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BeeneHune. Obnactb npumeHeHus. MNpenmyliiectea

Cranexene3obeTOHHbIe KOHCTPYKLUUMK SABNSAOTCS MOLLIHbIM WHCTPYMEHTOM NOBbILLEHNSA
KOHKYPEHTOCNOCOBHOCTU CTarnbHbIX KapKacoB B pasfiMyHbIX CErMeHTax CTPOUTENbCTBA, N OCODEHHO B
MHOrO3Ta)XHbIX KOMMep4eckux obbektax. [NogobHasi TeHOEHUMS YETKO OTCEXMBAETCs Ha pasBUTbIX
pblHKax HeaBmxnumocTn Nepmanuun, CLUA, KaHagbl, BennkobputanHum v 1. 4. [MaBHbIMW NpeuMyLLecTBaMm
cTanexene3obeTOHHbIX KOHCTPYKLUNA, NO3BONALWNMM JOOUTLCA Takoro addekTa, cTanu:

* BbICcOKasi CKOPOCTb CTPOUTENbLCTBA

° CHMXeHue meTannoemMKocTu KapkKaca

* bonblue nponeTbl Npu HeGoNbLWMX rabaputax

*  YcTOMYMBOCTb KapkKaca

* [loBbIWeHHast OrHECTOUKOCTb

* CHMXeHMe TPaHCNOPTHLIX pacxo4oB

* [pocTtoTa pa3BoaKN NMHXEHEPHbIX ceTen



Ctanexene3o0eTOHHbIe KONMOHHLI. Tunobl.
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PucyHok 1. Hanbonee pacnpoctpaHeHHble TUMbl CEYEHUN
cTanexxene3obeToHHbIX KONOHH



MeToabl pacyeTa

CootBeTtctBeHHO ¢ EN 1994-1-1 npumeHaeTcAa ABa MeTo4a pacyeTa:

- obwunm metoa, 061acTb NPUMEHEHUA KOTOPOTO BK/IIOYAET 3N1EMEHTbI C
HECMMMETPUYHBIMU MU NEPEMEHHBIMU MO AJIMHE KOJIOHH NONEPEYHbIMU CEYEHUAMMU;

- yrIpOLLIIEHHbIl\/II meToad AnAa anemeHToB C NOCTOAHHbIM MO A/IMHE U MELWLWIMMU ABE OCU
CUMMETPUN NonepevyHbIMU CEHEHUNAMMN.

Mpu pacyeTe cTanerkene3obeToHHbIX KOIOHH UK CXKATbIX 3/1IeEMEHTOB Nt060ro
nonepeyvyHoro ce4eHuns cneayeT NpoBepATh:

- HECYLLYIO CMOCOBHOCTb 3/IEMEHTA;

- MECTHY0 YCTOMYMBOCTb;

- nepegayvy ycuanm B 30He NPUNOKEHUA HArPy3KK;

- HECYLLLYHO COCOBHOCTb HA CABUT BHE 30HbI MPUJIOXKEHUA HArPy3Ku.



YnpouweHHbIN MeToA pacyeTa

Knaccupumkaumsa

Knaccudukauma cranexkene3obeToHHbIX KONOHH onpeaenaeTca napameTpom
KoadPuuMeHTa BAMAHMA CTanu &, XapaKTepmU3npyroLwero Ao YCUAMA, BOCIPUHUMAEMOTO
cTanbHbiM cevyeHuem. CornacHo ACTY-H b EN1994-1-1 KonoHHa 34aHUA MOXKET CYMUTATbLCA
cTanexenes3obeToHHOM, ecn Ko3pPULUMEHT BANAHUA CTann & yAOBAETBOpPAET
cneayoLwemy Kputepuio:

02<6<09

CooTBeTcTBEHHO Npu § MeHee 0,2 KONOHHY cneayeT cYUTaTb Kene3obeToHHOM U
NPUMEHATb K Hel nonoxeHua EBpokoaa 2, a npu § 6bonee 0,9 paccmaTpumBaTb KakK
CTa/IbHYIO 1 PYKOBOACTBOBATLCA EBpOKOAOM 3.

CornacHo ynpoLueHHOMY MeToay pacyeTa cTanexene3obeToHHbIX KONOHH KO3 PUUMEHT
BAMAHUA cTanu § onpeaenaeTca cneayowmm obpasom:
Ag - f d
§=—"

Ny ra



YnpouweHHbIN MeToA pacyeTa

OCHOBHble orpaHn4YeHund napameTpoB Ce4eHnA, BKIMKOHakT cliegqyruine Tpe6OBaHVIF|Z

NPUMEHSAEMbIN CTanbHOW NPOMUIbL ABMSETCA KaTaHHbIM, XONOAHOMOPMOBaHHbLIM
(nogpasymeBatoTca Tpybbl) NMMHO cBapHbIM;

ceyeHune aBnsieTca LernbHbIM U HE COCTOUT 13 ABYX UnNun 6onee HeCBA3aHHbIX
npodunewu;

CevyeHne MMeeT aBe OCU CUMMETPUN;

9IEMEHT UMEET NOCTOAHHOE MO AJSINHE CEYEHUE;

