuyor
cripasu JIK Ne 808 sizn 13.02.2002 p.



Boiuexiscbkuin OnekcaHAp BaaauchasoBuY,
BiIHHUUbKWI HauiOHaAbHUI TeXHiIYHUN
yHiBepcuTeT, 3asiaAyBad HayKOBO-AOCAIAHOI
NnabopaTopii edpekTUBHUX ByaiBEeABHUX
KOHCTPYKUIn, AoueHT Kadeapu ByaiBHMUTBa,
MICbKOro rocnoAapcTea i apxiTekTypw,
Ka@HANAST TeXHIYHUX HaYK

)Kypascbkuin OnekcaHAp AMUTPOBUY,
KuiBcbknn HauioHaAbHUI yHiBepcuTeT
byaiBHMUTBA i apxiTekTypu, 3asiaysBay
Kadeapn 3ani306eTOHHUX Ta KaM'SiHUX
KOHCTPYKLIN, KBHANAST TeXHIHHUX HaYK

Banaa AeHnc MukonaiioBu4, BiHHUUBLKWA
HaUuioOHaAbHUI TexHiYHWA yHiBepcuTeT,
AOUEeHT Kadeapn ByaiBHMUTBA, MiCbKOro
rocnoaapcTea i apxiTeKTypu, KaHANAAT
TeXHIYHUX HAayK, Ha4YaAbHUK BiAAiIAYy
KOMNAEKCHOro npoekTtysaHHs TOB «[MepsiH»,
M. BiHHWUUS! '