OTHOLLUEHWNE BbICOTbl CEYEHUS K €ro WwmpuHe Haxogutca B npegenax ot 0,2 go 5,0;

MaKCMMarsbHble 3Ha4YEeHUS 3alUUTHbLIX CIOEB NPUHATbIE pacyeTOM AJ18 NOMNHOCTbLIO
0OETOHMPOBAHHbIX CEYEHUN HE NpeBbIWalT: max c, = 0,3h 1 max cy = 0,4b;

OTHOLLUEeHMe nnoLwagn NpUHATOro pacyeTomM NpPoaosibHOro apMmMpPoBaHUSa Ag K
nnowaan 6eToHHOro 3anonHeHns A, He npesblllaeT 6%

YcrnoBHast ITMBKOCTb KOTNOHHbI IOMKHA YAOBMNETBOPATL CriedylowemMy ycrosuio: 4 < 2,0



MecTHasa note pA YCTOﬁ YNBOCTU

He yunTbiBaTh pacyeTtom apPeKTbl OT MECTHOM NOTEPU CTa/IbHbIM CEYEHUEM YCTOMUYMBOCTHU
[OMYCKaeTca Npu BbIMONHEHMN KOHCTPYKTUBHbIX TPeboBaHUMN, YKa3aHHbIX B Tabauue 1.

Tabnunua 1. KOHCTPYKTUBHbIE TPeboBaHMA AN UCKNOYEHUS MECTHOM NOTEPU YCTOMYMBOCTH

MonepeyHoe ceyeHue Ycnosue NMonepeyHoe ceyeHue Ycnosue
AByTaBp C HaCTUYHbIM
Kpyrnasa tpy6a obeToHMpoBaHUEM
d 235 ‘ b 235
— =< 90 - — < 44 -
t fy ty fy
y |

u—

—~—

z
JsyTaBp C NO/AHbIM
o6eToHMpoOBaHUEM

h Ly —
— £ | . c, = 40 MM
t =l "
235 1 b
< 52 - - H— = > —
fy ’ “=%6




Hecyu.l,aﬂ CNOCOOHOCTb NO NMPOYHOCTU CeHYeHUA Ha CXxKaTtue

Hecyulyto cnocobHOCTb CTanexkene3obeToHHOro NoNepeyHoro CeYEHM Ha cxKaTue B NAacTUYeCKo cTaaum

Npl,Rd cnepyer:

- ANA NONHOCTbIO IGO0 YAaCTUYHO 0BETOHMPOBAHHbIX CEYEHUI

Npl,Rd =4, 'fyk + 0,85 Ac - fer +As fok

- ANA 3aMKHYTbIX CeYEHUM, 3aN0NHEHHbIX HETOHOM

Npl,Rd = Aq 'fyk +Ac fox + As - fok

Mpw pacyeTe 3aN0/HEHHbIX 6ETOHOM TPY6 KPYyrnoro ceyeHma MOXKET BbITb YYTEHO ynpoYyHeHMe 6eToHa

v o -~ e
BC/IeACTBUE €ro 063KaTuA CTaNbHOM TPybOoM Npu ycinoBuK, Yto rubkocTb A He npesbiwaeT 0,5 =< 0,1



Hecyu.l,aﬂ CNOCOOHOCTb NO NMPOYHOCTU CeHYeHUA Ha CXxKaTtue

Hecyuyto cnocobHOCTb Ha CxKaTue B N1aCTUYECKOM CTaAnN MOXKHO ONpeaenuTb no cneaytowen popmyne:

t
Npl,Rd = Na 'Aa'fyd +Ac: fea <1+77c'a']{—y> + As - fsa
ck
roe:
- NPU OTCYTCTBUM 3KcLeHTpucuTeTa (e = 0)
Ng = Ngo = 0,75+ 0,5 - 4, Ho He 6onee 1,0
Ne = Neo = 4,9 — 18,51 + 1712, Ho He meHee 0

- NPW COBMECTHOM AencTBUM cxkatus ¢ usrmbom (0 < e/d < 0,1)
e
Na = Ngo +10 - (1_77a0)'a
e
Nc =Tlco'(1—10'a)

-npue/d > 0,1
Ng = 1,0; n. = 0.



Hecyu.l,aﬂ CNOCOOHOCTb NO NMPOYHOCTU CeHYeHUA Ha CXxKaTtue

[na HanpsyeHui B 6eToHe 6onee 0,8 - f.;, ero koapomumneHT ¢ forc
MyaccoHa, Bbille, Yem y cTann. B pesynbrate 6€TOH nbiTaeTca

pacnepeTb TPyby, HO OHAa yAEPKMBAET €ro, HaumnHaaA paboTaThb,
KaK pacTAHYTOE KO/bLLO. BO3HMKAIOLWEMY C/IOXKHOMY 4

HanpA*XeHHOMY COCTOAHUIO CTaJ/IbHOIo ce4eHnAa COOTBETCTBYET ||| | I I I I I I I | |]|Tla fyd Cer

yC/I0BUE MPOYHOCTH, BbiparKkaeMoe Yepes SKBMBAJIEHTHbIE
HanpaAXeHus:

_____ — =

02ra + 02 p — Oard * Oap = f2a “3Ca0 OCap¥v 111111111

thE—a —| ka2t

PucyHoK 2. NnntocTpauma

Oa,rd = Ta " fya sbdeKTa oT 063KaTHA 6eToHa B

3aMo/IHEHHbIX 6ETOHOM KpYIabiX
Tpybax

[ononHUTENbHbIE KONbLEBbIE HANPSAXKEHUA CHUMKAKOT
npeaenbHbie NPOoAO0NbHbIE HANPAXKEHUA B CEYEHUU TPYDbI:



Hecywas cnoco6HOCTbL NO YCTOWYUBOCTU NPU LIeHTParibHOM CXK

PacyeT LueHTpanbHO-CXKaTbIX CTanexene3obeToHHbIX 31eMEHTOB COMNaCHO
EN 1994-1-1 npu ycnosumu:

Aer <101 A > 0,5 /Ny pic/Neg
noTpebyeT yyeTa IoOKa/IbHbIX HECOBEPLUEHCTB 3/1EMEHTA, YTO MOKeT ObITb peasiM30BaHO OAHMM U3 ABYX
noaxoaoB:

1. BBeaeHWe 3KBUBANIEHTHOIO reOMeTPMUYECKOro HeCOBEPLLEHCTBA;

2. nposepKa C NpUMEHEHUEM KPUBDLIX NMOTEPH yCTOﬁHMBOCTM, KOTOpPAaA aBTOMATUYECKU YHUTbIBAET
JIOKaJ/ibHble HeCcoBepLIEeHCTBA 3/1eMeHTa.

B o6wem cnyyae Ana ueHTPanbHO-CHATbIX 9N1eMEHTOB PEKOMEHA0BAH BTOPOM METOA yyeTa
JIOKaNbHbIX HECOBEPLLEHCTB. MpK yCNOBUMK, YTO 31IEMEHT KnaccudpuumpyeTca Kak
cTanexene3obeToHHbIM U BbINONHAET TPebOBaHMA YNPOLLEHHOIO METOAa, 3TO NO3BOJIAET BECTU
BbIYNC/IEHMA NO YNPOLWEHHOMW YCNOBHO LLEHTPA/IbHO-C}KATOM PAaCYETHOM CXeMe C NMPOBEPKOM
YCTOMYMBOCTU CTEPXKHA NO popmyne:



Hecylwaa cnocobHOCTb N0 YCTOUYUBOCTU MPU LIeHTParbHOM CKs

X  NOHMXaWMn KO3POUUMEHT ANsa COOTBETCBYIOLWEN GOPMbI MOTEPU YCTOMYMBOCTU cornacHo Pasgeny
6.3.1.2. ACTY-H b EN 1993-1-1.

YKasaHHbI pa3fen onpenenser ¥ B 3aBUCMMOCTM OT YC/IOBHOW MMBKOCTU A MO COOTBETCTBYOLLLEN KPUBOIA
noTepu yCTOMYMBOCTH, KOTOPAA YNCNEHHO ONUCbiBAeTCs GOPMYION:

1
—,H0 ¥ < 1,0

RN

roe:
$=051+a-(1-0.2)+ 2

A ycnosHas rmbKocTb, onpeaensemas Ana )ecTkoctn (EI), ¢ Ha 3Tane NpoBepKM COOTBETCTBUA
C}KaTOro 3/1IEMEHTA YNPOLLEHHOMY METoAy pacyeTa

a K03¢¢MLI,MGHT, y‘-IMTbIBaI-OLU,Mﬁ Ha4a/ibHbleé HeECOBEpPLUEHCTBA



Hecywasa cnoco6HOCTbL NO YCTOWYUBOCTU NPU LIeHTParbHOM CXK

CornacHo pa3sgeny 6.3.1.2. ACTY-H b EN 1993-1-1 y onpeaenaetca B 3aBUCMMOCTM OT YCIOBHOM
rMOKOCTU A NO COOTBETCTBYIOLLLEN KPUBOM NOTEPU YCTOMUYMBOCTU, KOTOPASA YUC/IEHHO
onucbiBaetca Gopmynon:

1
—,HO ¥y < 1,0

oo

¢ =05[1+a-(1-02)+ 2?]

roe:

Tabnunua 2. 3HayeHnsa KoadpPpuumMeHTa HavaIbHbIX HECOBEPLUEHCTB B 3aBUCUMOCTM OT KPUBOM
noTepun YCTOMYNBOCTU MNPU LIEHTPAIbHOM CKaTUK
KpuBasa notepu ycronumsoctu a b C

KoagpdpuumeHT HayanbHbIX 0,21 0,34 0,49
HeCOBEepPLUEHCTB




Hecywasa cnoco6HOCTb MO YCTOMYUBOCTU MPU LIEHTPaNIbHOM CXaTuu

XoTA MeTogMKa pacyeTa NoHMKatouwero koadpdpuumenTa y B3aTta ns EBpokoga 3 (ACTY-HBEN
1993-1-1), BbIOOP KPUBbIX MOTEPU YCTONUYMBOCTU CTaNeKeNe300eTOHHbIX CXKaATbIX 3/1EMEHTOB
onpeaenaetcs EBpokogom 4 (ACTY-H b EN 1994-1-1), cornacHo yKa3aHuam B Tabnunue 3.

Tabnuua 3. Kpueble NoTepun yCTONYNMBOCTU ANA CTaNneKene3obeToHHbIX KOJIOHH

NMNonepeyHoe cevyeHne Mpepensbl ocu Kpusasa NMNonepeyHoe cevyeHune Mpepensbl ocun KpuBasa
MonHocTblo o6eToHUPOBaHHOE Kpyrnoe nmnbo npsmMmoyrosibHoe
cedyeHue y—y b Tpyb6o6eTOHHOE ceveHne ps < 3% | No6an a
¥+ l -
¥ 3% < ps
l zZ—z c < 6% Jro6an b

Zz

YacTuuHo 06eTOHMPOBaHHOE ceveHmne Kpyrnoe Tpy6o6eToHHOe cedeHuel
C LOMONHUTENBHbIM ABYTaBPOM

y—vy b
¥ - yof—1 - NMo6an b
zZ — Z c

z +
z

YactuyHo o6eToHMpOBaHHOE
KpecTtoobpasHoe ceyeHme U3 ABYTaBpPOB

y - Nioban b

Z
s — OTHOLWeHune AS/AC naouwaam npoao/ibHOro apMmmpoBeaHma K naowagn 6eTOHHOro 3anoJsiHeHus




ANropnTmM nNPOBEAEHUA PACYETOB

Pacuer ueHTpanbHO CHHATOW KONOHHbI
-

YHPAMBCHUA UEHTF
ﬂ CTANBHOI O
CTPOMTENLCTBA



Pabounn npumep

LleHTpanbHO cKaTasa cTanerkene3obeToHHaA KOJIOHHA C CeYEHMEM U3 KPYI/IOro 3aMKHYTOrO
npoduna, 3aN0NHEeHHOro 6eToHOM

406,4 3

Beron C 40/50

I .
Tpy6a cBapHasi OPSIMOIIIOBHAS : Apmarypa 10 ¢ 16, S 500
406,4%10,0, S355 vz
BeToH: CranbHou npodpunb:
=
= Knacc 6eToHa - C40/50 Cranb - S355
-cl—h _ 2
5 f, = 40H/Mm fyk = B
—3 fer 40 2
=—=—=267H i 355
fea =7 "= 15 /Mm fra =2 = 22 = 355 Hymm?
E,, = 35000 H/mm E = 210000 H/my’
CranbHasA apmartypa:
4 Knacc Baskoctn - Bunn C
-A- - 2
fsk = 500 H/Mmm
i 500
fea = Tk = . =435H/mm?




Pabounn npumep

OnpegeneHune pacyeTHbIX YCUAUM BbINOSHUM YNPOLLEHHO, NPUHAB ANA NePeMEHHOM HArpy3KM KO3OULMEHT codeTaHnit Y, =
1,0. Toraa Hanbonee HebnaronpmUATHOM CTaHOBUTCA KOMBMHaLMa no dopmyne 6.10a ACTY-H b EN1990:

NEd :]/G'NG + YQ'lpo'NQ
Nm = 1.35-3000 + 1.50-1,0-1300 = 6000xH

Feomerpuqecme XapPaKTEPUCTUKU cevHeHuUA

MPUHATO, YTO KONOHHA PaboTaeT UCKAOYMTENbHO Ha LLEeHTPanbHOEe CxKaTue U Tpebyemblii npesen orHecTOMKOCTM COCTaBNseT
R15. B Takom c/lyyae MeponpuATUA Mo NOBbILEHWIO OFTHECTOMKOCTU 3/1EMEHTa He TpebytoTca.

B KauecTBe cTanbHOro npoduaa NpPUHATa CBapHan NpsmolLloBHan Tpyba agnameTtpom 406,4mm. CornacHo ACTY-H B EN 1994-1-1
ONA Kpyrnoro Tpy606eTOHHOro ceYeHMss MUHMMAJIbHO TPEOYIOMYIO TOLWMHY NPOGUINA MOXKHO ONPeaennTb U3 YCI0BUA NOTEPU
MECTHOM YCTONYNBOCTU:

max (%) =90 %
max (%) =90- 22 =596

OTcro4a MOXKHO nonyvynTb MMHNMMaIbHO Tpe6yemylo TONWUNHY CTEHKU!

, d 4064 o
min T 596 596




Pabounn npumep

CnepoBaTenbHO, MMHUMa/IbHas ToAWMHA npoduna coctasnseT 7,0. [puHMMaem cBapHYH NPAMOLLOBHYHO
Tpyby 406,4x10,0. CeyeHne NpUHATON TpyObl NOKA3aHO HA PUCYHKE HUXKE:

d = 406,4 Mmm
t = 10MMm
A = 1245cm
i I = 24476 e’
W =1572cMm

pla

“y

JaHHbIM NpMMeEPOM NPUHATO NPOoA0bHOE apMMUPOoBaHUe N3 10-TK cTepKHen guameTpom 16mm.
2
Mnowaapb cTanbHOro ceyeHuns Tpybol coctasnsaet: A, = 124,5 cm
2
Obuwan naowaab NPOAO/IbHOrO apMUPOBAHUSA: d = 16 MM; A =10- A = 10-2,01 = 20,1 cMm

O6wasn naowaab 6eToHHOM YacTn cevenna: A, =m - (d — 2 - t)2 l — Ag

1
A, =3,14- (40,64 -2 - 1.00)2- i 20.10 = 1153cm?

KoadpdpunumneHT apmumpoBaHus KenesobeToHHOM YacTu CevyeHUs COCTaBsAEeT:

_A_201
Ps = T1153~

ps = 1,7% < 6%
Mpenen 6%, ycTaHOBAEHHbIN ANA ynpolweHHoro metoga pacyeta ACTY-H b EN 1994-1-1, cobntogeH.




Pabounn npumep

OnpeaeneHne MOMEHTOB MHEPLUN ceYEeHUS

4
MOMEHT MHepLUn CTanbHOro cedeHusa : I, = 24476 cm

. de=d =2t =4064-2-10 = 3864um

R— _ 50— %ar_g
T 386,4 2
R—T—SO———8— 127MM

Y1 —R—%—127—7=119MM

: Yy, = = 127 - sin36° = 75MM
vz I —4 Abar'y]_ +4'Abar'y22
BeToHHas 4acTb CeYeHun: I,=4-2,01-11,9%2+4-2,01-7,52 = 1591cm*
(d—2-t)*
I, = % — I
|, = 2400042108 _ 1591 = 107834cm

64



Pabounn npumep

Onpe,qeneHMe MOMEHTOB conpoTuBaneHna ceyeHuA B NNacTUYECKOM Ctaguun

Cra/sibHaAa 4yacTb cevyeHwmsa:

W - a3 d3
va=g "
40,643 38,643 3
Wpia = - 1572cm

NMpoaonbHas apmaTypa:
Wpl,s =4.y) - Apgr +4-y2 Apar
Wpl,s =4-119-201+4-75-2,01 = 156cMm3

beToOHHaA YyacTb cevyeHunA:

3
C

? - Wpl,s

— 156 = 9459¢mMm3

Wpl,c =

38,643
pl,C = 6




Pabounn npumep

KoadduumeHT BAMaHUA ctanm

CornacHo ACTY-H b EN 1994-1-1, KoadpPUUMNEHT BAUAHUA CTa/IbHOM YACTU CEYEHUA onpeaenseTcs
Bblpa*keHnem:

_ A, 'fyd

o)
Npira

PUINYECKUM CMbIC/IOM BbIPAXKEHWA A, - f,q  ABNAETCA BK/Iaj, CTa/lbHOM YacTU B HeCyLlyo
CNOCOBHOCTb CeYEHMUA Ha CXKaTMe B NNACTUYECKOM cTaaum paboTsl:

Ay fya = 124,5 - 35,5 = 4420xH

Hecywas cnocobHOCTb BCEro ceyeHMss MO MPOYHOCTM B MNAACTUYECKOW CTaguu U3 YCNOBUSA
3ano/IHeHHOro 6eTOHOM 3aMKHYTOrO CTasibHOro Npoduns:

Npl,Rd = Aq - fyd +Ac fea t As - fsa

Ny ra = 124,5 - 35,5 + 1153 - 2,67 + 20,1 - 43,5 = 8373kH

p



Pabounn npumep

CornacHo ACTY-H b EN 1994-1-1 KO3pPUUNEHT BAUAHMA CTA/IbHOW YaCTU CEYEHMUA
O JONKEH HaxoAUTCs B cneayolem AnanasoHe:

02<6<09
KoaddunumeHT BKNaaa ctanbHOro npoduisa CoOCTaBAET:

Ay fya 4420

N

5 —
pLRd 8373

= 0,528

MNocKkonbky ycnosue 0,2 < 6 = 0,528 < 0,9 BbINONIHAETCA, KOZNOHHA MOXET bbITb

KnaccuduumpoBaHa, Kak crasnexene3obeToHHaA M pPacCcyMTbIBaTbCA COrIacHO
ACTY-H b EN 1994-1-1.



Pabounn npumep

MpoBepKa mecTHOU YCTOUYMBOCTU CTaZibHOro npopuna

CornacHo ACTY-H B EN 1994-1-1 gna 3ano/HEHHbIX BETOHOM KPYMbiX 3aMKHYTbIX Npodpuaen mecTHoMn
noteper yCTOMYMBOCTM MOXKHO NpeHebpeyb, ec/in BbINOHAETCA CieAyloLee YCOBUE:

(d) 235
max|—|=90-—
t fy

[ns [aHHOrO ceyeHun yKasaHHan rMbKOCTb COCTaBAAET:

d _406,4_4064
t) 100

HDEAEHbHOG 3Ha4eHune paBHO:

90-222 _90. 222 _ 59
fy 355 77

Mockonbky 40,64 < 59,6, ycnosue BbinonHAeTcA. MecTHas notepsa YyCTOMYMBOCTM MOMKET HE YUMTbIBATLCA.
310 ycnosue 6blI0 y4TEHO MNpPU M3HaAYanbHOM nogbope cTanbHoro npoduna wn aybnmpyetca ans
cobntogeHnA anroputma B obyyatowmx Lenax.



Pabounn npumep

3pdeKTMBHbBIN Moayb ynpyroctn 6eToHa
[Ana ANNTenbHOro 3arpy>KeHmnsa KONIOHH NOA3YYecTb U yCagKa YYUTbIBAOTCA CHUMKEHNEM N3TMBOHOM XKeCTKOCTH
cTane)kene3obeToHHOro ceyeHuA. Y4yeT BAUAHUA NON3YYECTU Ha U3TMOHYHO KECTKOCTb KOJMIOHHbI creayeT
BbIMOJ/IHATD MOHMMKEHWEM MOZAYAA ynpyroct 6etoHa ¢ Eyy A0 3GPEKTUBHOTO 3HadeHun E..¢r cornacHo
cnefyoLemMy BblParKeHUIO:

E _ Ecm

c.e -
i 14 <N1\G,,Ed> 0,
Ed
Ana onpeaenernna koapdpuumneHTa nonsydectn @(t,ty) cneayet paccymTaTb pag, 3HaUYEeHUN:
- NeEPUMETP YC/IOBHOIO KOHTYpa HETOHHOM YacTh, NOABEPKEHHOIO BbICbIXaHUIO
u=m-d
u = 3,14-40,64 = 127,7cm

- YCNIOBHbIM pa3mep cevyeHus

b 2-A, 2-1153
7w T 1277

- BPEMA NPUNOXKEHUA HArPy3KN t = 28 nHeH

- OTHOCUTENbHAA BAAXHOCTb cpebl NpuHATa RH 50%

- K/1acC NPOYHOCTM BEeTOHa COrnacHO UCXOAHbIM AaHHbIM C40/50

- K/1aCC uemeHTa no Ha6opy npoyHoctn N (normal, HOPMaJIbHbIM

= 18,1cm = 181MM



Pabounn npumep

OkoHuaTe/lbHOE 3HauYeHWe KospduuMeHTa nosisydectn @ = @(oo,t ) C y4eTOM AaHHbIX

napamMmeTpoB onpeaenAaeTca CorlaCHoO HOmorpammam Hm>xe:
o

1
N R| -
S .
5 \|\~ « | IT1ar|2 \\
\ Ilar|4 PAe————] U
a C30/37
10 B ] C35/45
\. \-— -HH*_ p /
\ S — €492
] C50/60 -
20 - =~ ] 0. c55/67
30 th = 28| aHeli [~ 8581/9/55,‘@70’85
vy \ 1l 3 - C90/105
50 = "\\_ ar
= \
100 v ;
70 60 50 40 30 20 1,0 0 100 300 500 700 900 1100 1300 1500
oo, ) ho [MM
(00, to) @: = 1,9 ho = 181 v ol ]

CornacHo prcyHKam OKOHUYaTesbHbI KOIGOULIMEHT ycagkn ¢ = @(oo,t ) cocTasnAeT:
¢ = @(co,t = 28xnHen) = 1,9



Pabounn npumep

lNocToAHHAA coCTaBAAKOWAA NGEd M NOJZIHAA paCcy4eTHAA HArpysKa NEd paBHbl COOTBETCTBEHHO!

NGEd :yG ) N

Gk

N = 1,35-3000 = 4050 kH
NEd =yG.NG + yQ.lpo.N
N = 1.35-3000 + 1.50-1,0- 1300 = 6000 xH

MNoacTtaHOBKa NONYYEHHbIX 3HayeHui no3sonaeT onpeaenntb E i
ce

E 3500
Ecerf = ( i = = 1533kH/cM?

Ng,Ed).(pt ) +(4050> 9

6000

Ans p,aanemmmx pPacyeToB UCNO/b3yeTcAa 3HayeHWe 3 eKTUBHOrO moayns ynpyroctu 6etoHa E .
ce
1533 KH/CM '



Pabounn npumep

Hecywas cnoco6HOCTb ce4eHUs No NPOYHOCTM Ha CXKaTue

Hecywas cnocobHOCTb ceuyeHusn Ha CxKaTue 6e3 yueta ynpouyHeHuUs B pesynbraTte obxkatusa
PacyeTHas Hecyw,asa cNoCcobHOCTb CTanexene30beTOHHOro ce4YeHNs NO KPUTEPUIO NPOYHOCTM Ha
cxKaTtme Nled onpegenaeTca CyMMOM COOTBETCTBYHOLLMX COCTABMAOLWMX AN €70 KOMMNOHEHTOB NO
cnepytowein dopmyne:

Npira = Aq * fya + 0,85 Ac* fea + As + fsa

[ONA 3aMKHYTbIX CEYEeHUM, 3aN0NHEHHbIX 6eToHOM, Brarogaps ynyyleHbiM YC/I0BUAM TBEPAEHMUS
6eToHHOro 3anoHeHuna KkoaddpuumeHT 0,85 morkeT 3ameHATbCA Ha 1,0. ChegoBaTenbHO, B AaHHOM
Cnyyae, Hecylw,as cnocobHOCTb Ha CXKaTue B NIaCTUYECKOM CTaaum Nled paBHa:

Npira = Aq * fya +Ac fea+As fsa

Npira = 124,5-35,5+4+1153-2,67 4+ 20,1 - 43,5 = 8373 kH

XapaKTepucTMyeckoe 3HaYeHne HecyLwen cnocobHOCTM NO KPUTEPUIO MPOYHOCTM Ha CXKaTue Nlek
cocTasnifeT:

Npl,Rk =Ag - fyk +Ac for +As - fsk

Ny rr = 124,5-35,5+ 1153 - 4,00 + 20,1 - 50,0 = 10037 xH

p



Pabounn npumep

YyeTt 06KaTHA 6beTOHa

[Ona 6eTOHHOro 3aN0NHEHUA 3aMKHYTbIX CEYEHUIM NPUCYLLE MOBbIWEHNE NPOYHOCTM Brarogapsa
apdekTy 06KaTua, 4To yumTbiBaeTcs cornacHo Pasgeny 6.7.3.2 ACTY-H b EN1994-1-1.

MoBbILWEHWE NPOYHOCTM BETOHA JONYCKAETCA YUMTLIBATL B C/Iy4ae, KOraa yCnoBHaA MbKocTb A
He npesbiwaeT 0,5, a oTHoweHue e/d < 0.1. DKCLEHTPUCUTET NPUNONKEHUA HAFPY3KU paBeH
MEd/NEd, a d — 3TO BHELHWI1 AMaMeTp KOMOHHbI. B paccmaTpusaemom cnyyae A = 0,564, yto
paccuynTaHo Aanee.

Npu 1= 0,564 > 0,5 ycnosue He BbINOMHAETCA, M YYMTbIBATb YNPOYHEHWE B pe3ynbTaTe
06)kaTuA He cneayer.

JanbHeNWn pacyeT BbINOJIHEH HAa OCHOBAHUM 3HAYEHUA HECYLLLEN CNOCOOHOCTM MO KPUTEPUIO
MNPOYHOCTU CeYEHUA B NaacTuyeckon ctagnum N T 8373kH.
P



Pabounn npumep

OnpeaeneHne HecyLlei cnocobHOCTM Ha CXKaTue Mo KPUTEpUIo YCTOMYUBOCTU C UCNOJIb30BaHUEM
KPUBbIX YCTOMYUBOCTHU

Ba3oBble TpeboBaHUA 417 UCMO/Ib30BaHMUA YNPOLLEHHOTO METOAa 3aK/1H04aloTCA B TOM, YTO CeYeHUe
cTanexene3obeToHHOW KONOHHbI AONMXKHO MMETb ABE OCM CUMMMETPUM U MOCTOAHHOE MO A/IMHE
ceyeHwue.

[laHHble KpUTepun cobntoaeHsl.

YcnoBHasA rubKocTb

Mcnonb3oBaTb YNPOLLEHHbIM MeToA pacyeTa AOMNYCKAeTCs TO/IbKO NMPU BbINOJHEHUU C/eayloLero
ycnosus:

1<20
YcnoBHasA rmbKoctb A onpeaenaerca no popmyne:

T _ Npl,Rk
Ncr

[nsa onpepeneHuna ycnoBHoOM rmbkocTn A TpebyeTcs paccumTaTb KPUTUYECKOE YCUINE NOoTepH
ycToM4mBocTM B ynpyroi ctagun N ¢ ucnonb3oBaHmem apPeKTUBHOM U3rMOHOM KECTKOCTU
cr
ceyeHua cTanexeneszobeToHHoM KonoHHbI (ET) ., COTNacHO BbIpaxeHuio:
e

(El)eff e Ea . Ia + ES . IS + Ke : Ec,eff . IC




Pabounn npumep

Ana LLIapHVIpHO-OI'IepTOﬁ KOJIOHHbI pac4eTHaA AJ/IMHa paBHaA I'eOMETpM‘-IECKOﬁ N KPUTUYECKOE yCuamne
COCTaBNAET:

_ (EDgpp - m?
TETTE

646,59 - 10° - 3,142
Ner = 2502 = 31514xH

Ny, ric = 10037 kH

YcnoBHasA rmbKocTtb A:

A 19957 0,564
31514

CooTBETCTBEHHO yCNOBUE 1 = 0,564 < 2,0 BbINO/HEHO.
Kpome 3TOro makcMmanbHoOe NpoAonbHOe apmnpoBaHue A He 4O0/IMHO npeBbiwaTb 6% naowagmn
6eToHa. MpoBepKa AaHHOrO YC/I0BUA BbINOJIHEHA paHee. K
CoOTHOLLEHME BbICOTbI K LUMPUHE CeYEHUA A0MKHO HaxoauTca B npegenax ot 0,2 oo 5,0. B sgaHHOM
CNy4yae cevyeHume Kpyrnoe, a ciegoBaTe/ibHO COOTHOLWEHME CTOPOH paBHO 1,0 n HaxoguTCA B 3a4aHHbIX
npeaenax.
Takum obpa3om, Bce TpeboBaHums Pa3aena 6.7.3.1 AICTY-H b EN 1994-1-1 ana npumeHeHus
YyNpOLEHHOro MeTOAa pacyeTa cTanerene3o0beToOHHbIX KOIOHH BbIMOJHEHDI.




Pabounn npumep

MpoBepKa ycTOMUMBOCTU KOJIOHHbI
YCTOMUYMBOCTb LEHTPAIbHO-CHKATbIX 3/IEMEHTOB MOKET NPOBEPATLCA MO TEOPUU BTOPOro NOPSAKa C Y4ETOM UX
HecoBepLUeHCTB. KpmBble NOTepPU YCTOMUYMBOCTM YNPOLLAIOT PacYeT, MOCKO/IbKY aBTOMAaTUYECKM YYNTbIBAIOT
NNOKa/ibHble HecoBepLIeHCTBa anemeHTa. CornacHo NpoBepKe € UCNO/Ib30BAHNEM KPUBbIX YCTOMYMBOCTH NEd
[AONIKHO YA0BNETBOPATb YC/IOBUIO:

N
_ ‘ed <1,0
X Npl,Rd
MoHMXaWmMn Ko3POUUMEHT onpeaenaeTca BblpaXKeHNEM:
1
,HO ¥y < 1,0

X = =
® + 2 — 12

®=05[1+a-(21-0.2)+ 2]
BbibOp COOTBETCTBYIOLLEN KPMBOW NOTEPU YCTOMUYMBOCTU OCyLLEeCTBAAETCA cornacHo Tabauue 6.5, ACTY-H B EN
1994-1-1. B cnyyae Kpyrnoit Tpy6o06eTOHHOM KOIOHHbI C KO3pPMUMEHTOM apMUpoBaHMA 00 3% pacyeT BeAeTca Mno
KpMBOW a, KOTOPOM cooTBeTCcTBYET KO3ddnumeHT HecosepeHcTea a = 0,21. Mpun apmuposaHmnmn ot 3% [0 6%
pacyeT AoNXKeH BecTucb no Kpuso bn a = 0,34.



Pabounn npumep

B naHHOM cny4vae apmupoBaHue coctansaet p = 1,7%. ChepgoBatenibHO pacyeTom NPUHUMAETCA KPpMBas
N
YCTOMYNBOCTH Q.

Torpa:
¢ =05-[1+4+0,21-(0,564—0,2) + 0,5642] = 0,697

MoHmxKatowmn KoadduumeHT:
1

X =
0,697 4+ /0,6972 — 0,5642

=090<1,0

Nposepka ycnosua:
N.q4 6000

X Nyiga 0908373

=080<10

Takum ob6pa3om NpoBepKa CKATON KONIOHHbI MO YNPOLEHHOW METOAUKE C UCNOb30BaHMEM KPUBbIX NOTEPU
YCTOMYMBOCTM YA0BNETBOPAET YCOBUAM.



BbiBOAbI

Kak M oXuaanocb, onpeaensalWMm KpuTepUemM AN PacCMATPMBAEMOMN UEHTPaANbHO CXKAToM
CTaneXkene3obeToHHOM KOJIOHHbI CTafa Hecyl,ana cnocobHOCTb NO NoTepe YCTOMUYMBOCTU. XapaKTep
HarpysKu 1 reomeTpusa KOJIOHHbI MO3BO/INAN 3HAYMTENbHO YNPOCTUTL pacyeT. [naBHbIM 06pa3om 3To
CTano BO3MOXHbIM 6narogaps TOMy, YTO KOJIOHHA COOTBETCTBOBaNA TPebOOBAaHMAM YMNPOLLEHHOIO
MeToZa pacyeTa CTanexene3obeToHHbIX KONOHH. OTCYTCTBME Ke M3rnbatolmnx MOMEHTOB OT
HenocpeacTBEHHOrO MNPUJIOKEHUA HArpy3oK MNO3BO/INMNO BblIOpaTb MeXAy MeHee TOYHbIM, HO
NPOCTbIM PACYETOM MO KPMBbIM YCTOMYMBOCTU, U BoNee TOUYHbIM, HO TPYAOEMKUM METOAO0M C
HEenocpeACcTBEHHbIM BBEAEHMEM JIOKA/IbHbIX HECOBEPLUEHCTB M PacY4eTOM 3/1eMEHTa KaK CXaTo-
n3orHyToro. Boibop 6bin caenaH B nonb3y Hanbonee NpPoCTOM CXeMbl pacyeTa Mo YnpoLeHHOMY
MeTOoAY C UCNONb30BAHMEM KPUBbLIX MOTEPU YCTONUYNBOCTM.

MpY NPOEKTUPOBAHNM CTaNiexXene30beTOHHbIX KOTOHH PaLMOHaNAbHO M3HAYa/IbHO KOHCTPYMPOBATb
ceyeHue c yyetom TpeboBaHUI yNPOLLEHHOIO MeTOAa PacyeTa, OrpaHMYEeHNI N0 MECTHOM noTepe
YCTOMYMBOCTM N AOMNONHUTENBHbBIX KOHCTPYKTUBHbIX NPaBua. NOCKONbKY OAHMUM U3 FNaBHbIX
NPenMyLLLECTB CTaNerKene306eTOHHbIX KONOHH SIBNAETCA NOBbIWEHHaA OFTHECTOMKOCTb, Ha Hee
cnepyet obpawatb 0coboe BHMMAHME U BKAKOYATb B UCXOAHbIE AaHHblE ANA onpeseneHuns
KOHpUrypaumm cevyeHus.



CMNACUBO!

YHPAMHCKHA LEHTP
CTANNIBHOIO
CTPOMTENDLCTBA




